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DEFOLIATION OF SCOTS PINE AND NORWAY
SPRUCE UNDER ALKALINE DUST IMPACT
AND ITS RELATIONSHIP WITH RADIAL INCREMENT
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Crown damages of 75-85-year-old Scots pine and Norway spruce within
3 km from the Kunda cement plant, North Estonia, under maximum reported
pollution load of 1000-2700 g m™> yr™" in 1985-1999 were assessed in con-
nection with the radial increment of the trees. Strong damages of the trees
and their mass dying indicated a long-term pollution load of more than
2 kg m™ yr', weak and moderate chronical damage of the trees aggravating
over years indicated a pollution load of 1-2 kg m™ yr™.

The relations between defoliation and radial increment in the area affected
by the cement plant are not linear. A weak defoliation level (needle loss up to
25 %) influenced the radial increment slightly. Correlations were more evi-
dent on pine when more than a half of the trees were characterized by mod-
erate and strong defoliation and the percentage of needle loss was thus at
least 30-35 Y. With a further increase in the defoliation level in the area of a
heavier pollution load, the correlation with increment increased both in pines
and spruces.

Introduction

Pollutants emitted into the atmosphere by industrial enterprises cause devia-
tions in the metabolism of conifers sensitive to pollutants, such as Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies (L.) Karst.) [1, 2]. The
deviations are expressed also as changes in the state of crowns and produc-
tion. Air pollution affects trees both directly and through changes in growth
environment (soil, precipitation). Pine and spruce react to air pollution de-
pending on the concentration of the pollutants and growth place conditions,
also on the genetic characteristics, age and location of the tree within the
association. Conifers are particularly sensitive to compounds of sulfur (espe-
cially SO,) and fluor and nitrogen oxides [3, 4]. In the pollutants complex
emitted by a cement plant, however, carbonate dust dominates, which does
not usually cause acute damage. The influence of cement dust is revealed
over a longer period of time being expressed in the physiological-
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biochemical processes of the trees, the consequences of which will also be-
come externally visible through morphological changes. It is manifested in a
high defoliation level as well as in a decrease in the radial increment of the
stem. Low concentrations of cement dust can even stimulate plant growth
[5-8].

By forest monitoring, several scientists have acknowledged damages of
the crown as an indicator of vitality [9-11]. Disturbance in providing with
water and nutrients, changing weather conditions and biotical injuries, which
weaken vitality, can turn conifers more sensitive to pollutants [12]. Integrat-
edly, the influence of air pollution is revealed in the increment of conifers. A
significant decrease in bioproduction and the death of trees caused by emis-
sion of pollutants occur on large areas in the United States of America [13]
and Central Europe [14], but also in the surrounding areas of point pollution
sources such as power stations, metallurgy enterprises [15, 16], fertilizer
manufacturers [17, 18] etc. A significant change in the radial increment of
conifers caused by the dust emitted from a cement plant has been established
[19, 20].

Some scientists [9, 21, 22] connect the decrease in increment under long-
term stress also with changes in the state of the crown, mostly with the in-
crease in defoliation. Investigation of forests near Tallinn in 1978 and 1981
revealed an increase in the defoliation level of conifers and a decrease in the
radial increment within about 6 km around the Maardu Chemical Plant
[23, 24]. A negative influence of cement dust on the state of crowns and life-
time of needles has also been observed [19, 25].

Applying comparative analysis, the present study explains deviations in
the state of the crowns of Scots pine and Norway spruce due to pollutants
emitted by a cement plant. We focus on the parameters of defoliation, asso-
ciating these with the radial increment in areas which are strongly and sig-
nificantly influenced by the plant.

Study Area and Methods

Growth Conditions in Stands

Climatically, the study area belongs to the mixed-forest subregion of the Atlan-
tic continental region of the temperate zone, which is strongly affected by the
vicinity of the Baltic Sea (average yearly temperature is 4.9 °C, minimum
3.2 °C, maximum 7.3 °C; annual amount of precipitation is 550 mm and domi-
nating winds blow from the south and south-west) [26]. Since 1975 the average
air temperature and precipitation amount have had rising trends with the aver-
age annual air temperature by 0.3 °C and winter temperature by 0.7 °C higher
and annual precipitation amount by 41 mm higher over the period 1975-1993
than over a long-term period (1954-1993) [27].

The pollutant emission from the Kunda cement plant (established in
1871, latitude 59°30" N, longitude 26°32' E) varied over the investigation
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period depending on the condition of the equipment and the intensity of pro-
duction, reaching according to the data provided by the plant a maximum in
1991. Dust formed 87-96 % of the total emission, there were small amounts
of various exhaust gases (SO,, less NO,, CO and others). As a result of re-
structuring the production process and the filters launched in 1996, the
amount of the pollutants emitted by the plant has considerably decreased.
While in 1991 the dust emission in Kunda was 98,600 tons, it was 31,400
tons in 1995 and 14,070 tons in 1996 [28]. According to the data by the ce-
ment plant the dust emission is at the minimum level, but as a result of the
high pollution level in previous years, the alkalization of the environment is
still an essential factor affecting the growth of trees in the influence zone of
the cement plant.

The large amounts of cement dust emitted by the plant have, within years,
caused notable alkalization of precipitation in the town of Kunda and its vi-
cinity [29]. In 1996, the change in the mean pH of precipitation was slight as
compared with the previous years (1996 — 7.62, 1995 — 7.68, 1994 — 7.26),
the decrease in several pollution components (Ca, K, Mg, SO4) was, how-
ever, significant [30]. Air pollution has also had a serious impact on soils
towards alkalization [31, 32]. The technogenic influence is the strongest in
the litter layer of forest soil and it decreases towards deeper layers being in
areas with a higher pollution load observable up to the depth of 70 cm. The
pH of the humus horizon (maximum 8.5 in 1996) and the concentration of
the dominant elements of the cement dust, Ca, K, Mg, S and others, notably
exceed the parameters of the control area (30-38 km west from the plant) in
spite of the decrease in the pollution load [33, 34].

Study Sites

Studies were carried out in the area of the Kunda cement plant on North-
Estonian coastal plain on sample plots stretching 1.5 and 2.5 km east (maxi-
mum pollution loads 1800-2700 g m™~ yr™') and 2 and 3 km west (1000
1800 g myr') in 1985-1999. Differences in the crown damages and radial
increment of Scots pine and Norway spruce were estimated. The selected
stands were similar as to their density, quality class, age, site type and com-
position of trees (0.7-0.8 density, II quality class, average density or sparse
understorey, 75-85-year old Myrtillus site type pine or spruce stands), which
made comparison of the data possible.

Analysis of Crown Damages and Radial Increment

The state of the crowns was monitored during 15 years (1985-1999). Each
autumn the appearance of dominant and co-dominant trees (the type and
formation of defoliation, state of the top and mortality of branches, several
abiotical and biotical injuries) and the amount and age of needles were esti-
mated. The level of defoliation was established visually and calculated as the
percentage of the whole crown compared with the reference (standard) trees
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(trees with the maximum crown in the control area). By estimation, a previ-
ously-used five-point scale was applied (class I — undamaged tree, defolia-
tion not more than 10 %; class II — weakly damaged tree, defoliation 11—
25 %; class III — moderately damaged tree, defoliation 26-60 %; class IV —
strongly damaged tree, defoliation more than 60 %; class V — dead tree)
[23, 24].

As a result, the damage class of each tree monitored and the number of
trees in each class were ascertained. The state of the whole stand was charac-
terized by its damage coefficient, which was calculated by the formula v =
= a x b, where v is the damage coefficient, a indicates the relative impor-
tance of the damage class (%) and b is the damage class. The bigger the
product, the greater is the damage and the lower the vitality of the stand. By
estimating defoliation, the age of needles (maximal and dominating) of each
tree was determined. Annuals of needles where at least 80 % of the needles
had remained on a shoot were considered dominating [35].

To study the influence of crown damage on radial increment cores were
taken from trees from their northern and southern sides at a height of 1.3 m,
and the width of the annual rings was measured. To eliminate the influence
of age (trend), the basic data were standardized, i.e. increment indices were
calculated on the basis of the actual widths of annual rings [36]. This index
shows the ratio of the actual increment and that regarded as standard incre-
ment in per cents. To estimate the influence of defoliation on increment, sta-
tistical relations between the damage coefficients and indices of radial in-
crement of a stand were found out. The analysis was conducted in the influ-
ence zones of the plant. The area up to 2 km west and up to 3 km east of the
plant was considered strongly influenced over a longer period of time with
the maximal pollution load of 1800-2700 g m™ yr™' (I zone) and the area 2—
3 km west and 3-5 km east of the plant was considered significantly influ-
enced, with the pollution load of 1000-1800 g 1w yr"l (IT zone) [20].

Results and Discussion

Data on the damages of crowns (defoliation) of conifers in the vicinity of the
cement plant are presented in Table 1 and Figures 1 and 2. The relative impor-
tance of damaged trees was very high: practically every tree had symptoms of
damage. The state of both pines and spruces was the most critical in 1991-1992
(spruces also in 1989), when the damage coefficients were the highest on most
sample plots. As to sensitivity towards pollutants, the pine turned out to be
more sensitive than the spruce showing a higher level and larger range of dam-
ages. In recent years a tendency towards a slow recovery of the state of crowns
occurred particularly by the pine, and mostly in the less damaged area, which
was still significantly affected by the plant (II zone). Needles of Scots pine re-
mained on the healthy tree up to 3 (4) years, needles of Norway spruce 6—7
(up to 10) years on an average [37].
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Fig. 1. Number of pine trees by damage classes 1.5 km east (a), 2.5 km east (b),
2 km west (c) and 3 km west (d) from the cement plant in 1985-1999
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2 km west (c) and 3 km west (d) from the cement plant in 1985-1999
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According to forest monitoring, the average lifetime of pine needles is 2.1
2.4 years in Estonia [38]. Schiitt and co-workers [39] claim that damaged pines
lack the amount of 1-2 annuals of needles compared to healthy trees. In the
vicinity of the Kunda cement plant most pines had only needles of 1-2 years
[19]. In the years when the defoliation of the trees was fixed by visual estima-
tions, the lifetime of needles changed little. The maximum age of a healthy pine
(damage class I) was 3 years and that of a spruce 5—10 years. The maximum
age of pines of damage class II was 2 years, and of spruces 3-5 years; pines of
damage class III were 1-2 and spruces 1-4 years old; and pines of damage
class IV were 1 and spruces 1-4 years old.

The average dominating needle age was 1.2—1.6 in the case of pines and
2.5-2.9 in spruces depending on the sample plot. The number of dead branches
in the crown was small, no tree had a dry top. Thinning of crowns was usually
of lower or even type; no thinning of the crown starting from the top, which
accompanies weakening of the tree, was observed. The state of North-East Es-
tonian forests was generally estimated to be considerably worse than in the
country as a whole, damages that may have been caused by local pollution load
were more numerous than in other regions of the country [40, 41]. Of the stud-
ied spruces 14 % had only 1-2-year-old needles. Premature falling of spruce
needles was observed, whereas trees had mostly needles of the last three years
[42]. However, a slight decrese in defoliation since 1992 could still be observed
[43]. The changes of the state both towards degradation and improvement
should probably by treated as a complex ecological process, of which climatic
and biotic conditions as well as environmental factors and other possible factors
form a part [35].

In the case of a dense observation network (the precondition of which is the
existence of stands suitable for studies) it is possible to map isovitality lines on
the basis of defoliation data and use these lines to characterize the state of the
environment [23, 24]. The immediate vicinity of the Kunda plant is, however,
poor in forests; moreover, the stands are located extremely unevenly. Therefore
a system of sample plots at different distances from the plant was applied to
connect the data on the defoliation level and the pollution load. As regards the
conifers, the differences between influence zones were significant. The major-
ity of trees had moderate to strong defoliation (damage classes Il and IV) 1.5
and 2.5 km to the east of the pollution source (strongly damaged area, I influ-
ence zone) (Figures | and 2). It is known from earlier studies that still nearer to
the plant (0.5 km to the north and 1 km to the north-west) both pines and
spruces were close to dying (mostly trees were of damage class IV). Many had
already died and had been removed by annual sanitary fells, as proved by the
large number of stumps [19]. In the II influence zone (2 and 3 km to the west)
the damage coefficients were smaller, and there grew mostly trees of class II. It
can be said that strong damages of conifers accompanied by dying out of large
numbers of trees under cement dust stress indicates a long-term annual pollu-
tion load of more than 2 kg m™ while weak and moderate chronical damages,
increasing with time, indicate an annual pollution load of 1-2 kg m™.
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The high sensitivity of Scots pine and Norway spruce to pollutants emitted
by the cement plant has become evident in the changes in radial increment of
the trees [44]. On the basis of investigation data a decrease in radial increment,
as well as its dependence on the pollution load, can be clearly observed in the
zones strongly and significantly affected by the plant (maximum reported load
1000-2700 g m™yr™"). From 1950 up to now the average radial increments of
the trees in the monitoring areas up to 2.5 km to the east of the plant usually
formed less than 70 % (pines even less than 50 %) of the increments in the con-
trol area [27]. In 1985-1999 the difference was even greater (32 % and 41 % of
control, respectively). The anthropogenic factor has been dominating in the
formation of bioproduction on the study site for a long period of time. The dif-
ferences in the annual increments of the trees are so small that natural cyclicity
of increment is not revealed as a wide amplitude under the given circum-
stances.

Analysis of the correlation between crown damages and increment provides
information on the state of forests and their development. However, the ques-
tion is with which annual increment the defoliation of the crown is most
strongly correlated. It has been assumed that a reduction of radial increment
starts already 5—10 years before the appearance of chronical damages [3, 45]. A
5-10 % reduction in radial increment is not accompanied with external injuries
of needles, which appear only in the case of 10-20 % increment reduction.
When the increment decreases by 20 % or more needle damages are already
serious. The decrease in radial increment before damages of needles was also
observed by Havas and Huttunen [17] and Kreutzer and others [46]. However,
it has also been assumed that increment starts to decrease simultaneously with
changes in the crown or 1-2 years after such changes [47]. It is claimed that the
relationship between defoliation and increment is not linear and a strong corre-
lation appears only if the level of defoliation is more than 40 % [48]. According
to Alexeyev [49] radial increment decreases quickly when the level of defolia-
tion exceeds 60 %. Other authors are, however, of the opinion that even slight
defoliation (10-15 %) brings about a significant decrease in increment [50]. It
has been concluded that 10 % defoliation decreases increment on an average by
20 % [51], in some cases considerably less —only 11-13 % [52].

Our data on the zone strongly affected by the Kunda cement plant (sample
plots 1.5 and 2.5 km to the east from the plant) showed a significant correlation
between the level of defoliation of pine and spruce and the radial increment of
the current, the next and the next but one year, as well as the preceding year
and the year before that (Table 2). The general state of the trees (integratedly
shown by increment) determines to a great degree the amount of needles in the
crown in the next year and the year after that, this in turn determines the radial
increment of the same year and a couple of years to follow. The strongest cor-
relation was observed with the increment of the next year. It is known that the
growth of the trees is not influenced solely by the regime of the current vegeta-
tion period but always also by the aftereffects of the previous year [36, 53]. The
reduced area of assimilating organs and smaller amount of active roots due to
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the preceding unfavourable year can decrease increment also during a favour-
able year. Such aftereffect is especially strong if unfavourable conditions occur
several years in succession, or have a synergetic effect.

In the area significantly affected by the plant (sample plots 2 and 3 km to
the west) the relationship between defoliation of conifers and radial increment
was considerably weaker (Table 2). A sporadical weak correlation occurred
between the defoliation level of the pine and the increment of the next year and
the year after that, but no such correlation was present by spruces. The ability
of the pine and the spruce to compensate for defoliation is different [10]. With
regard to photosynthesis, the importance of older needles of spruces is small
and their premature falling does not significantly deteriorate the state of the
freet

Summary

In the intensive emission area of the cement plant almost every middle-aged
and older conifer bore symptoms of damage. Strong damages of the conifers
and their mass dying indicated a long-term pollution load of more than
2 kg m™ per year, weak and moderate cronical damage of the trees, aggravat-
ing over years indicated a pollution load of 1-2 kg m™ per year. The high
sensitivity of Scots pine and Norway spruce to pollutants emitted by the ce-
ment plant is further expressed in the changes of the radial increment of the
trees. The pine proved to be more sensitive to emission of pollutants than the
spruce, being characterized by a higher maximum and larger range of dam-
age. In recent years a tendency of slow recovery of the state of crowns has
been observed.

The relationships between defoliation and radial increment in the influence
zone of the Kunda cement plant is not linear. A weak defoliation level (needle
loss up to 25 %) had a slight correlation with the radial increment. The correla-
tions were stronger on pine when more than a half of the trees were character-
ized by moderate and strong defoliation and the percentage of needle loss was
thus at least 30-35 %. It can be assumed that namely such needle fall accompa-
nied by a decrease in the assimilative area of the trees causes significant
changes in the physiological processes. With a further increase in the defolia-
tion level in the zone of heavier pollution, the correlation with increment in-
creased both for pines and spruces.

REFERENCES

1. Mudd, J.B., Kozlowski, T.T. (eds.). Responses of Plants to Air Pollution. — Aca-
demic Press, New York, San Francisco, London, 1975.



234 K. Ots and J. Rauk

2. Mandre, M., Annuka, E., Tuulmets, L. Response reactions of conifers to alkaline
dust pollution. Changes in the pigment system // Proc. Estonian Acad. Sci. Ecol.
1992. Vol. 2, No. 4. P. 156-173.

3. Huttunen, S. Havupuut ja ilman saastuminen (Conifers and air pollution) //
Suomen Luonto (Nature of Finland). 1977. No. 4-5. P. 266-269 [in Finnish].

4. Hanisch, B., Kilz, E. Waldschiden Erkennen. Fichte und Kiefer. — Eugen Ulmer
Verlag, Stuttgart, 1990. 335 p.

5. Bohne, H. Schidlichkeit von Staub aus Zementwerken fiir Waldbestande // Allg.
Forstztg., 1963. No. 18. P. 107-111.

6. Brandt, C.J., Rhoades, R.W.. Effects of limestone dust accumulation on lateral
growth of forest trees // Environ. Pollut. 1973. No 4. P. 207-213.

7. Braniewski, S., Chrzanowska, E. Effect of dust from electro-filters of different
industrial works on the vegetation // Scientific Papers of Krakow Agricultural
Academy, Forestry. 1988. No. 18. P. 146-167.

8. Mandre, M., Ploompuu, T., Tuulmets, L. Ohusaaste mdju minniokaste mor-
foloogilistele isedrasustele (Influence of air pollution on morphology of pine
needles) // Mets, Puit, Paber (Forest, Wood, Paper). 1990. No. 2. P. 9-17 [in Es-
tonian].

9. Salemaa, M., Jukola-Sulonen, E.L. Vitality rating of Picea abies by defoliation
class and other vigour indicators // Scand. J. For. Res. 1990. No. 5. P. 413-426.

10. Kask, P., Frey, J. Vitality of Norway spruce and Scotch pine assessed by the
crown class and radial increment // Proc. Estonian Acad. Sci. Ecol. 1993. Vol. 3,
No.1. P. 8-16.

11. Ozolincius, R. Two levels of tree stability // Baltic Forestry. 1996. Vol. 2, No. 1.
P. 10-15.

12. Klein, R.M., Perkins, T.D. Cascades of causes and effects of forest decline //
Ambio. 1987. Vol. 16, No. 2-3. P. 86-93.

13.Johnson, A.H., Siccama, T.G., Wang, D., Turner, R.S., Barringer, T.H. Recent
changes in patterns of tree growth rate in the New Jersey pinelands: a possible
effect of acid rain // J. Environ. Qual. 1981. No. 10. P. 427-430.

14. Kienast, F., Fliihler, H., Schweingruber, F.H. II. Jahrringanalysen an Fohren
(Pinus sylvestris L.) aus immissionsgefahrdeten Waldbestanden des Mittelwallis
(Saxon, Schweiz) // Mitt. Eidgendss. Anst. Forstl. Versuchsw. 1981. Vol. 57, No.
4. P. 405-432.

15. Thompson, M.A. Tree rings and air pollution: a case study of Pinus monophylla
growing in East-Central Nevada // Environ. Pollut. 1981. No. A 26. P. 251-266.

16. Oleksyn, J. Effect of industrial air pollution from a fertilizer factory and growth
of 70 years old Scots pine in a provenance experiment // Aquilo Ser. Bot. 1983.
No. 19. P. 332-341.

17. Havas, P., Huttunen, S. The effect of air pollution on the radial growth on Scots
pine (Pinus sylvestris L.) // Biol. Conserv. 1972. No. 4. P. 361-368.

18. Vins, B., Mrkva, R. Zuwachsuntersuchungen in Kieferbestinden in der Umge-
bung einer Diingerfabrik // Mitt. Forstl. Bundesversuchanst. Wien. 1972. No.
97/1. P. 173-192.

19. Annuka, E., Rauk, J. Tsemenditdostuse mojust Kunda timbruse monedele maas-
tikukomponentidele (The effect of cement production on some landscape com-
ponents in the neighbourhood of Kunda) // Eesti Geograafia Seltsi aastaraamat



Defoliation of Scots Pine and Norway Spruce under Alkaline Dust Impact and Its Relationship... 235

(Year-book of the Estonian Geographical Society). Valgus, Tallinn, 1992. Vol.
27. P. 68-80 [in Estonian].

20.Mandre, M., Rauk, J., Poom, K., Péér, M. Estimation of economical losses of
forests and quality of agricultural plants on the territories affected by air pollu-
tion from cement plant in Kunda // Economic Evaluation of Major Environ-
mental Impacts from the Planned Investments at Kunda Nordic Cement Plant in
Estonia / F. Kommonen, A. Estlander, P. Roto (eds.). IFC, 1995. App. 1. P. 1-
395

21. Waring, R.H. Responses of evergreen trees to multiple stresses // Response of Plants
to Multiple Stresses / H.A. Mooney, W.E. Winner, E.J. Pell (eds.). Academic Press,
San Diego, 1991. P. 371-390.

22. Schiitt, P., Cowling, E.B. Waldsterben — a general decline of forest in Central
Europe: symptoms, development, and possible causes // Plant Dis. 1985. No. 67. P.
548-558.

23. Okaspuud toostusmaastikus (Conifers in industrial landscapes) // Eesti Loodus
(Estonian Nature). 1982. No. 3. P. 155-159 [in Estonian].

24. Annuka, E., Rauk, J. XBOiiHbIE €pEBbs — UHIAMKATOP TEXHOIEHHON HArpy3ku B
npombiiienHom nanawadgre (Coniferous trees as indicators of technogenic
pressure in industrial landscape) // U3B. AH DCCP. Buosn. (Proc. Estonian Acad.
Sci. Biology) 1986. Vol. 35, No. 2. P. 131-141 [in Russian with English sum-
mary].

25. Mandre, M., Kangur, A. Taimede vastureaktsioonid tolmusaastele (Responses of
plants to dust pollution) // Kaasaegse 6koloogia probleemid (Problems of con-
temporary ecology). Tartu, 1985. P. 160-162 [in Estonian].

26. Raukas, A. (ed.). Environmental Impact Assessment for the Area of Influence of
Reconstructed Kunda Cement Factory. Present Situation and Prediction of
Potential Changes. — Tallinn, 1993.

27.0ts, K., Rauk, J. Influence of climatic factors on annual rings of conifers // Z.
Naturforsch. 1999. No. 54c. P. 526-533.

28.Roots, O., Frey, T., Kirjanen, L., Kort, M., Kohv, N. Ohusaaste: emissioonid ja
koormused (Air pollution: emissions and loads) // Eesti Keskkonnaseire 1996
(Estonian Environmental Monitoring 1996). 1997. P. 10-12 [in Estonian].

29. Tuulmets, L. Chemical composition of precipitation // Dust Pollution and Forest
Ecosystems. A Study of Conifers in an Alkalized Environment. Publ. Inst. Ecol. /
M. Mandre (ed.). Tallinn, 1995. Vol. 3. P. 23-32.

30.Kort, M., Truuts, T. Sademete keemia (Precipitation monitoring) // Eesti
Keskkonnaseire 1996 (Estonian Environmental Monitoring 1996). Keskkonna-
ministeeriumi Info- ja Tehnokeskus, Tallinn, 1997. P. 19 [in Estonian].

31.Teras, T. Kunda tsemenditehase tolmu mojust Kunda imbruse metsamuldadele
(Impact of Kunda cement plant dust on the surrounding forest soils) / Maakor-
raldus (Land Management). Tallinn, 1984. Vol. 17. P. 11-22 [in Estonian].

32. Kokk, R. Muldade leelistumine Kirde-Eestis (Alkalization of soils in NE Estonia)
/I Eesti NSV mullastik arvudes (Soils of the Estonian SSR in figures). Tallinn,
1988. Vol. 7. P. 87-93 [in Estonian].

33. Annuka, E., Mandre, M. Soil responses to alkaline dust pollution. // Dust Pollu-

tion and Forest Ecosystems. A Study of Conifers in an Alkalized Environment. Tal-
linn, 1995. Vol. 3. P. 33-43.



236 K. Ots and J. Rauk

34.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Otsa, E. Reostatud muldade seire (Monitoring of polluted. soils) // Eesti
Keskkonnaseire 1996 (Estonian Environmental Monitoring 1996). 1997. P. 161—
162 [in Estonian].

.Terasmaa, T. Keskealise degradeeruva pohlaménniku tervisliku seisundi muu-

tustest vdetamise jargselt (About changes in the health state of a middle-aged
pine stand of Vaccinium site type) // Metsanduslikud uurimused (Forestry Stud-
ies). Tartu, 1996. No. 27. P. 112—124 [in Estonian].

. Fritts, H.C. Tree Rings and Climate. — Academic Press, London, New York, San

Francisco, 1976. 567 p.

. Laas, E. Dendroloogia (Dendrology). — Valgus, Tallinn, 1987. [in Estonian].
.Karoles, K. Liihiiilevaade metsade seisundist Eestis 1987. ja 1988. a. (A brief

survey of the state of Estonian forests in 1987 and 1988) // Metsakaitse (Forest
Protection). Tallinn, 1990. P. 16—17 [in Estonian].

Schiitt, P., Koch, W., Blaschke, H., Lang, K.J., Reigber, E., Schuck, H.J., Sum-
merer, H. So stirbt der Wald. Schadbilder und Krankheitsverlauf. — Miinchen,
Wien, Ziirich, 1986. 127 p.

Veevidili, L., Karoles, K. Kirde-Eesti metsade seisundist ning keskkonna saastumise
mojust sellele (The state of forests in North-East Estonia and the possible effect of

environmental pollution on it) // Tootmine ja keskkond (Production and Environ-
ment). Tallinn, Kohtla-Jarve, 1990. P. 36-38 [in Estonian].

Karoles, K. Metsade seisundist, nende inventeerimise ning metsamonitooringu
tulemustest 1990. aastal (The state of forests, results of their inventory and moni-
toring in 1990) // Eesti Mets (Estonian Forest). 1991. No. 3. P. 40-45 [in Esto-
nian].

Hepner, H. Noored metsamehed Tartus (Young foresters in Tartu) / Eesti Mets
(Estonian Forest). 1993. No. 2-3. P. 15-17 [in Estonian].

Karoles, K. Metsamonitooringu probleemidest ja tulemustest (Problems and re-
sults of forest monitoring) // Eesti Mets (Estonian Forest). 1995. No. 7. P. 20-24
[in Estonian].

Rauk, J., Ots, K., Tuulmets, L. Okaspuude juurdekasvu sdltuvus kasvukeskkonna
parameetritest Kunda tsemenditehase mojupiirkonnas (Dependence of the radial
increment of conifers on environmental parameters in the influence zone of the
Kunda Cement Plant) / Metsanduslikud uurimused (Forestry Studies). Tartu,
1998. No.29. P. 68-90 [in Estonian].

Diissler, H.-G. EinfluB von Luftverunreinigungen auf die Vegetation. Ursachen—
Wirkungen—Gegenmafnahmen. — Jena, 1976.

Kreutzer, K., Knorr, A., Brosinger, F., Kretzchmar, F. Scots pine dying within
the neighbourhood of an industrial area // Effect of Accumulation of Air Pollut-
ants in Forest Ecosystems / B. Ulrich, J. Pankrath (eds.). Dordrecht, Boston,
London, 1983. P. 344-358.

Kosenkranius, E. Defoliatsiooni ja puu radiaalse kasvu vahelise suhte
analtiisimine (Analyzing relation between defoliation and radial growth) //
EPMU teadustoode kogumik (Transactions of the Estonian Agricultural Univer-
sity). Tartu, 1994. No. 173. P. 125-129 [in Estonian].

Petras, R., Nociar, V., Pajtik, J. Changes in increment of spruce damaged by air
pollution // Lesnictvi-Forestry. 1993. Vol. 39. P. 116-122.



Defoliation of Scots Pine and Norway Spruce under Alkaline Dust Impact and Its Relationship... 237

49. Alekseyev, A. PanuanbHblii NMpUPOCT OEPEBbEB W APEBOCTOEB B YCIOBHAX
atMocdepHoro 3arpssHenns (Radial increment of trees and stands under condi-
tions of atmospheric pollution) // JlecoBenenue (Lesovedeniye). 1993. No. 4, P.
66-70 [in Russian].

50. Huber, W. Auswirkungen von Waldschaden auf den Zuwachs von Jungfichten //
Forstarchiv. 1987. No. 58. P. 244-249.

51. Kramer, H. Relation between crown parameters and volume increment of Picea
abies stands damaged by environmental pollution // Scand. J. For. Res. 1986.
No. 1. P. 251-263.

52.Murri, M., Schlaepfer, R. Zusammenhinge von Kroneineigenschaften und
Durchmesser — bzw. Grundflachenzuwachs von Fichte auf zwei Gebirgsstan-
dorten // Forstwiss. Centralbl. 1987. No. 106. P. 328-340.

53.Lohmus, E. Hariliku méanni radiaalkasvu seosest meteoroloogiliste teguritega
(The dependence of Scots pine annual ring indices on some climatic factors) //
Metsanduslikud uurimused (Forestry Studies). Tartu, 1992. No. 25. P. 50-59 [in
Estonian].

Presented by A. Kogerman
Received January 10, 2001



