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DENDROCHRONOLOGICAL STUDIES OF TECHNOGENIC
CHANGES IN PINE FORESTS OF THE VORONEZH
REGION

S. M. Matvejev

Voronezh State Forestry Academy, Faculty of Forestry, Voronezh, Russia

Features of reaction of stands of the grassy-pine type of forest of the Voronezh
green zone to technogenic pollution of the environment have been revealed on
the basis of dendrochronological analysis. Studies were performed of two sets:
1) a set of trial plots at different distances from a heavy stationary pollution
source and 2) a set of plots at different distances from a road. At intensive
pollution there has been a great decline in tree radial increment and its cyclic
recurrence has been disturbed, especially in the last 20 years.

technogenic pollution; pine forests; dendrochronological analysis; radial incre-
ment; growth dynamics

INTRODUCTION

Consequences of pollution of the ecological environment, which were
revealed as a negative tendency in the past two decades, turned to be a factual
problem which now requires a priority attention, especially in the economi-
cally developed regions. Anthropogenic factors have a determining effect on
the condition and biosphere productivity and first of all on forest ecosystems.
Technogenic pollution plays a very big role in terms of the scale and of risks
imposed on forest ecosystems. To determine the extent of these effects, den-
drochronological method is widely used (Lovelius, 1979; Tzubanov,
_1986; Kort, 1986; Rieger, 1986; Stravinskene, 1987; Alexe-
Jev, 1990; Graybill, 1991; Darchovskij, 1990; Matvejev,
1994; Smith, 1985; Tarankov, Matvejev, 1993, 1994, etc.).
Growth increment of separate trees and stands is the most universal and
generalizing attribute of their condition. The size of growth increment and
; UCtuation regime of the research interval provide valuable information about

Unctional processes of stands in the zone under active anthropogenic influ-
€nces,
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MATERIAL AND METHODS

For evaluation of the impact of air pollution with industrial effluents on
radial increment of pines (Pinus silvestris), numerous trial plots (0.2-0.25 ha)
were established at different distances from the source of pollution in artifi-
cial pure (monospeciﬁc) pine forests of the second age class (2040 years,
35 years precisely) of grassy-pine type (pine with grasses according to
Sukachev). For detailed characteristics of the plots, see Matvejev (1994).

In the south-east part of Voronezh, there is a high concentration of enter-

prises and industries such as, e.g. power station, rubber synthesising indu-
stries, quatries, tyre plant, polluting heavily the surrounding environment.
Not far from these industries there are artificial pine forest stands of the
Novousman forests. Trial plot No. 12 1s located very close to the source of
pollution, about 2 km east from the boundaries of the industrial zone (in
direction of the prevailing winds). Trial plot No. 13 was established 4 km far
from the boundaries in the south-east direction (perpendicular to the direction
of the prevailing winds). At a distance of 0.5 km from the aluminium plant
there is trial plot No. 14. Ata distance of 13 km from the industrial zone in
the direction against the prevailing winds there is trial plot No. 15 used as
a check plot. In the centre of Voronezh there is the City Park (forest planta-
tion of about 25 ha). This forest plantation suffers from intensive complex
effects of anthropogenic factors (continuous, all-year-round leisure-time ac-
tivities, air pollution by different industrial plants and different means of
transport). Trial plot No. 16 is located there. All enterprises contributing to
the environmental pollution were active already before the forest plantation,
except the aluminum plant opened in 1973.

Dendrochronological analysis was carried out of pure artificial pine forests
of the second age class (35 years) with grassy-pine stands exposed to traffic
pollution alongside the Voronezh—Rostov road by testing a sample of selected
trees from trial plot No. 17 (located alongside the road) and No. 7 (50 m far
from the road). Plot No. 15 was used as the check one.

For dendrochronological analysis 10 trees were selected on every plot. One
core sample was taken from each one. This sampling method ensures a maxi-
mum 10% relative standard error of mean width of the year-ring (with a 30%
coefficient of variation) (Matvejev, 1994). Sample trees with stems of
a good quality with regular year increment, without injuries, belonging 0
classes 2 and 3 according to Kraft were chosen. Samples were taken by borer
from the west side of stems with respect to the direction of the prevailing
winds in the region of Voronezh. General trends in radial year increment ar¢
casier to determine by using one sample from one tree which eliminates the
influence of factors affecting individual trees (Bitv inskas, 1974).
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For the year width measurement icros
ter scale Yvas used. The accuracy wZie(r)e.(());mrrb)Ir:.scgszrg/Igsigl Wi‘th e
mined fon‘each plot from 10 sample trees, smoothed by %hcva vy d_et_el‘—
a\{f:rages for an 11-years period (Bitvinskas, 1974). T ml?th'Od e o
cffect and to enable data correlation the method of relaiiv-? y (llmmate s
(Rudako.v, 1951; Bitvinskas, 1974; Moltsh anbol\l/] e1X9e7s6Was el
/ A graphlc mthod was used to compare the obtained dﬁta" i ).'
rlOdlClty, dynamics, fluctuation of amplitude, minimu ‘ wl.relalmg e
increment values (M atvejev, 1994). ’ i S

Statistical significance of radial i
radial increme ;
ing the formula: nt decrease was calculated by us-

b= 0ei=2) . (m[2 + mzz)’”2

where: x1, x2 — sampling averages
mi, m2 — standard errors

If t > 3, the difference is signifi i
s significant, confirmed and the studied effect i
f:l%po/(zscde to caus‘e th; observed phenomenon. If ¢ = 2, the er?ox‘lci(?gff;lt'ls
voreckij, 1971). The average radial increments oprinZvl;itly

vestris on the trial plots of the las
: t 1 5 wer g i
Bt s 0 years were compared with the check

RESULTS AND DISCUSSION

The i sis of radial i
. %Eg[kll;actiirrllz;ly?s of Fadlal increment of Pinus silvestris documented
. periodo' .amplltude .(extent) and periodicity in the check stand
o a s 1011); fluctuations of a little more chaotic tendency were
e increa;innce 9h4 km from the industrial zone (plot No. 13) with
B and‘ “f ;ylt the stand age. Periodicity fluctuations became to-
L T Olc]ufp 1tl{de increased considerably with age at a distance of
. al]lalmimlon solurce (plot. No. 12). Concerning plot No. 14, 0.5 km
- i um p ant workmg from late 1973, periodicity rf,:m.ained
o observed?‘ increased considerably from 1974 with an increment
o inCl_emer(t)m’l978. In the C?ty Park (plot No. 16) a continuous
B nt was obsgrved during the life of pines. Periodicity still

L rl;?it-l(;n-s were irregular and very frequent. o
B 1al increment of forest trees as w S
Bartkjbayvrintasnz other authors (Sabirov, 1987; e:ll“]sas Sttiuzlldnso“:/as Cllggg-
L arow?hs,' Ag.usta‘y‘tls, 1990, etc.). Other works desc’ribe 1r;
ko 199%) A .mtensny.of forest trees under air pollution (Si ;

. An increase in the amplitude of increment fluctuatior11]s1 E:l;
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trees exposed to industrial pollution is documented by contributions of Ale-

xejev (1990) and T's hubanov (1989).
An analysis of the extreme values of increment (Tab.T) showed an increase

in amplitude fluctuations in Pinus silvestris with decreasing distance from the
emission source. Absolute values of the year-ring width showed the lowest
minimum on plot No. 16 (the City Park) with values increasing with distance
from the emission source. The minimum value on plot No. 14 (0.5 km far
from the aluminium plant) was registered in 1974 next to the opening of the
plant. The minimum absolute values of late wood width increased in the
order: plot No. 12 (2 km far from the industrial zone), plot No. 13 (4 km far
from the industrial zone) and plot No. 15 (check plot), 1.e. with distance from
the source of pollution. The maximum absolute values are not relevant as
they were always registered in the first year’s rings (early growth), thus
reflecting the age of trees.
The minimum values of relative indexes of the whole year-rings showed
also an increase with distance from the pollution source. The highest incre-
ment was indicated by relative indexes on plot No. 16 (the City Park), prob-
ably due to a decrease in absolute increment in the studied period. The same
situation appeared in late wood. More polluted plots showed higher values
of increment corresponding (0 the maximum values of relative indexes of
year-rings (excluding plot No. 16). Thus the results document both a decrease

1. Extreme values of radial increment of Pinus silvestris under pollution effects

Above — whole year-ring width, below — late wood width for particular plots
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—_— Absolute values (mm) Relative indexes (%)
No. year nm@}num/ year maximum year minimum
/minimum
- 1973 0.99 1982 147 1973 53
1973 0.23 1981 137 1973 39
% 1984 1.17 1982 148 1984 61
1984 0.29 1981 141 1984 50 |
” 1974 1.20 1978 153 1974 56
1972 0.35 1967 138 1972 53
. 1987 1:38 1982 137 1969 65
1985 0.37 1983 151 1985 56
% 1984 0.78 1974 137 1984 60
1984 0.74 1978 134 1984 63

T

in the minimum values and an increase in i i
um as amplit creasi i
B criseion some. amplitude with decreasing distance
As for the maximum values of ive i g
relative indexes for late
! : : ate wood, the lowest
vall'lle ::1&8 nObt‘amed for plot No. 16 under the heaviest anthropogenic load
whi e e maximum one gppearcd on check plot No. 15. This means that th
maxlmum.values of relative indexes of late wood did not increase witch d ;
creasing dlstancg from the source but decreased in comparison l(; the wh o
year-ring dynamics. The minimum values of relative indexes of | te N 013
- Q 1 e 3 3 a e
also ldecxeaseill w1.th decreasing distance from the pollution source; this rrvi/:a(;lt
that late w00 width decreased with decreasing distance from th’ ati
pollution source.  stionary
A v1su?1 anq]ys:s of graphs of radial increment in stands near the road did
_"Ot re\‘/eq a dlst.urbance .of.radial increment periodicity but a consid;r'lble
mfcre?i in a.mphtude. This is quite clear when analysing the extreme vaiues
of radia du]lciemem (Tab. II). As the absolute values both of the whole year-
_CrrlglagSiin d'ale wood widths show, the minimum values decreased with c(]e—
1 gf tl; ance.h'om thp rogd. Relative indexes show that the maximum
va 1}116559 le year-ring width increased and the minimum ones decreased i
! . ng » USTRESeC o ecrea in
r:lativél;:‘;lon. Th‘ehle Is a very big difference in the maximum values of
> indexes Qf individual plots. The results document a remarkable i
crease in fluctuation amplitude towards the road =
The hi i 1: '
e 1ignhdest r{lax1mum of late wood as well as the whole year-ring width
b | e)l(e§) was observed near the road but the minimum values for
f oo 0(;9 ative indexes) showed the opposite tendency with the lo\west
increment near the road. Like the situati
B . e situation on plot No. 16 (the
; eflects the phenomen p i .
_ S on of a long-time r i d
WO;)d increment caused by traffic pollution ) duction of fate
or evaluation of quantitati s i
o e eff_ql' (@ ve changes in growth increment of Pinus sil-
et e ects of atmospheric pollution, the average radial incre-
e 1115 :rr}lla ysEdl in absolute units (mm) for the last 20 and 10 years
. . The w ring i i
o gif; mlli ;(ncrelmenl for the past 20 years was minimum in
r é i
. ylz) A(E' ot No. 16) dpd 2 km away from the city
e 1.} (41.( 5 1gfhcr growth increment of annual rings ap-
: 2 13 m fe i i
B i ar from the industrial zone) due to a relatively
e atmospheric pollution and on plot No. 14 (0.5 km far from
. Short-ter};ﬂa'nt)‘ with a little de]z.xyed beginning of pollution (1974). The
g increase in growth increment under the effects of air
s oo ects of air pollu-
. d also by other researchers (Alexeje i
o o ! ejev, 1990). During the
ke ce of technogenic pollution on reducti - gr
; ent was more remarkabl il ) i
B i e 1o Tk rkable. The deepest depression was observed espe-
e City Park (plot No. 16) where the difference between
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the radial increment values and the check ones was statistically significant ( =
3.87 > 3).

A comparative analysis of radial increment dynamics in stands near the
road showed a sharp increase in fluctuation amplitude of growth increment
towards the road and a disturbance of cycle recurrence. The mean radial
increment of annual rings (mm) for the last 20 and 10 years increased from
the source of pollution (the road) towards the check plot. During the last
decade average increment decreased on all trial plots with a growing intensity
towards the road (Tab. IV).

Statistical differences between the radial increment values alongside the
road and the check ones are at a level of 97%, or have a probability signifi-
cance (f = 2.18 > 2). It is obvious that in the remaining cases the fall in radial

II. Extreme values of radial increment of Pinus silvestris under traffic pollution

Plot Absolute values (mm) Relative indexes (%)
minimum year maximum year minimum

- 1987 1.01 1978 197 1976 58 7
1968 0.28 1983 163 1968 62

7 1968 \'1.07 1978 163 1984 \ 64
1969 0.33 1973 149 1969 58
1987 133 1982 137 1969 65
1985 0.37 1983 151 1985 56

Above — whole year-ring width, below — late wood width for particular plots

I1I. Average radial increment of Pinus silvestris at different distances from the stationary

pollution source

Plot No.
Parameter 15
12 13 14 (chéck) 16

Distance from industrial zone (km) 2.0 4.0 0.5 13.0 city
Average increment of 20 years (mm) 1.96 2.19 2.14 2.13 1.83

(%) | 92 103 101 100 86
Average increment of 10 years (mm) 1.95 1.98 2.09 2.1 1.2

(%) | 93 94 99 100 58
Std. error (10 years) (m) 0.118 0.126 0.142 0.169 0.160
t-statistics (10 years) 6] 0.73 0.58 0.06 - 3.87
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[V. Average radial increment of Pinus silvestris at different distances from the road
h

parameter Plot No.
17 g 15
Distance from the road (m) 0 50 "y
5 check
Average increment of 20 years  (mm) 1.91 2.03 2.13
(%) 90 95 100
Average increment of 10 years (mm) 1.53 191 % i
(%) 73 9] 100
std. error (10 years) (m) 0202 - 0160
t-statistics (10 years) 0) 218 |

increment has not reached a critical level yet as confirmed by the statistical
analytical method.

CONCLUSIONS

—On §ites exposed to intensive technogenic pollution a steady but significant
fall in radial increment in the stands (plots No. 16 and 17) occurredo During
the l.ast decades (with longer lasting technogenic effects) the inténsit otli‘
fal.l in growth increment on polluted trial plots increased. ’

— With dgcreasing distance from the source of pollution there was a shar
dramatl? fall in the mean absolute increase in the stands, an increase Fn
fluctuation amplitude and a disturbance of cycle recurrence’increment LLflte
Wopd annual ring decreased which indicates a lower wood qualit. z;nd
resistance of the ecosystem as a whole. ’

— Statistically significant differences in radial increment values in the stands
we]rle observed between the check ones (plot No. 15) and those of the ;nOSt
f;dizltf‘iici(érestst oflthe City Park (plot. No. 16). Differences between the
e ment va ue? on plotsl alongside the road (plot No. 17) and check

0. 15 were determined with a 97% probability significance.
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