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Abstract. Determination of the stresses operating on a forest ecosystem demands the use of several
bicindication methods. Air quality Indicators were assessed from an inventory of forest decline based on the
assessment of tree crowns and epiphytic lichens. Photosynthetic pigruents, ascorbic acid and major
macronuttients were studied in Norway spruce needles as indicators of physiological and biochemical stress.
Analyses were carried out on selected forest plots in polluted areas (Zasavie district, vicinity of thermal power
plants) and predominantly unpolluted areas (Triglav National Park, Julian Alps, Slovenia), For some
bicindication methods, there was good agreement with measured air guality and climatological parameters.
The best agreement was found between total foliar sulphur in needies and epiphytic lichens, especially in more
polluted areas. Agreement with forest decline inventories and analyses of some needle siress
physiological/biochemical parameters was less convincing, The strength of agreement was further decreased
by soil characteristics and climatic parameters, influenced also by biotic parameters and forest stand history
and management. T was concluded that there is no simple bioindication method available to evaluate the
vitality of a forest.
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1. Introduction

The concept of using bioindication and stress physiology to study forest decline has been
promoted in Slovenia, and culminated in an international cooperative Tempus project
dedicated specifically to bioindicators of forest site pollution (Kraigher et al., 1996). In
this paper two investigation areas are briefly presenied, describing forest decline
inventories which were later extended to include stress factors. Triglav National Park,
representing a rather unpolluted area, was contrasted with the Zasavje district,
historically one of the most air polluted regions in Slovenia due to mining and thermal
power plant activity.

Photosynthetic pigments, ascorbic acid, thiols and plant hormone are often used as
stress indicators for early diagnosis of disturbances in forest trees (Grill and Esterbauer,
1973; Darrall and Jdger, 1984; Wolfenden et al, 1988; Pfeifhofer and Grill, 1989,
Bermadinger et al., 1989; Tausz ef al, 1996a). Combination of analyses of different
stress physiological parameters in forest trees with air pollution measurements, analysis
of mineral nutrition of forest trees and use of some other sensitive bicindicators like
epiphytic lichens provide a more complete explanation of the process of forest decline
(Tausz et al, 1996b; Bati® and Mayrhofer, 1996). The pattern of photosynthetic
pigments in Norway spruce needles is widely used as an unspecific vitality indicator
(Wolfenden et al, 198%; Pfeifhofer and Grill, 1989). Analyses of thiols and
macronutrients in combination with ascorbic acid analysis in needles can distinguish
between stresses caused by air pollutants and those caused by natural phenomena like
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frost, drought, UV radiation etc. (Bermadinger et al,. 1989; Tausz et al., 1996 b).

2. Material and methods

The Triglav National Park (TNP) is situated in the Julian Alps, in the western part of
Slovenia. All forests are natural, or close to natural, due to forest management practice
and inaccessible terrain, Norway spruce (Picea abies (L.) Karst.) is the commonest tree
species, followed by the common beech (Fagus sylvatica L.), European larch (Larix
decidua Mill.) and mountain pine (Pinus mugo Turra), which represents a shrub belt of
"Krumholz" above the tree and forest limit,

The forest decline inventories were carried out in 1987, 1993 and 1995 (Solar, 1989;
Solar, 1991; Gomistek, 1997) using the methodology developed by the ICP-Forest
(Anonymous 1994), slightly modified by Slovenian foresters (Solar 1991). Air quality
was assessed at all forest decline inventory plots, using a very simple mapping
methodology based on assessment of cover and frequency of major lichen thalli types,
e.g. crustose, foliose and fructicose lichens (Bati¢ and Xralj, 1989; Bati& and Mayrhofe,r
1996). Subsequently, epiphytic lichen species were mapped along defined transects
(PrimoZig, 1998; Surina, 1998),

Three transects, Trenta, Pokljuka and Kranjska gora were chosen, along which air
pollutant concentrations were measured, and Norway spruce needles were sampled for
physiological stress analyses. The transects were chosen in the south-western, eastern
and northern parts of the park, representing major park forest types. Only results from
the transects Kranjska gora (TNP Kranjska gora, 1A} and Trenta (TNP Trenta, 1B) are
presented in this paper. Concentrations of SO, and NO, were measured for two week
periods using passive samplers during the growing season, from March to November, On
the high platean, Pokljuka, ©;, SO;, NO,, VOC and climatological parameters were
analysed during campaigns lasting for one week in spring, summer and autumn. Foliar
macro nuirients were measured (Simon&i and Kalan, 1996), and photosynthetic
pigments and ascorbic acid were analysed by HPLC (Pfeifhofer, 1989; Bermadinger et
al., 1990}

The contrasting, polluted area, the Zasavje district is situated in the middle of
Slovenia. The main air pollutor is the thermal power plant in Trbovlje-TET (125 MW),
which began operation in 1968. Due to its location in a deep and narrow valley, it caused
serious air pollutlon in the 1960s when half hour concentrations of SO, reached as high
as 20 mg m” in the most exposed localities. At that time forest damage was 10 fold
higher than in other parts of Slovenia, and more than 84% of all damage was ascribed (o
air pollution (Solar 1989). Although Norway spruce is not an indigenous species in this
district of Slovenia, it is very common due to historic forest practices, and after silver fir
was most affected. Typical symptoms of damage were defoliation, chlorotic and necrotic
needles, and changes in the branching system, all of which were included in the
methodology of the assessment of forest decline (Solar, 1989; Vidergar-Gorjup, 1998).
Within this area 10 forest stands were selected according to forest damage level,
topography and climatic circumstances. The forest decline inventory was carried out at
the same time as in the TNP and the same measuremenis were made.
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3. Results and discussion

Data obtained by measurements of climatological parameters are not presented and only
selected air pollution values are presented. Further selected results include Norway
spruce needle anlyses and epiphytic lichen mapping from both areas. Defoliation at the
clean site (TNP) was lower than the national average 13 cf 22% respectively, indicating
the healthy state of the park forests (Gomi¥cek, 1997).

TABLE 1
Concentrations of N, P and § (ng g DW), N/P ratic and N/S ratio and common § content class in current
year Norway spruce (Picea abies (L.} Karst.) needles sampled on the profiles TNP Kranjska gora (1A) and
Trenta (IB) in autumn 1994 and Zasavje (2} district in autumn 1995, Data are the average of two sampled
trees {I{. Gora, Trenta) and three trees (Zasavje).

(1A) altitude N P N/P Soq NSy Sgs § conent No. of

. mggt  mgg! mg g g g class lichen

TNP Kran_]ska Soaroz species

gora

Za Zago 020 11.9 0.90 13.0 1L.10 108 096 2 19
Greben 1 1020 9.5 0.77 120 089 107 1.12 1 28
Greben 2 1130 9.9 0.80 120 091 10.9 0.94 1 31
Plato 1250 10.5 0.79 3.0 085 124 0.83 1 42
Skalna glava 1360 9.9 0.84 120 086 115 094 i 37
Gozdna jasa 1450 11.6 1.38 8.4 0.98 1 37
Pod kurjim vihom 1540 12.0 1.50 8.0 0.85 14.1 0.82 1 37

(1B) altitude N P N/P Soq N/Sg4 Sos Scontent  No, of

TNP Trenta mgg'  mgg! mg g’ mgg!  class  Jichen

Soa493 species
Kamp korita 320 114 1.80 6.3 1.10 10.8 096 2 29
Pod vrditem 610 10.6 1.24 8.5 0.89 10.7 1.12 1 29
Za vr¥idem 700 11.7 1.36 8.6 0.91 10.9 094 1 75
Nad vr¥item 800 11.6 1.00 116 085 124 0.83 1 40
Skokar 910 10.5 0.90 11.7 0.86 115 094 1 62
Ovinek 1000 131 161 11.3 0.98 1 16
Ob cesti 1100 9.5 .99 9.6 0.85 141 0.82 1 16
Polog 1215 13.3 1.39 9.6 16
Glava 1215 11.6 0.92 12.6 16
Za glavo 1400 127  1.86 6.8 29
V Plazeh 1620 12.2 1.71 7.1 40

(2) altitude N P N/P Sos  N/Ses Se4  Scontent No. of

Zasavie mgy!  mgg mgg! mgg!  class  lichen

Sgs104 species
Ostenk 390 14.8 1.21 12.3 1.43 10.3 1.52 3 6
Marino 390 12.5 1.13 111 1.72 6.8 1.50 4 7
Ravenska 480 11.7 1.16 10.1 1.53 8.2 1.87 3 7
Retje 490 133 1.47 9.0 1.30 10.2 1.44 3 7
Kovk 590 14.3 1.55 9.2 1.64 8.7 1.90 4 5
Jelenca 150 132 085 155 1.G67 12.3 1.10 2 23
Dobovec 790 12.4 1.06 11.7 1.65 7.5 1.61 4 5
Gore 880 13.5 1.03 13.1 1.31 10.3 1.24 3 21
Kljucevca 1470 14.4 1.57 9.2 1.13 12.7 1.19 2 19
Javor 1070 14.0 1.26 i1.1 1.24 11.3 1.23 3 21
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Concentrations of SO, and NO, were low, especially in surnmer. At Trenta SO, reduces
from 3.34 pg m” in the valley bottom (520m) to 2.2. pg m” at 1620m. Measured values
for NO, for the same transect and period were from 2.7 pig m” in the valley and 0.80 ug
m* at the highest sampling site. At Kranjska gora values for SO, decreased from 6.93 pg
m™ in the valley (920 m) to 1.10 ug m™ at the highest sampling site (1540 m). Values for
NO, were between 3.32 pg m” and 0.72 pg m? (Gomisek, 1997). Bulk N deposition
(NH,-N, NO;-N} and S deposition (SO4-S) based on measurements on Pokljuka plateau
between 1996 and 1998 were between 10 and 12 kg N ha™ yr and 12 and 13 kg S ha™
yr‘1 {unpublished data, Simongi¢, Slovenian Forestry Institute), too small to damage the
forest. However, measurements in open areas at low altitudes underestimate inputs to
forests via occult deposition as can he seen from S analyses and the epiphytic lichens
(Table 1 (1A)). O, concentrations (campaigns, Pokljuka) were relatively high (maxima
80-100 ppb), exceeding the threshold causing damage to sensitive crops and natural
vegetation (40 ppb) (Gomiigek, 1997). With the exception of some sites at lower
altitudes at Trenta and Kranjska gora, due to pollution from the valley and transboundary
sources, foliar S was low. N concentrations were just sufficient, and slightly increased in
the needles from Trenta (Table 1 (IB)). The higher SO, concentration prevailing on the
lower slopes could be seen in reduced number of epiphytic lichens particulary in
Kranjska gora,

The age pattern of chlorophylls, the carotenoid content and their ratio reflect the SO,
pollution and/or photooxidants and sampling altitude (Bati€ e al., 1995; Bermadinger et
al,, 1990; Grill et al., 1979). Ascorbic acid content is a good indicator of oxidative stress
in needles and also their reductive capahility (Bermadinger et al, 1990). Its content in
non polluted areas increases with altitude (UV light, O,, drought, etc.) and is decreased
by very high 8O, polluticn (Bermadinger et al,. 1989; Tausz et al. ,1996). The results
from Triglav area are consistent with a non polluted sitmation. There was a slight
decrease in chlorophyll, especially chlorophyll a, with sampling altitude (Figure 1), and
an increase in ascorbic acid conient, especially at Trenta (Figure 2), and in the Kranjska
gora (Figure 2) in the TNP, Epihytic lichen populations reflect air pollutants earlier than
spruce needles. The number of epiphytic lichen species in the south-west part of Julian
Alps (transect Trenta) between 1000 and 1500 m, were drastically reduced and although
no air pollution data is available (PrimoZi€, 1998), occult deposition may be responsible
(Gomiscek, 1997).

In the Zasavje district the concentrations of SO, were very high; NO, and O,
measured at Kovk exceeded the threshold values for sensitive vegetation, Bulk
deposition in the open was 13 kg N ha! yr”" and 25 kg S ha” yr! (Anon., 1998). At other
sites in this area S deposition can exceed 30 kg S ha™' yr’ (Anon., 1998) and 83-100% of
the assessed Norway spruce in damage classes 2-4 (Solar, 1989). This damage can be
largely ascribed to pollution from the thermal power plant and to the impact of SO,
because almost all trees are grouped within classes 4 and 3 according to total foliar S
concentrations (Table 1; IT), Analyses of photosynthetic pigments and ascorbic acid gave
quite different results in comparison with TNP (Figs. 1 and 2). Due to very high SO,
concentrations in the valley the content of photosynthetic pigment increases with altitude
while the ascorbic acid content decreases.
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Fig.1 Concentration of Pigments in Needles (Average for 1992-85 Needle Age
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The number of epiphytic lichen species found on all sites in Zasavje clearly
decreased with decreasing altitude (Tables [ and II). This trend was less obvious in TNP,
although expressed in the same way.

Fig. 2 Concentration of Ascorbic Acid in Needles {Average for 1992-96 Needie
Age Classes)
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Location and altitude

The forest decline inventories, epiphytic lichen mapping, air pollutant measurements
and analyses of Norway spruce needles confirm that forests in the Triglay National Park
are not very polluted by comparison with forests in the Zasavje region. The impact of air
pollution in the TINP is small and of two kinds: the first, observed especially in the east-
northly part (Kranjska gora) has come from the steel plant in Jesenice, manifest as
elevated foliar S concentration and in lower photosysnthetic pigment and ascorbic acid
content, especially in the valley bottom. The second is the impact of eutrophication,
expressed as higher foliar N concentration, especially at Trenta, in the south-western part
of the park. Between 1000 and 1500m die-back of sensitive macro lichens is common
and increasing cover of algae and the pollution resistant lichen species Sceliciosporum
chlorococcum is observed. Eutrophication most probably originates from long range
transport of pollutants from the south-west, very probably from industrial north Italy,
which is the prevailing wind direction.

At the Zasavje the small number of epiphytic lichens present are primarily
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represented by species higly resistant to air pollutants (Scoliciosporum chlorococcum,
Lecanora conizaeoides, Lepraria species) (Vidergar-Gorjup, 1998). Both, the epiphytic
lichens and spruce needles have a high S content consistent with a low content of
photosynthetic pigments and ascorbic acid. By comparison with the less poliuted park
the effects of altitude were negligible.

Comparison of the different bioindicator methods used in these two case studies
(forest tree-defoliation, epiphytic lichens, 8 concentration, macronutrients,
photosynthetic pigments, ascorbic acid) indicates that some of the responses could be
explained and ascribed to the impact of S0, and to a lesser extent N deposition.
However natural stresses (drought, light, biotic stress) may also affect forest health and
their contribution could not be assessed by these methods.
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