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Abstract

Oleksyn J. 1987. Air pollution effects on 15 European and Siberian Scots pine
(Pinus sylvestris L.) provenances growing in a 75-year-old experiment. Arbor. Kor-
nickie 32:151 -162.

Results are presented of dendrometrie and viability evaluations of trees in a pro-
venance experiment established in 1912, in which there are 15 Scots pine provenan-
ces represented, from Poland in the west to central Siberia in the east, and from
Arkhangelsk in the north to Turkey in the south. The experiment is localized 3 km
from the Nitrogen Works in Putawy which emit substancial quantities of SO2, NHj3,
NOX and dusts of saltpeter and urea. It was established that in the years 1981 -
-1986 the number of trees declined by 20-57®0 for individual provenances and
the standing volume generally declined by 22¢/o0. The most damaged crowns were
observed on trees originating from Tobolsk (Ural) and Kars (Turkey) and least on
those from Kiev, Jenisiejsk and Arkhangelsk. In view of the'small distance from the
emitter and the associated with it high concentrations of pollutants, the substan-
cial differences between populations which were still visible during the last mea-
surement in 1981 are now gradually disappearing.

Additional key words: genotype X environment interaction, susceptibility, environ-
mental pollution, populations.

Address: J. Oleksyn, Institute of Dendrology, 62-035 Kérnik, Poland.

INTRODUCTION

During the last several decades on various occasions studies were
undertaken aimed at establishing the individual, progeny and popu-
lation variability of trees in sensitivity to industrial air pollution. The
influence of toxic gases on various Scots pine populations has been
studied both in laboratory conditions (Schutt et al. 1970, Demerill

* This study was supported by research fund CPBP 04.04. coordinated by the
Institute of Dendrology, Kdrnik, Poland.
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1977) and in the field (Huttunen 1978, Huttune n, Tormaleh-
to 1982, Oleksyn 1983, Oleksy n, Bialobok 1986). It needs to
be stressed that a common feature of the majority of the studies con-
ducted so far was that the studies were performed on juvenile ma-
terial.

In view of the fact that the oldest and at the same time one of
the largest provenance experiments with P. sylvestris in Poland, located
in Forest Range Ruda near Pulawy, is since 1966 under the influence
of pollution emitted from the Nitrogen Works located 3 km from the
site, an attempt was made to evaluate the influence of this pollution
on growth of individual populations (Oleksyn 1983). The results of
dendrochronological studies conducted have shown that there is a rela-
tively small decline in volume increment on pines of northern prove-
nances from the former regions (gubernias) of the pre-revolutionary
Russia such as Olonec, Arkhangelsk, Vologda and Kurland compared to
pines from the central part of the range of the species.

It was the aim of the studies presented in the present publication to
evaluate the damage to trees by industrial pollution and to determine
other changes which took place in the experiment presented above over
the 5 years since the last measurement made in 1981 (Oleksyn,
Giertych 1984).

DESCRIPTION OF THE EXPERIMENTAL AREA

The experimental area with various provenances of Pinus sylvestris

L. has been established in 1912 by S. Z. Kurdiani in compt. 25 of the

present experimental Forest Range Ruda in the Institute of Cultivation
Table 1

Provenances of Scots pine used in the experiment of S. Z. Kurdiani in
Forest Range Ruda near Putawy

Plot . Coordinates i
no. Region Forest Range N E
1-2 Lublin 51°24' 22°03'
3 Kars Songalugskoe and Borzomskoe 40°30°  42°00'
Arkhangelsk  Verkoleskoe and Lasskoe 63°50' 45°10'
5  Kharkov Majackoe and Kent's estate 50°00" 36'20'
6  Olonec Karganopolskoe and Podomskoe 61°30' 39°00'
7 Voronez Hrenovskoe 51°06' 40°17
8  Vologda Georgievskoe 59°43' 36°52'
9 Jenisiejsk Jenisejskoe (Korisko-Jenisejskoe) 58°00 62°00'
10 Novgorod Tihvinskoe 59°37" 33°33'
11 Tobolsk Turinskoe and/or Jauturovskoe 58°00" 63°42'
12 Volyniya Luckoe 50°45' 25718
13 Ufa Sajtanovskoe 55°00' 52°00'
14 Kiev Dymarskoe 50°50' 30°17"
15 Tver Viesiegonskoe 58°38' 37°13
16 Kurland Rucavskoe 56°07" 21°08'

1 The data concern geographic coordinates of individual ranges in which seed was
collected for the experiment as given by Fomin (1940). Some of them are only appro-
ximate.
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and Fertilisation (IUNG) in Putawy (51°24' N, 22c03: E). Information
about discovery of the experiment, its detailed description and scientific
purpose to which it was directed we have presented in earlier publi-
cations (Oleksyn, Giertych 1982, 1984, Oleksyn 1985). Thus
only the basic information about the experiment is given here.

For the establishment of the experiment seed of P. sylvestris were
used which represented 15 populations of the species from the European
part of the former Russian Empire and from Siberia. Data on the origin
of the seed is given in Table 1.

The planting site is at 140 m elevation, slightly sloping in the north-
westerly direction. The soils here are sandy, originating from shallow
sands on gravel (Tomaszewski 1928). The mean annual sum of
precipitation for Putawy in the period 1920 - 1980 was 571 mm and
the mean monthly temperature for the same period varied from —3.8°C
in January to 18.5°C in July.

ATMOSPHERIC POLLUTION IN THE VICINITY OF THE PUELAWY NITROGEN WORKS

The Nitrogen Works were localized 3 km northwest from the ex-
perimental area (fig. 1). Operations started in June 1966 after the sector
“Azoty 1” producing urea was opened. In November of the following
year “Azoty I1” started operation producing nitric acid and ammonium
nitrate. The degree of air pollution with toxic substances emitted from
these works in different years shown in Table 2, was taken from Tro-
janowvski (1983). It needs to be stressed that besides emissions re-
sulting from the normal production process there occur also uncontrolled
emissions, associated with equipment failures. In such instances toxic
substances are emitted into the atmosphere the concentrations of which
several times over exceed the annual average values.

The first symptoms of plant injuries caused by the emitted pollutants
have been observed in the spring of 1967 (Jakubczak et al. 1969).
They occurred also with substancial intensity in the region adjacent to
the settling pond for industrial sewage and ashes from the heat and
power generating plant. The complete dying of pine stands in that same
year already affected an area of several dosen hectars (Puszkar
1979). Since that time the zone of death expanded several times attaining
in 1978 an area of about 1200 ha (Puszkar 1980, after Trojanow-
ski 1983). It extends primarily in the easterly direction, which is asso-
ciated with the prevailing winds in the region (Tab. 3, fig. 1).

Sierpinski (1972) was of the opinion, that the very fast rate
of dying of stands in the vicinity of the Nitrogen Works is associated
with the exceptionally high, though short lasting, concentrations of
pollutants reaching the forests as a consequence of uncontrolled emis-
sions during equipment failures.
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1978

Fig. 1. Zone of complete deforestation in the vicinity of Putawy Nitrogen Works

in the years 1968 (1) and 1978 (2) (after Trojanowvski 1983, somewhat changed).

The arrow indicates location of the provenance experiment and + the plant pro-
ducing ammonium nitrate

The magnitude of the zone of injury to plants is also associated to
a large extent with the height of the emitting chimneys. In the case
of the toxic nitrogen compounds the emissions occur from relatively low
emittors: 6 chimneys 47 m tall emit ammonium nitrate, and 5 chimneys
30 m tall emit gaseous ammonia (Trojanowski 1983). A part of
the nitrogen compounds reaches the atmosphere also from the surface
of tanks with industrial sewage. This results in the formation of parti-
cularity high concentrations of atmospheric and soil pollution near the
Nitrogen Works itself (Fig. 2). According to A dam czy k- Wi niar-
ska (1980) within a radius of 2.5 km from the emitor the permissible
norm of NHs in the air has been exceeded in 30% of the 20 minute
measurements made (the norm for Poland is 0.4 mg m~3). In the case

of NOx the norm (0.6 mg m~3) has been exceeded by 10% 1! km from
the Works.
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Table 2

Pollution emission from Nitrogen Works in Putawy in thousands of tons per year (data from the
Nitrogen Works after Trojanowski 1983)

Type of emission 1968 1969 1970 1971 1972 | 1973 1974 1975 | 1976 1977 1978 1979
NH3 157 226 185 163 106 109 120 116 118 112 9.8 9.2
nlo. 3.6 4.6 35 3.9 38 3.7 3.7 39 4.6 5.3 5.7 5.9
Saltpeter dust 35 35 3.7 3.9 3.9 2.5 2.6 31 3.2 3.3 3.4 3.2
Uiea dust 1.6 1.4 15 15 15 18 19 2.2 2.4 2.2 1.9 1.6
so? 245 280 154 340 230 120 107 103 131 130 127 118
Smoke-box dust 45 5.0 4.8 5.0 5.8 8.0 5.6 5.5 5.7 5.7 5.9 5.4

Table 3

Wind directions for the meteorological station in Osina from data for
the years 1958 - 1967 (after Adamczyk-Winiarska 1980)

Direction to S SW w NW N NE E SE
% 6.3 7.0 10.2 15.9 13.3 153 20.8 112

Sulphur dioxide is emitted from a chimney 160 m tall. This on the
one hand results in a lowering of SO2 level in the vicinity of the Nitro-
gen Works themselves, but on the other it transports the pollutant over
substancial distances attaining up to 120 km (Fig. 2). The concentration
of SO2 within a radius of 25 km from the emittor as evaluated in 20
minute measurements was 0.2 mg m-3 (Adamczyk-Winiarska
1980).

METHODS OF MEASUREMENT

In the spring of 1986 on each plot diameters of all trees were mea-
sured to the nearest 1 cm at 1.3 m from the ground, and the height of
10 trees was measured to the nearest 0.5 m in each of the experimental
variants. The data obtained in this manner served for the calculation of
standing volumes. Also the number of trees was counted and the volume
removed as dead trees in the years 1981 - 1986.

In different variants of the experiment, the viability of all trees was
estimated individually. For the purpose a five point scale was used in
which 5 indicated trees without symptoms of injury by industrial pol-
lution with a well developed crown and foliage of several years on the
tree, and 1 indicated dying trees.

The mean annual volume increment over the last 5 year has been
calculated from the formula:

Wete —V19s1

were:

i — the average annual volume increment over the years 1981 -
- 1986 in m’ ha-1,
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Fig. 2. Range and magnitude of pollution emitted from the Pulawy Nitrogen Works in the years 1967-1974 (from Pusz-
kar 1979). The arrow indicates location of the experimental area
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Table 4

Results of measurements of Scots pine {Pinus sylvestris L.) in the provenance experiment from 1912 located since 1966 in the zone of pollution from the
Putawy Nilrogen Works

Trees Diameter Height Volume Change in  Dead vol. Tree Vol.
Provenances Trees/ha lost om m m3/ha vol. removed viability increment
(former regions) 1981 - 86 1981 - 86 1981 - 86 1=low 1981 - 86

1981 1986 % 1981 1986 1981 1986 1981 1986 /0 m3/ha 5=high m3/ha
Volyniya 718 464 35 26.5 28.7 239 244 4371.7 353.8 -19 154.8 2.49 v 142
Kiev 498 336 33 25.3 215 24.5 25.7 287.4 2404 -16 93.5 281 9.3
Kurland 586 371 37 235 25.9 23.7 239 284.5 235.1 -17 104.4 2.70 11.0
Lublin 586 315 46 24.8 273 21.8 219 283.1 184.3 -35 130.9 2.54 6.4
Voronez 409 314 23 26.5 29.1 235 25.9 2433 260.0 7 56.5 2.48 14.6
Olonets 264 17 35 30.2 312 22.3 24.4 205.2 155.2 -24 723 241 4.5
Kharkov 308 193 37 27.3 28.6 23.6 24.3 195.2 143.7 -26 72.9 276 43
Arkhangelsk 242 193 20 30.9 322 22.8 234 188.1 170.7 -9 38.1 2.88 4.1
Novgorod 176 107 39 31.0 317 235 23.9 154.5 101.2 -34 60.6 2.65 15
Vologda 183 100 45 322 335 21.9 239 150.0 98.9 -34 68.0 2.56 34
Kars 198 86 57 27.3 30.5 237 22.8 130.6 720 ' -45 73.9 2.20 3.1
Ufa 221 107 53 24.6 30.0 215 235 122.3 83.0 -32 64.6 2.59 5.1
Jenisiejsk 139 107 23 31.6 34.4 23.0 239 1253 1141 -9 28.8 2.93 35
Tver 198 129 35 233 26.5 222 223 88.7 80.2 -10 30.9 2.60 4.5
Tobolsk 110 57 48 30.5 324 22.0 224 87.1 57.6 -34 42.0 1.92 2.5
Mean 323 203 38 21.7 30.0 22.9 23.8 198.9 156.7 -22 72.8 2.57 6.1

* Oleksyn, Giertych 1984
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Fig. 3. A shoot of Scots pine from
Voronez with only one year's growth
of needles persisting

Fig. 4. A dying tree of provenance Fig. 5. A plus tree of provenance
Kars Volyniya
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Visse — standing volume in 1986 in m3 ha
Vd — volume of dead wood removed in the years 1981 - 1986 in
miha 1,
Viesi — standing volume in 1981 in mj ha-1.
In view of the fact that the experiment was established without
replicates, it was not possible to use statistical verification in analysing;
the results obtained.

RESULTS AND DISCUSSION

Results of measurements of individual provenances have been listed
in Table 4. In the period of 5 years which passed since the last mea-
surements were made on this area, in all populations a substancial num-
ber of dying trees was noted. The largest number of trees died from
provenances Kars (57%), Ufa (53%) and Tobolsk (48%). Much less than
average for the whole area, 38%, has been found in provenances Arkhan-
gelsk (20%), Voronez (23%) and Jenisiejsk (23%). The number of trees
per ha was in all provenances 31 - 91% lower than expected from volu-
me tables (Szymkiewicz 1971).

The drastic decline in the number of trees in individual populations
has found a reflection in the standing volume, which in 1986 was on
the average 21.2% lower than in 1981. Over the same period the grea-
test losses of volume were noted in provenances Kars (45%), Lublin
(35%), Novgorod, Vologda and Tobolsk (each 34%). Only in the case
of provenance Voronez no decline in volume was observed over the
last five years but in fact a small 7% increase.

In the case of the mean annual volume increment over the years
1981 - 1986 in which the magnitude of dead volume removed is inclu-
ded, higher than average increments were observed in provenances
Voronez, Volyniya, Kurland, Kiev and Lublin. The lowest increments
were found in Novgorod, Tobolsk and Kars. This data confirm our ear-
lier results concerning the productivity and plasticity of the above
mentioned provenances growing in other areas of European USRR
(Giertych, Oleksyn 1981).

The degree of tree viability, evaluated on the basis of a visual esti-
mate of their crowns using a 5-point scale has shown relatively small
differences. The average values of the estimate varied from 2.93 for
provenance Jenisiejsk to 1.92 for provenance Tobolsk. Practically all
trees from this area have had only one-year needles on them (Fig. 3).
Also the needles in the upper part of the crown have had necrotic
symptoms and were discoloured as a consequence of the action of air
pollutants. The crowns of the majority of trees were substancially spar-
se. This concerns both the little productive and far removed from pla-
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ce origin populations such as Kars (Fig. 4) and Tobolsk and those most
productive in the experiment such as Volynija (Fig. 5).

The data presented in Table 4 indicate that at the present time the
stand is in a state of disintegration. At this stage the differences bet-
ween populations reported earlier on the degree of sensitivity to pollu-
tion from dendrochronological studies (Oleksyn 1983) tend to di-
sappear. In view of the fact that the magnitude of emissions of toxic
substances from the Nitrogen Works in individual years do not show
any declining tendencies (Table 2), one should expect that in the nea-
rest decade the deforested zone which so far expect that in the nearest
decade the deforested zone which so far extended east of the Works
(Fig. 1) will start covering also regions in the south.

The results presented in this study unfortunately indicate that in
view of the dominant role of pollution as the limiting factor, the ex-
periment with Scots pine in Forest Range Ruda cannot be further uti-
lized for the purposes for which it was planted 75 years ago. This is
a loss to science, the more so that it is the most westerly location of the
experimental series of pre-revolutionary provenance experiments on the
species established in Russia on the initiative of V. D. Ogievskij in
1910 - 1916 (Giertych, Oleksyn 1981).

Accepted for publication 1987.
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Wplyw zanieczyszczen powietrza na 15 europejskich i syberyjskich proweniencji
sosny zwyczajnej (Pinus sylvestris L.) rosngcych w 75-letnim doswiadczeniu

Streszczenie

Przedstawiono wyniki pomiaréw dendrometrycznych oraz ocene stopnia zywot-
nosci drzew wykonang w zatozonym w 1912 roku doswiadczeniu proweniencyjnym,
w ktorym reprezentowanych jest 15 populacji Pinus sylvestris, od Polski na za-
chodzie do $rodkowej Syberii na wschodzie i od Archangielska na pdtnocy do Tur-
cji na potudniu. Doswiadczenie to zlokalizowane jest 3 km od Zaktadéw Azoto-
wych w Pufawach emitujacych znaczne ilosci SO2, NH3, NOX oraz pytow saletry
i mocznika.

Stwierdzono, ze w latach 1981-1986 zmniejszyta sie o 20-571% liczba drzew
w poszczegblnych proweniencjach i spadt Srednio o 22% zapas masy. Najbardziej
uszkodzone korony miaty drzewa pochodzace z Tobolska (Ural) oraz Karsu (Tur-
cja), a najmniej z Kijowa, Jenisiejska i Archangielska. Ze wzgledu na matg od-
legto$¢ od emitora i zwigzane z tym wysokie stezenia zanieczyszczen, widoczne
jeszcze w czasie poprzedniego pomiaru w 1981 roku znaczne rdznice miedzypopu-
lacyjne w stopniu wrazliwosci ulegajg stopniowemu zatarciu.
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BnusiHve 3arpsisHeHUsi Bo3fyxa Ha 15 eBpOMemcKuUX M CUGUMPCKUX MPOBEHEHLMU COCHbl 06bIKHOBE-
HHOM (Pinus sylvestris L.) pacTywux B 75-1eTHeM BnbiTe

Pe3tome

MpeacTaBneHbl pe3ynbTaTbl TaKCaLMOHHbIX W3MEPEHWIA W OLeHKa CTemneHu mo-
BPEXMEHNA [epeBbeB BbIMOMHEHHbIE B 3a/10XKeHHbIX B 1912 rogy reorpaduueckmx
KynbTypax, B KOTOpbIX npefcTaBneHo 15 nonynsuwin Pinus sylvestris ot [Mosblun
Ha 3amaje [0 UeHTpaibHOM Cnbupn Ha BOCTOKE M OT ApxXaHresbCka Ha CeBepe [0
Typumn Ha tore. 3TU KyNbTypbl HAXOAATCA Ha PacCTofHWM 3 KM OT 3aBofa Mo
NMPOM3BOACTBY a30THbIX YA06PeHWin B ynaBbl, 3arpA3HAOLLErO BO3LYX 3HAYUTESb-
HbiMU KonmyecTtBamMu SO2, NH3, NOX 1 NbINbO CENUTPbI U MOYEBUHDI.

YcTaHoBeHo, yto B 1981 - 1986 rr. Ha 20 - 57% yMeHbLUMIOCh KOMNYEeCTBO [e-
peBbEB B OTAENbHbLIX BapuaHTax OnbiTa WU B CpefHeM Ha 22% ymeHbLUW/CA 3anac.
Havn6onee noBpeXxaeHHbIM KPOHbI 6bIN Y [epeBbeB MPeACTaB/oWLMX MPOBEHEHLMN
Co6onbek (Ypan) n Kapc (Typumus) a MeHee BCero ¢ KueBa, EHucelicka n ApxaH-
renbcka. BCBS3M C He6OMbLUMM PacCTOSHMEM OT WMCTOYHMKA 3arps3HeHWn 1 CBA3aH-
HbIMA C 3TWM 3HAYUTE/IbHBIMW KOHLEHTPAUMAMMN 3arps3HEHUA, BUAMMbIE eLle BO
BpemMs NpeabiayLumx mamepeHuin B 1981 rofy 3HauuTeNbHble pasHULblI MeXay OoT-
JeNbHbIMW MONYNALUMAMW B CTEMEHU BOCMPUUMYMBOCTM MOCTEMEHHO CrNaXMBatOTCA.

* ABTOp: . OneKcbIH.
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