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Abstract

Acer pseudoplatanus L., Acer platanoides L. and Betula pendula Roth. have been studied under the 
urban pollution in Sofia during 3 years period. The aim of  the study was, by statistical multifactorial 
analysis, to assess the value changes in morphological parameters of   species under air pollution and 
potential for species usage as bioindicators in observed regions. The statistical analysis includes 3 
morphological parameters: linear growth of  the annual twigs, number of  leaves on these twigs and 
area of  leaves. The variation of  the parameters in specimens from the polluted areas compared to 
the control in the most of  cases is of  a statistical significance. As an indicator only for pollution 
could be used Betula pendula and as a specific one: Acer platanoides – in urban pollution, mainly of  
industrial type (Thermo-Electric Power Station) and Acer pseudoplatanus – in road traffic pollution 
in combination with drought. The linear growth of  the annual twigs (Acer pseudoplatanus) as well as 
the linear growth of  the annual twigs and leaf  area (Acer platanoides, Betula pendula) have a priority 
as bioindicators of  pollution in the studied regions.
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intRoduction

The disturbed ecological balance in areas under urban pollution becomes of  a 
global problem. Determining place in environmental monitoring has the bioindication, 
particularly using of  plants as biomonitors or accumulators of  environment polluting 
substances (Manning, Feder, 1980; Kovács, 1992). Plant’s responses to atmospheric 
pollution are helpful (Sikora, Chappelka, 2004) for early presence of  air pollutants and 
their identification on the base of  plant species affected, determining the total effect 
of  all environmental factors, including air pollution and meteorological conditions, 
as well as to use plants as a sensitive system for early diagnostics of  environmental 
changes. Because of  a range of  advantages: integration of  pollutants’ biological effect, 
easy following, quick detection and obtaining of  results, low cost, plant bioindication 
turns to be an increasingly useful source for characterisation or following of  air quality 
(Garrecc, 1999).
* Paper presented as a poster at the IV Balkan Botanical Congress, June 20-26, 2006, Sofia, Bulgaria.
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The morphological changes of  higher plants like examples of  possible plant 
responses are the most often used practical methods for biomonitoring of  air polluted 
regions (Schubert, 1988; Tingey, 1989). The alterations in growth, as far as its total 
decrease at the tree species under technogenic pollution has appeared through decrease 
of  the radial growth, the growth in terms of  height, the linear growth of  the annual 
twigs, the size and quantity of  the needles or leaves (Keller, 1979; Jäger, 1980; Manning, 
Feder, 1980; Kovács, 1992). The changes in the growth have implemented widely for 
status diagnosing of  tree species and to look for their adaptive responses to industrial 
pollution (Dorogan, Djukov, 1990). According to Manning, Feder (1980), Ninova 
et. al. (1986), Halbwachs (1988), Girs, Zubareva (1992), Gryshko (2002) as well as in 
conformity with own studies (Kurteva, 1999; Kurteva et. al., 2004), those morphological 
parameters can be used for fast and premature indication of  air pollution effects on the 
growth and development of  plants and their application for planting in industrial and 
urbanised regions. 

The aim of  the study was, by statistical multifactorial analysis, to assess the 
value changes in morphological parameters of  three tree species under the impact of  
air pollution in Sofia and potential for using of  species as bioindicators in observed 
regions.

MatERiaLs and MEthods

Objects of  research were 3 tree species, widely used for planting in regions 
under air pollution, representatives of  the following two families: fam. Aceraceae 
- Acer pseudoplatanus L.(Sycamore), Acer platanoides L. (Norway maple); fam. Betulaceae 
- Betula pendula Roth. (Common birch). The species are considered as valuable forest 
and decorative ones recommended for planting in green zones of  the towns (Delkov, 
1992). The studied species have different degree of  resistance to pollution with SO2, 
NOx, NH3, HF, F2, HCl, Cl2, O3 and volatile organic compounds (VOCs) as follow: 
Acer pseudoplatanus - from resistant, relatively resistant, resistant or little sensitive to SO2, 
also HF and organic compounds, medium sensitive to little resistant, sensitive to NH3, 
non resistant under industrial pollution, lower resistant than Betula pendula at industrial 
pollution in Pirdop (Kurteva et al., 2002). In conditions of  intensive road traffic it is more 
resistant in comparison to Acer platanoides (Dimitrova, 2000). It has been included in the 
range of  II and III zones around industrial sources of  pollution; Acer platanoides - from 
resistant to SO2, O3, HF, nitrogen and organic compounds, medium resistant to SO2, 
F2 and NOx, non resistant in industrial and intensive road traffic pollution (Dimitrova, 
2000), little sensitive to NH3, but very sensitive to HCl and Cl2. It has been excluded 
from I and II, but participates in the range of  III zone (at periodically and lower level 
of  pollution) around industrial sources. It is adaptive for sanitary-protective zones with 
gas-accumulation purpose, as well as for green zones in the cities; Betula pendula - with 
contradictive assessments, most probably related to the different reaction of  that species 
to a single effect at high concentrations and at low concentrations, but constant effect 
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of  the polluters (Antipov, 1979): from resistant to F2 and organic compounds, as well as 
regards dust and SO2 from Thermo-Electric Power Station (TEPS), (Koev et al., 2001), 
relatively resistant at the pollution in Pirdop (Kurteva et al., 2002), medium resistant to 
SO2, O3 and NOx, a little sensitive to HF to little resistant, non resistant and sensitive to 
the effect of  SO2, NOx and NH3, with recommendations for limited implementation at 
planting of  II and mainly III zones.

The pollution impact has been observed on 8-year-old saplings of  A. pseudoplatanus, 
A. platanoides and B. pendula. The study was implemented in 3 regions of  Sofia: traffic site 
(overhead road ‘Aerogara’- east), urban (overhead way ‘Nadezhda’- north) as well as a 
site with low level of  air pollutants (grassy area near housing estate ‘Ljulin’ – in a north-
west direction from Sofia centre), accept as a control (Fig. 1). The selection of  the points 
of  study is according to the requirements of  Eurobionet for assessment of  air quality in 
urban areas by use of  indicator species (Klumpp et al., 2002). 

The type of  pollution and the main pollutants in the points of  study, according to 
the newsletters of  MEW*, Koleva, Mateva (2000) are presented in Table 1.

The morphological analysis included determination of  three parameters: linear 
growth of  annual twigs (cm), number of  leaves developed on them and area of   
leaves (cm2). 

The linear growth of  annual twigs was measured linearly. For the leaf  area 
determination was collected a strictly definite leaf  on the annual twig which is considered 
with high level of  photosynthesis. The leaf  area includes leaf  blade as well as the petiole. 

fig. 1. Map of  the studied regions locality in Sofia
1) Overhead road ‘Aerogara’; 2) Overhead way ‘Nadezhda’; 3) Housing estate ‘Ljulin’
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Leaf  area was measured after Rozhnjatovskiy (1954), with modifications: instead of  on 
photosensitive paper, the leaf  imprints were taken on plotting paper and their area (cm2) 
was determined by weighting method. 

This investigation was carried out in the 1996-1998 period. There were examined 
10-15 specimens of  each tree species from each point of  study. The trees were at equal 
age, sun exposure and had uniform height and growth form. The measurements as well 
as the collection of  leaf  samples were taken from the south side of  the crown at 130-180 
cm of  the trees from each specimen of  tree species in the studied regions.

The measurements realised in the first half  of  August, when the linear growth of  
annual twigs was completed, the number of  leaves on them was final and the leaf  blades were 
fully developed, mature and reached ultimate size. The measurements were conducted in 
40-45-fold repetitions per parameter for each studied area.

For the purposes of  the investigation one model of  multivariate two-way 
ANOVA was applied (statistical package Statistica 6.0 /2001, Statsoft, Tulsa, USA/). 
There were applied two factors: F(1) ‘Year of  study’ with three levels: 1996, 1997, 1998 
and F(2) ‘Point of  study’ with three levels too: overhead road ‘Aerogara’’, overhead 
way ‘Nadezhda’ and housing estate ‘Ljulin’ – as a control. The significant differences 
between the studied objects were determined according to the criterion of  Duncan at a 
degree of  significance p<0.05.

RESULTS

Data from statistical analysis of  the studied plant species are presented graphically 
in Fig. 2-4. 

Both factors were implemented for the study of A. pseudoplatanus:: and the results 
from the disperse analysis are presented in Table 2. 

For the growth of  annual twigs parameter the variation for Sycamore was 
statistically proved in all of  points, but strongly as regards F (1), (Table 2). In terms 

table 1
Type of  pollution in the studied sites

site type of  pollution Main pollutants

1
Overhead road ‘Aerogara’ - mainly by

road traffic

dust, COx (CO, CO2), NOx (NO, NO2), 
hydrocarbons, Pb, Zn, Cd, Ni, Cu, soot, SO2, 

aldehydes, Pb-aerosols

2
Overhead way ‘Nadezhda’- nearby the 

industrial zone of  the town, mainly under the 
impact of  ‘Sofia’ TEPS

dust, SO2, NO2, Cd- and Pb-aerosols

3
Grassy area – near housing estate ‘Ljulin’- non 

polluted urban area

* MEW – Ministry of  Environment and Waters, Bulgaria
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of  number of  leaves on the annual twigs the variation is less expressed in years at the 
expense of  points of  study, but it is still statistically significant. For the third parameter 
area of  leaves the data concerning F (1) have been statistically insignificant (Table 2). 
The most clearly depression in the growth of  the twigs has been shown in the first year 
of  study (Fig. 2A) as in the points under pollution and in the control one. The Sycamore 
specimens, growing along overhead road ‘Aerogara’ (point 1) then demonstrated 
relatively the highest growth (1.53 cm), while the saplings from overhead way ‘Nadezhda’ 
(point 2) had the lowest one (1.25 cm). The control variant in housing estate ‘Ljulin’ 
(point 3) occupied medium position (1.35 cm), which certified for the impact of  other 
environmental factors, except pollution, on this morphological parameter. For the aim 
of  study it was more appropriated to compare the data from polluted regions to control 
variant. Thus, in 1996 the Sycamore specimens from point 1 exceeded (113%), but in 
point 2 the average value of  twigs growth was lower (92.6%) than the control. It has 
been determined statistically significant difference in the values of  the control against 
the other two regions, as well as between themselves only as regards the linear growth 
of  twigs for 1997 (Fig. 2A). By analysis of  differences within the groups it has been 
determined that the data for 1997 differ significantly from the rest, which is probably 
due to other factors of  the environment, mainly the climatic, among which with special 
power appears the negative influence of  drought (Fig. 2).

The high drought (air and soil) during 1997 was a reason for premature drying and 
defoliation of  the crowns of  A. pseudoplatanus yet before the middle of  the vegetation. 
This is a consequence of  species requirement of  more humid climate and deeply, humid 
soils (Delkov, 1992). That is why data lack for the number of  leaves and their area for 
the year (Fig. 2B,C). But namely in 1997 Sycamore registered maximal values of  growth 
twigs in points 1 and 3 as regards the other years. Then the average value of  growth 

table 2
Two-way ANOVA for A. pseudoplatanus L.

Factors Urban pollution

Linear growth of  the annual twigs

F(1) 86.19

F(2) 16.85

Number of  leaves of  the annual twigs 

F(1) 25.40

F(2) 46.16

Area of  the leaves

F(1) NS

F(2) 31.59

F(1) –Year of  study; F(2) – Point of  study; 
P < 0.05; NS - no significant
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twigs from overhead road ‘Aerogara’ (5.40 cm) exceeds 3.5 times the one from the past 
year (1.53 cm). The highest growth also the biggest difference between the values were 
marked in the control – 5-multiple increase of  twig growth (6.99 cm) as regards 1.35 cm 
in 1996 (Fig. 2A). The highest fall of  twigs growth was registered in point 2 (22.6% from 
the control) in respect to the per cent for point 1 (77.2%). The saplings of  this species, 
obviously, were exposed in the highest degree to the impact of  environmental factors in 
all points of  study. That is why they, as distinct from the other two studied species, have 
not developed secondary leaves later and their crowns stood leafless till the autumn (Fig. 
2-4 B,C). The data in the end of  the study are quite different. The Sycamore saplings 
along the overhead road ‘Aerogara’, after a whole drying in 1997, were hardly declined, 
completely destroyed and died. The stress in 1997 lead up to significant changes in the 
values from other points of  study too. So, in point 2 the twigs had increased growth – 

fig. 2. Average values and standard error of  mean (SEM) of  the morphological parameters  
for A. pseudoplatanus L. (A) Linear growth of  the annual twigs; (B) Number of  leaves on the annual twigs; 
(C) Area of  leaves. *- statistically significant differences between the groups; P < 0.05. Points of  study: 

1)- overhead road ‘Aerogara’; 2)- overhead way ‘Nadezhda’; 3)- housing estate ‘Ljulin’ 



38

from 1.58 cm (1997) to 2.43 cm that exceeded (110%) the control value. The Sycamore in 
the control, conversely, demonstrated 3-fold diminution of  the growth – 2.21 cm at 6.99 
cm (1997) (Fig. 2A). The differences between values for twigs growth of  specimens in 
1998 were small and proved the negative effect of  environmental factors as air pollution 
as drought on the annual twigs increment of  Sycamore saplings.

Data for the number of  leaves on the annual twigs parameter for A. pseudoplatanus 
were in narrow bounds and vary relatively less (Fig. 2B). It was manifested undirected 
tendency for this parameter during the first and the last years, reflecting decrease of  the 
number of  leaves in polluted points as regards to the control equivalent. The control 
saplings of  Sycamore retained equal values for this parameter from the beginning to 
the end of  study. The minimal value for this parameter in 1996 was assessed for the 
specimens in overhead way ‘Nadezhda’ like registered the growth of  the twigs then 
(Fig. 2 A, B). The average value in that point then was 73.8 %, where as in point 1 it 
was bigger - 82.2 % as the control. To the end of  the investigation it was observed 
comparatively better foliage on the twigs in overhead way ‘Nadezhda’, but the value 
retained below (91.3 %) the control. Data about number of  leaves on the annual twigs 
determined this parameter as bioindicative only for availability, without specificity as 
regards the type of  pollution.

In terms of  the area of  leaves parameter the variation of  data for specimens from 
polluted regions compared with the control was minimal in the first year, with weakly 
increasing in the polluted regions (Fig. 2 C), correspondingly 105.8% (point 1) and 
107.4 % (point 2). At the end of  study Sycamore saplings in the control had relatively 
bigger leaf  area – 42.07 cm2 as regards the value in overhead way ‘Nadezhda’ – 38.08 
cm2 that was 90.5% from the control. During the whole period of  study, more significant 
increasing of  the leaf  area registered in the control variant – from 24.82 cm2 (1996) to 
42.07 cm2 in 1998. The obtained data for A. pseudoplatanus proves that leaf  area could be 
used, although more limited, for bioindicaton only for presence of  air pollution.

The data of  morphological study showed that A. pseudoplatanus, in the indicated 
ontogenetic stage, in the highest degree is depending on other environmental factors, 
especially drought. For this reason Sycamore is unsuitable for planting, but could be 
applied as a specific bioindicator for urban pollution, including combination between 
intensive road traffic and strong drought. 

 Results from the disperse analysis of  A. platanoides under urban pollution in Sofia 
are presented in Table 3.

Statistically essential parameters for that tree species were linear growth of  annual 
twigs and area of  leaves, whereas the number of  leaves on the twigs was insignificant 
(Table 3). The variation of  the data for these parameters was clearly expressed in 
respect of  F(2) - compared with F(1) (Fig. 3 A,C). The Norway maple specimens 
around overhead way ‘Nadezhda’, growing under the negative influence of  SO2 from 
TEPS ‘Sofia’ were characterised with the most depressed growth of  the twigs as well 
as most reduction of  the leaf  area during the whole period of  study (Fig. 3A,C). It was 
recorded a clearly definite and unidirectional reaction as regards the twig growth only 
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for the saplings in overhead way ‘Nadezhda’ – mostly growth suppression compare to 
the control during the investigation. The most retarded growth in comparison with 
the control was assessed there in 1997 (17.8%), the relatively bigger was the value at 
the end of  study (47%) and the value from 1996 had the medium position (32%). In 
the region under intensive road traffic (point 1) the values of  the twig growth were 
significantly higher than from overhead way ‘Nadezhda’ (Fig. 3A). They exceeded the 
control in 1996 (110.7%), at the end of  investigation (103.8%) and only in 1997 was 
fixed growth lower the control (83%). The survey of  the data from the years showed 
the highest twig growth (3.71 cm) noticed for specimens from point 1 in the beginning 
of  the study, whereas the value from another polluted region was a minimal (1.06 cm) 
and the control had a medium position (3.35 cm). In 1997 was registered increasing of  
the twigs growth in all points. Then the values exceeded those from the former year 
as follows: twice  (7.26 cm) and the highest growth – in control version, in point 1 the 
growth (6.03 cm) exceeds 1.5 time and finally, the minimal increment marked the twigs 
in overhead way ‘Nadezhda’ (1.29 cm) (Fig. 3A). In the same year, as a result of  the burst 
high drought, the premature drying of  annual twigs as well as the drying and premature 
leaf  fall yet in the middle of  the vegetation has been observed for all specimens (Fig. 
3B), similarly to A. pseudoplatanus (Fig. 2B). In contrary to the last species, Norway maple 
specimens formed secondary leaves in August of  the same year. This confirms the 
opinion of  Stefanov, Ganev (1958) for significant drought-resistance of  A. platanoides. It 
was recorded small number of  leaves but with significantly bigger area in order to ensure 
the survival of  saplings. On the other hand, secondary formed leaves contribute to 
conservation of  a decorative effect of  saplings in all of  points till autumn. At the end of  
study it was observed double diminution of  twig growth in points 1 and 3. As a result, 

table 3
Two-way ANOVA for A. platanoides L.

Factors Urban pollution

Linear growth of  the annual twigs

F(1) 32.47

F(2) 68.76

Number of  leaves of  the annual twigs 

F(1) NS

F(2) NS

 Area of   the leaves

F(1) 10.16

F(2) 77.42

F(1) –Year of  study; F(2) – Point of  study; P < 0.05;
NS-no significant
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similarly to 1996, the Norway maple saplings under intensive traffic pollution (point 1) 
reached the growth 3.22 cm, that exceeds the control one (3.10 cm) (Fig. 2A).

The data for the number of  leaves on the annual twigs parameter for A. platanoides 
were in narrow bounds and vary less (Fig. 3B). The values for the trees in point 1 
exceeded in 1996 slightly (101.9%) and much higher (106.2%) in 1998 the control one. 
For the region of  overhead way ‘Nadezhda’ (point 2) the obtained data were lower than 
control, correspondingly 82.2% (1996) and 94.8% (1998).

Tendencies, similar to those for the growth of  annual twigs, were observed in 
respect of  area of  leaves, but at higher values (Fig. 3 A,C). The most reduction of  leaf  
area was assessed for A. platanoides specimens, growing in point 2 under influence of  
SO2 pollution from TEPS. The percent correlation of  values from this region as to the 
control showed significant decrease of  leaf  area in the interval: 43.1% (1996) to 46.8% 
(1997) and medium position (45.6%) at the end of  study. Norway maple saplings from 

fig. 3. Average values and SEM of  the morphological parameters for A. platanoides L. (A) Linear growth 
of  the annual twigs; (B) Number of  leaves on the annual twigs; (C) Area of  leaves. * - statistically signifi-
cant differences between the groups; # - differences of  the control, P < 0.05. Points of  study: 1) - over-

head road ‘Aerogara’; 2) - overhead way ‘Nadezhda’; 3) - housing estate ‘Ljulin’
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point 1, under intensive road traffic reached higher leaf  area, but it exceeded (108.7%) 
the control only in 1996. Relatively lowest area in this point was assessed in 1998 (65.4% 
from the control). The maximal values of  this parameter were registered in the vegetation 
period of  1997 - 109.08 cm2 (point 1) and 57.17 cm2 (point 2), but because of  the highest 
control value (122.17 cm2) they were below the control, 89.3% and 46.8% resp. To the 
end of  study it was registered strong reduction of  leaf  area in polluted regions more 
expressed in the specimens from point 2.

The obtained data for A. platanoides have shown specificity of  pollution as indirect 
reaction at industrial type of  pollution (TEPS) that could be used successfully for 
bioindication of  urban pollution, mainly of  industrial type.

Under a two-factorial analysis have been undergone saplings of  B. pendula in urban 
pollution in Sofia using the same factors. The linear growth of  annual twigs as well as 
the number of  leaves on them had shown statistically significant differences (Table 4). 
The variation was bigger as regards F(1) compared to F(2) in respect of  number of  
leaves on annual twigs (Table 4). For other morphological parameters the variation of  
values was higher regarding F(2). The differences among the leaf  area values as regard 
F(1) were statistically insignificant.

In the first year the maximal twig growth was registered at intensive road traffic 
pollution (8.54 cm), the minimal value was in overhead way ‘Nadezhda’(5.96 cm), where 
as the control one had a medium state (7.18 cm) (Fig. 4A). The growth value in point 
1 exceeded (118.9%) where as in overhead way ‘Nadezhda’ it was lower (83%) than the 
control. The situation in 1997 was quite different: from 2-multiple growth increasing in 
control version (15.28 cm) compared to the last year till depressed twigs growth in point 
1 (6.00 cm) to 8.54 cm in 1996 and, finally, completely drying of  twigs together with 
drying and premature leaf  fall in point 2 yet in the spring. For this reason data for the 

table 4
Two-way ANOVA for B. pendula Roth.

Factors Urban pollution

Linear growth of  the annual twigs

F(1) 9.8

F(2) 13.31

     Number of  leaves of  the annual twigs 

F(1) 16.19

F(2) 5.69

                     Area of   the leaves

F(1) NS

F(2) 20.4

F(1) –Year of  study; F(2) – Point of  study; P < 0.05; 
NS-no significant
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studied parameters from the last point lack. The growth suppression in point 1 clearly 
outlined as per cent (39%) from the control. At the end of  study the birch specimens in 
point 2, despite of  drying and leaf  fall in the last year, demonstrated relatively highest 
twig growth (11.25 cm) - 2-multiple higher than marked in the beginning of  investigation. 
The increase of  growth was more limited in overhead road ‘Aerogara’ (9.44 cm) - 1.5 
time from regarded in 1997. Only birch trees from the control, conversely, at the end 
of  study decreased twigs growth twice (8.39 cm) compared to one in 1997 (Fig. 4A). 
The values in 1998 from polluted regions exceeded the control one, mostly in point 2 
(134.1%) and lower (112.5%) for the trees in point 1. 

In 1996 the values concerning the number of  leaves on twigs were very closed 
as in polluted regions as the control and occupied very short interval (Fig. 4B). The 
increase of  values in trees under pollution as regards the control was minimal: 101.6% 
(point 1) and 102.1% (point 2). In 1997 birch specimens, after of  twigs drying and leaf  

fig. 4. Average values and SEM of  the morphological parameters for B. pendula Roth.  (A) Linear 
growth of  the annual twigs; (B) Number of  leaves on the annual twigs; (C) Area of  leaves. * - statistically 
significant differences between the groups; # - differences of  the control, P < 0.05. Points of  study: 1) 

– overhead road  ‘Aerogara’; 2) – overhead way ’Nadezhda’; 3)- housing estate ‘Ljulin’
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less, similarly to outlined for Maple species, developed secondary leaves in points 1 
and 3. The saplings in point 2 retained leaf  less till to the autumn. At the end of  study 
the difference among the values from the observed points was clearly expressed. The 
highest number of  leaves then was registered in overhead way ‘Nadezhda’ (7.00) to 
4.36 in 1996. In point 1 the increasing was lower (5.48) to 4.34 for 1996 (Fig. 4B). The 
minimal quantity of  leaves was assessed in the control (4.41) and the values from the 
points under pollution exceeded the control, more in point 2 (158.7%), in lower degree 
in point 1 (124.3%).

The highest reduction of  leaf  area has been observed in birch from both polluted 
regions regards the control in the first year of  the study (Fig. 4C). Then the lowest value 
was assessed in point 1 (4.67 cm2) and the leaves from the control had the biggest area 
(9.51 cm2). Concerning the control as per cent, the value in point 1 represented 49.1%, 
from point 2 it was 52.9%. It was marked a strong increase of  secondary developed leaves 
area of  birch in 1997 (Fig. 4C). The highest, 4-multiple increased of  leaf  area (17.35 
cm2) compare to one in the beginning of  study was marked, under traffic road pollution 
(point 1), and in respect of  the control it was 114.5%. At the end of  investigation there 
were observed decreased values for this parameter both in points 1 and 3. The highest 
fall - 2-multiple was marked in overhead road ‘Aerogara’ (9.41 cm2) compared to the 
value from the last year and in lower degree at control when the average value (9.01 
cm2)) is 1.5 time smaller as regards the one in 1997. Only in overhead way ‘Nadezhda was 
noticed slightly increase of  leaf  area from 5.03 cm2 (1986) to 6.30 cm2 (Fig. 4C). Despite 
of  the strongly fall, the average value for this parameter in point 1 exceeded the control 
(104.4%) whereas in point 2 it was lower (69.9%). 

The obtained data have shown that B. pendula can be used as bioindicator of  the 
urban areas of  Sofia, mainly for pollution presence, but not in respect of  the specificity 
and degree of  pollution.

discussion

In the studied regions of  Sofia plants are exposed to the impact of  a combination 
of  different air pollutants. Plant adaptation to environment changes includes short–term 
physiological responses as well as long-term physiological, structural and morphological 
modifications (Novak et al., 2003). These changes help plants to mitigate stress, survive 
and growth in such hard environmental conditions. 

Among the responses of  plants to air pollution are morphological and anatomical 
changes (Karenlampi, 1986; Ninova et al., 1986; Ninova, Dushkova, 1987; Koev et al., 
2001; Gryshko, 2002, Dineva, 2005). The relationship between road pollution and 
changes in morphological parameters of  plants (Shrivastava, Sulekha, 2002) is taken 
under consideration in order to outline resistant plants suitable for planting in polluted 
areas. Alterations in growth as twig die back, stunted growth, premature loss of  foliage 
or heavy defoliation are the types of  visible injury to plants under air pollution (Kulagin, 
1974; Ilkun, 1978; Kurteva, 1982; Sikora, Chappelka, 2004). Decrease of  leaf  size is 
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considered as a common symptom of  air pollution damage for Betula sp. in European 
forests (Schiitt, 1989). The leaf  area reduction of  B. pendula as result of  pollution in 
points 1 and 2 is confirmed by data of  other authors. Thus, under the impact from TEPS, 
the decrease of  leaf  area is of  the expense of  leaf  width diminution and shorten of  leaf  
petiole (Koev et al., 2001), whereas in the conditions of  copper smelter the leaves length 
as well as the leaves as whole reached smaller size (Ninova, Dushkova, 1987). The lower 
values of  the morphological parameters for 2-3-old birch saplings under pollution from 
non-ferrous smelter were the reason for the definition of  this species as biomonitor for 
regions with such type of  pollution  (Ninova et al., 1986). A long-term impact or higher 
level of  industrial pollution lead to decreasing in the growth of  annual twigs in B. pendula 
(Gryshko, 2002). The growth suppression mainly in 1997 in polluted regions (Fig. 4A), 
the diminution of  leaf  area, especially in 1996 (Fig.4C), in our opinion, is connected, 
apart pollution, with the sensitivity of  this species to long-term higher temperatures and 
air drought (Delkov, 1992). Data, similar to the ones in the present study, concerning the 
increase of  twigs growth, relatively higher twigs foliage and leaf  area reduction in birch 
were registered by the author (Kurteva et al., 1997) also at road traffic in Sofia. 

Data for B. pendula clearly indicated the survival of  saplings, is connected mainly 
with the increased twigs growth in 1996 (point 1) also in 1998 (point 2, 1) and higher 
number of  leaves on the twigs for both regions (1998). Namely, the biggest leaf  area in 
the birch (point 1) promoted the saplings conservation during 1997 under the impact of  
hard drought and intensive traffic pollution.

Dineva (2005) reported the highest reduction of  leaf  area for A. pseudoplatanus, 
B. pendula and in lower degree for A. platanoides under industrial pollution. In our study 
the values are quite different: the highest leaf  area reduction was for A. platanoides and B. 
pendula in point 2 whereas A. pseudoplatanus there demonstrated values, approximately to 
the control one. Ninova et al. (1986) noticed relatively lower values of  the morphological 
parameters for 2-3-old Sycamore saplings and defined more limited possibilities for species 
survival as young plantation. The high sensitivity of  Sycamore to other environmental 
factors, especially climatic ones was also established by Kurteva et al. (1997).

The data of  the carried out morphological study of  A. pseudoplatanus in Sofia, 
particularly regarding the number and area of  leaves in 1997 also decline to completely 
drying of  the specimens (point 1) in 1998 proves that more essential impact on the 
species saplings in the first years of  planting render the climatic factors.

As a whole, the survival of  Norway maple saplings under intensive road traffic 
pollution (point 1) is due to the higher growth of  the annual twigs also the bigger leaf  
area compare to the species individuals from overhead way ‘Nadezhda’ (point 2). 

CONCLUSIONS

The carried out statistical analysis proves that the studied tree species could be 
used for bioindication of  air pollution in the observed regions of  Sofia.

As indicators only for pollution presence could be used B. pendula and as specific 
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one: A. platanoides – for urban pollution, mainly of  industrial type (TEPS) and A. 
pseudoplatanus – at road traffic pollution in combination with drought. 

The studied morphological parameters can be used as bioindicators of  the single 
out species as follows: linear growth of  the annual twigs (A. pseudoplatanus), linear growth 
of  the annual twigs and area of  leaves (A. platanoides, B. pendula). 

Results showed that significant impact on the species, apart pollution, has been 
rendered also by the other environmental factors, mainly climatic ones. For that reason A. 
pseudoplatanus can be applied as bioindicator for the region of  intensive traffic pollution 
in combination with drought, but is non expedient for planting there. 
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