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Abstract

Lake Pamvotida is inseparably linked to the life and history of the inhabitants of the city of 
Ioannina. This research records the views and beliefs of the inhabitants of the city of Ioannina with 
regard to the lake. The majority of the citizens believe that Lake Pamvotida plays an important 
role in their lives since the mere presence of the lake contributes to improving their psychology. 
In addition, Lake Pamvotida contributes to the aesthetics of the city and helps with regard to 
opportunities for recreation and sport. In general, the citizens declare satisfied from the quality of 
their life. They also believe that if there are opportunities for them to stay in their homeland, they 
will do so. It seems that 50 percent of the citizens do not wish to participate in public matters. 
In addition, the percentage of citizens which do not participate in any environmental program 
is significant. However, it is encouraging that the percentage of those who would participate 
voluntarily in a lake protection program is quite big.

Key words: Lake Pamvotida, City of Ioannina, views of citizens, personal interviews, loglinear 
analysis.

Introduction

Lake Pamvotida, also known as the 
lake of Ioannina, is located in the north-
western part of Greece. The lake covers 
a small part of the Ionnina basin. Lake 
Pamvotida as it is today is a left-over of 
a wider ecosystem which included Lake 
Lapsista which was drained in the 1950s. 
It is worth-noting that the health of the 
first lake depended on the health of the 
second and vice versa (Management 
Agency 2013). Geological research has 

shown that lake Pamvotida is more than 
1 million years old (Kagkalou 1990). Lake 
Pamvotia covers an area of 23 square ki-
lometers. The depth of the lake is on aver-
age 4–5 meters (Vrigka 2003). The lake 
was always important to people because 
it provided their food and because it was 
a refuge against enemies and the harsh 
conditions of the surrounding mountains 
(Barba 2008).

Today the population in the wider area 
of Lake Pamvotida is 100,000 individu-
als. To a greater or lesser extent these 
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people use the lake as a source of living 
either directly or indirectly. At the same 
time the state of the natural environment 
has a direct influence on the life of the 
population (Management Agency 2013).

The development of the city of Ioan-
nina and the wider area in recent years 
disturbed the harmonious co-existence of 
city and lake. Stock-breeding, industrial 
and agricultural production increased with 
fast rates something which increased the 
quality of life of people in the area on the 
one hand but which also simultaneously 
created ecological problems both with re-
gard to the lake and the wider area (Lam-
brou 1998).

Today, lake Pamvotida suffers from se-
rious eutrophication problems which are 
linked with the decreased transparency of 
its waters, the distinctive scent, the death 
of fishes, the lessening of fish catches, the 
excessive increase of aquatic vegetation, 
etc. The increased values of phosphorus, 
nitrogen and chlorophyll-α are indicative 
of the existence of eutrophication in the 
lake (Albanis et al. 1986).

In the past many well-intended inter-
ventions took place but in the long-run all 
had negative consequences on the eco-
system of the lake (Panou 2011). Inter-
ventions such as the drying of Lapsista, 
the construction of sea roads and low 
walls around the lake functioned as hydro 
dams which blocked some sources and 
prevented the entry of clean water to the 
lake. Filling areas with rubble in order to 
create public facilities (stadiums, squares) 
in the long term contributed to the chang-
ing of the natural seashore, the reduction 
of the lake’s size and its total water vol-
ume and also restricted the possibilities 
for cleaning the lake. However, filling ar-
eas with rubble mainly changed society’s 
views towards the lake.

The aim of this paper is to find out how 
important the lake is to the inhabitants of 
the city of Ioannina and why. Though ex-
amination of the views and behavior of the 
inhabitants with regard to the protection 
and promotion of the lake is done, the pa-
per attempts to find out what people know 
about the lake and how sensitive they are 
towards issues which are related with the 
lake.

 The views of the citizens regarding 
the quality of life which their homeland 
offers to them are analyzed but also the 
opportunities for work which exist mainly 
for young people as well the prerequisites 
which are created with the purpose of en-
couraging people to stay in the area. Also, 
the paper investigates if the inhabitants 
are keeping themselves informed about 
the public affairs of their region.

Research Methods

This research was carried out through the 
use of personal interviews. The research 
area of the paper was the Municipality of 
Ioannina (Fig. 1).

Satellite image of coastal part of the 
town is shown in Fig. 2, where it is obvi-
ous that the development of the Ioannina 
City is parallel with the western zone of 
the lake. The sampling method applied 
was simple random sampling. This choice 
was made on the basis of the simplicity 
of this method (Damianos 1999, Kalama-
tianou 2000, Matis 2001).

The proportion of the population which is 
the impartial estimation of population p and 
the estimation of the standard error of the 
proportion of the population sp, without the 
correction of finite population since the sam-
pling fraction is small, was done via the aid 
of the formulas of simple random sampling.
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In order to cal-
culate the size of 
the sample we 
needed to carry 
out pre-sampling, 
with the size of the 
sample being 50 
individuals. The 
size of the sample 
was calculated on 
the basis of the 
formulas of simple 
random sampling 
(where t=1.96 and 
e=0.048) (Kalama-
tianou 2000, Matis 
2001). Although 
we used simple 
random sampling, 
the correction of 
finite population 
can be ignored 
because the size 
of the sample n is 
small in relation to 
the size of the pop-
ulation N (Pagano 
and Gauvreau 
2000). In this case 
the size of the sample was calculated to 
be 417 individuals.

The collection of the data was done in 
the last six months of 2009. The individu-
als were then located precisely. The next 
step was to carry out personal interviews. 
When this was not possible we used the 
same process to choose new sampling 
units.

For the variables “quality of life”, “fol-
lowing the public affairs of the municipal-
ity”, “voluntary participation in programs of 
protection of the lake” and “age” we car-
ried out analysis of frequencies for more 
than two criteria. Prior to the carrying out 

of loglinear analysis, it was decided to 
examine the expected frequencies in the 
contingency table (Siardos 1999). A large 
number of expected frequencies (more 
than 20  %) of less than 5 but not lower 
than 1, possibly lead to a loss in the ef-
fectiveness of the applied analysis (Ta-
bachick and Fidell 1989). Classes were 
grouped together in order to satisfy the 
above criteria.

Our data are classified in accordance 
with 4 criteria and expressed in terms of 
frequencies. The null hypothesis, Ho, is 
that the 4 criteria are fully independent 
from each other. It is unlikely that this 

Fig. 1. Map of Greece depicting the investigation area (by Science 
and Society 2008).
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assumption will be accepted, but the anal-
ysis will give information on the strength 
of various interrelations and this will be 
included in a model that expresses the 
interrelations between the data (Frangos 
2004).

Results

The contribution and importance 
of the lake

Lake Pamvotida is interwoven with the life 
of the inhabitants of the city of Ioannina. 
The inhabitants regard the lake as a ref-
uge for relaxation from the modern way of 
life and at the same time as a natural park 
in which the visitor comes into contact not 
only with water but also with several kinds 
of flora and fauna (Barba 2008). Thus, with 
regard to the question on how important 

the lake is for the city, it is worth adding 
that 78.7 % (sp=0.0201) of the inhabitants 
declared very much, 16.3 % (sp=0.0226) 
much, while 4.6  % (sp=0.0102) declared 
fairly. The percentage of those who think 
of the lake as not important at all is smaller, 
i.e. 0.2 % (sp=0.0024). The same percent-
age applies to those who did not answer.

Ioannina is a picturesque city with 
many traditional elements all related to 
the history of the city. The history of the 
city is interwoven with the lake. For this 
reason and with regard to the question on 
the extent of correlation of the history of 
the city with the lake, the vast majority of 
those asked, i.e. 71.7 % (sp=0.0221) an-
swered very much. 20.9 % (sp=0.0199) of 
the inhabitants answered much and 6 % 
(sp=0.0116) fairly. The percentages of the 
rest of the categories are small. The per-
centage of those who did not want to an-
swer was 1 % (sp=0.0048), of those who 
said little was 0.2 % (sp=0.0024) and not 

Fig. 2. Satellite image of coastal part of Ioannina (from www.map.google.gr).
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at all 0.2 % (sp=0.0024). 1 % (sp=0.0048) 
of the inhabitants did not answer the 
question.

An important incentive for the protec-
tion of the cultural and natural resourc-
es of an area is tourism (Gunce 2003). 
When tourism and natural environment 
are interwoven they create a system 
which is ecologically healthy, economi-
cally sustainable and socially and cultur-
ally appropriate and humanitarian (Farrel 
and McLellan 1987). The majority of the 
inhabitants agree with this opinion since 
64.3 % believe that the lake has a very 
positive impact on tourist development 
(Table 1).

The area inside and around Lake 
Pamvotida has been declared a protect-
ed area (Environment DG – European 
Commission 2001). In these areas the 
local inhabitants have to adopt land use 
practices which would be friendly to the 
environment (Lassen and Panagopoulos 
2008).

Local communities generally welcome 
the establishment of protected areas 

something which is particularly true in 
developing countries since their income 
depends on such areas (Rodgers 1989). 
Improvements in the quality of life are in-
timately related with the creation of sus-
tainable economic activities and the real 
participation of the local population in 
decision making processes (Seixas et al. 
2012).

The next question is about the influ-
ence of tourist development on the lake 
itself. 41.2  % (sp=0.0241) declared that 
tourism has affected the lake positively, 
37.2  % (sp=0.0237) is neither positive 
nor negative on the issue, while 13.7  % 
(sp=0.0168) assessed this influence as 
negative. 7.9 % (sp=0.0137) of the citizens 
did not answer the question (Fig. 3).

The lake also offers to the inhabitants 
of Ioannina opportunities for recreation. 
On this issue a quite large percentage 
of the citizens replied positively: 36.2  % 
replied very much and 33.6 % much. Re-
garding opportunities for sports the major-
ity of the inhabitants also expressed posi-
tive views (Table 1).

Positive 
contribution

Very much Much Fairly Little Not at all No answer

p, % sp p, % sp p, % sp p, % sp p, % sp p, % sp

Touristic 
development 64.3 0.0235 28.3 0.0221 5.5 0.0112 1.7 0.0063 0.2 0.0024

Opportunities
for recreation 36.2 0.0235 33.6 0.0231 19.7 0.0195 9.8 0.0146 0.7 0.0041

Opportunities 
for sports 31.9 0.0228 34.5 0.0233 24.7 0.0211 6.7 0.0123 1.4 0.0058 0.7 0.0041

Beauty for the 
city 79.1 0.0199 17 0.0184 1.9 0.0067 1.0 0.0048 0.5 0.0034 0.5 0.0034

Better 
psychology 42.9 0.0242 26.4 0.0216 22.5 0.0205 6.0 0.0116 1.9 0.0067 0.2 0.0024

Better quality 
of life 32.1 0.0229 33.1 0.023 19.2 0.0193 12.5 0.0162 2.9 0.0082 0.2 0.0024

Table 1. Evaluation by the citizens of the city of Ioannina regarding the positive 
contribution of Lake Pamvotida.
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Among the most beautiful cities of 
Greece are those which have water 
near them. One of these cities is the city 
of Ioannina. Regarding the question on 
how much the lake makes the city beau-
tiful a high percentage of the citizens 
(79.1  %) replied very much. Almost all 
of the inhabitants think that to a larger or 

a lesser extent the lake influences posi-
tively the psychology of the people. This 
is logical since the life of the inhabitant 
is interwoven with water. This is also 
supported by psychologists who think 
of water as the most precious element 
of the aesthetics of lanscape (Kaplan 
and Kaplan 1989). Also there was a high 

Positive
41,2%

Neither positive 
nor negative

37,2%

Negative
13,7%

No answer
7,9%

Fig. 3. The opinion of the inhabitants regarding the influence of tourist development on the lake.

Table 2. Evaluation by the citizens of the city of Ioannina regarding the negative 
contribution of the Lake Pamvotida.

Negative 
contribution

Very much Much Fairly Little Not at all No answer

p, % sp p, % sp p, % sp p, % sp p, % sp p, % sp

Source of 
pollution 14.1 0.0171 20.1 0.0196 28.8 0.0222 26.4 0.0216 10.1 0.0147 0.5 0.0034

Reproduction
of mosquitos 21.6 0.0201 21.1 0.0200 31.4 0.0227 21.8 0.0202 3.8 0.0094 0.2 0.0024

Source of 
undesirable 
scents

13.9 0.0169 19.9 0.0196 30.2 0.0225 29.0 0.0222 6.2 0.0118 0.7 0.0041

Danger for 
children 7.4 0.0128 9.4 0.0143 23.3 0.0207 36.5 0.0236 23.5 0.0208

Negative 
microclimate 
(humidity)

29.0 0.0222 26.4 0.0216 32.9 0.0230 9.8 0.0146 1.4 0.0058 0.5 0.0034
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percentage of acceptance regarding the 
beneficial influence of water on the psy-
chology of the people (42.9  % replied 
very much and 26.4 % much) Finally the 
quality of life is important for the local 
population of a city or a village with lake 
or river nearby and its improvement is a 
challenge for the further development of 
the area (Tsiadikoudis et al. 2012). Fi-
nally on the question if the inhabitants 
are satisfied from the quality of life in 
their area 32.1  % said very much and 
33.1 % much.

Negative aspects of the lake

Lakes do not only influence the lives of 
those who live in the nearby areas posi-
tively but negatively, too (Tsiadikoudis 
et al. 2012). Therefore, Pamvotida lake 
may often be the source of pollution or 
reproduction of mosqitoes or undesir-
able scents. The lake may also contribute 
negatively to the microclima of the area 
(by increasing humidity) and may also 
contstitute an additional danger for small 
children. So, regarding the question if the 
lake constitutes a negative contribution for 
the city of Ioaninna the effect of the mi-
croclima, especially humidity, is the most 
important problem for the inhabitants 
(29.0  % replied very much and 26.4  % 
much) (Table 2).

The negative contribution of the repro-
duction of mosquitoes seems to be an-
other important problem for the residents 
(21.6 % answered very much and 21.1 % 
much). Other negative contributions are: the 
lake as a source of pollution for their area 
(14.1 % very much and 20.1 % much) and 
reproduction of undesirable scents (13.1 % 
very much and 19.9 % much). Less impor-
tant is the lake as a danger for the children 
(36.5 % little and 23.5 % not at all).

The impact of the lake on the quality 
of life of the inhabitants

Water constitutes one of the most im-
portant attributes of the environment 
which influences the demand for houses 
and in this way is increasing their mar-
ket value In the Netherlands such an 
increase may fluctuate from 12–18  % 
(Luttik 2000). On the question how much 
extra money the inhabitants of Ioannina 
would give in order to buy a house with 
a view to the lake 37.6  % (sp=0.0237) 
would give from 0–20  % extra, 23.3  % 
(sp=0.0207) 21–40 %, 9.4 % (sp=0.0143) 
41–60 %, 5 % (sp=0.0107) from 61–80 %, 
3.1 % (sp=0.0085) 81–100 % and 2.2 % 
(sp=0.0071) more than 100  % while the 
same percentage applies to those who 
did not give an answer. Finally, 17.3  % 
(sp=0.0185) of the inhabitants replied that 
they would not give any extra money for a 
house with a view to the lake (Fig. 4).

Quality of life is multidimensional incon-
struct including physical, emotional, men-
tal, social, and behavioural components 
(Janse et al 2004). The recognition of the 
relationship between quality of life and en-
vironmental problems is a recent phenom-
enon in contemporary literature. The hu-
man sciences and environmental sociol-
ogy in particular have only recognized an 
intimate relationship between these two 
themes. This has probably come about 
because of the effects that environmen-
tal degradation has imposed on the lives 
of populations in different regions of the 
planet (Seixas et al. 2012). Studies also 
show that improvements in the quality of 
life are intimately related with the creation 
of sustainable economic activities and the 
real participation of the local population 
in decision making processes (Pacione 
2003, Seixas et al. 2012).
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Lakes have often been characterized 
as the eyes of landscape. They can provide 
a spiritual value to those who want to look 
deep inside themselves (Klessig 2001).

The issue quality of life constitutes an 
important factor for the local population 
of an area. Improving the quality of life 
of the population, for purposes of further 
development of the area these people 
live in, is something which is certainly 
considered a challenge. Regarding the 
general question if the inhabitants are sat-
isfied from the quality of life in their area 
the answers are the following: 16.3  % 
(sp=0.0181) declared absolutely satis-
fied and (51.6  %, sp=0.0245) very satis-
fied. 27.6  % (sp=0.0219) said they were 
a little satisfied while 4.3  % (sp=0.0100) 
declared not at all satisfied. Finally, 0.2 % 
(sp=0.0024) of the inhabitants did not give 
an answer (Fig. 5).

Opportunities for work are especially 
important for young people and constitute 
decisive factors for the young to remain in 
their home land. Possible failure regarding 
exploitation of these opportunities for the 

completion of the necessary infrastruc-
ture of an area constitutes a real danger 
which could lead to isolation and social 
decay. From this research we concluded 
that 53.5 % (sp=0.0244) of the inhabitants 
believe that their area provides sufficient 
incentive and is capable of creating the 
pre-requisites for the young to stay in the 
area. On the other side, 35 % (sp=0.0234) 
believe that there are not enough choices 
and for this reason the young cannot re-
main in the area. 11.5 %, (sp=0.0156) of 
the inhabitants declared that they do not 
have a clear opinion on this issue.

Participation, regular meetings and ef-
fective discussions between inhabitants 
and the various departments of the mu-
nicipality of Ioannina constitute a first step 
so that each side can learn from the other 
which could then have a positive impact 
on the development of the area. This is 
so because the principles of democracy 
could be better applied if decision making 
processes were to take place via dialogue 
with all interested parties. Therefore, 
on the question if the inhabitants follow 

Fig. 4. Resident’s view about extra money given for a house with view to the lake.

17,3%

37,6%

23,3%

9,4%

5,0%

3,1%

2,2%

2,2%

0% 5% 10% 15% 20% 25% 30% 35% 40%

No extra money  

0-20%

21-40%

41-60%

61-80%

81-100%

>100%

No answer
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public affairs in their area (46  %, 
sp=0.0244) of those asked replied posi-
tively and are willing to participate in the 
processes and events with regard to their 
municipality, while 40.5 % (sp=0.0240) of 
the inhabitants were negative regarding 
the issue of their participation. It is worth 
noting that 13.4 % (sp=0.0167) of the in-
habitants had not formed an opinion on 
this issue.

Environmental programs can give 
knowledge to the people who attend 
them but also make them more sensi-
tive on environmental issues. Environ-
mental programs for the protection of the 
lake could constitute an important factor 
and incentive for the citizens of Ioannina 
68.1 % (sp=0.0228) of whom have never 
been involved in such programs. 23.3 % 
(sp=0.0206) have had experience with 
some environmental program while 8.6 % 

(sp=0.0140) did not express a view.
Interest for voluntary participation in a 

lake protection program, e.g. cleaning the 
lake from garbage etc., is particularly high 
and this is an optimistic message for the 
lake and the area near it, since 73.9  % 
(sp=0.0215) of the inhabitants would in-
volve themselves with such a program if 
such opportunity presented itself. 16.1 % 
(sp=0.0180) said they would not take part 
in such activities and 10.1 % (sp=0.0146) 
did not give an answer (Fig. 6).

Before the application of loglinear anal-
ysis it was tested that there is no problem 
with low expected frequencies. Applying 
hierarchical loglinear analysis, after the 
removal of the correlation term of fourth 
and third class, it was established that 
the most appropriate model was the one 
which includes the impact and the inter-
action of the variables in pairs. We have 

Absolutely 
satisfied
16,3%

Very satisfied
51,6%

Little satisfied
27,6%

Not at all 
satisfied

4,3%
No answer

0,2%

 Fig. 5. Satisfaction of the population regarding quality of life.
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erase interaction per 4 and 3 criteria, be-
cause the Χ2 for the Pearson test is 4.021 
with probability p=0.855 and because the 
Χ2 likelihood ratio is 4.264 with probabil-
ity p=0.833. The above are confirmed by 

the “null” controls for the interaction of k 
terms and terms of higher degree, as well 
as the “null” controls for the interaction of 
k terms (Norusis 1994). As shown in Table 
3, there exists no interaction per 4 criteria 

No answer
10,1%

No 
16,1%

Yes
73.9%

Fig. 6. Opinion given about voluntary participation in a lake protection program.

k df L·R·Χ2 Probability Pearson Χ2 Probability Iteration

Tests that k-way and higher order effects are zero

4 1 0.053 0.8180 0.053 0.8180 3

3 5 2684.000 0.7490 263.400 0.7560 3

2 11 39832.000 0.0000 42.109 0.0000 2

1 15 302438.000 0.0000 357.154 0.0000 0

Tests that k-way effects are zero

1 4 262606.000 0.0000 315.045 0.0000 0

2 6 37148.000 0.0000 39.475 0.0000 0

3 4 2631.000 0.6210 2.581 0.6300 0

4 1 0.053 0.8180 0.053 0.8180 0

Table 3. Nullity tests.

k – the number of effects being zero; df – degrees of freedom.
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because the value of 
probability p=0.8180. 
In addition, there exists 
no interaction per 3 cri-
teria because the value 
of probability p=0.6300. 
However, there exists 
interaction per 2 crite-
ria because the prob-
ability p<0.05. Indeed, 
regarding the three 
pairs of variables “fol-
lowing the public affairs 
of the municipality” – 
“voluntary participation 
in a program of lake 
protection”, “following 
the public affairs of the 
municipality” – “age” and “quality of life” 
– “voluntary participation in a program of
lake protection” there is significant statisti-
cal interaction.

In order to interpret the interactions, 
we should first present all the data in the 
form of three-dimensional tables (Cross-
tabs). Through the aid of Table 4 we see 
that the inhabitants of 
the city of Ioannina who 
follow the public affairs 
of their municipality are 
positive on the issue 
of their participation 
in lake protection pro-
grams, while those who 
declare that they do not 
participate in public af-
fairs or do not answer, 
are negative or do not 
provide an answer re-
garding their participa-
tion in lake protection 
programs.

Through the aid of 
Table 5 we see that the 

inhabitants who follow the public affairs of 
their municipality are more than 30 years 
old, while those who declare that they do 
not participate in the public affairs of their 
municipality or who do not give an answer 
are 18–30 years old.

Finally, we see (Table 6) that the 
inhabitants who declare fully or very 

Following 
the public 
affairs 
of the 
municipality

Indicator

Voluntary participation in 
a program

Total
Yes No or they did 

not answer 

Yes

Count 157 35 192  

Expected count 141.8 50.2 192

Residual 15.2 –15.2

No or they 
did not 
answer 

Count 151 74 225

Expected count 166.2 58.8 225

Residual –15.2 15.2

Total
Count 308 109 417

Expected count 308 109 417

Table 4. Table of cross tabulation of the variables “following the public 
affairs of the municipality” and “voluntary participation in a program 

of lake protection”.

Table 5. Table of cross tabulation of the variables “following 
the public affairs of the municipality” and “age”.

Following 
the public 
affairs of the 
municipality

Indicator
Age, years

Total
18–30 >30

Yes

Count 33 159 192
Expected 
count 48.8 143.2 192

Residual –15.8 15.8

No or they did 
not answer

Count 73 152 225
Expected 
count 57.2 167.8 225

Residual 15.8 –15.8

Total

Count 106 311 417

Expected 
count 106 311 417
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satisfied from the quality of their life are 
positive regarding the issue of their par-
ticipation in programs related to the pro-
tection of the lake, while those who de-
clare that they are satisfied or not at all 
satisfied are negative or they do not give 
an answer regarding their participation in 
programs of lake protection.

Demographic attributes

The demographic attributes of the people 
who participated in the research are given 
in (Table 7).

Conclusions – Discussion

Lake Pamvotida constitutes an insepara-
ble part of the city of Ionnina and of the life 
of the people who live there.

The human factor has affected the city 
negatively. It is only in the recent years 
that the proper attention was given to the 
problems created and to efforts to deal 
with these problems. The ignorance of 

the inhabitants of 
Ioannina regarding 
the negative con-
sequences which 
were to follow as 
well as their greed 
for more arable land 
led to the draining 
of the Lapsistas. 
The consequences 
from this ecologi-
cal destruction are 
obvious even to-
day. The impact on 
the flora and fauna 
of the ecosystem 
was a negative one 
and the quality of 

the lake,s water was degraded. This hap-
pened because some underground tun-
nels closed which, in turn, prevented the 
renewal of the lake’s waters.

The role of the lake was always im-
portant for the inhabitants of the area 
and it is for this reason that its uses are 
many which means that they include 
recreation, water sports, tourism, etc. 
In addition, the lake is encroached both 
by local bodies and by individuals who 
engage in activities around the lake. 
The result is the deterioration of the 
lake through time. The human factor is 
responsible for the increase of the pol-
lutants which enter the lake and which 
worsen significantly the phenomenon 
of eutrophication. The reduction of the 
level and body of water as well as the 
non-renewal of its waters make neces-
sary the enrichment of the lake with wa-
ter. However, no action has been taken 
in order to deal with the problem.

We must point out that the lake has 
many problems and many drastic mea-
sures should be taken for the restoration 

Table 6. Table of cross tabulation of the variables “quality of life” and 
“voluntary participation in a program of lake protection”.

Quality of life Indicator

Voluntary participation in 
a program

Total
Yes

No or they 
did not 
answer

Fully satisfied – 
very satisfied

Count 223 60 283

Expected count 208.8 74.2 283

Residual 14.2 –14.2

Satisfied – 
not at all 
satisfied

Count 84 49 133

Expected count 98.2 34.8 133

Residual –14.2 14.2

Total
Count 307 109 416

Expected count 307 109 416
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Table 7. Socio-demographic profile of the inhabitants of the city of Ioaninna.

1. Gender

Male Female

49.9 % 
(sp =0.0245)

50.1 % 
(sp=0.0245)

2. Age

18–30 years 31–40 years 41–50 years >50 years

25.4 % 
(sp=0.0213)

29.7 % 
(sp=0,0224)

24.2 % 
(sp=0,0210)

20.6 % 
(sp=0,0198)

3. Marital status

unmarried married divorced widowed did not answer the question

39.3 % 
(sp=0.0239)

53.5 % 
(sp=0.0244)

4.6 % 
(sp=0.0102)

1.7 % 
(sp=0.0063) 1.0 % (sp=0.0048)

4. Childhood

without children one child two children three children more than three children

48.2 % 
(sp=0.0245)

12.2 % 
(sp=0.0160)

28.1 % 
(sp=0.0220)

7.9 % 
(sp=0.0132) 3.6 % (sp=0.0091)

5. Educational level

primary school lower secondary
school

technical 
school

upper secondary 
school

technological 
education university

7.7 % (sp=0.0130) 9.8 % 
(sp=0.0146)

7.2 % 
(sp=0.0127)

40.3 % 
(sp=0.0240)

14.4 % 
(sp=0.0172)

19.9 % 
(sp=0.0196)

6. Profession

private employee public servants self-employed students unemployed housewives

27.6 % 
(sp=0.0219)

19.2 % 
(sp=0.0193)

16.8 % 
(sp=0.0183)

8.9 % 
(sp=0.0139)

7.2 % 
(sp=0.0127)

7.4 % 
(sp=0.0128)

farmers or stock-breeders pensioners did not answer the question

5.0 % (sp=0.0107) 5.8 % (sp=0.0114) 2.2 % (sp=0.0071)

7. Annual income

<5,000 euro 5,000–10,000 
euro

10,001–20,000 
euro

20,001–30,000 
euro >30,000 euro no answer

6.7 % (sp=0.0123) 9.4 % 
(sp=0.0136)

27.1 % 
(sp=0.0218)

19.4 % 
(sp=0.0194)

8.4 % 
(sp=0.0143)

29.0 % 
(sp=0.0222)



S. Tampakis, P. Karanikola, E. Manolas, and P. Zachou16

of the lake. Taking into account the an-
swers given by those asked we are led to 
some important conclusions.

The majority of the inhabitants claim 
that the lake plays an important role in 
their lives since the mere presence of the 
lake is important for the improvement of 
their psychology. This is something which 
is also proved by their desire to give more 
money for the purpose of buying a house 
with a view to the lake. In addition, Pam-
votida contributes positively to the aes-
thetics of the city and provides opportu-
nities for recreation and sport. Everybody 
agrees that the inhabitants are satisfied 
from the quality of life in their area some-
thing which is confirmed by them admit-
ting that there are many opportunities and 
incentives which can create prerequisites 
for the young to stay home.

Despite all this an important percent-
age of the inhabitants thought that there 
was a need for stronger support regarding 
opportunities for work in the area.

On the one hand a big part of the inhabit-
ants declares that it participates and follows 
the public affairs of their area and on the oth-
er hand another big part of the inhabitants 
replied that it has never participated in an 
environmental program. However, the fact 
that there is a large percentage of people 
who would participate voluntarily in an envi-
ronmental protection program is encourag-
ing. The large percentage of abstinence re-
garding the question on problems facing the 
area is particularly worrying since it shows 
ignorance on behalf of the inhabitants and 
inertia for taking measures for solving these 
problems. Indeed, the inhabitants who are 
positive regarding their participation in envi-
ronmental protection programs are the ones 
who follow the public affairs of their munici-
pality and declare fully or very satisfied from 
the quality of their life.

The participation of the citizens in en-
vironmental decision making processes 
mainly refers to decisions the results of 
which can in some way affect the local 
community. The participation of the pub-
lic includes the right of the local society to 
information and access to decision mak-
ing processes. The education and sen-
sitization of citizens to issues of social, 
cultural and environmental sustainability 
is one more important factor for the de-
velopment of sustainable societies and 
by extension of sustainable tourism (Mc-
Neely 1994).

Many studies view the preservation of 
water and natural resources as a result of 
minimal influence of human activity, but 
only a small percentage of studies has 
considered including population as a dy-
namic force which can shape and sustain 
an environment which helps the coming 
generations with a healthier future (Las-
sen and Panagopoulos 2008).
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Abstract
Erosion should be controlled with the programme of the National Strategy, which includes the 

use of biotechnology and afforestation. Protective afforestation should primarily provide quick 
establishment of plantation canopy. This prevents the direct influence of erosion agents on land 
surface. The establishment of forest canopy simultaneously results in the establishment of full 
hydrological function of forests, by reducing the probability of occurrence of surface runoff and 
extending the period of water concentration from the basin to the channel. Douglas-fir, as a fast-
growing species, meets all requirements, which should be met by a species used in protective af-
forestation. Different Douglas-fir provenances under the same site and stand conditions in Serbia 
do not use the habitat production potential in the same way, i.e. the rates of canopy establishment 
are not the same in all Douglas-fir provenances. This means that the rate of establishing the pro-
tection and hydrological functions of Douglas-fir plantations depends largely on the provenance. 
In order to test the potential of fast-growing conifer Douglas-fir, experimental fields of this tree 
species were founded in Serbia. The test represented a variety of provenance from the natural 
range in North America. The insufficient research and the lack of reliability in the introduced tree 
species result in the fact that exotic species are rarely applied in such circumstances, for fear of 
their difficult adaptation to the changes of site conditions. To be able to meet the demands, the 
planting material should be: adequately chosen, correctly selected species at the level of the 
provenance, capable of providing the long-term stabilization of degradation processes, reproduc-
tively invasive, widely adaptive, with developed root system, more effective, less expensive and, 
of course, popular in the market. The paper presents the results of long term investigations of 
Douglas-fir value for erosion control in Serbia.

Key words: Douglas-fir, introduction, provenances, erosion control.

Introduction
It is widely accepted that soil erosion un-
der forests is much less than under other 
forms of vegetation cover such as pas-
ture, as trees have deeper stronger root 
systems (Knowles 2006).

Douglas-fir [Pseudotsuga menziesi 
(Mirb.) Franco], which originates from 

North America, is the most frequently in-
troduced species in Europe and New Zea-
land, one of the most important and most 
quality conifers (Little 1979, Bradley et al. 
2005). Germany is the leading country in 
the percentage of the introduction, estab-
lishment of the plantations and number of 
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researches, followed by France and New 
Zealand (where Douglas-fir is the second 
most common conifer, and Pinus radiata 
D.Don is the most common). The intro-
duced species have to prove by their high 
quality that they were rightly introduced. 
Douglas-fir is the fast-growing, easily 
adaptable conifer, since it thrives on the 
degraded sites and meets the advertising 
requirements of the market. Douglas-fir is 
very important for the erosion control, but 
it is rarely used owning to the insufficient 
knowledge on species’ biology and poor 
selection of the provenance. Douglas-fir 
is the tree which can be very efficiently 
used as the windbreak on the adaptable 
site, and it is the excellent species for the 
regeneration of eroded soil, watershed 
management, and mine soil reclamation 
(USDA-NRCS 2002). The value of the 
vegetation and reforestation in the erosion 
control is reflected in the long-term stabi-
lization of the area. If the autochthonous 
species cannot meet the requirements of 
the protection programme, they can be 
very effectively replaced by the fast-grow-
ing species, which are ecologically adapt-
able. However, best results are achieved 
if in the first phase introduced species are 
combined with autochthonous ones, since 
the associations of Douglas-fir and broad-
leaved and conifer species are very effec-
tive.

Douglas-fir provenance in test planta-
tions are subject to long-term research in 
Serbia in many aspects: ecological adap-
tation, erosion control, anatomy, physiol-
ogy, dendrometry ... (Lavadinović et al. 
2001, 2011a, 2011b; Lavadinović and Isa-
jev 2005).

In Serbia, judging from the multi-
annual researches conducted by Miletić
(2004), on the open pit mines of the 
Mining-Energy-Industrial Complex “Kol-

ubara”, the effect of the Douglas-fir mono-
plantations on the mine soil characteris-
tics was much better than the effect of oth-
er conifer plantations. The dense canopy, 
which is formed by this mesophilic spe-
cies, completely provides the hydrological 
and protective functions of the forest, and 
Douglas-fir litter fall has a favourable ef-
fect on the fertility and productivity of the 
mine soil. Also, as a result of the decom-
position of its litter fall, the characteristics 
of the mine soil on which the erodibility, 
i.e. the ability of soil to resist the eroding 
agents, improve. The humus content and 
stability of the microstructural aggregates 
increase, which during the occurrence of 
the surface runoff prevents the mobility of 
the soil substances and their transforma-
tion into the suspension. On the clay mine 
soil in the differential soil porosity, under 
the influence of Douglas-fir, the percent 
of the coarse gravitation pores increases. 
As a result, the infiltration of precipitated 
water in the soil is accelerated and there 
is less likelihood of the occurrence of the 
surface runoff.

The influence of the Douglas-fir plan-
tations of soil characteristics, upon which 
its ability to resist the eroding agents de-
pends, is conditioned by the initial soil 
characteristics, prior to the reforestation 
by this species. In addition, the intensity of 
the influence of the Douglas-fir on the soil 
depends on the general site conditions, 
which determine the conditions for the ac-
tivity of the soil microorganisms and rate 
of the decomposition of the soil organic lit-
ter. The chemical nature of the products of 
decomposition, which affect the soil, also 
depends on the site conditions and type 
of the saprophytic microorganisms which 
decompose the nutrients.

Thirty years after the substitution of 
mountain beech forests in Jelova gora, 
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Douglas-fir did not cause the important 
changes in the soil, i.e. the erodibility un-
der Douglas-fir plantations was similar as 
under the original beech forests (Miletić 
et al. 2003). Nevertheless, on Hungar-
ian and Turkey oak sites with hornbeam 
in Bogovaća under Douglas-fir plantation 
somewhat greater soil erodibility than 
under the original forest was reported 
(Miletić et al. 2010).

Douglas-fir adapts to the wide range 
of soil types and structures, but it thrives 
best on the soil of clay and powdery tex-
ture (Washington State University. 1979). 
The depth of soils, on which it adapts 
best, ranges from very shallow on the 
steep slopes and ridges to the deep col-
luvial sediments. The variance menziesii 
thrives best on the well-aerated (loose) 
deep soils, with the pH values from 5 to 6.

Douglas-fir is characterised by the 
great horizontal range on its natural site 
(Campbell 1979). Generally speaking, 
variety glauca is located at much higher 
altitudes than the sea variance at the re-
spective latitudes. The altitudinal limit of 
Douglas-fir in central British Columbia is 
760 meters above the sea level, whereas 
it is located at 1250 meters above the sea 
level in the Vancouver Island. In Wash-
ington and Oregon, this species gener-
ally ranges from the sea level up to 1520 
meters, but it can occupy much higher al-
titudes at some places. In South Oregon 
Cascades and Sierra Nevada, the altitudi-
nal zone ranges from 610 to 830 meters. 
In river valleys and canyons, this species 
is mainly located at altitudes ranging from 
240 to 270 meters.

At the border southern parts of the al-
titudinal zone in Sierra Nevada, this spe-
cies is located at 2,300 meters above 
the sea level. The continental variance is 
located at altitudes ranging from 550 to 

2,400 in the northern part of the zone. In 
the central part of the Rocky Mountains, 
Douglas-fir is mainly found at the alti-
tudes ranging from 1830 to 2590 meters, 
and in the southern Rocky Mountains at 
the altitudes ranging from 2440 to 2900 
meters. At some sites of south and cen-
tral Arizona, Douglas-fir can be found in 
the canyons, located at 1550 meters. The 
highest altitude where Douglas-fir grows 
in the Rocky Mountains is at 3260 meters, 
on the ridge of Graham Mountain in south-
eastern Arizona (Hermann1985, 1987).

The high adaptability of Douglas fir to 
the different soil and bedrock is also the 
result of the well-developed root system. 
Although Douglas-fir is a species with 
deep root system, its root morphologically 
varies, depending on the type of the bed-
rock and soil. If there are no obstacles, 
Douglas-fir first forms taproot, which ena-
bles the fast growth in the early youth. It 
was reported that on the deep soils (from 
69 to 135  cm) the root system reaches 
about 50 % of its final depth, over first 3 to 
5 years, and even 90 %, from the age of 
6 to the age of 8. However, rocks or hard 
bedrock on the soil surface leads to the 
fast proliferation (extension) of the origi-
nal taproot. When Douglas-fir develops 
on the shallow or extremely wet soils, the 
plate-shaped root system is developed.

Material and Method

Erosion is the gradual wearing away of the 
land surface as a result of uncontrolled 
wind and water energy. Sedimentation 
is the result of transport and delivery of 
eroded soil particles, deposited at some 
point. Erosion and sediment control is a 
complex interaction of soils, engineering 
water management, agronomic and horti-
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cultural practices (Gaffney and Dickerson 
2005).

The protective function of forest is 
reflected in the decrease of erodibility of 
the eroding agents, i.e. in the reduction 
of their mobility and ability to move the 
soil material. In the case of pluvial ero-
sion, this function is performed by the 
vegetation canopy (Djorović et al. 2003). 
Douglas-fir is mesophilic species of the 
very dense canopy and the closed plan-
tations completely provide the protective 
function. The rate of the canopy formation 
is crucial for the fast reduction of the ef-
fects of eroding agents on the soil and on 
the decrease of their erodibility. Height, as 
the element of estimation of forests, is the 
most reliable indicator of the effectiveness 
of the species on certain site, as well as 
of the rate of the canopy formation. In or-
der to test the adaptability and ecological 
capability of the introduced species, two 
provenance tests in central and eastern 
Serbia were set. The sample plot “Juhor” 
is located in the management unit “Juhor 
I” of the forest district Jagodina, between 
660 and 700 meters above the sea level.

The sample plot in Juhor is located in 
the association of mountain beech (Ass. 
Fagetum submontanum Rud.) on acidic 
brown soil.

Sample plot Tanda is in the manage-
ment unit Stol of the forest district Bor, on 
the site of Hungarian oak and Turkey oak 
(Quercetum frainetto-cerris Rud.).

The material for the experiment origi-
nates from the collection of seeds from 27 
Douglas-fir provenances collected by the 
Centre for Forest Seed in Georgia (USA) 
from the entire natural area of the species 
(Table 1).

At the age of fifteen, in the provenance 
test, plant heights were measured as indi-
cator of the rate of canopy formation and 

protective function of forests. Sample plot 
Tanda is located on the site of Hungarian 
oak and Turkey oak (Quercetum frainetto-
cerris Rud.), at elevation of 370 m, south-
east exposure.

Results of Research 

At the age of fifteen, plantations of all 
provenances on both sample plots formed 
the dense canopy (0.9–1), and, thereby, 
completely provided the protective func-
tion of forest and decrease of the eroding 
agents on the soil. The height of trees of 
observed provenances reflects on the rate 
of canopy formation.

Average plant height of all provenanc-
es in Tanda is 4.00 m, standard deviation 
0.94  m, and the coefficient of variation 
23.5 %. Provenance 19 (Washington 204-
09) has lowest height (2.11 m), and trees
of provenance 31 (Washington 205-02) 
are the highest (5.47  m). There are sig-
nificant differences between tree heights 
(Lavadinović and Isajev 2005).

Average plant height in all provenanc-
es on Juhor was 4.65 m, standard devia-
tion 0.86  m, and coefficient of variation 
18.5 %. The lowest height (2.82 m) was 
that of provenance 9 (Washington 204-
07), and provenance 3 (Oregon 202-27) 
was the highest (5.58 m). There are sig-
nificant differences in the attained heights 
between the provenances. (Lavadinović 
et al. 2001).

The measurement of height of Doug-
las-fir (at the age of fifteen) of different 
provenances, in the experiment in eastern 
and central Serbia, showed significant dif-
ferences.

Mean height of Douglas-fir in Tanda 
varies from 2.11 m (prov. 19, Washington 
204-09) to 5.47  m (prov. 31 Washington 
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205-02). Mean height is 4.00 m, standard 
deviation is 0.94 m, and the coefficient of 
variation 23.5 %.

Mean plant height in all provenances 
in Juhor varied between 2.82  m (prove-
nance 9, Washington 204-07) and 5.58 m 

Table 1. Geographic characteristics and plant height of tested Douglas-fir provenances.

* Provenances which are not included in experiment on Juhor.

Provenance Our 
sign

Lati-
tude, o

Longi-
tude, o

Altitude,
m

Plant height, m

Tanda Juhor

Oregon 205-15 1 43.7 123.0 750 3.90 5.16

Oregon 205-14 2 43.8 122.5 1200 4.01 5.17

Oregon 202-27 3 45.0 122.4 450 4.81 5.58

Oregon 205-38 4 45.0 121.0 600 4.77 4.99

Oregon 204-34 6 45.0 121.0 1050 4.95 -*

Oregon 205-16 7 44.0 123.0 150 4.87 -*

Washington	 205-31 8 48.8 121.5 450 4.93 -*

Washington	 204-07 9 49.0 119.0 1200 2.53 2.82

Oregon 205-13 10 43.8 122.5 1050 4.20 5.06

Oregon 205-18 11 44.2 122.2 600 4.63 5.24

Oregon 202-22 12 42.5 122.5 1200 3.91 4.72

Oregon 202-21 14 42.4 123.7 300 3.99 -*

Washington	 202-17 15 47.6 121.7 600 4.31 5.16

Oregon 201-10 16 44.5 119.0 1350 2.98 3.53

Washington	 204-06 17 49.0 120.0 750 2.82 3.48

Oregon 202-19 18 45.3 123.8 300 4.84 5.37

Washington	 204-09 19 49.0 119.3 900 2.11 -*

Oregon 205-11 20 45.0 123.0 150 4.75 5.10

Oregon 205-45 21 44.0 122.0 900 4.48 -*

Oregon 202-31 24 44.3 118.8 1500 2.39 2.86

Oregon 205-29 26 42.6 122.8 900 3.98 4.86

Oregon 205-08 27 42.7 122.5 1050 3.46 4.63

Oregon 205-22 28 45.0 121.0 750 4.49 -*

Oregon 204-18 29 44.5 119.0 1500 2.24 -*

Oregon 204-04 30 45.0 121.5 900 3.67 4.69

Washington	 205-02 31 47.7 123.0 300 5.47 5.29

Oregon 205-17 32 44.0 124.0 450 4.59 -*
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(provenance 3, Oregon 202-27). Mean 
height in all Douglas fir provenances was 
4.65  m, standard deviation 0.86  m, and 
coefficient of variation 18.5 %. It is inter-
esting that the height of 50 % of the prov-
enances is greater than 5.00 m.

Based on the observed heights on 
both sites, provenances 31 (Washington 
205-02) in Tanda and provenance 3 (Or-
egon 202-27) in Juhor can be singled out 
as promising ones.

Almost all studied provenances on 
mountain beech site are characterized by 
faster growth, since at the age of fifteen 
they are higher than the provenances on 
the oak site in Tanda (Fig. 1). It implies that 
majority of studied Douglas fir provenanc-
es, used in the protective reforestation, is 
more favourable for the beech sites than 
for the oak ones.

The exception to the rule is the prove-
nance Washington 205-02, which is high-
er on the oak site. As a result, it is more 
favourable for the protective reforestation 
on oak sites.

Conclusion

The key to successful afforestation is 
well and carefully selected plant mate-
rial. The fast-growing species have the 
aims to connect complex forming soil 
structure and help to control erosion of 
endangered habitats. The goal of the in-
troduced fast-growing species is to “oc-
cupy” habitat and stop erosion process in 
short term.

A combination of superior wood quality 
and high productivity has made Douglas-

Fig. 1. Height of tested Douglas-fir provenances.
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fir [Pseudotsuga menziesii (Mirb.) Franco] 
one of the premier timber trees in the 
world (Hermann and Lavender 1999).

Douglas-fir is the fast-growing species, 
whose plantations form complete canopy 
shortly after reforestation and thereby 
decrease the erodibility of the eroding 
agents.

Plant height is one of the reliable den-
drometric parameters for assessing the 
productivity of provenances.

The mean height of the tree of studied 
provenances of the same age reflects on 
the rate of growth and canopy formation, 
thereby the rate of the establishment of 
protective and hydrological functions of 
the forest. Almost all studied provenances 
on beech site (Fagetum submontanum 
Rud.) establish the protective and hydro-
logical functions of the forest faster than 
the forests on oak site (Quercetum frainet-
to-cerris Rud.).

In contrast to the influences on the 
decrease of the erodibility of the erod-
ing agents, which is completely reflected 
in the canopy formation, the influence of 
Douglas-fir on soil erodibility can vary to 
a great extent. It depends on the general 
site conditions, and mainly from the initial 
characteristics of the soil, before refor-
estation. Genecological variations, which 
are most often reflected in the introduced 
material, as the modification variability 
of the quantitative and qualitative char-
acteristics, are the result of interactions 
between introduced material and environ-
mental conditions, in the place where the 
transfer was made. The range of variation 
of characteristics are conditioned by cli-
mate, edaphic and coenological charac-
teristics of the sites to which the trees are 
introduced, as well as by the influence of 
altitude and geographic co-ordinates of 
the original origin of the population, from 

which the introduced material originates. 
The possibilities and future directions of 
the intensive use of introduced material 
depend on the knowledge on the interac-
tion of the above mentioned elements. 
The results obtained by this paper con-
tribute to:

Determination of the ecological param-
eters, which are important for the selection 
of Douglas-fir provenances for its transfer 
from North America to the sites in Serbia;

Gaining knowledge on the range of 
variation of economically important quan-
titative characteristics, as the selection 
criterion for the ranking of adaptive and 
productive provenances for growing in 
Serbia;

Reliable selection of Douglas-fir prov-
enances for its directed use in Serbia dur-
ing the establishment of special purpose 
plantations, in the erosion control activities.

Douglas-fir is an excellent tree spe-
cies for restoring eroded lands, watershed 
management, and strip-mined areas rec-
lamation.
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Abstract
Invasive plant species are widely recognized as a serious environmental threat. They can 

cause local extinction or a vast decline in some native species populations by increasing compe-
tition and through modifications of their habitat. The currently used control measures commonly 
involve herbicides that can be toxic to other plants, people, and wildlife. Some of the undesired 
side effects include reduction of nutrients to non-target species, mortality in tadpoles, deformation 
of fish, and reduced fertility and sexual development in frogs. There is a need for new methods for 
invasive species removal that do not use herbicides, but whose efficiency is similar to that of her-
bicide-based techniques. In this study we tested the effectiveness of high-intensity fire directed at 
the base of the stem. We used external fuel source and applied the fire to royal paulownia trees to 
examine the effects of tree diameter, length of time of fire application, and season of application. 
Overall, greatest mortality occurred when the studied treatments were applied in the summer and 
when the exposure to fire continued for 30 s in diameters from 3.8 cm to 20.1 cm and for 60 s in 
diameters from 20.2 cm to 68.6 cm. The season of burning had no effect on sprouting. Post-burn 
sprouting was greater following longer fire exposure. Additional treatment of the sprouts may be 
necessary using this or other methods. Nevertheless, the percent of trees that sprouted was rela-
tively low. The tested treatment can be scaled up and its cost decreased by employing already 
available flaming equipment currently used in agriculture.

Key words: invasive, Paulownia tomentosa, mortality, sprouting, burn.

Introduction

Most non-native species are often brought 
into new habitats for forage or for orna-
mental purposes, while others are brought 
accidently (Miller 2003). Some non-native 
species can become invasive in the ab-

sence of their main natural predators. This 
results in greater survival of the invasive 
species than the indigenous species. 
Non-native invasive woody species are of 
growing concern because of the negative 
impact they have on ecosystems includ-
ing hindering forest use and management, 



J. Williams and L. Dimov28

and reduction of biodiversity and wildlife 
habitat (Burton et al. 2005). Control of 
non-native species is often needed in or-
der to restore indigenous species.

Invasive species rank second, after 
habitat destruction, as a threat to bio-
diversity of imperiled groups of plants, 
mammals, invertebrates, fish, reptiles, 
and amphibians (Wilcove et al. 1998). 
Other threats include overharvest, pol-
lution, and diseases. Not only do inva-
sive species pose a threat to biodiver-
sity and increase competition, but they 
are also expensive to control once es-
tablished. The detrimental effects from 
invasive species are estimated to cost 
$138 billion∙year–1 in the United States 
(Pimentel et al. 1999). There is no di-
rect way to assign monetary value to 
all the negative effects such as extinc-
tions, losses in biodiversity, ecosystem 
services, and aesthetics, so the above 
cost estimate is rather conservative.

There are numerous management 
techniques for control of unwanted woody 
species which include herbicide use, me-
chanical control, prescribed fire, graz-
ing, biological control, and soil solariza-
tion (Green and Newell 1982, Hartman 
and McCarthy 2004, Miller 2003, Tu et 
al. 2001). Each control method has ad-
vantages, but also disadvantages, e.g., 
there may be risks for damage to non-
target species, or the method may be time 
consuming, labor intensive, or expen-
sive to apply. Herbicide use, prescribed 
fire, and mechanical control are among 
the most common control methods.

The average yearly amounts of her-
bicide used in forestry over a period of a 
rotation are much smaller than in agricul-
ture. Nevertheless, some herbicides have 
a number of negative effects on other 
plants, humans, and wildlife (Neumann 

et al. 2006, Acquavella et al. 2004). Her-
bicide application is also less desirable 
in valuable natural areas (Groves 1989).

Some of the commonly used herbi-
cides in forestry have been glyphosate for-
mulations commercialized as Roundup® 
by the Monsanto Company. Next we ex-
amine some of the issues with this widely 
used and relatively well studied herbicide.

The active ingredients of Roundup® 
have been detected in urine of applica-
tors whether or not prevention was taken 
to minimize herbicidal contact (Acqua-
vella et al. 2004). Glyphosate is also fre-
quently found in non-target plant species 
after application (Neumann et al. 2006). 
The glyphosate overspray can reach the 
rhizosphere where it can reduce a non-
target species ability to adequately ab-
sorb nutrients. In addition, glyphosate 
can be harmful to microorganisms and 
animals as well (Neumann et al. 2006).

Evidence for toxicity of the Roundup® 

formulations has been accumulating in 
the literature for over a decade. The toxic-
ity of the active ingredient and especially 
of the inactive ingredients, adjuvants, 
and surfactants are now well known and 
documented (Peluso et al. 1998). Re-
search demonstrated that Roundup® 
induced a dose-dependent formation 
of DNA adducts (a complex that forms 
when a chemical binds to the DNA) in 
the kidneys and liver of mice (Peluso et 
al. 1998). The formation of such adducts 
in the organs is considered damage to 
the DNA. The DNA adducts were related 
to some unknown compound in the mix-
ture rather than to the active ingredient, 
isopropylammonium salt of glyphosate.

A study on a coastal microbial com-
munity showed that Roundup® modifies 
natural coastal microbial communities of 
prokaryotes and some pico-eukaryotes 
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after a 7-day exposure (Stachowski-
Haberkorn et al. 2008). Relyea (2005) 
showed that Roundup® and its surfactant 
Polyoxiethyleneamine (POEA) affect am-
phibians causing high mortality rates. 
Within three weeks, 98 % of tadpoles were 
killed, and within 24 hours 79 % of juvenile 
frogs and toads were killed. Roundup® 
starts to affect young and adult tilapia af-
ter approximately 96 hours of exposure 
(Jiraungkoorskul et al. 2002). The fish gills 
were found to have filament cell prolifera-
tion (a chain-like series of cells increasing 
at a fast rate), lamellar cell hyperplasia 
(abnormal increase of cells in the scale 
layer), and aneurysm. Kidney lesions con-
sisted of dilation of Bowman’s space and 
buildup of hyaline droplets in the tubular 
epithelial cells. This study showed clearly 
that the presence of Roundup® causes 
degenerative formation of organs in fish.

Roundup® also disrupts the expres-
sion of the steroidogenic acute regulatory 
(StAR) protein, inhibits steroidogenesis, 
and causes decrease in progesterone pro-
duction (Walsh et al. 2000). Progesterone 
is a hormone involved in pregnancy (by 
supporting gestation) and in embryogene-
sis of animal species and humans. There-
fore, Roundup® can impact fertility in wild-
life and humans. Work by Paganelli et al. 
(2010) demonstrated that Glyphosate and 
Glyphosate based herbicides (GBH) im-
pair the mechanisms needed for regulat-
ing early development in frog and chicken 
embryos when exposed at sub lethal lev-
els, which leads to concerns about pos-
sible similar effects on human embryos.

Glyphosate is also toxic to human pla-
cental JEG3 cells and this toxicity was ob-
served less than 18 hours after treatment 
(Richard et al. 2005). More importantly, this 
toxicity occurred at concentrations lower 
than the concentrations found in agricultur-

al use. The observed toxic effect went up 
with the increases in concentration as well 
as in the presence of Roundup adjuvants.

The known negative effects for glypho-
sate-based herbicides listed above and the 
potential detrimental effects of less exten-
sively studied herbicides create a need to 
consider other methods for control of in-
vasive plants. Two widely used methods 
that do not rely of chemical applications 
are prescribed fire and mechanical control.

Some of the major disadvantages of 
implementing a prescribed burn are the 
impact on air quality and visibility, as well 
as possible lack of, or excess of, fuel on 
the forest floor. When fire has been sup-
pressed for long and the fuel buildup is 
very large, a prescribed fire will burn too 
intensely and cause mortality in desired 
species (Stephens and Ruth 2005). It can 
indiscriminately kill non-target native spe-
cies even at low intensity and often stimu-
lates vigorous sprouting from the invasive 
species (Heffernan 1998). Prescribed 
burning requires a crew of qualified per-
sonnel, expensive equipment, construc-
tion of fire breaks, and can pose risk to 
property and human life, which raises lia-
bility and public concern (McCaffrey 2006).

Mechanical control methods are ex-
pensive, generally ineffective (Tu et al. 
2001) and often disturb the soil (Evans 
et al. 2006). These methods of con-
trol have many advantages, but are 
often time consuming and not as ef-
fective when used without additional 
measures of control, such as herbicide 
application or burning (Miller 2003).

We explored a new and simple tech-
nique that poses minimal risk to the en-
vironment and may be effective at con-
trolling the spread of invasive woody spe-
cies. We examined the effectiveness of 
high-intensity fire directed at the base of 
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the stem to kill and prevent stump res-
prouting. Unlike prescribed burning, this 
method requires one worker instead of a 
full crew, does not require the use of ex-
pensive fire control equipment, and can 
be applied anytime when there is no risk 
of starting a wildfire (i.e., during or soon 
after rain, snow, or when air humidity and 
fuel moisture are high). We used the meth-
od with the non-native (to North America) 
invasive plant species royal paulownia 
(Paulownia tomentosa (Thunb.) Sieb. & 
Zucc. ex Steud.). We investigated the 
effectiveness of the treatments when 
they are applied in different seasons 
(winter, spring, and summer), and we 
compared the effectiveness of the treat-
ments for different lengths of exposure.

Materials and Methods

Species of study

Royal paulownia is a common invasive 
tree species in the eastern United States 
(Miller 2003). It is native of East Asia 
and belongs to the Scrophulariaceae 
family. It is fast growing and reaches 
heights of over 25 meters and diameters 
of over 70 cm. It is capable of growing 
up to 5.0 meters in one year, and repro-
duces from seeds, root sprouts (Bartlow 
et al. 1997), or stump sprouts (Miller 
2003). Paulownia can invade a variety 
of different habitats including roadsides, 
cliffs, riparian areas, open woodlands, 
highway embankments, stream banks, 
forest edges, landslides, burned-over 
areas, rocky-outcroppings, mine spoils, 
old home sites, and other disturbed sites 
(Evans et al. 2006).

Royal paulownia was ranked as the 
twelfth most problematic invasive species 
by the National Environmental Research 
Park (Drake et al. 2003). Paulownia in-
festations occur in scattered and local-
ized areas in managed forests, as well 
as in natural areas and parks (Alabama 
... 2007). It is an undesirable species in 
forest management, it causes difficulty 
for establishing fire adapted species like 
Table Mountain pine (Pinus pungens 
Lamb.), because of paulownia’s ability 
to quickly establish itself after a distur-
bance such as fire (Evans et al. 2006).

The species is widespread in part 
because it produces an abundance of 
seeds (Drake et al. 2003), estimated 
to be up to 20 million per plant (Rema-
ley 2005), which are small, lightweight, 
and easily spread by wind or water. The 
seeds germinate quickly when in con-
tact with mineral soil (Remaley 2005) 
and seeds remain viable in the soil for 
many years (McCarthy 2005). Paulow-
nia’s continued use as an ornamental, 
for wood production (Miller 2003), and 
mined land reclamation (Zhao-hua et al. 
1986) has increased its opportunity to 
spread and outcompete native species.

Control methods used for pau-
lownia include mostly herbicidal con-
trol using Arsenal AC® or a formula-
tion of glyphosate applied by stem 
injection into the main stem of mature 
trees (Miller 2003). Prescribed fire has 
not been successful in the removal 
of this species (Evans et al. 2006).

Study site

The study site was at the Winfred 
Thomas Agricultural Research Station 
in Hazel Green, Alabama (34°53’51’’N, 
86°34’25’’W). The elevation is 236 m. The 
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paulownia trees were planted 
approximately 20 years ago 
as part of an agroforestry re-
search project. The trees were 
planted in rows along with 
Tulip poplar (Liriodendron tu-
lipifera L.), Red oak (Quercus 
rubra L.), and Pecan (Carya 
illinoinensis (Wangenh.) K. 
Koch).

Experimental design and 
sampling

Two hundred fifty-eight royal 
paulownia trees were treated, 
while 23 trees served as the 
control. The 258 trees and the 
control trees were divided pri-
or to treatment into two diam-
eter classes (diameter at breast height 
(dbh) of 1.30 m above ground): 1) dbh 
between 3.8 and 20.1 cm and 2) dbh be-
tween 20.2 and 68.6 cm. Ten trees from 
the dbh ≤ 20.1 cm size class and 13 trees 
from the dbh ≥ 20.2 cm size class were 
randomly selected as controls and were 
left unburned (Table 1). In both diameter 
classes the trees were randomly select-
ed to be burned during winter, spring, or 
summer. In the dbh ≤ 20.1 cm size class, 
61 trees were randomly selected to be 
burned for 15 seconds and 56 trees for 
30 seconds. In the dbh ≥ 20.2  cm size 
class, 69 trees were randomly selected 
to be burned for 40 seconds and 72 trees 
for 60 seconds. All trees were flagged 
and tagged with numbers for future iden-
tification. The fire was powered using 
a torch (Red Dragon, model VT 3-30 C 
527.5 MJ∙h–1) and a 7 kg propane tank. 
The burn time was recorded using a 
stopwatch. Treatments were applied in  
the winter (February and March) of 2010, 

spring (April and May) 2010, and sum-
mer (August) 2010. Mortality was exam-
ined and documented in the summer of 
2011. All stump sprouts from the winter, 
spring, and summer 2010 burn were re-
corded in August of 2010, and examined 
again one year later.

Hypothesis and statistical analysis

Chi-square test was used to determine 
if there was a difference in mortality and 
sprouting among the seasons of treat-
ments for each length of burning. It was 
also used to test the differences in mortal-
ity and sprouting among each treatment, 
including the control, regardless of sea-
son. We employed Bonferroni correction 
for multiple comparisons. Fisher’s Exact 
Test was used instead of Chi-square in 
instances when cells had a count of less 
than five. We considered results to be 
significant if p<0.1. The experimental de-
sign was a split plot design.

Season and year of burn, 
replications

Diameter class, 
cm

Burn time, 
s

Control n=10 DBH ≤ 20.1 None
Control n=13 DBH ≥ 20.2 None
Winter 2010

n=21 DBH ≤ 20.1 15
n=22 DBH ≤ 20.1 30
n=23 DBH ≥ 20.2 40
n=25 DBH ≥ 20.2 60

Spring 2010
n=21 DBH ≤ 20.1 15
n=17 DBH ≤ 20.1 30
n=23 DBH ≥ 20.2 40
n=23 DBH ≥ 20.2 60

Summer 2010
n=19 DBH ≤ 20.1 15
n=17 DBH ≤ 20.1 30
n=23 DBH ≥ 20.2 40
n=24 DBH ≥ 20.2 60

Table 1. Paulownia treatment design.
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Results and Discussion

The mortality data that we collected in 
August of 2011, which was at least one 
full year after completion of burning in 
winter, spring, and summer of 2010, in-
dicated that not all treatments were able 
to cause mortality in the experimental 
trees over the period of time that we ex-

amined (Table 2). There was no tree mor-
tality among the trees from the control 
treatment, or among the trees from the 
small diameter class that were burned 
for 15 s, regardless of the season of burn 
(Table  2). Mortality did occur, however, 
as a result of the longer burn of 30 s in 
the small diameter class, as well as 40 
s and 60 s in the larger diameter class. 

Greater mortality oc-
curred in the small di-
ameter trees after 30 
s burn and in the large 
diameter trees after 60 
s burn than in the con-
trol (p=0.035, p=0.005, 
respectively, Table 3).

However, the percent 
mortality after burning 
trees in the large diame-
ter class for 40 s was not 
different from the percent 
mortality in the control 
(p=0.333, Table 3). When 
we combined the mortal-
ity data from all seasons, 
we found as expected 
that for the small diame-
ter trees there was higher 
mortality after burning for 
30  s than for 15  s, and 
for the large diameter 
trees there was higher 
mortality after burning for 
60 s than 40 s (p<0.001 
in both size cases, Table 
3, Figure 1 and 2). The 
mortality after 30 s treat-
ment was an average 
of 25  % and after 60  s 
treatment was an aver-
age of 31.9% (Table 3).

There was no dif-
ference in mortality 

Burn length, 
s for two size 

classes

Season of burn
Average

Winter Spring Summer

Mortality, % ± standard error

Small Diameter Class

0 0.0±0.0 0.0±0.0 0.0±0.0 0.0

15 0.0±0.0 0.0±0.0 0.0±0.0 0.0

30 13.6±7.5 17.7±9.5 47.1±12.5 25.0

Large Diameter Class

0 0.0±0.0 0.0±0.0 0.0±0.0 0.0

40 0.0±0.0 0.0±0.0 17.4±8.1 5.8

60 4.0±4.0 26.1±9.4 66.7±9.8 31.9

Table 2. Percent tree mortality ± standard error in August of 2011 for 
treatments applied in winter, spring, and summer of 2010.

Table 3. Differences in the percent mortality of paulownia trees 
following burning the main stem for different lengths of time.

Pairwise treatment comparisons Difference in 
mortality, % P-value

Small Diameter Class

  Control vs. 15 s 0.0 N/A

*Control vs. 30 s –25.0 0.035

       15 s vs. 30 s –25.0 <0.001

Large Diameter Class

*Control vs. 40 s –5.8 0.333

*Control vs. 60 s –31.9 0.005

                         40 s vs. 60 s –26.1 <0.001

* Indicates Fisher’s Exact Test analysis. In all other comparisons Chi-square 
tests were used. We used Bonferroni correction for multiple comparisons.
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between trees burned in the 
winter for 15  s and those 
burned for 30  s (p=0.233, 
Table 4). However, when 
the burn was carried out in 
the spring or summer, the 
30 s burn resulted in greater 
mortality than the 15 s burn 
(p=0.081, p<0.001, respec-
tively, Table 4). We observed 
similar results for the large 
diameter class, where burn-
ing for 40  s or 60  s in the 
winter resulted in the same 
percent mortality (p=1.000), 
but burning in the spring 
and summer resulted in 
greater mortality of the trees 
burned for 60  s than those 
burned for 40  s (p=0.022 
and p=0.001, respectively, Table 4).

None of the trees died if they were 
burned for 15 s, regardless of the season 
of burn, so we did not look for a season 
effect (Table 5). Similarly, 
we did not compare the 
season effect on mortal-
ity of the trees burned 
for 40 s in the winter and 
spring, because no mor-
tality was observed. 
There was no difference 
in percent mortality af-
ter burning for 30 s in the 
winter versus the spring 
(p=0.333, Table 5). How 
ever, there was a differ-
ence in percent tree mor-
tality in each season for 
each of the other burn 
lengths. For the 60 s burn 
lengths, mortality after 
spring burn was greater 
than after winter burn. After 

the 40 s and 60 s burn lengths, mortality 
after summer burn was greater than after 
spring burn, and mortality after summer 
burn was greater than after winter burn. 

Fig. 2. Paulownia mean percent mortality and standard error in the 
large diameter class after a 40 s and 60 s burn. Different letters 

indicate significant difference at the p<0.1 level.

0
5

10
15
20
25
30
35
40

40 60

Burn time, s

M
or

ta
lit

y,
 %

A

B

Fig. 1. Paulownia mean percent mortality and standard error in the 
small diameter class after a 15 s and 30 s burn. Different letters 

indicate significant difference at the p<0.1 level.
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The results were simi-
lar with the 30  s burn, 
but with the exception 
that mortality after the 
winter burn was not dif-
ferent from mortality fol-
lowing the spring burn.

Stump sprouting ob-
served in August, 2011, 
which was a minimum of 
one full year after burning 
that took place in winter, 
spring, and summer of 
2010, showed that sprout-
ing occurred after each of 
the burns, but no sprout-
ing was observed in the 
control (Table 6). Sprout-
ing after burning for 40 s 
and 60 s was more com-
mon than in the control 
trees (p=0.067, p=0.011, 
respectively), but no dif-
ference was found be-
tween the percent of 
trees with new sprouts 
in the control and the 
15  s burn or the control 
and 30  s burn (p=0.333, 
p=0.114, respectively, Ta-
ble 7). The greatest per-
cent of trees with stump 
sprouts, 29.6  %, oc-
curred after the 60 s burn.

There was no differ-
ence in percent of trees 
with sprouts after burn-
ing for 15 s and for 30 s 
during the winter or sum-
mer (p=0.664, p=0.324, 
respectively, Table 8). 
However, greater sprout-
ing occurred after the 
spring 30 s burn than the 

Size and season 
of treatment

Pairwise treatment
comparisons

Difference in 
mortality, %

P-
value

Small Diameter Class

*Winter 15 s vs. 30 s –13.6   0.233

*Spring 15 s vs. 30 s –17.7   0.081

*Summer 15 s vs. 30 s –47.1 <0.001

Large Diameter Class

*Winter 40 s vs. 60 s –4.0   1.000

*Spring 40 s vs. 60 s –26.1   0.022

 Summer 40 s vs. 60 s –49.3   0.001

Table 4. Differences in the percent mortality of paulownia trees 
following burning the main stem for different lengths of time.

*Indicates Fisher’s Exact Test analysis. In all other comparisons Chi-square
tests was used.

Size and burn
time, s

Pairwise season
 comparison

Difference
in mortality, % P-value

Small Diameter Class

  15 Winter vs. Spring    0.0 N/A

  15 Winter vs .Summer    0.0 N/A

  15 Spring vs. Summer    0.0 N/A

*30 Winter vs. Spring –4.1 0.333

*30 Winter vs. Summer –33.5 0.011

  30 Spring vs. Summer –29.4 0.022

Large Diameter Class

  40 Winter vs. Spring    0.0 N/A

*40 Winter vs. Summer –17.4 0.036

*40 Spring vs. Summer –17.4 0.036

*60 Winter vs. Spring –22.1 0.015

  60 Winter vs. Summer –62.7  <0.001

  60 Spring vs. Summer –40.6 0.005

Table 5. Differences in tree mortality following burning 
(comparison of the effect of season of burn).

* Indicates Fisher’s Exact Test analysis. In all other comparisons Chi-square
tests was used. We used Bonferroni correction for multiple comparisons.
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spring 15 s burn (p=0.081, 
Table 8). There was no dif-
ference in percent of trees 
with stump sprouts after 
burning for 40  s or 60  s 
during the spring (p=0.153, 
Table 8). The same was ob-
served after burning during 
summer as well (p=0.956, 
Table 8). Differences in per-
cent trees with sprouts were 
found in the 40 s treatment 
and 60 s treatment during 
winter (p=0.047, Table 8).

No differences were 
found in sprouting occur-
rence when the main stem 
was burned for 30 s between the follow-
ing: winter and spring, winter and sum-
mer, and spring and summer (p=0.212, 
p=0.212, p=0.333, respectively; Table 
9, Figure 3). Similar lack of differences 
between seasons was found in the re-
sults for 60  s burns (Table 9, Figure 
4). The same sprouting 
average of 30.4  % was 
observed after the win-
ter and spring 60  s burn.

The 60  s summer 
burn caused, on aver-
age, 28  % of the trees 
to sprout (Table 6). Simi-
larly, seasonal differ-
ences were not found in  
comparisons of sprouting 
after winter and summer  
burn for 15  s, spring and 
summer burn for 15 s, and 
winter and spring burn for 
40  s (p=0.202, p=0.158, 
p=0.203, respectively; 
Table 9). Seasonal differ-
ences were observed in 
comparisons of sprouting 

after spring and winter burn for 15 s, win-
ter and summer burn for 40 s, and spring 
and summer burn for 40  s (p=0.077, 
0.032, and p=0.095 Table 9). No sprout-
ing occurred after burning for 15 s in the 
spring, but 14.3 % average sprouting did 
occur after the 15 s winter burn (Table 6). 

Pairwise treatment comparisons Difference, % P-value

Small Diameter Class

*Control vs. 15 s   –6.6 0.333

*Control vs. 30 s –14.3 0.114

  15 s vs. 30 s   –7.7 0.056

Large Diameter Class

*Control vs. 40 s –14.9 0.067

*Control vs. 60 s –29.6 0.011

40 s vs. 60 s –14.7 0.013

Table 7. Differences in the percent of paulownia trees with new 
stump sprouts following burning the main stem for different 

lengths of time.

* Indicates Fisher’s Exact Test analysis. In all other comparisons Chi-square 
tests was used. We used Bonferroni correction for multiple comparisons.

Table 6. Mean percent ± standard error of paulownia trees 
with stump sprouts after each treatment.

Burn length 
for two size 
classes, s

Season of burn
Average

Winter Spring Summer

Mortality, % ± standard error

Small Diameter Class

0 0.0±0.0 0.0±0.0 0.0±0.0   0.0

15 14.3±7.8 0.0±0.0   5.3±5.3   6.6

30 9.1±6.3 17.7±9.5 17.7±9.5 14.3

Large Diameter Class

0 0.0±0.0 0.0±0.0 0.0±0.0   0.0

40 4.6±4.5 13.0±7.2 27.3±9.7 14.9

60 30.4±9.8 30.4±9.8 28.0±9.2 29.6
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Sprouting occurred almost 
6 times more often after the 
summer 40  s burn, an av-
erage of 27.3 %, than after 
the winter 40 s burn, and oc-
curred at almost double the 
rate of sprouting after the 
spring 40 s burn (Table 6).

Results from our work 
demonstrate that applying 
high-intensity directed fire 
to the base of the stem is 
indeed able to cause mor-
tality in royal paulownia, 
even in trees up to 68  cm 
in diameter. Burning pau-
lownia trees with diameters 
from 3.8 cm to 20.1 cm for 
30 seconds and burning 
trees with diameters from 
20.2  cm to 68.6  cm for 60 
seconds may be preferable 
as it results in greater mor-
tality than the shorter fire 
exposure. Burning paulow-
nia stems with diameters 
smaller than 20.1  cm for 
15 seconds should not be 
used because this length 
of burning was not effec-
tive. In a similar study, 
stems of Acacia species 
burned with higher inten-
sity fire had greater stem 
mortality (Wright and Clarke 
2007). The most adequate 
season to burn in order to 
cause the greatest mortal-
ity in paulownia is summer, 
which could be because of 
active growth and less car-
bohydrate reserves in the 
roots during summer than 
spring (Bowen and Pate 

Size and 
burn time, s

Pairwise season
comparison

Differ-
ence, % P-value

Small Diameter Class

*15 Winter vs. Spring  14.3 0.077

*15 Winter vs. Summer    9.0 0.202

*15 Spring vs. Summer –5.3 0.158

*30 Winter vs. Spring –8.6 0.212

*30 Winter vs. Summer –8.6 0.212

*30 Spring vs. Summer    0.0 0.333

Large Diameter Class

*40 Winter vs. Spring –8.4 0.203

*40 Winter vs. Summer –22.7 0.032

*40 Spring vs. Summer –14.3 0.095

  60 Winter vs. Spring     0.0 0.333

  60 Winter vs. Summer     2.4 0.284

  60 Spring vs. Summer     2.4 0.284

Table 9. Differences in the percent trees with new sprouts as a 
result of burning (comparison of the effect of season of burn).

* Indicates Fisher’s Exact Test analysis. In all other cases we used
Chi-square tests and Bonferroni correction for multiple comparisons.

Size and season 
of treatment

Pairwise treatment
comparisons

Difference, 
%

P-
value

Small Diameter Class

*Winter 15 s vs. 30 s    5.2 0 . 6 6 4

*Spring 15 s vs. 30 s -17.7 0 . 0 8 1

*Summer 15 s vs. 30 s -12.4 0 . 3 2 4

Large Diameter Class

*Winter 40 s vs. 60 s -25.8 0 . 0 4 7

 Spring 40 s vs. 60 s -17.4 0 . 1 5 3

 Summer 40 s vs. 60 s   -0.7 0 . 9 5 6

Table 8. Differences in the percent trees with new sprouts 
as a result of burning for the particular lengths 

of time during each season.

* Indicates Fisher’s Exact Test analysis. In all other comparisons Chi-
square tests was used.
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1993). Successful mortality 
can be obtained by burning 
in spring as well, but burn-
ing in winter for the examined 
lengths of time results in low 
levels of mortality. Similarly 
to our results, greater mo-
rality occurred in ponderosa 
pine (Pinus ponderosa C. 
Lawson) when burning took 
place in the growing seasons 
rather than in the dormant 
seasons (Harrington 1993).

Paulownia trees burned in 
the summer for 40 s sprouted 
more frequently than trees 
burned in the winter or spring 
for the same length of time. 
However, this difference 
among seasons was not ob-
served for the 30 second treat-
ment of the smaller trees or 
60 second treatment of the larger trees 
during any season. This could be a re-
sult of the extremely hot fire 
that we applied. Other studies 
have used prescribed burn-
ing which does not normally 
get as hot and burn as long 
as the high-intensity directed 
fire in our study. Due to the 
intense heat, the basal buds 
may have been damaged, as 
was desired, which resulted 
in similar sprouting for among 
the treatments and among the 
seasons. Since sprouting oc-
curs at similar rates regard-
less of season, burning should 
be applied in frequent inter-
vals during each of the sea-
sons to determine how many 
repetitions should be applied 
to successfully eradicate these 

species. Others report that it may take five 
annual burnings to finally reduce the stem 

Fig. 3. Mean percent and standard error of small diameter 
paulownia trees with sprouts after burning 

for 30 s in winter, spring, and summer.
The same letters indicate no difference at the p<0.1 level.
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Fig. 4. Mean percent and standard error of large diameter 
paulownia trees with sprouts after burning for 60 s in winter, 

spring, and summer.
The same letters indicate no difference at the p<0.1 level.
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numbers of shrub live oak to what they 
were before the first treatment, while desert 
ceanothus sprouts were almost all killed 
by a second burn (Pond and Cable 1961).

Conclusion

The method used in this study was suc-
cessful at causing mortality even in large 
size trees of the studied species. To suc-
cessfully kill paulownia, burning should 
take place in the summer. Additionally, 
trees between 3.8 cm and 20.1 cm in dbh 
should be burned for 30 seconds and 
trees between 20.2  cm and 68.6  cm for 
60 seconds. In our study these treatments 
caused the most tree mortality, although 
stump sprouting was stimulated. Although 
we did not burn the sprouts, burning them 
after the following growing season may re-
duce the resprouting rate of this species. 
Repeated burning of the sprouts should 
be further studied for this species. Pond 
and Cable (1961) reported that sprouts 
from Wright’s silktassel (Garrya wrightii 
Torr.) and Hollyleaf buckthorn (Rhamnus 
crocea Nutt. ssp. pilosa) were completely 
eliminated by four annual burns by a torch 
with flame temperature of 1,500 °C.

The cost for the equipment used was a 
total of $92.95. The torch cost was $63.00 
and the propane tank $29.95. Assuming 
labor wages at $7.25∙hr–1, the approxi-
mate average cost for supplies and labor 
was $1.46 per paulownia tree. However, 
the cost can be lowered with scaling up 
of the treatment. This can be achieved 
with some of the already widely avail-
able flaming equipment currently used 
in agriculture (e.g., Red Dragon® veg-
etable bed flamer). Some adaptations in 
the design may be needed for forestry 

settings. Future studies of this method 
may try to develop a more accurate cost 
estimate. We also recommend testing 
how many repeated burns of the sprouts 
are needed for the plant to no longer be 
able to carry out vegetative reproduction.
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Abstract
In this study Sweet chestnut spring grafting onto same rootstocks has been made. Two-year-

old seedlings in the open field were used as rootstocks. Two phenological stages of the rootstocks 
have been tested – dormancy condition (end of February) and the beginning of growing season 
(end of March). The grafting methods were chip budding, cleft graft, side veneer graft and splice 
graft. Criteria for assessment of the results were the percentage of grafting components union, 
main shoot growth, lateral shoots number and growth. Significant differences in grafting success 
and plant development were found in different phenological stages and in grafting methods. It was 
mainly recommended to perform splice grafting during the spring using “dormant” and “active” 
rootstocks. By splice grafting both graft success and growth of the scion (86.7 to 93.3 % graft 
success and 23.7 to 26.2 cm graft shoot height) can be realized.

Key words: Sweet chesnut, spring grafting, chip budding, cleft graft, side veneer graft, splice 
graft.

Introduction

Sweet chestnut in Bulgaria is found in lim-
ited and fragmented isolated fields. It has 
entered the customs and traditions of peo-
ple, in the places where it can be found; 
therefore it has high social and economic 
importance, especially for fruit production 
(Glushkova 2006).

Castanea sativa Mill. belongs to the 
so-called “multipurpose” species due to 
its various beneficial properties and wide 
range of valuable products obtained from 
it (Milev and Iliev 2007).

The problems in chestnut breeding 
are mainly due to ubiquitous disease 
known as cancer caused by the fungus 

Cryphonectria parasitica Murrill. (Avram-
ov 2002). Recent studies showed that 
everywhere in the world where this spe-
cies is cultivated, plantations were in dis-
quieting phytosanitary state. In Bulgaria, 
almoust all plantations are affected. The 
disease raises the question about the 
biological existence of the species (Iliev 
and Mirchev 1992, Milev and Sotirovski 
2007).

Currently a number of researchers and 
international research groups are explor-
ing diverse ways for overcoming the prob-
lem (Robin and Heiniger 2001, Milev et al. 
2005, Milgroom et al. 2008, Risteski et al. 
2013). A possibility in this direction is to 
explore and to produce resistant clones 
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with additional requirements of the har-
vest qualities, the wood and the growth 
rate (Iliev and Mirchev 1992, Craddock 
and Bassi 1999, Petrov 2005, Milev and 
Sotirovski 2007).

However, genotypes with high resist-
ance to cancer can’t be selected through 
seed propagation. These problems with 
Sweet chestnut breeding outline the im-
portance of vegetative propagation for 
production of seedling. In addition, vege-
tative propagation allows the achievement 
of early, frequent, abundant and benign 
harvests in the garden type crops.

In vegetative propagation, cloning of 
mature genotypes is always preferred be-
cause they have the phenotype show of 
their genetic potential (Franclet 1980, Zo-
bel 1981). It is known, however, that the 
rooting of Sweet chestnut cuttings is dif-
ficult, depends on many factors, including 
the stages of the donor plant and does not 
give practically significant results (Dirr and 
Heuser 1987).

When propagation by cuttings is very 
difficult or impossible, the method of graft-
ing is applied for reproduction of valuable 
genotypes (Broshtilov 2000).

This study aimed to determine suit-
able phenological stages of chestnut root-
stocks and successfull methods for spring 
grafting and budding.

Material and Methods

The vegetative propagation experiment 
was carried out in forest nursery “Ivanik”, 
Forest Enterprise Petrich. A source of 
scion wood was the existing clonal colec-
tion in the nursery. The analysis of em-
bedded cultivars on their resistance to 
cancer showed that the only variety with 
no visible damage from the disease is the 

French variety Marigoule (cv. ‘Marigoule’), 
wherefore it was used for the extraction 
of shoots. The scions were taken in the 
beginning of February and were stored at 
4°C until they were used for grafting.

Two-year-old seedlings were used as 
rootstocks in the open field.

To study the influence of the pheno-
logical stage of the rootstock, the grafting 
was carried out in two periods:

End of February (26–27.02.2011) – 
dormant stage (“dormant” rootstocks);

End of March (20.03.2011) – beginning 
of growing period (“active” rootstocks).

To determine the optimal methods of 
grafting were tested:

1. Budding: chip budding;
2. Grafting of three bud scions: cleft

graft, side veneer graft, splice graft.
For each method 3 repetitions with 25 

graftings were used. The scion and the 
rootstock were fasten by special grafting 
rubber strips. The rootstock shoots were 
remorved on 03 May 2011.

The grafted saplings were not shaded 
during the growing period. 

The percentage of graft success, 
length of main and lateral shoots and the 
number of scion shoots were the criteria 
for the evaluation of the results.

The results were analysed by One-Way 
ANOVA followed by a post hoc LSD test at 
p<0.05 (statistical package SPSS11). 

Results and Discussion

T-budding trials showed that the root-
stocks’ bark could not be separated from 
the wood in both phenological periods of 
grafting work Therefore, this method has 
not been included in the experiment and 
the chip budding had been selected as a 
primary grafting method.
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The results of the 
grafting success are pre-
sented in Table 1.

The highest percent-
age of grafting success 
occurs in splice graft (av-
erage 90.0  %), and the 
worst/lowest result – in 
chip budding (average 
37.3  %). This result is 
different from the recom-
mendations of Nedev et 
al. (1966), Petrov (1976), 
Milev et al. (2007), Ce-
lik et al. (2009), Bratels 
(2012), Dirr and Heuser 
(1987) to use chip bud-
ding when the bark separation is not pos-
sible.

As a whole, the various types of graft-
ing showed better possibilities for scion 
and rootstock union for both phenological 
periods. On average, for both periods of 
work, lower grafting results were obtained 
by using dormant rootstocks – 54.3  %. 
Grafting on “active” rootstocks leaded to 
an average percentage of components’ 
union – 76.3 %.

The phenologycal periodicity of graft-
ing has been studied by many authors. 
The majority of them agree with the 
recommendation for a summer (July to 
August) T-budding (Nedev et al. 1966, 
Petrov 1976, Grbić 2004, Dirr and 
Heuser 1987). According to other au-
thors, the suitable phenological periods 
for grafting are winter (Grbić 2004, Bar-
tels 2012) and spring before the begin-
ning of growing (Petrov 1976, Celik et al. 
2009, Ozturka et al. 2009). The results of 
the present study however showed lower 
percentage of components’ union during 
the dormancy period regardless of used 
grafting metods.

The success of grafting is higher in 
spring, after the begining of the growing 
season. In support of these results are the 
studies made by Serdar and Soylu 2005. 
However, their results show that splice 
grafting can be equally successful in both 
phenological periods.

In addition, during spring, it is possi-
ble to obtain inverted radicle graft (Ozturk 
and Serdar 2011) and inverted T-budding 
(Serdar and Soylu 2005).

The statistical indicators of significance 
of various studied factors (rootstocks phe-
nological state and method of grafting) are 
presented in Table 2.

As it can be seen from Table 2, graft-
ing success depends on the phenological 
state of the rootstock (Significance level 
0.000), used method of grafting (Signifi-
cance level 0.000) and the combined ef-
fect of the two factors (Significance level 
0.029).

From a production point of view, a mat-
ter of interest is not only the successful 
union of the grafted seedlings, but also 
the growth of the top shoot of the grafting 
(Table 3). The growth rate of the top shoot 

Table 1. Grafting success of the components, depending on the 
phenological stage of the rootstocks and the method of grafting (%).

Grafting methods

Phenological stage of the 
rootstock Average 

per 
methodDormant Active

Chip budding 21.33±8.74а 53.33±8.74bc 37.33±4.40а

Cleft graft 40.00±2.00b 81.33±8.11de 60.67±4.40b

Side veneer graft 69.33±5.81cd 77.33±3.53de 73.33±4.40b

Splice graft 86.67±5.33de 93.33±3.53e 90.00±4.40c

Average of 
phenological stage 54.33±3.11 76.33±3.11

Note: Means with the same letter are not significantly different.
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is not only criterion for the duration of the 
production cycle, but also an indicator for 
the physiological status of the scion as a 
result of more or less successful graft un-
ion.

The longest top shoot growth was ob-
served at splice grafting while the shortest 
one was observed at chip budding and 
side veneer grafting method in both phe-
nological stages of the rootstock.

The most delayed growth of the top 
shoot was reported for chip budding and 
side veneer grafting (from 3.8 to 9.5 cm), 

while the most intensive growth was ob-
served in splice grafting (from 23.7 to 
26.2  cm). The results showed that the 
phenological stage of the rootstock does 
not affect the growth of the vegetative 
sapling. This was the reason why the ob-
tained results from the different methods 
of work in both periods were synonymous 
from a statistical point of view.

In general, the reason for the small 
size of the scion shoots could be caused 
by the comparatively unsuitable condi-
tions in the open field. Ozturk and Serdar 

Table 2. Significance of stock phenological stage and grafting method on the results.

Indicator Grafting 
success

Top shoot 
length

Average nomber 
of shoots

Average length 
of the lateral 

shoots

Factors F SL F SL F SL F SL

Phenological stage 24.99 0.000 0.42 0.519 0.06 0.941 1.94 0.165

Method 25.45 0.000 68.91 0.000 57.72 0.000 95.54 0.000

Phenological 
stage х Method 3.89 0.029 1.08 0.360 0.47 0.703 0.81 0.489

Note: F – Fisher’s criterium; SL – Significance level.

Table 3. Effect of the phenological stages of the rootstock and the method of grafting 
on the growth of the top shoot (cm), average number of scion shoots and average 

length of the lateral shoots (cm).

Note: Means with the same letter are not significantly different.

Grafting 
method

Growth of the top shoot Average number 
of scion shoots

Average length 
of the lateral shoots

Phenological stage of the rootstock

dormant active dormant active dormant active

Chip budding 3.77±0.87а 5.68±0.85a 1.00±0.00а 1.10±0.07a 0.00±0.00а 0.11±0.08a

Cleft graft 17.35±1.68b 15.03±1.35b 2.43±0.11c 2.27±0.10c 9.97±1.56b 10.31±1.21b

Side veneer 
graft 8.74±1.26a 9.48±1.23a 1.60±0.09b 1.69±0.07b 1.81±0.73a 3.21±0.67a

Splice graft 23.68±1.70c 26.21±1.36c 2.49±0.14c 2.46±0.08c 17.14±1.43c 20.77±1.39d
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(2011) indicated that the most intensive 
growth of scion shoots could be obtained 
by using an overshadow of the saplings.

While the phenological stage of the 
rootstock have not proven its influence 
on the growth of vegetative saplings (Sig-
nificance level 0.519), the grafting method 
has proven its significant effect (Signifi-
cance level 0.000) from a statistical point 
of view. The combination of these two fac-
tors, however, also showed a statistically 
significant impact on the length of the top 
shoot (Significance level 0.360) (Table 2).

The average number of shoots formed 
from scion wood (Table 3) can also be 
used as an indicator for the physiologi-
cal stages of the graft. From a production 
point of view, this criterion correlates with 
the capacity of the crown of the vegetative 
saplings, respectively their quality.

The lowest average number of lateral 
shoots is developed after chip budding (1 
to 1.1  pc.). It is a logical result because 
only one bud is used in the budding meth-
ods. The highest number of shoots was 
observed in splice graft and cleft graft (2.3 
to 2.5 pc.).

According to this indicator the results 
showed (Table 2) that the phenological 
stage of the rootstock itself is not sig-
nificant (Significance level 0.941) as in 
combination with the method of grafting 
(Significance level 0.703). Statistically 
significant impact on the average number 
of shoots has only the method of grafting 
(Significance level 0.000).

As an additional indicator of the graft 
growth potential, the average length of 
lateral shoots can also be considered as 
a criterion of its successful union. From a 
production standpoint, it can be relied on 
the lateral shoots to form part of the stem 
when the top shoot is damaged by a bi-
otic or abiotic factor. In the production of 

cultivated saplings, most often the cause 
of such damage is its breaking off as a 
consequence of the rapid growth and the 
influence of wind.

Statistically reliable differences be-
tween the two different phenological stag-
es of the rootstocks were not observed in 
chip budding, cleft grafting and side ve-
neer grafting (Table 3).

The average length of the lateral 
shoots of the scion is lowest (0 to 3.2 cm), 
after chip budding and side veneer graft-
ing. The growth of the lateral shoot was 
most intensive after splice grafting (from 
17.1 to 20.8 cm).

The results showed (Table 2) that the 
growth of the scions, with regard to the 
three selected criteria, is influenced only 
by the grafting method but not by the phe-
nological stage of the rootstock.

The present study outlines the splice 
grafting as a method that ensures both the 
highest percentage of components union 
and the best scion’s growth, which is in 
line with the recommendations of (Bratels 
2012, Grbić 2004).

Despite of the recommendations for 
cleft grafting (Serdar et al. 2005, Duman 
and Serdar 2006, Bratels 2012) and side 
veneer grafting (Huang et al. 1994, Milev 
et al. 2007), which methods can reach 
components’ union up to 100 %, the pres-
ent study showed that these methods are 
more suitable for work with rootstocks in 
“active” condition and do not lead to suf-
ficient results before the growing season. 
Other authors recommend whip grafting 
(Celik et al. 2009, Serdar and Soylu 2005) 
and whip and tongue grafting (Craddock 
and Bassi 1993).

In correspondence with the opinions of 
many authors (Nedev et al. 1966, Petrov 
1976, Grbić 2004, Milev et al. 2007, Bar-
tels 2012, Dirr and Heuser 1987), Sweet 
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chestnut seedlings, including newly ger-
minated seeds (Ozturk and Serdar 2011) 
are suitable rootstocks for grafting of the 
same species, though (Grbić 2004) shows 
the possibility of using Quercus cerris L. 
seedlings as well.

As it is known, in heterovegetative prop-
agation, the scion transfers its ontogenetic 
stages of vegetative development to the 
vegetative sapling, thanks to which, early 
harvests could be expected. During the 
implemented studies, reproductive organs 
were formed even during the first growing 
season after grafting – in splice grafting 
during the first and second phenological 
period, respectively 2.67  % and 1.33  % 
of the saplings and in side veneer grafting 
during the dormant period – 2.67 %.

As a technological element of Sweet 
chestnut grafting, it can be noted that 
after the transplantation of the scions, 
the rootstock reacts actively by waken-
ing of numerous dormant buds and by 
intensive development of shoots on the 
rootstock below the point of grafting. As 
it is known from practice, shoots hold up 
the growth of the scions, which requires 
their regular removal during the entire 
growing period.

Conclusion

Based on the obtained results, the follow-
ing conclusions and recommendations 
can be made:

In the vegetative propagation of Sweet 
chestnut both rootstocks in active or dor-
mant stage can be used. This finding al-
lows for significant expansion of work 
periods and increase of the production 
volumes.

In spring grafting the T-budding is not 
applicable, and the side veneer graft-

ing does not provide reliable union of the 
components.

In cleft grafting and in chip budding 
“active” rootstocks shoud be used and 
for splice and side veneer grafting both 
“active” and “dormant” rootstocks can be 
used.

The phenological stage of the root-
stock affects the components union in 
chip budding and in cleft grafing. In splice 
grafting and side veneer grafting, results 
in both work periods are identical.

The highest rate of union and growth 
of grafts are reached in splice grafting, 
which determine it as the general and the 
most appropriate method of grafting.

The highest percentage of components 
union is obtained in splice, side veneer 
and cleft grafting on “active” rootstocks.

Based on the complex criteria it can 
be recommended in spring grafting of 
Sweet chestnut, with relatively equal 
width of the components the method of 
splice grafting to be used, and when the 
scions are collected from significantly 
thinner shoots in comparison to the root-
stocks, the side veneer grafting is rec-
ommended.

The results, conclusions and recom-
mendations offer the possibility to go be-
yond the established narrow frames in the 
practice for work with summer T-budding 
in the production of cultivated saplings of 
Sweet chestnut. They enable the utiliza-
tion of the spring period of work, by using 
rootstocks in different phenological stages 
and methods of grafting.
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Abstract
Ecosystem services payment (ESP) is widely proposed as effective mechanism to internalize 

externalities. Non-market valuation techniques are often used to measure ESP. Elaborating the 
relationship between non-market valuation and ESP, this article emphasizes the importance of 
property rights and opportunity costs for ESP arrangement. The Bulgarian private forest is used 
as an example to highlight the potential impacts of changes in the institutional arrangement of 
property rights on ESP and sustainability of Bulgarian private forestry and ecosystem services.

Key words: consumer value, shadow value, willingness to pay, non-market valuation, 
appraisal value.

Introduction
Non-market valuation of ecosystem 
services has received significant at-
tention for the past few decades. Non-
market valuation is used to measure 
the value of products or services with-
out market prices. An objective of non-
market valuation is to inform the public 
of the importance of ecosystem services 
using monetary value, which is easier 
to understand, interpret and compare 
with other goods and services. People 
including ecologists who used to be re-
luctant to pricing ecosystems now favor 
the approach. While ecosystem services 
are critical for human beings to survive 

and have better quality of life, we should 
know that highlighting the importance of 
the ecosystems is not the main reason 
for non-market valuation. Rather it is the 
welfare impact of trade-offs of marginal 
changes in ecosystem services or be-
tween various ecosystem services that 
is the focus of attention in non-market 
valuation. The increasing demand for 
ecosystem services and alternative uses 
of natural resources make non-market 
valuation important. Since there is often 
no market to convey the marginal value 
and/or opportunity costs of supplying ec-
osystem services, non-market valuation 
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is used to measure them toward a better 
decision making. Marginal value is the 
additional value gained from small incre-
ment of consumption or production of a 
product. Marginal value is not constant 
but usually is diminishing for either con-
sumer or producer. And in this context 
it is important to keep in mind the dis-
tinction between use-value, exchange-
value and marginal value. Decisions are 
made at the margin rather than at the 
total or at average (Zhang and Li 2005).

Recently ecosystem services pay-
ment (ESP) has become a popular 
mechanism to internalize the costs and 
benefits of ecosystem services. Since 
there is no market for ecosystem ser-
vices, suppliers do not have incentive 
to provide the services, leading to un-
der supply rather than the optimal level 
as many of the environmental services 
have (positive) externalities (Arrow et al. 
2000). Therefore, creating institutions 
that can internalize the externalities of-
fer solutions (Pigou 1932, Coase 1960). 
Externalities refer to costs or benefits to 
other people not included in own cost 
and benefit analysis. For example, when 
a pulp and paper mill pollutes water it is 
a cost to many people downstream, but 
not included in the cost of the mill.  The 
cost is called negative externality. Tree 
plantation generates benefits to society 
such as carbon sequestration and other 
ecosystem services, but the benefits are 
not considered by forestland owners. 
Thеse are called positive externalities. 
It is believed that if positive externalities 
can be paid and negative externalities 
penalized, suppliers would have incen-
tive to adjust their activities in optimal 
manner as externalities are internalized. 
This article attempts to clarify a few im-
portant questions regarding non-market 

valuation and ESP. Using the Bulgarian 
private forest as an example it discusses 
the potential consequences of changes 
in forest property rights on forest man-
agement and ecosystem services sup-
ply and sustainability of Bulgarian pri-
vate forestry.

Problem Formulation

What is valued in non-market 
valuation?

The difference between willingness to 
pay (WTP) and shadow price and be-
tween total value and marginal value are 
very basic in economics but still often 
overlooked when we apply them to non-
market goods. WTP is the value to the 
users, and is the maximum amount they 
are willing to forego in order to acquire a 
unit of some good or service. Often non-
market valuation is used to value eve-
rything (total value) of some resources 
(e.g., species), having it or not having 
it at all. But in reality, we never choose 
these two extremes. There are plenty of 
choices (trade-offs) in between, such as 
small change of the resources. Another 
problem is to claim ESP using only will-
ingness to pay.

Non-market valuation methods (e.g., 
contingent valuation (CVM) or travel 
cost method) estimate how much a con-
sumer values a particular natural or en-
vironmental service. Consumer value is 
measured by the maximum WTP, and 
it is the utility gained from consuming 
an extra unit of a product. Economists 
also use shadow prices to measure how 
profit is affected by the lack of resources 
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(capital, labor, land and other inputs), 
where shadow price is defined as the 
marginal cost of relaxing the resource 
constraint by one unit. In other words, 
shadow price is the value of an addition-
al unit of the resource to the firm. For 
example, if a manufacturing firm suffers 
from energy supply, the shadow price is 
what additional profit can be made if ad-
ditional unit of energy is provided. Since 
willingness to pay is not shadow value 
of the ecosystem service, using it for 
the purpose of shadow value (the wel-
fare impact of relaxing constraint) is not 
appropriate. Rather we need both will-
ingness to pay and an estimate of the 
opportunity cost of supplying the eco-
system service when making decisions 
about paying for an ecosystem service. 

The use of willingness to pay becomes 
more problematic when it is not measured 
at the margin. No matter how valuable the 
functions of ecosystems and how much 
natural resources contribute to individual 
or society welfare, the marginal value 
might be very low when the resource is 
in relative abundance. As van Kooten 
(1998) points out, the argument is not that 
the value of all natural and environmen-
tal resources may be large, but for most 
specific resources, such as the benefits 
of biodiversity, the value is small at the 
margin. The paradox of diamond and wa-
ter is partly not considering the difference 
between marginal value and total value. 
When we say “water is so important”, it 
only means water as a whole resource 
and not the marginal unit.

Who pays who?

Prior to Coase (1960), it was believed 
that polluters (e.g., creating noise, dirty 

water) create negative externalities and 
should be responsible to abate pollution. 
Coase showed that the socially optimal 
level of pollution would be same re-
gardless of who has the right to pollute 
if transaction costs are zero. If the pol-
luter has the right to pollute, the affected 
parties have no right to stop the polluter 
but would need to pay or bribe the pol-
luter not to or lower the pollution level. 
Conversely, if the polluter does not have 
right to pollute, he can pay the affected 
parties for polluting. 

Ecosystem services are exactly the 
opposite of negative externalities like 
pollution; they are positive externalities. 
For example, fruit tree garden owners 
create positive services for bee farm-
ers; upstream forests provide ecosys-
tem services for downstream reservoir 
or hydropower corporations. It is natural 
to expect the beneficiaries (bee farm-
ers and reservoir owners) to pay for the 
ecosystem service. However, we also 
see a lot of opposite cases. For exam-
ple, forestland owners are not allowed 
to practice clear-cutting of their forests, 
or change their land use from forest-
land or wetland to cropland, suggesting 
the owners do not have rights, or their 
rights of managing their land are taken 
away. If they don’t provide the services, 
they are asked to pay or buy credits to 
compensate for the loss of ecosystem 
services. The opportunity costs or eco-
nomic loss induced by an environmental 
policy restriction is exactly the compen-
sation owed by the society to the land 
owner that supplies ecosystem servic-
es. Therefore, property right arrange-
ments are critical to the question of who 
should pay ecosystem service and land-
owners’ incentives to supply ecosystem 
services.
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Method

What should be ESP?

Many studies argue that ecosystem 
services are underpaid and poorly fi-
nanced as it is claimed that willingness 
to pay is much larger than the payment 
or subsides. We should know that esti-
mated willingness to pay cannot be used 
as a basis for ESP. Rather the potential 
level of compensation is expected to 
be somewhere between the opportunity 
cost of providing the additional ecosys-
tem services and marginal willingness to 
pay for them. Let us consider an exam-
ple. Suppose there is a reservoir owner 
downstream (player 1) and a private land 
owner upstream (player 2). The land can 
be used for (1) farming, (2) pine tree in-
tensive monoculture for timber produc-
tion, and (3) hardwood trees for multiple 
uses. Suppose that from the private land 
owner perspective, pine tree can gener-
ate the highest profit whereas from res-
ervoir owner point of view hardwoods are 
beneficial. Let us further suppose that the 
payoff matrix for the reservoir and land 
owner can be characterized as Table 1. 
The first cell (X+5, 6) indicates that the 

gain for downstream reservoir is (X+5) 
and the farm is 6 if land is used for farm-
ing and no compensation is made by 
reservoir owner to the land owner. The 
amount X can be any number depending 
on the reference point. As we only care 
about the marginal change, it is 3 if the 
land use is changed from farming to pine 
trees, and 7 from pine trees to hardwood 
trees; what is the value of X does not 
matter.

Now the question is: how much com-
pensation the reservoir should provide to 
the private land owner? First, let us see 
the non-market value of pine trees and 
hardwood trees? Using farming as refer-
ence (or base), WTP of the reservoir or 
positive externality from farming to pine 
is 3 units and from pine to hardwood is 
7 units. But if the land owner plants pine 
tree, no compensation can be requested 
as the farm owner does not bear oppor-
tunity costs and still likes to grow pines 
without compensation from the reservoir 
owner. The result of (X+8, 7)* is called a 
Nash Equilibrium under non-collaboration 
game.

If land use is changed from pine to 
hardwood, 7 additional units of posi-
tive externality are generated, and the 
7 units are also the WTP from pine to 

Player 2: Upstream private land owner’ management options 
(1)

Agricultural 
farming

(2)
Intensive pine tree

monoculture

(3)
Multiple use hardwood 

forest management

Player 1: 
Downstream 
reservoir owner’ 
options

Pay 0 (X+5, 6) (X+8, 7)* (X+15, 2)

Pay 2 (X+3, 8) (X+6, 9) (X+13, 4)

Pay 4 (X+1, 10) (X+4, 11) (X+11, 6)

Pay 6 (X–1, 12) (X+2, 13) (X+9, 8)**

Table 1. The payoff matrix between downstream water reservoir owner and the private land owner.

Modified and adopted from Zhang (1997).
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hardwood for the reservoir, but the op-
portunity cost to the private land own-
er is only 5 units. It is apparent that as 
long as the marginal benefit to reservoir 
is larger than opportunity costs of the 
private land owner, and the opportunity 
cost is less than the compensation, col-
laboration would make both sides better 
off. For example, the result of (X+9, 8)** 
is a Nash Equilibrium under collabora-
tion game. Under this collaboration, the 
landowner gains 1 than if he were to 
plant pine and the reservoir would gain 
1 unit with 6 units as compensation to 
the private land owner.

The above example is based on no 
or little transaction cost. Considering the 
nature of forest management, externali-
ties of forest management are hard to 
measure and monitor. Therefore, the 
transaction costs are usually high. Any 
trading would involve transaction costs 
which are costs of researching for infor-
mation, contracting and final enforce-
ment. The costs are loss to society. If the 
gain from trading cannot exceed the po-
tential loss from transaction, either the 
trading would not take place or no gain 
made to the society. Using the above 
example again, if the transaction cost is 
larger than 2, no gain will be generated 
from deal. In other word, society has 
not gained from the change from pine to 
hardwood management. Interestingly, if 
the regulation that the forestland owner 
has to plant hardwood is in place and 
costing little to implement, the society 
gains, but the welfare distribution is be-
coming questionable. 

At the societal level, marginal benefit 
minus opportunity cost (plus transac-
tion cost) is the gain from the land use 
change from pine to hardwood produc-
tion. The non-market value of externali-

ties is really dependent on which point 
is used as a reference. Looking at Table 
1, if agricultural farming is the reference 
point, then the value for hardwood is 10 
but only 7 if pine is the reference point. In 
addition, knowing the value of externali-
ties alone would not lead to a meaningful 
policy design and WTP cannot be used 
as ESP. ESP is not the total non-market 
value but a value between the opportu-
nity costs to the land owner associated 
with providing the non-market service 
and the opportunity value to the benefi-
ciary (the reservoir). ESP is like any other 
trading leading both sides to gain. The 
difference from other trading is that the 
property right arrangement is not as ap-
parent as in the case of other products 
and services, and ecosystem services 
are often public goods.

WTP and “what should be paid” (WSP)

Considering the limitations of WTP 
as measurement for ESP, Zhang and 
Zheng (2011) for the first time proposed 
and discussed the concept of “what 
should be paid” (WSP). What should be 
paid measures fair compensation based 
on public or expert opinion or appraisal 
value of compensation. Appraisal value 
is the value made by appraiser using 
some methods, mostly comparing with 
the price of similar and recent traded 
property, present value of all expected 
income from that property and costs to 
create and produce a similar property. 
When respondent is asked for WTP, 
several possibilities may arise: if a re-
spondent assumes that other people will 
be free-riders, WTP might potentially 
be lower; if the respondent tells his true 
consumer value (WTP), then WTP might 
be larger than WSP. “What should be 
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paid” seems subjective and not scien-
tific, but reflects the consensus of many 
consumers and producers about the lev-
el of costs and values.

Zhang and Zheng (2011) argued that 
WSP might be an appropriate measure to 
determine ESP, and found that on aver-
age, willingness to donate to urban tree 
programs was on average $13.53 (about 
24 %) less than the money respondents 
thought should be used to support such 
a program. “What should be paid” (WSP) 
can be derived from public opinion sur-
veys or from professional appraisals. 
WTP only considers the consumer value 
but ignore the opportunity costs. WSP is 
based on the judgment of each individual 
of their evaluation of fair compensation for 
ecosystem services. Their judgment likely 
is based on value and costs as well as 
substitutes. WSP better reflects the trad-
ing price than WTP for ecosystem servic-
es and is likely easier in implementation.

WSP can also be derived from sur-
veys consisting of various stakeholders 
and experts. WSP can also be derived 
from appraisals. Appraisers are routinely 
faced with situations in which no such 
evidence is available. In fact, appraisers 
are required because of the absence of 
a ready market. Appraisers have been 
doing good job in pricing of non-market 
goods. Appraisal value is usually defined 
as an amount expressed in terms of mon-
ey that may reasonably be expected for 
a property in exchange between a willing 
buyer and a willing seller, neither under 
compulsion to buy nor to sell and when 
both are fully aware of all relevant facts, 
including the assumption that the earn-
ings support a continuation of the product 
line. Appraisal value is the value meas-
ured in a hypothetical market. Appraisal 
method addresses the limitation of CVM 

and makes comparison between benefits 
and costs and between individual value 
and social value.

Empirical Application

Bulgarian private forestry and new 
regulation

A long restitution process has been un-
derway in Bulgaria since 1995, involving 
the transfer of state forest to ownership of 
non-state entities. The situation at the end 
of 2006 indicated that about 78.6 % of the 
forest area was still in state ownership. 
The largest non-state owners included 
municipalities with 10  % of forest area. 
The individual families owned 10.6  % of 
the forestland. The woodlots in individual 
ownership are very small, most of them 
around 1 ha in size. Only about 5  % of 
the forest holdings in private ownership 
exceed 50 ha.

The private forest owners are consid-
ered to be unsustainable as they do not 
have the necessary capacity and skills 
of forest management. More importantly, 
they are either living far from the forest 
properties, have limited interest in man-
aging forests or to collaborate with other 
forest owners under collective or coopera-
tive management. As the public is getting 
more aware of the significance of the envi-
ronment and ecological value of forests, it 
is important for private forestland owners 
to follow sustainable forest management 
criteria.

It is argued that unsustainable practic-
es and non-suitable operations of the pri-
vate forest owners can lead to the loss of 
important species and rare forest habitats, 
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especially in the low mountains, lowlands 
and riparian forests around wetlands and 
rivers. Consequently, during the develop-
ment of legislation and regulations on pri-
vate forests, requirements for protection 
and maintaining biodiversity, reduction of 
pollution, are going to be stronger partic-
ularly if the forests are located in critical 
watershed protection and close to villages 
or river streams. Private forest owners are 
asked to follow new regulations of sus-
tainable forest management. The regula-
tions would impose more restrictions on 
private forest owners, or take away some 
property rights. The impacts would be re-
duction of property value compared with 
no restrictions, and the owners would 
have less interest in the property. A worst 
case scenario will arise when the property 
is abandoned if the owners cannot gain 
from the property.

Toward Sustainability: market 
mechanism or regulation? 

In order to address this issue, Table 2 il-
lustrates a hypothetical game between 

the public (player 1) and a private forest-
land owner (player 2) and potential out-
comes. Suppose the government or the 
public offers three options to the private 
forest owners: (1) no restriction, (2) must 
follow sustainable forest management or 
face some penalties, and (3) provide in-
centive to the owners who practice sus-
tainable management. The forest owners 
could respond with three management 
strategies: (1) non-active management 
or simply giving up the ownership as no 
economic return is generated, (2) profit 
maximizing management, and (3) sus-
tainable forest management.

If no restriction is applied, the land 
owner will pursue his own profit or land val-
ue maximization: suppose the profit is P1 
and the additional ecosystem service gen-
erated is E1 compared to no management.

If regulations are applied and pri-
vate land owners have to use sustain-
able forest management: suppose the 
profit is P2, and the additional ecosys-
tem service is E2 compared to profit-
oriented management. If P2 is still posi-
tive, regulation will lead to the transfer of 

Table 2. The payoff matrix between the public and private forestland owners under 
alternative property rights arrangements.

Player 2: Private forest owner’ management options

(1)
Non-active 

management 

(2)
Profit oriented 
management

(3)
Sustainable forest 

management

Player 1: 
Public/ 
government’ 
options

No restriction (X, 0) (X+E1, P1) (X+E1+E2, P2)

Must practice sustainable 
management (X, 0) (X+E1–F, P1–F) (P2, X+E1+E2, P2)

Subsidize A if sustainable 
management (X, 0) (X+E1, P1) (X+E1+E2–A, P2+A)

Note: P1>P2
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some benefit from private land owners 
to the general public: it is not that the 
public pay for the ecosystem services to 
the private land owner; rather the private 
land owner pays for the ecosystem ser-
vice to the public. In case the profit P2 is 
negative (meaning it is no longer profit-
able), the private land owner might sim-
ply give up the ownership, and the land 
would become non-active management 
leading to reduced ecosystem service 
such as level X.

If incentive such as subsides are 
provided to private land owners who 
practice sustainable management, the 
question is how much incentive should 
be provided. Comparing the situations 
in (3) and (2) the additional ecosystem 
service from sustainable management is 
E2 which can be called welfare value or 
WTP of the public. It must be noted that 
the ecosystem from sustainable man-
agement is E1+E2 if comparing with non-
active management (1). Since there is no 
opportunity cost for the ecosystem ser-
vice E1, and the opportunity cost of E2 
is reduced profit (P1–P2) for the private 
land owners. Therefore, the WTP is E2, 
the ESP should be between (P1–P2) and 
E2. If the land owners cannot make any 
income when they adopt sustainable for-
est management, it is likely the landown-
ers will give up the ownerships. One pos-
sible result will be less ecosystem service 
and less economic return. The potential 
result, as shown in Table 2, will be (X, 0). 
If ecosystem services are compensated 
to the land owners with A, the result will 
be (X+E1+E2–A, P2+A) leading to gains 
for both the welfare of private land own-
ers and the public from the arrangement 
of the ecosystem service rights.

The scenarios provided are illustra-
tive of the private forest management 

and socio-economic consequences in 
response to public policies or property 
rights arrangement. They are intended 
to convey that the policy that force the 
private forest land owners to practice 
sustainable forest management might 
lead to reduced welfare for both pub-
lic and private forest owner like (X, 0), 
which is even worse than no restriction. 
Alternatively, if incentive policy is provid-
ed, the result might be like (X+E1+E2–
A, P2+A). The actual solution will be 
dependent on marginal benefits and op-
portunity costs. Thus, society should de-
velop policies that lead to total welfare 
gains at least rather than simply transfer 
benefit from one stakeholder to anoth-
er. Another important factor that should 
be included in the consideration is the 
transaction costs. No policy or regulation 
is costless. The costs involved include 
policy making, implementation and mon-
itoring. Considering the numerous small 
and numerous private land owners, im-
plementation costs could be very high. If 
the gain from the policy cannot exceed 
the potential costs of the policy, no regu-
lation is better off.

Concluding Remarks

Ecosystems are important to humans but 
we often misinterpret willingness to pay 
(WTP), opportunity cost and ESP. WTP 
measures welfare or value from a consum-
er perspective whereas opportunity cost is 
the cost of supplying ecosystem services, 
and ESP must lie between WTP and op-
portunity cost (Zhang and Li 2005). Ideally, 
the most efficient allocation is at the point 
where marginal WTP is equal to marginal 
opportunity cost (i.e., balancing trade-offs 
at the margin). While it is helpful to use 
WTP to highlight the importance of ecosys-
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tem services, it is the analysis of trade-offs 
at the margin that should be the main focus 
of non-market valuation. As Solow (1992) 
pointed out, “there is a lot to be gained by 
transforming questions of yes-or-no into 
questions of more-or-less. Yes-or-no lends 
itself to stalemate and confrontation; more-
or-less lends itself to trade-offs, the tricks 
is to understand more of what and less of 
what”.

ESP mechanisms must be designed 
such that they lead to welfare gains rath-
er than just welfare reallocation between 
stakeholders. The justification for ESP 
is to increase ecosystem services to the 
optimal level by internalizing externalities. 
While nothing is wrong when consumers 
are free riders when there is no opportu-
nity cost, they will enjoy increased supply 
if externalities are internalized. We cannot 
simply use WTP as a measure to claim 
ESP; ESP is a result of the interplay be-
tween demand (willingness to pay) and 
supply (marginal opportunity cost). Of-
ten private forest owners are expected 
to comply with certain regulations. In the 
Bulgarian context, these regulations need 
to be evaluated as some unintended con-
sequences might occur and forestland 
owners may give up management oppor-
tunity if ESP is not commensurate with 
the costs they incur. Very importantly the 
costs of policy and regulations need to be 
considered.
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Abstracts
As results of forest roads construction, a large number of impacts on the social and natural en-

vironment are identified, both at construction and operation phases. In this work an Environmental 
Impact Assessment for the asphalted forest road, of A category “Philippion – Xillia Dendra – 
Exochi” was conducted. Initially, we analyzed the concept of environmental impact assessments 
and recorded all the information about the location of the road. Then the information was collected 
necessary for the preparation work, such as related measurements, graded on the basis of the 
criteria forestry absorption and intensity. These criteria evaluate forestry, topographic and social 
factors that are indicators for the adaptability of the road environment and the capacity of the 
area to overcome the construction and to restore the balance of the forest ecosystem with mini-
mum negative impact on the forest and the social surroundings. The intensity criteria by which 
the layout and the construction of a forest road is evaluated measures adaptation of the natural 
environment to the road construction. Finally, the investigation concludes that the specific forest 
road needs several interventions to improve and restore the environment after its construction.

Key words: environmental impacts, forests, pavements, roads.

Introduction

The first human beings used forests as a 
source of fuel, food, accommodation, wa-
ter etc. Over the years, stone tools were 
replaced by metal ones and thus the indus-
trial revolution began and with it the con-
struction of forest roads and forestry activi-
ties, which resulted in a rise of productivity 
both in land cultivation and timber harvest-
ing. Despite the beneficial use of modern 
digging machines, they also caused prob-
lems in the balance of the forest habitat.

The paper deals broadly with the is-
sue of environmental impact assess-
ments and specifically with the Envi-
ronmental Impact Assessment of the A 
category asphalt road “Philippion – Xilia 
Dendra – Exochi”.

Viewed from an economical perspec-
tive, the construction of a forest road must 
not be considered to be a negative un-
dertaking. Although it can be a source of 
severe environmental impact it also has 
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many positive aspects. In order to assess 
the degree of opening of a road forest an-
alytical and empirical methods are mainly 
used. The analytical methods rely on 
theoretical models and take into account 
quantitative opening criteria (expressed 
in monetary units) in relation to road den-
sity (Kroth 1973, Abegg 1983). Empirical 
methods are based on knowledge of eco-
nomic theory. Such are the dynamic meth-
ods (Stamou 1985, Karagiannis 1991) as 
well as the method of cost-benefit analy-
sis (Stamou 1985, Doukas 1989, Karagi-
annis 1991) which takes into account only 
quantitative criteria irrespective of wheth-
er these are related to road density. Addi-
tionally, the assay value – benefit analysis 
is used to empirically assess quantitative 
as well as qualitative criteria (that can not 
be expressed in monetary units) and has 
been widely applied in the fields of engi-
neering and forestry science.

The economic evaluation of environ-
mental impacts is difficult because they 
cannot be assessed economically with 
accuracy since the individual factors are 
often qualitative and in many cases the 
situations that arise can be permanent or 
temporary, may have different influences 

on construction, restoration, maintenance 
and during operation (Tsochos 1997). In 
areas that have economic criteria, both 
quantitative and qualitative (environmen-
tal), we can apply the value-benefit analy-
sis.

Materials and Methods

Research area

The forest that surrounds the city of 
Thessaloniki in Greece (Seix-Sou) is lo-
cated to the northeast of the city at a 
relatively small distance from the city-cen-
tre. It occupies the southern and south-
western slopes of Mount Chortiatis, up 
to the Eptapyrgio – Asvestochori Road 
(Figure 1). The forest has a total area of 
30.2 million m2 (3,000 ha). The longitude 
of the forest is between 22o57΄ and 23o04΄ 
and its latitude – between 40o35΄30΄΄ 
and 40o39΄30΄΄. The maximum altitude is 
400 m. The main tree species in this area 
are: Quercus coccifera Kit., Pinus bruttia 
Ten. and Cupressus sempervirens L. The 
forest road in question is 5.5 km long. It is 

Fig. 1. Region of Seix – Sou.
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to be a permanent road and its usage is 
for transportation but also for forest rec-
reation. The direction is west – east and 
the exposure is western.

Methodology

The method, which would be applied, 
should be practical, effective and easy to 
use prior to road construction. If a forest 
road is a new construction, the intensity 
of the impacts and its ecosystem absorb-
ency should be evaluated against certain 
criteria (Drosos 2009). These criteria are 
divided into 2 categories: the criteria of 
the absorbency capacity of the eco-
system and the criteria of the intensity 
effect of the forest road construction. 
Additionally for each criterion a weight co-
efficient is introduced. These coefficients 
resulted from a research based on spe-
cific questionnaires filled by specialized 
scientists on forestry and environmental 
issues.

The grading of these criteria depends 
on the following principle: We accept a 
situation as ideal (=100  %) with respect 
to forest protection against road construc-
tion. The percentage of deviation from 
this ideal situation will be subtracted from 
100  %. The result will be the grading of 
the criteria.

A. As far as absorbency is concerned
These criteria are based on the opin-

ions of experts (special scientists) and 
relevant literature (Warner 1973, Kotoulas 
1987, Stergiadis et al. 1984, Ntafis 1990, 
Trzesniowski 1993, Drosos et al. 2006). 
The absorbency criteria are divided into 
3 categories: 1st forestry criteria, 2nd topo-
graphic criteria and 3rd social criteria.

The weights of the criteria are: three 
(3) for the forestry criteria, two (2) for the 

topographic criteria and one (1) for the so-
cial criteria.

The forestry criteria are the following:
1. The kind of coverage, i.e. the per-

centage attributed to road coverage on 
the basis of the type of area that the road 
crosses: if it goes through a forest it is 
graded with excellent 100  %, if it goes 
through a wooded area it is graded with 
25–50 % depending on its density, and if 
the road crosses a woodless area it is as-
sessed with 15 %.

2. The forest species, i.e. the length 
percentage of the part of the road under 
study that crosses a mixed forest is grad-
ed with excellent 100 %; that of the part 
crossing a coniferous forest – with 70 %; 
and that of the part that crosses a broad-
leaf forest – with 50–80 % depending on 
the season when measurements are per-
formed, that is if trees have leaves or not.

3. The management form, i.e. the 
length percentage of the part of the road 
under study that crosses a seedling (high) 
forest is graded with excellent 100 %; that 
of the part crossing a coppice forest is 
graded with 50 % and that of the part that 
crosses a composite or middle forest is 
graded with 75 % to 100 % depending on 
the seedling-coppice forest rate.

4. Age (forestry form), i.e. the length 
percentage of the part of the road under 
study that crosses a group-selective for-
est is graded with excellent 100 %; that 
of the part crossing a selection forest with 
75 % and that of the part that crosses an 
even-aged forest – with 50 %.

5. The height of the trees, i.e. the 
length percentage attributed to the road 
under study on the basis of the height of 
the trees present in the area: if the road 
goes among large trees >20 m it is graded 
with excellent 100 %; among medium size 
trees 10–20 m – with 75 % and if the road 
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goes among small trees <10 m – with 25–
50 % depending on their height.

6. The site quality. Good (first and 
second site quality), medium (third and 
forth site quality) and poor (fifth and sixth 
site quality). The percentage of the road 
crossing: good site quality is graded with 
excellent 100 %, medium – with 50 % and 
poor – with 25 %.

7. The productivity of the forest:
Category I (productivity over 

3 m3·year–1·ha–1).
Category II (productivity 

1–3 m3·year–1·ha–1).
Category III (productivity less than 

1 m3·year–1·ha–1).
The percentage of the road crossing 

forest of category I productivity is graded 
with excellent 100 %, forest of category II 
productivity – with 50 % and forest of cat-
egory III productivity – with 25 %.

The topographic criteria are the follow-
ing:

1. The cross slope of the land. The 
percentage of the road passing along 
small slopes <8 % is graded with excel-
lent 100 %, along medium slopes 8–20 % 
– with 50 and high slopes >20 % – with 25 
to 5, depending on the slope.

2. The aspect. The percentage of 
the road passing at an altitude less than 
1000 m with northern exposition is graded 
with excellent 100 %, southern – with 50 
% and eastern-western – with 75 %.

The percentage of the road passing at 
an altitude over 1000 m, with eastern or 
western exposition is graded with excel-
lent 100 %, and with northern or southern 
ones – with 70 %.

3. The terrain relief. The percentage 
of the road passing through a mild relief 
is graded with excellent 100 %, through a 
multifarious relief – with 15 % and through 
a varied relief with 50 %.

Social criteria depend on the number 
of humans affected by the road. Distance 
plays a major role in impact e.g.

1. Distance from a tourist resort (Since 
tourism is seasonal and is culminated dur-
ing the peak season, each kilometer of the 
distance from the resort increases grad-
ing e.g. distance 0–1 km is graded with 0, 
1–2 km with 10 %, 2–3 km with 30 % etc.).

2. Distance from the national and 
country road network (the same as with 
the resort).

3. Distance from a railway (it has no 
direct impact but if one sees the road from 
the train, he/she might want to visit the for-
est by car. However, it has impact due to 
noise).

4. Distance from an archaeological site 
(the same as with the resort).

5. Distance from an adjacent big city 
(the same as with the resort).

6. Distance from an adjacent village 
(the same as with the resort).

7. Distance from a European path eve-
ry time the road crosses the path, its grad-
ing is reduced (e.g. if it crosses the path 
once it is graded with 80 %, if twice with 
60 %, 3 times with 40 % etc.).

8. Distance from a natural or artificial 
lake or river (the same as with the resort).

B. As far as intensity is concerned
The criteria of intensity have been de-

termined on the basis of the relevant lit-
erature and a specific questionnaire (Ko-
toulas 1985, Ntafis 1986, Mader 1990, 
Zundel 1990, Sedlak 1993, Becker 1995, 
Doukas 2004). The intensity criteria were 
divided in layout criteria and construction 
criteria. The layout criteria are the follow-
ing:

1. The curve radius (the more it ex-
ceeds 25 meters the lower the grading).

2. The layout of the gradient (the high-
er than 0.5 m the height discrepancy be-
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tween the ground and the gradient, the 
lower the grading).

3. The cross section (the larger than 
0.5 m the distance of the centre line and 
the section point of the road with the 
ground, the lower the grading depending 
on the discrepancy in meters).

4. The road gradient (the percentage 
of the road where the road gradient is not 
3–12 %, reduces the grading on a scale 
of 100).

5. The width of the road (the percentage 
of the road where the road width is differ-
ent than 3.5 m with widening every 250 m, 
reduces the grading on a scale of 100).

6. The distance of serpentines (the 
less than 500 m the distance between ser-
pentines, the lower the grading).

7. The distance of the forest road from 
a stream, from the forest boundaries and 
from dangerous sites.

● The percentage of the forest road 
that is located on a valley less than 10 m 
away from a stream bank reduces the 
grading on a scale of 100.

● The percentage of the forest road 
that is located less than 10 m outside the 
forest boundaries or less than 20 m inside 
the forest borders, for aesthetic reasons, 
reduces the grading on a scale of 100.

● The percentage of the road passing 
by a clay ground, large opening streams, 
unstable grounds, reduces the grading on 
a scale of 100.

8. The view of the forest road to mor-
phological formations, vegetation, space 
projection, compatible constructions, and 
water areas.

● The percentage of the road where 
there are no morphological formations (no 
need to prevail), reduces the grading on a 
scale of 100.

● The percentage of the road, where 
the visual field is not consisted of vegeta-

tion forms providing even a limited variety; 
uniform cultivation in the form of geo-
graphical shapes reduces the grading on 
a scale of 100.

● The percentage of the road, where 
the visual view does not focus on the for-
est and the assiduous forestry interven-
tions, is graded with a lower percentage 
on a scale of 100.

● The compatible constructions should 
be constructed of wood and stone and 
are graded with excellent 100 %; the con-
struction of concrete – with 50 %; and the 
construction with the combination of the 
above materials – with 75 %.

● The percentage of the road, where 
the visual field include no water flows and 
streams, even with limited visual interest 
and clarity (provided that they exist), is 
graded with a lower percentage on a scale 
of 100.

9. The adaptation of the forest road in 
the environment.

The percentage of the road, which is 
not visually concealed when observed 
from the opposite slope from a spot of the 
same altitude, is graded with a lower per-
centage on a scale of 100.

The construction criteria are the follow-
ing: construction machinery, construction 
materials, the seeding and mulching of 
side slopes, technical operations, drain-
age and supply.

1. Machinery for excavation works.
● The percentage of the road, where a 

hydraulic excavator has not been used on 
earthy grounds with ground slope over 60 
%, is graded with a lower percentage on a 
scale of 100.

● The percentage of the road, where a 
hydraulic excavator has not been used on 
rocky grounds for fragment management, 
is graded with a lower percentage on a 
scale of 100.
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2. Construction materials.
● The percentage of the road that has 

not been stabilized on a road gradient 
>10 %, is graded with a lower percentage 
on a scale of 100.

● The percentage of the road where 
the material of road surfacing is not 
taken from the site or does not consist of 
environmental-friendly recycled materials 
is graded with a lower percentage on a 
scale of 100.

● Depending on the construction 
materials, if the road is gravel-paved, it 
is graded with a lower percentage on a 
scale of 100. If it is asphalted or if it bears 
other construction materials, it is graded 
with 50 %.

3. Seeding and mulching of side 
slopes.

The percentage of the road’s side 
slopes, where on the embankments with 
slope near the corner of the natural side 
slope and ground slope of about 60–70 %, 
natural or technical seeding and mulching 
has not been carried out, is graded with a 
lower percentage on a scale of 100.

4. Technical operations, drainage, 
supply.

● The percentage of road culverts that 
are not: a) Slab-roof culverts in openings 
3–4 meters wide; b) Drain boxes on soil of 
poor bearing, 3–4 meter wide; c) Concrete 
pipes with embankment twice as large as 
the pipe’s diameter, depending on the 
type and corner of bearing; d) Stabilized 
stream beds with concrete (passages), is 
graded with a lower percentage on a scale 
of 100.

● The percentage of the road retaining 
walls exceeding 3 m in height is graded 
with a lower percentage on a scale of 100.

● The percentage of exceeding the 
bridge’s opening over 8 m is graded with 
a lower percentage on a scale of 100.

● The lack of drain dips (rills) across 
the surface at road gradient >10 % and 
length >100 m., is graded with a lower 
percentage on a scale of 100.

● The percentage of the main forest 
road where ditches on the road surface 
and the necessary sloping for its drainage 
lack is graded with a lower percentage on 
a scale of 100.

The evaluation of all these criteria of 
absorbency and intensity will be difficult 
and therefore the description of an E.I.A. 
in a profile form will be a necessary addi-
tion (Figures 2 and 3).

Final grading – Compatibility coef-
ficient

The grading is carried out as follows:
1. To calculate the mean intensity 

value, we multiply the grade of each cri-
terion by its weight and at the end; we 
divide the sum of the products by the 
total sum of the weights. This value is 
the mean intensity value (CI) on a scale 
of 100  %. The same applies for mean 
absorbency (CA). These figures, CI and 
CA, provided that weight coefficients are 
not subjective, indicate the approximate 
protection degree of the natural environ-
ment from the construction of the forest 
road.

2. To calculate the forest road’s com-
patibility coefficient (CC) we multiply the 
mean absorbency value by the mean im-
pact intensity value.

When the compatibility coefficient is 
more than 60 % or 0.60 the construction 
is accepted under no special conditions. 
If the compatibility coefficient is 0.50–0.60 
the construction is accepted under condi-
tions. If the compatibility coefficient is less 
than 0.50, the impacts will be too big and 
there is a need to change the layout or to 
design activities for restoring the natural 
environment.
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Fig. 2. The profile form of absorbency criteria.

Fig. 3. The profile form of intensity criteria.
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Results

The evaluation of the forest road intensity 
and ecosystem’s absorbency resulted in 
Table 1.

To calculate the forest road’s compat-
ibility coefficient we multiply the mean ab-
sorbency value by the mean impact inten-
sity value (Formula 1).

CC=CI
●CA=60.66%●72.68%=44.09%  (1)

It seems that the forest road in ques-
tion has mean absorbency value of 
60.66 % and mean intensity value of 
72.68 %. The forest road’s compatibility 
coefficient with natural environment is 
44.09 % or 0.4409.

Conclusions and Suggestions

Because the compatibility coefficient is 
below 0.50 (Cc=44  %) the impacts are very 
large and there is a need either to change 
the layout or to design activities for restor-
ing the natural environment. Generally, the 
low rate (<50 %) indicates that there have 
been (or will be) significant impacts on 
the forest because of the construction of 
forest road. In this case, the compatibility 
coefficient, although quite low (44 %) can be 
improved with additional new activities which 
will help the restoration of the natural envi-
ronment, such as slope protection technical 
operations, seeding and mulching of side 
slopes etc.

In order to be acceptable the road needs 
to be improved substantially. Based on the 
results we see that problems emerge on 
absorbency because of: 1) the site quality 
is medium to poor so the density and the 
height of the trees are extremely low; and 
2) it is inside a suburban forest and there 
is no wood production The main role that 

a suburban forest is called to fulfill is the 
protective one, secondly – the recreation 
role and then the healthy one.

Regarding the intensity, the forest 
road in question was not constructed as it 
should be according to the criteria of mixed 
section. Furthermore, the width of the road 
surface is well above the required width 
(3.5 m). There was no proper roadway and 
the road surface was stabilized through the 
process of embankment using healthy ag-
gregates. Also the visual absorption capa-
bility is too low as well as the landscape 
especially in the form of terrain and in parts 
where water flows are extremely low.

On several locations the road is well 
above the grade line set out on the ground 
so that it can be constructed in a filling 
and in some cases even small trapezoidal 
cross sections were created.

The method used here for the char-
acterization of the road network can also 
be used in the case of road construction 
assessments or of alternative road align-
ment projects so that we can choose the 
best methodology in terms of the smallest 
degree of environmental impact in order 
to improve certain aspects of road con-
struction. The evaluation of the construc-
tion in a forest road depends on three pa-
rameters:

1. The cost of construction and reha-
bilitation of the natural environment;

2. The intensity of the effect that is not 
negative; and

3. The absorption of forest ecosystem.
Construction or maintenance of a road 

network that is compatible with the natu-
ral environment is also dependable on the 
availability of sufficient governmental funds.

In the assessment of environmental 
impacts, failings are identified, due to:

 ● the means or methods used for the 
assessment of all the direct consequences;
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 ●     the ex-
pected or un-
expected future 
impacts;

 ● non-objec-
tive estimation of 
the magnitude of 
the direct conse-
quences.

Interventions 
by scientists 
(such as forest 
engineers etc.) to 
restore the envi-
ronment from the 
effects should be 
proportional to 
the absorbency 
of the natural 
environment, i.e. 
must not exceed 
the capacity of 
the environment 
to absorb the 
consequences of 
the construction 
of developmental 
infrastructures or 
works.

This method 
of calculating 
the compatibility 
coefficient for a 
proposed forest 
road should be 
applied to the pri-
mary route and 
all proposed al-
ternative routes 
so that the op-
timal route for 
minimized envi-
ronmental impact 
can be selected.

Criteria Weights Grade, % Sum
a. Criteria of absorbency (A)
1. Terrain conditions

1.1. Forest 3 62 186
1.2. Broadleaved forest 3 84 252
1.3. High forest 3 75 225
1.4. Selection forest 3 55 165
1.5. Mean height 3 45 135
1.6. Site quality 3 50 150
1.7. Productivity 3 25 75
1.8. Slope 2 50 100
1.9. Aspect 2 92.5 185
1.10. Relief 2 75 150

2. Distance from
2.1 Tourist resort 1 90 90
2.2. National and country road network 1 30 30
2.3. Railway 1 100 100
2.4. Archaeological site 1 100 100
2.5. Adjacent big city 1 10 10
2.6. Adjacent village 1 10 10
2.7. European path 1 60 60
2.8. Lake or river 1 100 100

b. Criteria of intensity (I)
Layout
1. Earthwork allocation

1.1. Curve radius 2.10 75 157
1.2. Gradient 2.01 65 131
1.3. Cross section 2.25 65 146.25

2. Road width 2.04 50 102
3. Road gradient 2.52 100 252
4. Serpentine 2.13 80 170.40
5. Position of road

5.1. Distance of water flows 1.83 80 146.4
5.2. Distance of forest boundary 1.65 90 148.5
5.3. Area with construction problems 2.40 100 240

6. Picture of landscape
6.1. Form of terrain 1.83 50 91
6.2. Vegetation 1.80 80 144
6.3. View effect 1.70 70 119.7
6.4. Compatible constructions 1.60 75 120
6.5. View of water flows 1.65 20 33

7. Visual absorption capability 1.77 55 97.35
Construction
8. Construction of forest road (only for existing road)

8.1. Machinery for excavation works 2.16 2,16 100
8.2. Materials 2.08 2,08 50
8.3. Seeding and mulching of side slope 1.38 1,38 40
8.4. Road drainage system 2.31 2,31 100

Table 1. Evaluation of forest road.
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Abstract
Forest road network planning in аmeliorated forest is an important factor for constant forest 

development that not only leads to decrease in cost but also prevents forest destruction. Final de-
cision in forest road planning is not possible just by optimization of one variable. Therefore, multi 
criteria decision methods have been developed. Analytic Hierarchical Process (AHP) is one of the 
most well-known multi criteria decision techniques that has been introduced for resolving plan-
ning needs. The purpose of this study was to evaluate AHP application in preparing road potential 
map for Hyrcanian forests in northern Iran. Study area is a part of No 7 watershed domain in 
northern Iran and corresponds to the general peculiarities of Hyrcanian forests. Regarding natural 
condition of Hyrcanian forests, in this study, 8 factors were taken in to account, such as slope, 
exposition, altitude, vegetation type, volume of growing stock, hydrographic peculiarities, geol-
ogy and pedology. In order to validate indicators, a questionnaire was developed and distributed 
among road construction experts in Natural Resource Organization. Indicators’ relative weights 
were calculated by Expert Choice software. After getting every layer validity ratio, these layers 
were synthesized in ArcGIS9.2 software to make potential map for road construction. Resultant 
potential map was compared with one proposed by university professors. Forty points were des-
ignated electively in both potential maps and were evaluated with regards to mentioned factors. 
Studies showed that results proposed by professors were more accurate than these proposed by 
experts. However, with regards to percentages and results obtained this method cannot be used 
safely in potential map preparation for road construction in Hyrcanian forests.

Key words: AHP method, forest road network, Hyrcanian forests, potential road 
construction map.

Introduction

Forests have always been considered 
as renewable and productive resources. 

Human need for wood and its productions 
is permanent and inevitable. Therefore 
humans have found out that for perma-
nent and economic exploitation of forests, 
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it is necessary to develop particular rules 
and orders. Forestry plans resulted from 
this attitude. Roads are the forest vital 
arteries in forestry plans and their main 
function is to open the forest and to make 
it accessible to apply methods of forestry, 
and finally forest management techniques 
(Najafi 2006). Road is an essential part 
in silviculture, afforestation and other re-
quired operations in forest (Hay 1996). 
On the other hand, road construction has 
harmful environmental consequences, 
like forest area diminution, natural canali-
zation destruction and sedimentary soil 
and water destruction (Gardner 1997, 
Egan et al. 1985). The roadway grade 
should be carefully selected, not only to 
minimize the total road cost but also to 
reduce the environmental impact and to 
improve driver safety (Akay 2004).

Despite necessity of forest operation 
and importance of road in northern Iran 
forests, it’s necessary to know that road 
construction is problematic too. Also, only 
some parts of northern forests in Iran have 
operation and road construction potential. 
Because of slope lands, unstable areas, 
ruined lands and environmental limitations 
in Iran’s northern forests, activity opportu-
nities are restricted. Therefore, it is neces-
sary to select appropriate areas for road 
construction. In this way forest utilization 
will be constant (Najafi 2006). Type of 
forest road network designed, its optimal 
planning is a permanent forests develop-
ment important factor that increases costs 
and destruction of nature and vegetation. 
It is necessary to identify the important 
points on eventual road and all probable 
points that road may cross, by topograph-
ic, vegetation, geology, pedology and oth-
er existing maps for a forestry plan and 
by using systems like GIS. Geographical 
Information Systems is a frequently used 

tool in the decision making process. It 
uses database queries to find the best so-
lution requiring the least time and money 
(Erdas and Gumus 2000). The most im-
portant advantages of GIS application in 
road planning are: to fill a large number 
of layers in use, capacity of large volume 
data process, possibility of using digital 
maps in high correctness, easier editing 
capacity, high speed and low cost oper-
ating. These advantages caused growing 
use of GIS. The geomorphological map-
ping issues and the GIS role in doing it 
were consistently reviewed and applied 
on a small mountain area in Sweden by 
Gustavsson et al. (2006, 2008) and Gus-
tavsson and Kolstrup (2009).

A comprehensive digital geomorpho-
logical mapping may be a useful tool for 
land reclamation planning, sustainable 
development of the area, risk and hazard 
assessment (Condorachi 2011).

In road planning for forest, different 
factors must be checked and their prior-
ity evaluated. In other word, final decision 
is not possible just by optimizing one fac-
tor. Obviously to resolve such problems 
is complicated and not easy task, espe-
cially when most of the mentioned factors 
are in contrast with each other and opti-
mizing one may cause blight the other. 
Therefore some multi criteria decision 
methods divide the problems separately 
into smaller reasonable parts, and then 
synthesize the out coming results to 
make a global solution for main problem 
solving (Malczewski 1999). Hierarchi-
cal analyzing process is one of the most 
known multi criteria decision techniques, 
which was introduced by Saaty in 1980 
to allocate rare resources and planning 
requirement for military purposes (Saaty 
1997). Hierarchical analyzing process 
techniques make possible to formulate 
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problem hierarchically and to consider 
quantity factors in problem too.

Moreover, applying this method show 
a composition to cooperation and incoher-
ence rate of decision too, this is one of the 
significant advantages of this technique in 
multi criteria decision (Ghodsipoor 2009).

Malczewski (1999) in his research in 
Ohio state of US, advanced a step and 
manifested that as each effective factor 
has not the same effect on routing , in 
other word, their potency rate in routing 
are not similar, so these factors are to be 
validated. In his research he used mutual 
comparison method between validation 
methods, because of its strong theory 
base, high accuracy and easy application.

A comparison matrix is formed in this 
method. In this case to minimize person-
al ideas in validation, expert viewpoints 
about effective factors relative validity are 
used, and factors mutual comparison is 
done by expert choice software.

Heralt (2002) in a research in Romania, 
express that forest road network planning 
is a hard and engaging work and depend 
on numerous factors. Except costs, which 
have no essential role in forest road com-
pletion and development, factors such as 
road appropriate locational distribution 
in total rejoin, perspective pattern, forest 
hydrology role, and soil protection, have 
significant effects on forest road network 
planning.

Naghdi and Babapour (2009) during 
their study on Guilan’s Shafarood forest, 
planned the road by GIS and AHP, used 6 
maps of direction, height, volume per hec-
tare, trees species, slope, and stability, 
and realized this method may be useful on 
Iran’s mountainous forest and is preferred 
to road planning by traditional method. 
They used university professor view point 
to complete AHP questionnaires.

Mohammadi Sammani et al. (2010) 
performed a study on Guilan forest en-
terprise to road planning and evaluating 
technically and environmentally. They 
considered different factors which may 
affect the forest roads planning and used 
analytic hierarchical process (AHP) to 
compare them to each other. They used 
university road construction professor’s 
ideas to complete AHP questionnaires 
too.

The objective of the present study was 
to evaluate potential map for road con-
structions resulted from road construction 
professor’s ideas in universities and road 
construction experts in natural resources 
organization, and to compare them in na-
ture, in order to evaluate the function of 
AHP method in Iran’s northern forest.

Materials and Methods

The study area (3559 hectares) is locat-
ed within the watershed number of 7 in 
north of Iran (Fig. 1). This forest is located 
on 48°44’36” to 48°49’58” latitude and 
37°37’23” to 37°42’31” longitude and at 
altitude ranging from 280 to 2120 m above 
sea level.

Study area is mainly in rainy regions 
and in term of climate classification is 
ranged as humid climate. Most of the year 
is rainy and maximum rainfall is in Sep-
tember and October.

The study forest is classified as moun-
tainous forests and belongs to hyrcanian 
forests, and it is easily accessible to out-
door operations and data and information 
are available, so this forest was chosen as 
study area.

In order to have constant access to 
countless forest gifts, expected activi-
ties during plan accomplishment must be 
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in natural potential limits. Road network 
planning is the first activity in forestry 
plans preparation in which different eco-
logical and economical factors must be 
considered, compared with each other 
and validated.

In this study, regarding hyrcanian natu-
ral condition, 8 factors were considered 
as effective ones and used for road con-
struction potential map preparation. They 
were slope, aspect, altitude, vegetation 
type, volume of growing stock, hydrogra-
phy, geology and pedology. Then to em-
ploy different experts’ viewpoints in order 
to give value to each factor, a question-
naire was planned and the objectives, 
principles and general techniques were 
explained to road construction experts 
in natural resource organizations. Then 
the questionnaire was distributed among 
them and they were asked to present 
their view points about 8 mentioned fac-
tors by mutual comparison method (giving 
points are limited between 1 and 9). Next, 
questionnaires were collected, introduced 

factors relative values were calculated, 
and most effective factors on sylvan road 
path locating were determined by mutual 
comparison method in Expert Choice soft-
ware, and each questionnaires variance 
was calculated. Saaty (1997) suggested if 
decisions variances were more than 0.1, 
it is preferred to modify decision. Also Mo-
hammadi Sammani et al. (2010) in order 
to validate effective factors on road plan-
ning in Nav forest, district 1, which is lo-
cated adjacent to district 2, and was very 
similar to district 1 topographically and 
climatically, applied analytic hierarchi-
cal process, except that they distributed 
questionnaire among university road con-
struction professors and benefited their 
ideas. They gained different result from 
the result of this study, which is the base 
comparison.

After obtaining each layer validity ra-
tio, in order to prepare potency map for 
road construction, in Arc GIS 9.2 software, 
each layer’s validity ratio was multiplied 
by itself, and then these layers were add-

Fig. 1. The location of the study area.
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ed together. With compilation of these lay-
ers with regard to value of them potency 
map was prepared in 5 levels: very stable 
areas, stable areas, middle areas, unsta-
ble areas and very unstable areas. Very 
unstable areas are the areas which are 
unsuitable for road construction by all fac-
tors. Unstable areas are districts, which 
are suitable by 2 or 3 factors and other 
factors regarded are unsuitable. Middle 
areas in this division are districts which 
are suitable in 4 factors and unsuitable in 
4 factors. Suitable areas which are suita-
ble in most of factors are unsuitable in 2 or 
3 factors. And finally, very stable areas are 
districts, which are suitable to road con-
struction by all factors. In this classifica-
tion the areas with more than 70 % slope 
were classified as very unstable areas 
without regarding other factors, because 
road construction in areas with such a 
slope is too hard and expensive. In next 
step, the resultant potency map regard-
ing the ratios gained from expert’s view-
points were compared with potency map 
produced from resultant ratios by Moham-
madi Sammani et al. (2010) regarding the 
8 mentioned factors. Then 40 points were 
randomly selected and their coordinates 
were entered in to GPS. With regard to 10 
areas were exist (5 area in potency map 
of experts view, and 5 areas resulted from 
defined ratios by Mohammadi Sammani 
et al., 2010), 4 control points were taken in 
each area. Next, prepared potency maps 
correctness was evaluated with outdoor 
observation.

Results

Derived results from analysis of distributed 
questionnaire among Natural Resource 
Organization experts by Expert Choice 

software, showed that geology layer by 
0.204 validity ratio must be most important 
for forest road planning and respectively: 
slope, pedology, hydrography, volume of 
growing stock per ha, aspect, tree species 
and altitude were in next validity (Fig. 2).

However, result of the research de-
rived from Mohammadi Sammani et al. 
(2010), which was achieved by university 
professors viewpoints showed that slope 
layer with 0.216 validity must have the 
highest effect on forest road planning. 
Hydrology, geology, pedology, volume of 
growing stock per ha, tree species aspect 
and height from sea level were in next va-
lidity levels, respectively (Fig. 3).

After analyzing the results of valida-
tions through analytic hierarchical proc-
ess, studying layers by validity level of 
each one were combined and potential 
map to road construction was constructed 
on ArcGIS9.2 software (Fig. 4). Then us-
ing results of Mohammadi Sammani et al. 
(2010) a potential map for the same area 
was prepared, too.

Results from field visits showed that in 
19 of 40 selected points (47.5 %) of uni-
versity road construction professors’ view-
points case were compatible to nature. In 
14 of 40 points (35 %) of natural resourc-
es organization experts viewpoints were 
compatible to field survey, and in 7 points 
(17.5  %) field survey observations con-
tradicted to both professors and experts 
viewpoints.

Discussion

Today forest managers and foresters must 
be aware of forest road planning and con-
struction, and care should be taken in road 
network planning, because road construc-
tion has the most share of forest manage-
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ment cost and environmental effects on 
forest ecosystem are likely irreparable, 
so road planning and forest road locating 
must be achieved as carefully as possible 
(Dutton et al. 2005). If forest road is planned 
and distributed well, it will make less dam-
age to forest and vegetation and forest will 
be in the best state from optimum manage-
ment perspective. Therefore, forest road 
planner must pay attention to these basic 
principles in the planning (Baskent and 
Keles 2005). Effective factors determina-
tion and validation in road construction and 
planning is essential.

In order to plan a forest road, effective 
factors for road construction must be con-
sidered from technical, cost, and environ-
mental perspective. With this, in addition 
to time saving it may profit from various 
persons ideas (Qajar 2006).

Many works have been done using 
GIS about forest roads planning in hy-
rcanian forests, majority of them used 
universities road construction profes-
sor’s ideas. Babapour (2008) applied 
in his work topography, slope, aspect, 
growing, volume of growing stock per ha, 
forest type, pedology and geology lay-
ers as effective factors. Badraghi (2009) 
used height aspect, slope, pedology, 
geology and volume of growing stock 
in road planning. Naghdi and Babapour 
(2009) in Guilan province forests evalu-
ated forest road network using analytic 
hierarchical process and stability map. 
Also Mohammadi Sammani et al. (2010) 
attempted forest road planning in Nav 
Asalem forests. He applied new layers 
like hydrology that was not applied be-
fore. All these people benefited universi-
ties road construction professors ideas in 
their effective factors validation. But no 
one paid attention to expert’s ideas that 
work on natural resource organizations, 

which are more in touch to these factors 
that might be useful in validation matter. 
In this research, this case was noticed for 
the first time, and organizations expert’s 
ideas were used in factors validation. As 
mentioned, field researches showed that 
47.5 percent of professor’s ideas were 
similar to nature and 52.5 percent were 
in contrast to nature. Also in 35 percent 
of cases, expert’s ideas were similar to 
nature and in 65 percent of cases their 
ideas were in contrast to what was seen 
in nature. There are plenty of reasons, 
which could explain this contrast, but it 
seems that the most significant reason 
for this discrepancy would be the fac-
tors like slope in hyrcanian forests. In 
this case, it is suggested that the ideas 
of people who perfectly know the study 
area should be used to validate the fac-
tors. These people might be profes-
sors or experts who know the area well. 
However, professor’s ideas were slightly 
predominant according to nature than 
expert’s ideas, regarding the high er-
ror rate (52.5 % in professor’s idea and 
65  % in expert’s idea), cautious use of 
this method in practice for these forests 
is recommended and more researches in 
this matter seem necessary.

General Conclusion

In this research correctness of universi-
ties professor’s ideas was relatively more 
dominant than results of experts’ ideas; 
however, regarding the resultant percent-
ages and consequences, this method 
cannot be used safely in potential map for 
road construction in practice.

Finally, further evaluation of this re-
search results in other areas of hyrcanian 
forests is recommended. And in order to 
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achieve road construction projects in for-
est, safety rate of other methods must be 
evaluated and appropriate method, having 
higher safety percent should be chosen 
and used in road construction projects, 
which take high costs in forestry plans.
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Abstract
Black pine (Pinus nigra Arn.), also known as Austrian pine, is one of the widely used species 

for dendroclimatic analysis in the European region. Yet, studies for Bulgaria are still scarce and 
lack for Slavyanka Mts. The position of the mountain on the border of climatic regions, its nature-
protection status and the high value of the local Pinus nigra variety, outline the importance to 
study in more details the relationship between radial growth and climate variability and evaluate 
tree growth in conditions of ongoing change. We composed tree ring width and latewood width 
chronologies following classic methodology and calculated correlations with climate series from 
Sandanski meteorological station. We found positive significant correlations with precipitation in 
early summer (r>0.4) and significant negative correlations with temperatures from the current and 
previous summers (r>0.43). Spatial correlations with September PDSI reveal strong positive cor-
relation for wide area over the Balkan Peninsula. We consider that the local origin of Pinus nigra 
may be valuable for composing chronologies of summer drought events for the period without 
meteorological data.

Key words: tree ring chronologies, climate, precipitation, temperatures.

Introduction

Tree rings provide very good proxy re-
cords of past environmental conditions. 
This was successfully used for developing 
high-resolution climate reconstructions for 
periods prior to the existence of instru-
mental measurements. Yet, trees belong-
ing to different subspecies and growing 
at different locations vary from one an-
other in their response to ecological con-
ditions. Climatic sensitivity of trees also 
changes through time (Leal et al. 2008). 
Because of the observed climate changes 
in many parts of the globe in recent de-
cades, updating existing and composing 

new tree-ring chronologies is particularly 
valuable in evaluating potential changes 
in climate–tree growth responses during 
this period (Leal et al. 2008, Hughes et al. 
2011). The Balkan Peninsula is one of 
the regions with highest climate vulner-
ability in Europe, but proxies are scarce 
for the area and this limits better under-
standing of long-term climate variability 
(Trouet et al. 2012).

A number of dendrochronological stud-
ies evaluate the Pinus nigra species as 
sensitive to climate variability (Strumia 
et al. 1997, Akkemik and Aras 2005, Leal 
et al. 2008, Köse et al. 2012a, Levanic et 
al. 2012, Poljansek et al. 2012). The tree 
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ring widths of Pinus nigra Arn. trees 
growing near the ecological limits for 
the species in the Vienna basin, Austria, 
showed strong and positive correlation 
with spring-summer precipitation (Leal 
et al. 2008). Studies from Turkey (Akke-
mik and Aras 2005, Köse et al. 2012a), 
Bosnia and Herzegovina (Poljansek et al. 
2012) and Albania (Levanic and Toromani 
2010) came to similar results. Amodei et 
al. (2013) studied the radial growth re-
sponse to climate of three ecologically dif-
ferent populations of Pinus nigra ssp. sal-
zmannii from the south of France. Proxy 
reconstructions of April–August (Akkemik 
and Aras 2005) and May-June precipita-
tion (Köse et al. 2012b) were developed 
for Central and Western Turkey, respec-
tively, by using Pinus nigra tree rings. For 
South-West Romania, a reconstruction of 
standardized precipitation index (SPI) in-
dicating drought based of Black pine was 
made (Levanic et al. 2012). Wimmer et 
al. (2000) suggest that reconstruction of 
early growing season precipitation can be 
done with the use of false rings, formed 
by Pinus nigra trees from the Viennese 
basin. All these studies demonstrate well 
the suitability of Black pine for dendro-
chronological studies and especially for 
constructing proxy drought records.

Although there are many dendro-
climatic studies on Pinus nigra for the 
western and central parts of the species’ 
distribution area (Biondi 1992, Strumia 
et al. 1997, Richter et al. 1991, Fuster 
2000, Leal et al. 2008, Andreu et al. 2008, 
Martin-Benito et al. 2008, Martin-Benito 
2010) for the eastern parts of the range 
the studies are less. Yet, they have been 
progressing recently (e.g. Akkemik 2000, 
Hughes et al. 2001, Levanic and Toromani 
2010, Poljansek et al. 2012, Köse et al., 
2012a).

In Bulgaria dendrochronological stud-
ies of black pine were made for Western 
Rhodopes Mts. (Grozev and Nedelchev 
1996) and Lozenska Mts. (Grozev and 
Yonov 1995). These early attempts dem-
onstrated the suitability of local popula-
tions for tree ring analysis, but did not 
progress to long climate reconstructions. 
More substantial dendroclimatic analyses 
of this species’ populations in the country 
still lack. For Slavyanka Mts., situated in 
the SW part of the country, there are no 
such studies yet.

The aim of this study is to determine 
the reaction of Pinus nigra trees in the 
region of Slavyanka Mts. to climatic con-
ditions (temperatures and precipitation) 
and evaluate the suitability of the regional 
populations for climate reconstructions.

Material and Methods

Main characteristics and distribution 
of Pinus nigra in Bulgaria

Black pine (Pinus nigra Arn.) occurs in 
Central and South Europe and Southwest 
Asia. Trees of the species can be over 
40 m high and up to 2 m in diameter 
and can reach ages of about 600 years 
(Richardson 2000). Tree ring boundaries 
in Pinus nigra wood are distinct with gen-
erally abrupt transition from earlywood to 
latewood. Occasionally false rings are ob-
served in samples from lowland regions 
(Schoch et al. 2004). Missing or partially 
missing rings can occur in samples from 
sites with extreme conditions. The spe-
cies is xerothermic and grows at altitudes 
between 400 and 1500 m a.s.l. mainly in 
steep areas on different soil types. It is 
not shade tolerant and prefers warm con-
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ditions. In Bulgaria is distributed Pinus 
nigra ssp. pallasiana (Roussakova and 
Valchev 2011). The species grows most-
ly on Rendzic Leptosols and Rendzinas 
on steep and often rocky slopes in the 
southern and western parts of the country. 
Local populations are well adapted to high 
summer temperatures and can resist low 
winter temperatures (Yurukov 2003). The 
local Pinus nigra ssp. pallasiana forests 
are classified as vulnerable habitat in the 
Red Data Book of Bulgaria.

Study Area

The studied trees are located near 
Goleshovo village in Slavyanka Mts., in 
Southwestern Bulgaria (Fig. 1). The di-
verse flora and fauna of the region define 
it as valuable from conservational point 

of view. Alibotush nature reserve, es-
tablished in 1951 and declared a part of 
UNESCO’s World Network of Biosphere 
Reserves in 1977, is situated in Slavyanka 
Mt.. The region of Slavyanka Mt. is also 
part of the ecological network of protected 
areas NATURA 2000.

The study area is at 1400 m a.s.l. Cli-
mate in the area is formed under strong 
Mediterranean influence. The precipi-
tation maximum occurs in autumn and 
winter, while the summer is arid with high 
temperatures. Soils are mostly Rendzic 
Leptosols on limestone bedrock. They 
are thin and have low water holding ca-
pacity. Such combination of site condi-
tions is expected to result in high sen-
sitivity of the trees to available moisture 
and to minimize their sensitivity to non-
climatic factors.

Fig. 1. Location of the study area.
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Data collection and chronology 
development

We extracted 20 cores with increment 
borer at breast height from dominant trees. 
The cores were air-dried and mounted on 
wooden holders. After sanding with pro-
gressively finer sandpaper until the annual 
rings and tree ring morphology became 
clearly visible, all samples were scanned 
at 1200 dpi. Individual tree ring widths 
and latewood widths were measured with 
Cybis CooRecorder 7.3 software to the 
nearest 0.01 mm. The tree-ring width se-
ries were cross-dated both visually and 
with the software CDendro 7.3. The pro-
gram COFECHA (Holmes 1983) was used 
for between-series correlation analysis and 
verification of measurement and cross-
dating accuracy. The single tree-ring width 
series were standardized with ARSTAN 
(Cook 1985), using cubic smoothing 
splines with 50 % cutoff of 100 years for 
removal of age-related trend. This stand-
ardization method is data-adaptive and 
removes low-frequency signal from the 
series. Yet, the selected spline length pre-
serves the decadal variability, which might 
be due to climate variations. Calculated 
series of index values were then used for 
building a standard chronology that does 
not contain age-dependent ring width vari-
ations. We also measured latewood widths 
and built a separate latewood chronology. 
Because the latewood chronology showed 
little low-frequency variance, we used the 
non-standardized (i.e. “raw”) latewood 
chronology for the correlation analysis. We 
computed several statistical parameters 
commonly used in dendrochronology from 
the tree-ring width series. The mean sensi-
tivity (MS) measures year-to-year variation 
in tree-ring width and is thus considered an 
estimate of the extent to which the chro-

nology reflects local climate variation. The 
first order autocorrelation reflects the influ-
ence of previous year’s growth on current 
growth. The expressed population signal 
(EPS) quantifies the degree to which the 
constructed chronology portrays the hypo-
thetically perfect one (Wigley et al. 1984). 
We computed the EPS over 30-year win-
dows lagged by 15 years and used an EPS 
value of 0.85 as a threshold for the reliabil-
ity of our chronologies (Wigley et al. 1984).

We compared the standardized chro-
nology from Slavyanka with other chro-
nologies of the species from Bulgaria and 
the neighboring countries (Fig. 6). For the 
comparison we used a 266 years long 
(1741–2007) Pinus nigra chronology from 
Dobrostan region, Rhodopi Mts., Bulgaria, 
1200 m a.s.l., (Shishkova and Panayotov 
2013), 280 years (1730–2010) chronol-
ogy from Baile Herculane, Romania, 1350 
m a.s.l., (Levanic et al. 2012), 260 years 
(1750–2010) chronology from Bukonik, 
Albania, 900 m a.s.l., (Levanic and Toro-
mani personal communication), 300 years 
(1719–2010) regional chronology from 
Bosnia and Herzegovina, 1500 m a.s.l. 
(Poljansek et al. 2012) and a 252 years 
(1751–2003) chronology from Scotida For-
est, Greece, 1500 m a.s.l., (Kuniholm, In-
ternational Tree-Ring Data Bank, ITRDB). 
We calculated t values and Glk values and 
Pearson’s correlations to estimate the simi-
larity between the chronologies.

We also checked for matching years 
with narrow rings in the studied chronology 
and other Pine chronologies from Bulgaria.

Climate data and climate-growth 
correlation analysis

Climate data was obtained from the mete-
orological station in the town of Sandanski, 
which is situated 32 km to the north-west 
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of the study area at 220 m a.s.l. 
The series are not homogenized, 
but verified and considered to 
be with high quality. Monthly 
precipitation sums and average 
monthly temperatures for the 
period 1931–2007 were used 
for comparison with the stand-
ard tree-ring width and the raw 
latewood width chronologies. We 
calculated Pearson’s correlation 
coefficients between the chronol-
ogies and the climate series. In 
order to determine if the signal is 
temporally stable, we divided the 
data in two equally long sub-pe-
riods and calculated correlations 
for each of them. Correlation co-
efficients were considered sig-
nificant if they exceeded absolute value of 
0.235 for the whole period and 0.325 for 
the sub-periods.

We examined spatial correlations, us-
ing 0.5º x 0.5º gridded data of self-calibrat-
ing PDSI for the period 1901–2002 (van 
der Schrier et al. 2006). The PDSI index 
provides standardized value showing pro-
longed droughts and is frequently used 
in climate analysis (Palmer 1965). Maps 
were generated using the KNMI Climate 
Explorer (van Oldenborgh and Burgers 
2005).

Results

Tree-ring width chronology and a late-
wood width chronology were built out of 
20 cores spanning the period 1848–2007 
(Table 1). Latewood width was about 1/3 
of the total tree ring width, which indicates 
that earlywood width has dominant effect 
over the whole tree ring width.

The raw tree ring width chronology 
has clear age effect with wider tree rings 
in earlier years and gradual decrease of 
the tree ring width (Fig. 2a). About 80–100 
years after the establishment of most of 
the trees they started to have relatively 
stable growth with mostly year-to-year 
variations in tree ring width. The latewood 
width chronology does not show clear age 
effect. Both chronologies have relatively 
high 1-st order autocorrelation, which 
demonstrates serious influence also 
of the growth conditions from previous 
years. The mean sensitivity statistics is 
higher for the latewood width chronology, 
demonstrating higher year-to-year varia-
tion. The single series have very similar 
growth, which is demonstrated by the high 
between-series correlation (Table 1) and 
very high EPS values. They exceed the 
accepted threshold of 0.85 (Wigley et al. 
1984) for the whole period (Fig. 2).

Correlations of tree ring width and late-
wood width series with temperatures and 
precipitation show strong and temporally 

Table 1. Statistical and descriptive parameters of the tree-ring 
width chronology and the latewood chronology.

Parameter TRW 
chronology

LW 
chronology

Length 160 160

First year 1848 1848

Last year 2007 2007

Number of series 20 20

Mean width, mm 1.63 0.49

Mean sensitivity (MS) 0.241 0.357

Autocorrelation (1st order) 0.853 0.622

Correlation between series 0.592 0.575

Used abbreviations: TRW – tree ring width; LW – latewood width.
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stable effect of dry conditions in the sum-
mer period. The correlation between the 
TRW chronology and summer (July–Au-
gust) and early autumn (September) tem-
peratures of the previous year is negative 
and statistically significant (Fig. 3). Corre-
lations with summer temperatures of the 
year of growth are also negative. Tempo-
rally most stable are the correlations with 
September temperatures from previous 
year (r=–0.43 for the whole period and 
r<–0.4 for the two sub-periods), July tem-
peratures from growth year (r<–0.45 for 
the 1932–2007 period) and the averaged 

May–July temperatures (r=–0.44) of the 
growth year. Correlations with precipita-
tion are positive for summer months of the 
year of growth and strongest for the May–
July precipitation sums (r>0.45).

The relationship between latewood 
and climate conditions is similar (Fig. 4), 
but latewood width has slightly higher cor-
relations with both July mean tempera-
tures (r=–0.48) and May–July precipita-
tion sums (r=0.54). The correlation coef-
ficient between the latewood width chro-
nology and September PDSI (r=0.57) is 
also very high. Spatial correlation shows 

Fig. 2. Tree ring width and latewood width chronologies from Pinus nigra from Slavyanka Mts., 
Bulgaria: a – chronologies from averaged widths (raw chronologies); b – standardized chronology 
(blue solid curve) and number of used series (red dashed curve); c – EPS (black solid curve) of the 

standardized chronology.
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that this signal 
is strong (r>0.5) 
for the region of 
West Bulgaria, 
as well as for the 
middle and east-
ern parts of Mac-
edonia and the 
northern parts of 
Greece (Fig. 5).

It is worth 
noting that for 
many of the 
months the cor-
relation coeffi-
cients for the pe-
riod 1971–2007 
are stronger 
than for the pe-
riod 1932–1970.

Years, in 
which narrow rings were produced, 
were 1880, 1883, 1896, 1908–09, 1918, 
1928–29, 1946–47, 1984, 1987–88, 2000. 
Some of them match with negative pointer 
years from other 
studies of Black 
pine in the West-
ern Rhodope 
Mts., Macedo-
nian pine (Pinus 
peuce Griseb.) 
and Bosnian pine 
(Pinus heldreichii 
Christ.) in Pirin 
Mts. (1909, 1929, 
1947, 2000) 
and Scots pine 
(Pinus sylvestris 
L.) in Vitosha 
Mountain (1918, 
1988, 2000).

The compari-
son with other 

chronologies showed highest correlation 
with the one from Dobrostan, Bulgaria 
(r=0.63, t=6.8, Glk=0.62). It is the one with 
closest location (approx. 120  km to the 
north-east) and was influenced by similar 

Note: Statistically significant values are marked with asterisk.

Fig. 4. Correlations between the latewood width chronology and: 
a – average monthly temperatures; b – monthly precipitation sums.

Fig. 3. Correlations between the standard tree-ring width chronology and: 
a – average monthly temperatures; b – monthly precipitation sums.

Note: Statistically significant values are marked with asterisk.
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Fig. 5. Correlations between the latewood width chronology and September PDSI.
Note: The study site is marked with asterisk.

Fig. 6. The standardized Pinus nigra chronology from Slavyanka Mts., Bulgaria (black solid curve) 
compared to Black pine chronologies from Dobrostan (Bulgaria), Baile Herculane (Romania), 

Bukonik (Albania), Scotida Forest (Greece) and Bosnia and Herzegovina.
Note: Only the common period is shown on the graph.
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climatic conditions to those of Slavyanka 
Mts. Also significant are the relations with 
the chronologies from Greece (r=0.54, 
t=7.07, Glk=0.63), Albania (r=0.58, t=7.1, 
Glk=0.7) and Romania (r=0.59, t=6.4, 
Glk=0.66). Correlation is lowest with the 
chronology from Bosnia and Herzegovina 
(r=0.49, t=6, Glk=0.66).

Discussion

High EPS and inter-series correlation 
suggest that the sampled trees reacted 
similarly to the factors influencing annual 
growth and the chronologies are suitable 
for climate-growth relationship analysis 
(Wigley et al. 1984).

Our results indicate that the studied 
trees are sensitive to the combination 
of high temperatures and low precipita-
tion amounts in the growing season. This 
climate-growth relationship is typical for 
species, growing in conditions of moisture 
insufficiency (i.e. drought) and suggests 
it is useful to perform correlation analysis 
with drought indices (Fritts 1976). The high 
correlation with September PDSI dem-
onstrates that indeed the dry conditions 
during the summer affect mostly the tree 
ring production. The effect of water short-
age during summer months on tracheid 
formation may result from stressed due to 
moisture deficiency, general slowing down 
of physiological processes and finally pro-
duction of fewer cells (Panayotov et al. 
2013). Dry conditions can be a reason for 
reduction of cambial division and cell-wall 
thickening and earlier cessation of cambial 
activity. Because of drought, stressed trees 
may also allocate more carbon into re-
serves and favor root development, rather 
than use carbon to produce tracheid cells 
in the stem, resulting in fewer cells in tree 

rings and therefore formation of narrower 
tree rings (Martin-Benito et al. 2013).

Negative correlation between tree-ring 
widths and late summer and early autumn 
temperatures of the previous year may be 
explained by the fact that above average 
warmth in autumn (or late summer) of the 
previous year can prevent nutrient storage 
for the next year growing season and neg-
atively influence the following year xylem 
functionality and therefore the produced 
tree ring (Levanic and Toromani 2010).

Latewood width is mainly influenced by 
conditions in late summer and early au-
tumn because at that period take place the 
processes of production of new cells, that 
compose the latewood section of the tree 
ring and their transformation. For the region 
this is the period with lowest precipitation 
amounts. That is why the signal for regional 
drought events is stronger in latewood, than 
in tree-ring and earlywood widths. This is 
supported by the high correlation coefficient 
between latewood and September PDSI 
and is also confirmed by the significant spa-
tial correlation. Because of this we assume 
there is a reason to consider latewood as 
more sensitive to drought and appropriate 
for climate reconstruction purpouses. 

Our results correspond to those from 
other studies of Pinus nigra in Europe 
that characterize latewood as more sen-
sitive to climate than earlywood (Lebour-
geois 2000, Martin-Benito et al. 2013). A 
study from Southeastern Spain defines 
latewood as the most sensitive ring sec-
tion, primarily influenced by current year 
precipitation, in trees from different crown 
classes (Martin-Benito et al. 2007).

Narrow rings, found in the chronol-
ogy, are relevant to years associated with 
known years with dry summer conditions 
or preceded by dry periods, such as 1908, 
1918, 1928, 1945–47, 1984–88, 2000 
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(Panayotov et al. 2013), which confirms 
the sensitivity to drought of the studied 
Black pine population.

The chronology can be complemented 
with other series from similar sites in the 
region, in order to increase its length and 
sample depth, which will make it more val-
uable for climate reconstructions.

The similarity of the studied chronol-
ogy with others from the Balkan Penin-
sula is proof that it is representative of the 
conditions in the area and can be used in 
building a regional Black pine chronology.

Conclusions

This work characterizes the studied Pinus 
nigra chronology from Slavyanka Mts. in 
Southwest Bulgaria as sensitive to region-
al climate conditions. Earlywood and thus 
the entire tree ring width contain climate 
signal from previous year late-summer 
and autumn temperatures, whereas late-
wood width contain strong summer and 
early autumn drought signal, which is rep-
resentative for the region. We consider 
that the chronology can be included in 
Black pine dendrochronological network 
for the region and used to study the past 
climate variability and especially drought 
events in Southeastern Europe.
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Abstract
The paper presents results from investigation on total N changes in soils influenced by forest 

fires. Cinnamonic forest soils (Chromic Luvisols, FAO) and Gray forest soils (Gray Luvisols, FAO) 
have been investigated. The sample plots were set up in burned and unburned control areas. 
They were correspondingly situated in the Lower forestry zone (0–700 m a.s.l.) of the Tracian for-
estry area and the Lower forestry zone (0–600 m a.s.l.) of the Moesian forest area. Soil samples 
had been taken seven times for ten years in order to investigate the nitrogen content dynamics. 
The content of total N has been determined using the modified Kjeldal method. A relationship was 
detected between content of total N and soil type, type and intensity of fires.

Key words: forest fire, forest soils, total N, Pinus nigra Arn.

Introduction

Forest fires were very common during the 
recent decades. They should not be con-
sidered separately of the context of glo-
bal climatic change. According to Kontev 
(2001), the fire is an environmental factor 
whose importance has been increased by 
human activity.

The forest fires cause material dam-
ages, environmental changes, air pollution 
and lead to soil degradation. This problem 
concerns not only Bulgaria, but also the oth-
er Mediterranean countries in EU (Greece, 
France, Italy, Portugal) and as well as USA 
and Australia (Tashev and Malinova 1998).

The fire suppression is followed by ex-
tensive restoration activities in the affect-
ed areas. Young stands that are located 
in the lower forestry zone have been in-
fluenced more frequently. Due to the fact 

that they are usually situated in remote lo-
cations, a lot of financial resources should 
be spent in order to achieve a recovery of 
timber production properties of the burned 
forest soils (Alexandrov et al. 2002).

The content of nitrogen is an impor-
tant prerequisite for successful develop-
ment of forest restoration processes and 
is often a limiting factor for the growth and 
development of the forest (Velizarova et 
al. 2002, Bogdanov 2008, Petrova 2009). 
For this reason, it is necessary to clarify 
the forest fire influence on the nitrogen 
content in soils as well as the depth and 
degree of the changes depending on the 
type and intensity of fire. This issue is of 
great scientific and practical interest.

Seilopoulos (2004) established different 
changes in content of total N and ammoni-
um N (NH4-N) depending on the value and 
duration of the maximum temperatures 
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developed at various soil depths during 
the fire. According to Barnes et al. (1998), 
much of the nitrogen lost through burning 
is not in a form available to the plant. The 
ability of succeeding vegetation and soil 
bacteria to replace the available nitrogen 
lost in burning is an important factor deter-
mining the effect of fire on site quality. Cov-
ington and Sacket (1984, 1992) found a 
short-term increase in amount of available 
nitrogen after fire. The studies of Kivekäs 
(1939), Kutiel and Naveh (1987), Little and 
Ohmann (1988), Gillon and Rapp (1989) 
established an increased concentration of 
ammonium N (NH4-N) and nitrate N (NO3-
N), and a decreased content of total N after 
fire. This fact was explained by burning the 
soil organic matter, in which the nitrogen is 
a basic component.

The data obtained by other researches 
on dynamics of nitrogen alterations show a 
sharp increase of total N immediately after 
the fire impact and decreasing to the level 
in unburned control areas two years later 
(Choromanska and DeLuca 2001, Parker et 
al. 2001). Kaye and Hart (1998) and Neary 
et al. (1999) indicated that the increase of 
total N is due to increase of its nitrate forms 
and reduction in speed of their immobiliza-
tion. Some authors (Youngberg and Wollum 
1976, Wells et al. 1979, DeLuca 2000, New-
land and DeLuca 2000) consider that fire 
can enhance long-term nitrogen availability 
in forest ecosystems by favoring popula-
tions of nitrogen-fixing plant. Murphy et al. 
(2006) concluded that the major short-term 
effects of fire were on leaching whereas the 
major long-term effect was loss of nitrogen 
from the forest floor and soil during the fire.

The paper is aimed at establishing the 
dynamics and degree of total nitrogen 
changes caused by forest fires and the 
influence of fire intensity and type on dif-
ferent soils.

Material and Method

The object of the study were soils influenced 
by fires in the regions of Stara Zagora and 
Belogradchik in July 2002. The sample and 
control plots of 0.1 ha each have been set 
up in burned and unburned areas in order 
to investigate the soil properties changes. 
The plots in Stara Zagora region are lo-
cated in the Lower forestry zone (0–700 m 
a.s.l.) of the Tracian forestry area (42° 38’ N, 
25° 43’ E). The soils are Cinnamonic forest 
soils (Chromic Luvisols, FAO) influenced by 
strong crown and strong surface fire affect-
ing thirty years old plantation of Black pine 
(Pinus nigra Arn.). The sample and control 
plots are situated at 400 m a.s.l., exposition 
is southwest with slope 10 °.

The plots in Belogradchik region are 
located in the Lower forestry zone (0–
600 m a.s.l.) of the Moesian forestry area 
(43° 70’ N, 22° 68’ E). The soils are Gray 
forest soils (Gray Luvisols, FAO) influ-
enced by weak surface and strong surface 
fire under twenty-five years old plantation 
of Black pine. The altitude is 450 m a.s.l., 
exposition is north-northwest, slope 5 °.

The forest fires were classified in 
present paper on basis of visible impact 
signs. According to fire intensity they were 
determined as follow:

– strong crown fire – whole stems were 
burned and the stand was completely de-
stroyed;

– strong surface fire – the stems were 
burned to a height of more than 0.5–1 m 
and the fire impact caused a destruction 
of the stand;

– weak surface fire – the stems were 
burned to a height of 0.5–1 m and the fire 
did not cause a destruction of the stand.

Soil samples have been taken imme-
diately after the fire, 45 days, one, two, 
three, four and nine years later in order 
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to investigate the dynamics of changes 
in total N content. Having in mind that the 
most significant changes of soil properties 
happen in the 10–15 cm depth (Raison et 
al. 1985, Barnes et al. 1998, Neary et al. 
2008), the samples have been taken from 
the layers 0–5 cm and 5–15 cm.

The content of total N was determined 
using the modified Kjeldal method. The 
average content of total N has been calcu-
lated in order to establish the degree of the 
changes. The results were processed by 
statistical program Statistica 6. The arith-
metical means (M) and standard deviations 
(SD) have been calculated. The alterations 
between burned and unburned control ar-
eas were analyzed in percentage terms.

Results and Discussion 

The nitrogen forms most commonly as-
similated by plants were the ammonium 
and nitrate ions. Their content was highly 
variable during the vegetation season. It 

depended on conditions of ammonification 
and nitrification, as well as their assimila-
tion by the plants. Therefore, the deter-
mination of changes in available nitrogen 
content was difficult to achieve (Donov 
1993). Therefore, the present work deals 
with changes in content of total N.

The dynamics of changes in total N con-
tent in Cinnamonic forest soils is presented 
in Table 1 and Figure 1 and 2. The data ob-
tained showed a lack of lasting trend in the 
alterations during the first two years of the 
researched period. In the upper (0–5 cm) 
layer of the soil influenced by strong crown 
fire (P-1), an increase of total N by 29 % 
immediately after the fire impact was es-
tablished and by 46 % 45 days later. One 
year after the fire there was a decrease by 
24 % as compared to control plot (P-3).

The content of total N in lower (5–
15  cm) layer decreased by 20  % imme-
diately after the strong crown fire (P-1) 
and by 11 % 45 days later. An increase by 
31 % compared to control plot (P-3) was 
observed one year after the fire.
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Fig. 1. Dynamics of total N content for depth 0–5 cm in Cinnamonic 
forest soils (Chromic Luvisols, FAO).
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The results of investigated Cinnamon-
ic forest soils influenced by strong surface 
fire (P-2) were also contradictory during 
the initial period of the study. Essential al-
terations have not been established in the 
0–5  cm depth immediately after the fire. 
An increase by 47 % was found 45 days 
after the fire and a decrease by 10 % one 
year later compared to control plot (P-3). 
In the lower (5–15 cm) layer following ini-
tial reduction of 22 % it was recorded an 
increase by 35 % 45 days after the fire im-
pact and by 110 % one year later.

After the second year of the period 
of study, the content of total N in burned 
area was higher than the unburned con-
trol area in both cases of fire impact. In 

the layer 0–5 cm the differences between 
area influenced by strong crown fire (P-
1) and unburned control area (P-3) were 
62 % in 2004, 69 % in 2005 and 47 % in 
2006. For the depth 5–15 cm the increase 
was 66 %, 53 % and 63 %, respectively.

In the case of strong surface fire (P-2) 
the increase in both layers was 68 % and 
30 % in 2004 and 41 % and 31 % in 2005, 
respectively. Four years after the fire 
the differences between burned and un-
burned areas were reduced to 6 % in lay-
er 0–5 cm and to 19 % in layer 5–15 cm. 
The initial increase of total N can be due 
to the conversion of organic N released 
from burned plants to NH4-N (DeBano et 
al. 1998, Raison 1979, Seilopoulos 2004).
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Fig. 2. Dynamics in total N content for depth 5–15 cm in Cinnamonic 
forest soils (Chromic Luvisols, FAO).

Table 1. Dynamics in total N content in Cinnamonic forest soils (Chromic Luvisols, FAO) 
compared to control plot ( ±%)

Object Depth, 
cm

1 day
2002

45 days
2002

1 year
2003

2 years
2004

3 years
2005

4 years
2006

9 years
2011

P-1 0–5
5–15

+29
–20

+46
–11

–24
+31

+62
+66

+69
+53

+47
+63

+34
+35

P-2 0–5
5–15

    0
–22

+47
+35

  –10
+110

+68
+30

+41
+31

 +6
+19

+18
  +8
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The higher total nitrogen content of 
burned Cinnamonic forest soils was kept 
to the end of the period of study. In the 
case of strong crown fire (P-1) the in-
crease in both layers was 34–35  % as 
compared to the control plot (P-3). In the 
case of strong surface fire (P-2) the dif-
ferences between burned and unburned 
areas were lower – 18 % in layer 0–5 cm 
and 8 % in layer 5–15 cm.

The results of the study on Cinnamonic 
forest soils show that the strong crown fire 

(P-1) causes more significant and long last-
ing alterations in total N content as com-
pared to the changes caused by strong 
surface fire (P-2). It might be explained by 
higher severity of the fire corresponding to 
a higher volume of burned biomass.

The dynamics of total N content in Gray 
forest soils is presented in Table 2 and Fig-
ure 3 and 4. In contrast to data obtained 
from analyzed Cinnamonic forest soils, dif-
ferent results were established in investi-
gated Gray forest soils located in Belograd-
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Fig. 3. Dynamics in total N content for depth 0–5 cm in Gray forest soils (Gray Luvisols, FAO).
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Fig. 4. Dynamics in total N content for depth 5–15 cm in Gray forest soils (Gray Luvisols, FAO).



S. Bogdanov96

chik region. Two years after the fire, in both 
cases of fire impact was found a decrease 
in content of total N compared to unburned 
control area. This lasted to the end of the 
period of study.

The amount of total N in the Gray forest 
soils influenced by weak surface fire (P-4) 
was higher as compared to control plot (P-
6) during the first two years after the fire im-
pact. The increase was 25–29 % for depth 
0–5 cm and 25–120 % for depth 5–15 cm. 
After the second year the content of total N 
in burned area was lower than that in the 
unburned control area. The differences in 
upper (0–5 cm) layer were 47 % in 2004, 
21 % in 2005 and 46 % in 2006. In layer 
5–15  cm the decrease was 29  %, 25  % 
and 36 %, respectively.

The results obtained on Gray forest 
soils influenced by strong surface fire (P-
5) were contradictory during the first two 
years of the investigation. After the second 
year the content of total N in burned area 
was lower than that in the unburned control 
area (P-6). For depth 0–5 cm the decrease 
was 68 % in 2004, 19 % in 2005 and 34 % 
in 2006. The differences for depth 5–15 cm 
were 63 %, 28 % and 47 %, respectively.

It was found that the differences be-
tween burned and unburned Gray forest 
soils located in Belogradchik region lasted 
nine years after the fire. In the case of 
weak surface fire (P-4) was established 
a decrease by 22 % in layer 0–5 cm and 

by 13 % in layer 5–15 cm. In the case of 
strong surface fire (P-5) the decrease in 
both layers was 23–24 %.

The average content of total N is indic-
ative about the degree of the alterations 
and is presented in Table 3 and Table 4. 
The data obtained from studied Cinna-
monic forest soils and Gray forest soils 
are contradictory, which is determined by 
the different dynamics of the changes.

The average content of total N in 
burned Cinnamonic forest soils was higher 
compared to unburned control plot in both 
cases of fire impact. The biggest change 
was recorded in the soil influenced by 
strong crown fire (P-1), which is character-
ized by a higher intensity corresponding 
to a higher volume of burned biomass. An 
increase by 41 % for depth 0–5 cm and by 
34 % for depth 5–15 cm was established. 
In Cinnamonic forest soils influenced by 
strong surface fire (P-2) the increase was 
reduced to 25 % in layer 0–5 cm and 33 % 
in layer 5–15 cm. The standard deviations 
were between 0.02 and 0.07 (Table 3).

Essential alterations have not been 
established in Gray forest soils influenced 
by weak surface fire (P-4). The differenc-
es between burned and unburned areas 
amounted 2–7 % (Table 4).

A significant change in comparison with 
control plot (P-6) in Gray forest soils influ-
enced by strong surface fire (P-5). The av-
erage total N content decreased by 18 % 

Object Depth,
cm

1 day
2002

45 days
2002

1 year
2003

2 years
2004

3 years
2005

4 years
2006

9 years
2011

P-4 0–5
5–15

+26
+45

+29
+25

+25
+120

–47
–29

–21
–25

–46
–36

–22
–13

P-5 0–5
5–15

–14
+16

+6
–35

+9
+1

–68
–63

–19
–28

–34
–47

–24
–23

Table 2. Dynamics in total N content in Gray forest soils (Gray Luvisols, FAO) 
compared to control plot ( ±%).
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for depth 0–5 cm and by 26 % for 
depth 5–15  cm. That is in con-
formity with a higher intensity of 
the fire corresponding to a higher 
volume of burned biomass and 
more significant changes of veg-
etation. In the case of strong sur-
face fire (P-5) the stand was com-
pletely destroyed. The standard 
deviations were between 0.01 
and 0.05 (Table 4).

The decrease in total N in 
Gray forest soils might be ex-
plained by lower intensity of the 
fires. According to Wells (1971) 
and Viro (1974), total N is highly 
correlated with organic mat-
ter and, when the forest floor 
burned, nitrogen decreased in 
relation to the severity of the fire. 
On the other hand, the forest 
fires increase the soil tempera-
ture that activates the develop-
ment of soil microorganisms. 
This in turn could lead to a re-
duction in total N and an immo-
bilization in both ammonium N 
(NH4-N) and nitrate N (NO3-N).

Conclusion

The forest fire causes different changes in 
investigated soils. The alterations depend 
on the soil type and the type of fire, which 
is defined by fire intensity and distribution 
of forest combustible materials.

The total N increased in affected Cinna-
monic forest soils (Chromic Luvisols, FAO) 
that contain larger amount of nitrogen. The 
increase is correlated with a higher vol-
ume of burned organic matter. It is due to a 
higher intensity of the fires and leads to the 
release of larger amount of nitrogen.

The total N is decreased in burned 
Gray forest soils (Gray Luvisols, FAO) 
that are characterized by less amount 
of nitrogen and nutrients. The decrease 
is in conformity with a lower volume of 
burned biomass. Similarly, the increase 
of soil temperature after the fire acti-
vates the development of soil microor-
ganisms and nitrification. This might be 
a prerequisite for reduction in content of 
total N.

The larger volume of burned biomass 
and the deep changes of vegetation de-
termine more significant and long lasting 
alterations in content of total N. Therefore, 
it is an important indicator that has abil-
ity to characterize the forest fire impact on 
the forest soils.

Object Depth,
cm

M, 
% SD VS control,

±%

Р-1 0–5
5–15

0.363
0.289

±0.04
±0.07

+41
+34

Р-2 0–5
5–15

0.320
0.286

±0.04
±0.03

+25
+33

Р-3
control

0–5
5–15

0.257
0.215

±0.02
±0.02

-
-

Table 3. Average content of total N in Cinnamonic forest 
soils (Chromic Luvisols, FAO)

Object Depth,
cm

M, 
% SD VS control,

±%

Р-4 0–5
5–15

0.177
0.154

± 0.05
± 0.02

 –7
 +2

Р-5 0–5
5–15

0.156
0.111

± 0.01
± 0.02

–18
–26

Р-6 control 0–5
5–15

0.191
0.151

± 0.04
± 0.04

-
-

Table 4. Average content of total N in Gray forest 
soils (Gray Luvisols, FAO)
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The changes lasted until the end of the 
researched period in the cases of strong 
fires. The results obtained nine years after 
the fire impact confirm the generally ac-
cepted opinion that the fire might cause 
long lasting alterations in soil properties 
and forest development depending on its 
severity.
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Abstract
The vulnerable Semi-collared Flycatcher was found with two breeding pairs in 2012 and four 

pairs in 2013 in Lozen Mountain, CW Bulgaria, UTM square GN10. Three pairs inhabited a natu-
ral deciduous oak (Quercus sp.), and European hornbeam (Carpinus betulus L.) forest in a moist 
dingle, 915 m a.s.l. The other territory was a plantation of Scots pine (Pinus sylvestris L.) and 
Silver birch (Betula pendula Roth) crossed by a brook with Honey locust (Gleditsia triacanthos) 
along it, 885 m a.s.l. Two pairs occupied old woodpecker hollows in a dead poplar tree (Populus 
sp), and in a single Cherry plum (Prunus cerasifera Ehrh.), respectively.

Key words: Semi-collared Flycatcher, Ficedula semitorquata, breeding habitat, Lozen 
Mountain.

The Semi-collared Flycatcher Ficedula 
semitorquata (Homeyer, 1885) is a hol-
low breeding migrant inhabiting mainly 
mature, moist deciduous and rarely 
mixed forest in Bulgaria. Its breeding 
population is concentrated in Stara plani-
na and Strandzha Mountains and moist 
forests along the lower reaches of rivers 
in the Black Sea catchment area (Iankov 
2007, Nankinov 2009). The distribution 
and population size of the species have 
decreased as a result of habitat losses 
mainly in its breeding area (IUCN 2012). 
Consequently, it is classified as “vul-
nerable” in Bulgarian Red Data Book 
(Golemanski 2011) and “near threatened” 
in IUCN Red List (IUCN 2012).

The regular breeding of Semi-collared 
Flycatcher was known in Central West 
Bulgaria in the past: Lyulin Mountain, 

Vitosha Mountain, the city of Sofia and 
Samokov kettle (Nankinov 2009). Its cur-
rent breeding in the area was reported in 
only one 10-km UTM square in Vitosha 
Mountain with up to 9 pairs (Iankov 2007). 
The species has not been found in Lozen 
Mountain for the last 50 years (Belichev 
and Milchev 2010).

Two pairs with singing males were ob-
served in the central part of Iskar Hunt-
ing Ranch (IHR), Lozen Mountain, UTM 
square GN10, on 13.05.2012. A traditional 
transect used for the practical training 
of students since 2009 crossed the two 
pairs’ territories, situated themselves at a 
distance of 940  m from each other. The 
first territory included a moist dingle with 
natural oak (Quercus sp.) and European 
hornbeam (Carpinus betulus L.) forest at 
915  m a.s.l. Dead and declining poplars 
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(Populus sp.) were in line only along the 
brook. The female visited several times 
an old woodpecker hollow situated at 
around 6 m height in a dead poplar. The 
other territory was in an artificial mixed 
plantation consisting of Scots pine (Pi-
nus sylvestris L.) and Silver birch (Betula 
pendula Roth), crossed by a brook with 
Honey locust (Gleditsia triacanthos L.) 
along it, at 885 m a.s.l. The pair here oc-
cupied an old woodpecker hollow situated 
at around 3.5 m height in a broken, dry top 
of a single Cherry plum (Prunus cerasifera 
Ehrh.). The same hollows were occupied 
on 18.05.2013, but we found other two 
territories adjacent to the first pair in its 
dingle.

The forests in IHR are not among the 
preferred habitat types of the Semi-col-
lared Flycatcher. They are mainly artificial, 
coniferous and 40–60 years old. Dead or 
dying trees with hollows are very rare. The 
new locality is about 25–40 km apart from 
the nearest and similarly detached, not 
numerous localities in Vitosha, Western 
Rhodopes and Sredna gora Mountains 
according to the maps in Iankov (2007). 

However, the similarity of breeding avi-
fauna in IHR between the data of Iankov 
(2007) and Belichev and Milchev (2010) 
was only 49.4 %. Therefore, we suppose 
the existence of other unknown breeding 
localities in CW Bulgaria as a source of 
the new occupation, rather than to explain 
it with better condition of the Semi-collared 
Flycatcher population.
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