LIMITATIONS T O RADIAL GROWTH o F

T REES O N INDUSTRTIAL TIMBERLTINE

Urszula Bugdal and Jadwiga Sienkiewicz

Forest Research Institute

3 Wery Kostrzewy Str., Warsaw, Poland

SUMMARY

Industrial contamination leads to modifications of the
environmental abiotic conditions on a geochemical scale,and,
as a result, to the formation of new ecosystems. Using the
emission of a zinc and lead smelter as an example, the gene-
ration is indicated of an industrial borderline of trees and
forest. The state of the pine forest vegetation has been
studied along with the radial growth of pines. Substantial
changes have been found in the pine wood structure on the
industrial timberline, these changes manifesting themselves
in the diminution of the number and size of tracheids, as
compared with the mon-contaminated control region.

223



1 Introduction

In the regions where intensive industrial pollution of
the environment is of a permanent nature, the phenomenon
occurs of the withdrawal of forest as a plant formation.
Industrial pollution of the environment acts here as a com-
plex system of modifying the abiotic conditions on a geo-
chemical scale. This leads, among other things, to a change
in the direction of ecological succession and to the forma-
tion of new ecosystems correspounding to the changed condi-
tions of the environment (Wolak 1968, 1969 and 1970).

With the increase in intensity of industrial pollution
of the enviroument, there is a decrease in the height attai-
ned by the vegetation, and new vegetation zones are formed,
dependent upon the site conditions (Gordon and Gorham 1960
and 1969, Halbwachs and Kisser 1967, Wentzel 1970, Wolak 1969,
1970 and 1971, Huttunen 1975).

The vegetation zones thus formed, are similar to the
zones formed naturally on the areas of the unorthern and the
upper timberline. Formation of these new vegetation zones is
particularly evident on poor sandy soils, where under natu-
ral conditions, the communities of fresh or dry coniferous
forest would constitute the final stage of ecological suc-
cession. On these poor sandy soils, under durable action of
industrial imission, distinct zones of non-forest vegetation
are formed, such as zones of grass communities, as well as
shrubby form communities of tree species, while the forest
is found solely on the areas less exposed to the imission
(Wolak 1977).

The above grassy- and shrubby communities are charac-
terized by specific climatic conditions unfavourable to the
reestablishment of trees. These climatic conditions distin-
guish themselves by high daily oscillations of temperature
during the vegetation season, excessive insolation at high
temperatures and excessive heat radiation at night, as well
as heightened evapotranspiration that leads to appreciable
water losses from the soil and plants.
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Furthermore, under these climatic conditions, there is a
tendency for the polluted air to keep near the ground and
for the toxic fogs to linger (Dunikowski 1977).

With the rise in height over the ground level, there is
an increase in the toxicity of the air pollution as measured
by the growth of the sulphurization index (Cimander and
Grzybowski 1977).

2 Investigation Results o f En -
vironment Pollution

We shall deal now with the effect of the limitations of
radial growth of trees upon the industrial timberline in a
region badly polluted by emission from a zinc-plant. The
zinc-plant emits mostly metallic dust (including heavy metal
dust) as well as sulphur- and nitrogen oxides. The emissions

Direction — 2%
——————— Speed ——= 1m/s

Fig. 1: Distribution of wind direction and speed in the
vicinity of zinc-plant.
(Calms = 21.7 %, h, = 16.0 m above ground level)
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are carried by the prevailing western winds onto the neigh-
bouring plant communities. Distribution of the wind direction
and speed for the vicinity of the zinc-plant, made on the
basis of 10-year observations is depicted in Fig. 1.

On the basis of meteorological and emission data, the
ranges have been calculated of gaseous air pollution as con-
verted to SOQ, use being made of the Pasquille expanded
equation of diffusion. The results of these calculations are
gsimilar to those obtained from the measurements of air pol-
lution by 802 (Widera et al. 1980, non published). The calcu-
lation results show that at a distance of about 3 km from
the source of emission, the imission concentration amounts
on the average from 75 to 100,u,g802/m3 per year, while at
a distance of 7 to 8 km from the source of emission, in the
same direction, the average annual imission concentration
oscillates round 50 ug 802/m3-

It should be emphasized that the most recent studies
on the effect of the 802 imission upon forests, demonstrate
that concentraticns of about 30 ug SO2/m3 per year, on oli-
gotrophic sites, constitute already the limiting values for
the existence of forests (Wentzel 1978), and that the air
gquality standard for the protection of forests recommended
by IUFRO is 50 ug 802/m3 per year (IUFRO News 1979).

The studies on the soil and plant pollution in the
vicinity of the zinc-plant, have shown that with the joint
pollution by heavy metals and §0,, it is the sulphur that
acts more phytotoxically and diminishes the tolerance of
plants to the excess of metallic pollution (Swieboda 1970,
Krause and Kaiser 1977, Widera et al. 1980, non published).

They have also shown that the dust emission of the zinc-
plant brings about considerable alkalization of the upper
levels of the soil profile, which acts against the natural
podsolization process typical of sandy soils of pine stands
(Sozologia i Sozotechnika 1975).

In addition, the alkalization of soil leads, among
other things, to a drastic limitation of the number of the
forest-floor insects as well as to the structural deforma-
tion of their groupings, which disturbs the circulation of
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matter and the flow of energy in the ecosystem (Lesuniak 1977).
It must be stressed here that the industrial pollution of the
environment has an adverse effect upon soil floras and fau-
nas, which, in combination with the above disturbances, lowers
the productivity of the ecosystem (Watson et al. 1974-6).

3 Investigation Results o f Ve -
getation

In the area polluted by the zinc works, the plant com-
munities grow on sandy soils, the only water source whereof
is the precipitation (annual average 700 mm). At the distance
of about 3 km from the zinc works, there are formed shrubby
communities of 40-year-old pines (Pinus silvestris and P.
banksiana), and of about 80-year-old pines (P. silvestris),
both hindered from growing tall. On the average, the pines
attain the height of only 2 to 5 m, the younger trees be-
coming shrubby, while the older ones obtaining markedly
flattened crowns, their side branches "weeping", and craw-
ling on the ground. In the top part of those pines only one
generation of needles, usually considerably shortened, can
be observed, while in the lower, protected parts there are
up to 3 generations of healthy needles. The cones appear very
rarely and only on the lower branches (Jbzefaciukowa 1977).

The pines are attacked by insects that damage the need-
les and mine the buds, which impairs the habitus of trees
and diminishes their photosynthetic ability.

Phytosociological relevés according to the Braun-
Blanquet method (Braun-Blanguet 1964) were made as well.
Their analysis has shown that the average value of the co-
verage degree of the layer of trees, is about 25 per cent
for the 80-year-old pine and about 40 per cent for the 40-
year-old pine at the distance of 3 km from the source of
emission, while at the distance of 7 to 8 km from the source
of emission the respective values are higher and are: for
the 80-year-old pine - 40 per cent, while for the 40-year-
old pine - about 70 per cent.

2217



It is noteworthy that at the distance of 7 to 8 km
from the source of emission, the plant community preserves
the character of a forest, the trees attaining the height
from 12 to 15 m, and the needles occurring in 2 to 3 gene~
rations though they are shorter and suffer from necrosis.

4 Result+t s of Dendrometric In -
vestigations

At the distance of about 3 km from the source of
emission the studies were conducted of the qualitative and
quantitative changes in the radial growth of pines. For the
studies, above 80-year-old pines were selected from the old
pine stand in the zone of intense contamination by industrial
emission (from 75 to 100 ug 802/m3 per year).

Timber specimens were sampled from the height of 1.3 m
in the early days of April before the cambium activity had
started, since this permits the entire radial growth of the
last year to be measured.

For comparison, similar pines were studied that grew up
on a site comparable to the contaminated one with respect to
the so0il- and climatic conditions, but situated outside the
reach of pollution.

Radial row was measured on each of the 5 samples taken
from 5 trees from both the contaminated and the control re-
gion. Moreover the share of the late wood in the growth
rings in the contaminated samples was compared with that of
the control samples. In two samples taken from the height
of 5.5 m, the growth rings were measured from cambium to
core and the share was calculated of the late wood in the
respective growth rings.

Tables 1 and 2 show the average values of the features
of the growth rings in trees from the contaminated and the
control region. The diminution has been found of the width
of the annual radial growth in the contaminated trees. From
Table 1 it follows that the radial growth in the contaminated
region is on the average 5 times less than in trees from the
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Tree Total cell Number of Ring Per cent
Nr. number in late wood width in share of
the ring cells M late wood

Polluted Region

1 8 2 235.95 12.12
2 9 4 257.39 18.89
3 6 2 153.01 13.02
4 10 4 296.01 21.74
5 5 1 117.26 12.20

Average T.6 2.6 211.92 15.79

Control Region

1 41 15 14%2.86 23.35
2 25 9 900.90 22.38
3 23 9 807.95 25.13
4 19 9 546.26 29.58
5 51 23 1824.68 33.93
Average 31.8 13 1102.53 26.87

Table 1: Some properties of ring width in trees from pol-
luted and control region.
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Radial row Radial diameter

Nr. of tracheids in
m

early » late
wood

Polluted

Cell wall thickness

in tracheids in

early

m

wood
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1 31.22 9.3 1.67 2.51
2 39.10 T7.86 1.43 2.15
3 29.67 5.72 1.97 2.51
4 34.80 10.37 1.91 2.86
5 21.81 10.01 1.97 2.15
Average 31.81 8.65 1.79 2.44
Control Region
1 37.07 12.68 2.59 4.81
2 38.16 12.55 2.77 4,92
3 38.10 12.08 2.56 5.24
4 34.75 11.44 1.86 3.26
5 37.38 15.61 2.85 5.66
Average 37.09 12.87 2.52 4.78
Table 2: Some features of tracheids in 5 radial rows in 5

trees from polluted and control region.



control region. The question arises, what is the reason for
the diminution.in the growth ring: smaller number of the cells

generated or reduction in the size of tracheids?

The above data show that in a region of intense contami-
nation a smaller number of cells is generated in both the
early and the late wood, on the average about 5 times smaller
(Table 1). The radial diameter of tracheids in the early wood
of the contaminated trees oscillates round the average of
31.22 um. There is a large span between the extreme values
of the above diameter, which is on the average about 16 per
cent lower in relation to that in the control region.

The radial diameter of tracheids in the early wood of
the control trees oscillates inconsiderably round the average
of 37.09 um.

In the late wood of the contaminated trees the drop in
radial diameter of tracheids attains on the average 33 per cent
in relation to that in the control region.

Furthermore, the width or the cell wall in the tracheids
of both the early and the late wood, is on the average about
twice less in relation to that of the control trees (Table 2)

From the analysis of the share of the late wood in the
structure of annual rings (Table 1) it follows that the
change in theilr structure in the contaminated region results,
among other things, from a twice smaller share of tracheids
of the late wood in relation to the control trees.

The analysis of the per cent share of the late wood in
the structure of rings from cambium to core in the samples
taken at the height of 5.5 m is represented in Fig. 2. The
per cent share of the late wood in the structure of rings in
the control trees, grows in the first 5 years from the value
below 10 per cent up to the value of about 20 - 40 per cent,
and in the following years is contained within the same
values. Whereas, in the contaminated region, after the ini-
tial growth of the per cent share of the late wood in the
structure of rings up to 55 per cent, there is a gradual drop
to below 20 per cent.
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Fig. 2: Percent share of late wood in successive rings at the
height of 5.5 m.

5 Conclusions

Summing up the dendrometric results, it can be stated
that:

1. The contaminated trees show a drop in the radial growth.

2. The drop in the growth is accompanied by changes in the
structure of annual rings in the form of smaller number
of tracheids both in the early and in the late wood.

3. There is a tendency towards a diminution of the radial
diameter of the tracheids in the early wood by 16 per cent
and in the late wood by 33 per cent in relation to the con-
trol trees.

4. In the contaminated region, the thickness of the cell wall
of tracheids in both the early and the late wood, decrea-

ses twice.
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5. In the contaminated region the per cent share of the late
wood in the structure of rings decreases gradually from
about 50 per cent to about 20 per cent.

6. In the contaminated region the size of tracheids in the
early wood varies, unlike the size of tracheids in the
early wood from the control region.

From the above, the following general conclusions can

be drawn:

- a drop in the content of late wood, as well as distur-
bances in its structure, result in marked deterioration of
the mechanical properties of timber, since the weight and
gtrength of the latter depend mainly upon the share of late
wood.

- on the industrial timberline there occurs the same pheno-
menon of the narrowing of growth rings, which can be ob-
served on the northern and the upper range ends of the pine.
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