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Abstract: The aim of this study was to determine directiate and character of the
changes in coniferous forest communities cause@rikiropogenic stress factors
(alkaline emission and imission) changing with timie fulfil this goal, we have
performed comprehensive studies of soils and planthe study sites located in
coniferous forest communities remaining under dinetuence of cement and lime
industry in the Swictokrzyskie Voivodeship. There were differences ime t
accumulation of elements in pine needles colleatealkalized sites in comparison
with needles from the control site: Ca content wa&stimes higher and Cu, Pb and
Sr contents were 2-3 times higher, while Al anddfs Mn contents were twice and
10 times lower respectively. SEM analysis of motppmal features of pine needle
surface, in particular degree of preservation atwdgular waxes can be as an
indicator of assimilatory organ degeneration caubgddust deposition which
induces wax layer erosion. Declining species nunael biodiversity, particularly
conspicuous at the Sitkdwka site, was a generaetey observed over the study
period (from 18 to 10 years). Other noticeable psses include slow regenerative
changes of the community with a tendency towardghdr contribution of
acidophilic coniferous forest species with lowghli and temperature requirements
and suppression of meadow, ruderal and associtadFEurther studies are required
in order to define succession rate and directiochainges in species composition of
these communities.
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1. INTRODUCTION

Air pollution caused by acid deposition and phbtuical oxidizer poses a
serious threat to many ecosystems. In recent ydes, effect has been studied in
different aspects (e.g.AEER, ADAMS 1992; GReSzTA et al 2002; SASZEWSKI
2004). In contrast, an impact of alkaline depositom plant communities rarer was
the focus of research. The reaction of coniferougst stands and soils to the
pollution of this type was the subject of many-yeamitoring studies conducted in
the Swietokrzyskie Voivodeship§wiErcz 2005a).

The aim of this study was to determine directiaterand character of the
changes in coniferous forest communities causearikiropogenic stress factors
(alkaline particulate emission and imission) chaggwith time. To fulfill this goal,
we have performed comprehensive studies of plantbeastudy sites: Sitkdwka
(since 1989), Matogoszcz (since 1997}a@w (since 1998), located in coniferous
forest communities remaining under direct influen€eement and lime industry in
the Swigtokrzyskie Voivodeship. The aim of this study wasamining of the
reaction of vegetation after considerable lowerthg alkaline emission and the
possibility of return to the composition of typigahe forest communities.

2. MATERIAL AND METHODS

The studies were conducted at three forest sitestdd in the vicinity of
cement plants in Sitkéwka (currently Dyckerhoff &l@ Ltd.) Matogoszcz (Lafarge
Cement S.A.)) and farow (Qarow Group S.A.; Fig. 1). All sites were located at
similar distance away from particle emission souinepine forests oDicrano-
Pinion alliance (degenerative forms), in fresh coniferdosest habitats. The
distance of study sites from the Cement Factortk¢®8ika, Matogoszcz, &arow)
carried out ~ 0,5 km (in the direction on the wi\@/-SE).
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Fig.1. Location of the study sites (empty circles).

For comparison, we a site overgrown by forestLefucobryo-Pinetum
association located near the village of Wymystowthe Cisowsko-Ortowiski
Landscape Park, beyond industrial emission ran@ekii2 from the nearestzaréw
Cement Factory). The age of trees on all investjareas was comparable about 60
years).

At all study sites, was analysethplic PodzolandAlbic Arenosoldeveloped
from loose to weakly clayey Pleistocene sands videatified. Phytosociological
relevés were recorded and one- and two-year-oldl@esamples were collected.
Needle samples collected from foRinus sylvestrisrees 40-70 years old were
mixed for each site. The samples were dried inyardat 48 C for 24h, then ground
in a Fritsch mill and ashed in an electrical fumat 458C. Then, the samples were
suspended in HCI-HN$) and total contents of selected elements wereardated
with ICP-AES. The state of needle surface structas also investigated. Middle
parts needles were coated in gold and photogramne teken with a JSM-5400
scanning electron microscope at magnification 20000, 500 x.

Form each of 4 surfaces 3 one-year and 3 two-yelaneedles was taken for
SEM examination only selected photographs of neesiegfaces was presented in
the paper.

Phytosociological relevés were recorded at stuths sn: 1990, 2003, 2008
(Sitkowka); 1997, 2003, 2008 (Matogoszcz); 19980202008 (Qardow); 1992,
2003, 2008 (Wymystéw). Quantitative changes in pbghoses were represented by
mean cover-abundance index for a species accotdirige formula: dr = Xp/n,

where p is coverage value for a given species doupto a 6 point scale (from 5 to
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+), while n is the total number of releves in thblé. It was decided that coverage
designated by + was 0.5 in order to increase sagmte of sporadic species which
frequently play an important role in successionst&yatic constancy of groups D
(PAawrowskl 1977) was calculated for the distinguished groopssyngenetic
species, and mean indicator values: light (L), terajure (T), humidity (W), pH (R)
and fertility — organic matter content (H) wereatdated for every community at
each study site @Rzyckl at al. 2002). Phytosociological relevés covering about
400 nf was performed on each of surfaces. It was reddatébe next years of

investigation in the same sites.

3. RESULTS AND DISCUSSION
3.1. Pine tree: wax surface structure of needles

SEM images of pine needles collected during thislystin alkalized areas
and examined under 500x and 1000x magnificatiorot@i and 2) showed a
significant loss of the crystalline epicuticular xvaetwork in comparison with
needles collected in the control area (Photo 34nd he surface of needles from
alkalized area was classified into class Il whitlygests almost complete decay of
wax structure in interstomatal space (accordinthéoclassification of TRUNEN et
al. 1992). Deposition of dust aerosols weakened edeethlth status. The wax layer
was discontinued, strongly eroded, locally collapsehile originally crystalline
epicuticular wax became amorphica@c¢ et al. 1998; 8aszEwski 2004; SWIERCZ
2005a). Needles devoid of natural protection wexsilg attacked by filamentous
fungi (Fig. 3 and 4). The degradation of need|d¢agg wax structure influenced also
their mean lifespan. It was observed that pinesvopg in alkalized areas shed older
needles. According to the studies ofif#LA and HUTTUNENA (1987), this is a
necessity allowing the trees to maintain water hi@dasince older needles show
greater cuticular and stomatal transpiration. Qudefoliation, crowns of some pine

trees growing in the vicinity of the cement plané¢ anarkedly opened. Openness
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Photo 1. Wax layer of 2-year-old pine Photo 2. Wax layer of 2-year-old pine
needle, @arow area (500x). needle, @arow area (1000x).

Photo 3. Wax layer of 2-year-old pind>hoto 4. Wax layer of 2-year-old pine

needle, Wymystow area (500x). needle, Wymystéw area (1000x).

type can be classified as arch-shaped or bottomype(LESKNSKI et al 1992). SEM
image analysis confirmed that wax network structfrpine needles collected from
Wymystow (control area) was well-preserved (Photan8 4). Their crowns were
dense with complete needle foliage retained.
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The study presentegarticulate pollutants deposited on needle surtzoe
cause erosion of the wax structurer(&, GoLoe 1983) and clog the surface
structures, impairs intensity of gas absorpti@trdases intensity of light reaching
the surface, thereby limiting intensity of photoesis even by up to 30 %
(AUCLAIR 1977; LARILAND et al 1978; ReszTAet al. 2002). The natural process of
stomata filling with a network of wax fibers begimsthe second year of needle life,
then it gradually undergoes erosion that lastsoufp-6 years (TRUNEN, HUTTUNEN
1990). Anthropogenic factors including particula@ie pollution greatly accelerate
wax structure degradation leading to complete dechystomata filling with
crystalline wax network. This process was used bRUNENA et al (1992) to
develop the method of epicuticular wax assessmfax structure was scored
according to the 6-point scale: class 0 (undevelopax structure), class | (100 %
stomatal wax cover) class Il (71-100% stomatal waxer), class Il (31-70%
stomatal wax cover), class IV (0-30% stomatal waet) and class V (0% stomatal

wax cover).

3.2 Pine tree: total contents of selected elementsneedles

Chemical analysis of needles aimed to evaluatatioutal status of trees.
Heavy metal contents were determined to assese@egd range of environmental
load with industrial emissions. Mean contents ef élements under study in needles
collected at study sites varied in a wide ranggedding on sampling site and
needle age (Tab. 1). Mean calcium contents sholedreatest variability. Calcium
ions are stored in older organs and their contesttengly depend on the
concentration in soil. The highest Ca contentswn-year-old pine needles were
observed at the Sitkdwka study site (mean 10 35&gng.w.) which has been the
longest and the strongest exposed to alkalizalitie. Ca contents there were 2.5
times higher in comparison with the control siteyfystow). Pine needles from
alkalized habitats contained also elevated potasstontents and increased
concentrations of some heavy metals: copper, |&atbld) and strontium. In

contrast, contents of several elements: were mbrlkaetreased in needles from
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habitats remaining under pressure of cement and iimdustry: Al, Fe (2-fold on
average) and Mn (even 10-fold in two-year-old nesdlrab.1).

Lead content in one-year-old needles from the Siked site fluctuating
between 21 do 42.5 mg/kg (mean: 29.5 mg/kg) wergcparly alarming. Although
lead does not play any physiological role in plamtscan slow down metabolic
processes, especially when its content oscillatdsnitoxic range for plants, i.e. 30
mg/kg (KABATA-PENDIAS, PENDIAS 1999).

Values of pH in pine needles measured in H20 andl (K@dian, Tab.1)
were elevated at alkalized sites in comparison whi& control site. It can be
assumed that pH of the needles, like bark, is @ godicator of habitat alkalization
(SPOREK 1995; KUPCINSKIENE 2001;SWIERCZ 2005b).

3.3 Transformation of forest community — species dyamics

Transformations of species composition of studiededt communities
induced by alkalization were investigated in thpeeiods. All studied communities
belonged taDicrano-Pinion alliance, represented fresh coniferous forestsvigim
on podsolic soils and rusty podsolic soils formed loose to weakly clayey
Pleistocene sands. Forty to seventy years oldtpées were the main component of
these communities (mean 60 years old). Cover & lmger did not significantly
change throughout the study period 1990 — 2008aamodunted to 60 %. Cover of
the understory showed greater fluctuations and skightly lower at alkalized sites
(from 36 % at the @arow site to 28 % at the Matogoszcz site), whiletf@ control
site in Wymystow it stabilized at 20 % (Fig. 2).r8h layer at the transformed sites
was composed of pine saplingduniperus communisRhamnus catharticys
Frangula alnus In the study period, the contribution of the t&@bus aucuparia
Quercus robuy Frangula alnusincreased slightly while that dpuercus petraga
Juniperus communifRhamnus catharticudecreased. No significant changes in the

layer B have been identified on the comparativéaser
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Fig. 2. Layer structure of forest communities ie 8tudy area. a — trees, b — shrubs,

¢ — herbaceous plants, d — mosses.

The number of species and species diversity werditfhest at the Sitkdwka
site where in total 150 species were identified |(88 relevé on average) in 1990.
The number of species showed a regressive tendemey alkaline dust emission to
soil decreased. In 2008, the total number of spewies 122 (52 species per relevé
on average). Similar tendency was observed at tteedW and Matogoszcz sites
(Fig. 3). The number of species at control sitaléat 40, and the mean ranged from
17 to 29 species per relevé (what is the typicatnpmenon for pine forest
MATUSzZKIEWICZ and MaTuszkiEwICcz 1973) This value did not significantly change
within study period from 1993 to 2008 (+ 2 species)
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Fig. 3. Changess in the number of species in tiuied sites.

A majority of species (from 40% to 62 %) occurriagsites under alkaline
pressure were characterized by low constancy vakiesmall number of species
(from 7 % to 9 %) with the highest constancy (gra)pndicates labile structure of
the community. The contribution of species beloggio the highest constancy
groups increased slightly in the period 1990-200ig.(4). Out of high-constancy
speciesVaccinio-Piceetealass was represented only Oythilia secunda besides
pine tree,Querco-Fagetea —Epipactis helleborineSedo-Scleranthetea Festuca
ovina and Hieracium pilosella Epilobietea angustifoliiassociation —Fragaria
vesca while a very abundant group of accompanying sgecontainedsolidago
virgaureaandEpipactis atrorubens

Species composition of the communities under arsalg&l not allow for
their precise syntaxonomic classification. The camities were exceptionally rich.
Anthropogenic communities having developed in freshiferous forest habitats,
producing degenerative forms of pine forest®mirano-Pinionalliance.
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Fig. 4. Share of constancy clasess in forest contragnn studies sites.

At the beginning of studies, the species number diversity of the
communities showed a relationship with increasingpasition of alkalizing
compounds. It was associated with the apparemeghof habitat. Since 1990s, the
number of taxa has declined with progressing habigeneration. Systematic
values and mean constancy of the distinguishediepgcoups indicated that none
of these groups dominated in the structure of conities exposed to alkaline
deposition (Tab. 2).

Systematic value of the species group charactergdtiVaccinio-Piceetea
class growing at alkalized sites was low. It amednib from 4.0 (@arow site) to
4.4 (Sitkowka site) in the period 1989 — 1990. 002, the systematic value for this
species group was higher and ranged from 6.4 to Bus is the result of a
considerable lower imission of cement and lime dossoil and opportunity for
coniferous forest species to slowly return to pngemore acidic habitats. Over the
period 1992 — 2008, systematic value for speciesadteristic olVaccinio-Piceetea

classat the control site in Wymystéw changed ndéglygrom 33.2 to 31.4.
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Table 2. Synthetic values for phytosociological up® in the study area.
Explanations: z — number of species, D (%) — syat@mvalues, G (%) — total

percentage of group of species, S (%) — mean afpgod species.

Group of species (Ch. Cl.)
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Sitkdwka z 12 6 7 23 15 8 10 18 4 7 40
1989 D 4.4 0.5 2.5 3.6 1.6 1.2 3.3 3.6 1.8 0.6 8.0
S 448 208 446 293 242 281 425 333 50.0 214 337
G 9.8 2.3 57 123 66 4.1 77 109 3.6 27 239
Sitkéwka z 10 3 7 24 15 11 9 14 4 3 27
2003 D 5.6 0.2 2.9 4.2 2.2 1.0 51 3.6 2.2 0.4 8.0
S 53.8 16.7 464 30.2 275 216 542 366 531 250 394
G 103 1.0 63 139 79 46 9.4 99 41 1.4 204
Sitkéwka z 11 3 6 23 14 10 8 15 4 3 25
2008 D 64 03 29 4.2 2.1 0.8 4.7 3.1 1.7 04 9.3
S 546 208 500 304 327 20.0 547 325 469 25.0 435
G 11.7 1.2 59 137 7.6 3.9 8.6 9.5 3.7 15 213
Ozaréw z 11 4 8 22 12 8 9 10 4 8 25
1998 D 40 03 43 41 1.6 0.5 1.9 1.3 2.6 2.0 8.6
S 39.8 188 484 284 240 156 306 238 531 328 385
G 10.1 1.7 9.0 145 6.6 2.9 6.4 5.5 4.9 6.1 223
Ozaréw z 12 1 5 18 10 3 8 6 4 7 26
2003 D 59 01 3.7 3.3 20 03 23 06 47 3.4 8.3
S 448 125 550 27.1 288 208 344 208 688 446 36.1
G 132 03 68 120 7.1 15 6.8 3.1 6.8 7.7 231
Ozaréw z 13 2 5 16 8 3 7 5 3 5 22
2008 D 8.4 0.1 4.6 3.1 2.9 0.2 2.3 0.7 5.9 3.9 8.9
S 50.0 125 600 273 375 16.7 357 225 875 550 398
G 16.7 0.6 77 113 7.7 1.3 6.4 29 6.8 71 225
Malogoszcz z 12 4 5 15 15 5 6 5 3 6 17
1997 D 4.2 0.9 3.8 4.1 2.9 0.4 0.9 0.9 3.2 2.3 8.5
S 354 281 525 317 26.7 175 229 250 625 375 426
G 11.7 3.1 72 131 110 24 3.8 3.4 5.2 6.2 20.0
Malogoszcz z 13 4 4 19 10 3 6 4 3 8 18
2003 D 8.4 1.3 3.6 2.2 3.4 0.2 0.7 0.7 2.9 2.0 6.8
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Table 2.(Continued)

S 481 344 563 204 350 16.7 208 250 583 29.7 36.8
G 175 39 63 109 98 14 35 28 49 6.7 186

Malogoszcz z 15 4 4 17 11 3 5 4 3 7 16
2008 D 8.4 1.9 3.9 2.0 2.3 0.3 0.7 0.9 1.7 1.6 6.5
S 45.0 40.7 594 206 273 16.7 225 281 458 286 38.3
G 186 45 65 96 83 14 31 31 38 55 169
Wymystow  z 18 4 6 6 8
1992 D 332 55 23 19 _ _ B B B 27
S 65.3 56.3 41.7 27.1 28.1
G 508 97 54 7.0 9.7
Wymystow  z 21 3 3 5 5
2003 D 325 73 22 16 _ _ _ _ _ _ 34
S 595 75.0 417 275 40.0
G 538 9.7 54 5.9 8.6
Wymystow  z 22 4 3 5 5
2008 D 314 80 18 16 _ _ _ _ _ _ 38
S 580 79.1 375 275 42.5
G 543 10.1 438 5.9 9.0

Species characteristic dbfardo-Calluneteaclass almost completely vanished
(D value ranged from 0.1 to 1.3). Only species lRarex pilulifera Luzula
multiflora, Viola caninahaving low constancy values were able to exigixitnemely
disadvantageous conditions for this group. A sligltease in species belonging to
this class (expressed by the sum of coverage) wtesinn the study period only at
the Matogoszcz site. Among species distinguishirig Querco-Fageteaclass
Epipactis helleboringViola reichenbachianaGeum urbanundominated. A slight
progression ofQuerco-Fageteaclasses, and a decreased number of species of
Trifolio-Geranietea sanguineand Festuco-Brometealasses was observed at the
Sitkdwka site over 18-year observation period anithe QG-arow site over 10 years.
The contribution of the specidspipactis helleborine, Orthilia secunda, Fragaria
vesca, Torilis japonicand a bryophytélylocomnium splendersightly increased
in the phytocenoses under analysis in alkalizedtdtsb In spite of more favourable
habitat conditions at the Sitkéwka si¥éaccinum myrlillusandV. vitis-idaeawere
not found. Bilberries occurred only at the Matogsszite, the least transformed by
alkaline deposition (lingonberries were encounter@ay sporadically). The
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physicochemical proprieties of soils changed rdljic&rose new conditions not
favourable for acidophilic pine forest vegetation.

Analysis of mean indicator values for full speciesmposition of the
communities under study occurring at alkalized ssiteonfirmed elevated
significance of species characterized by greatetir@mmental requirements for
light, acidity and temperature and lower requiretseior humidity and organic
matter content in soil (Fig. 5). Along with the dease of alkaline deposition to soil,

the contribution of thermophilous species prefgrfall light and higher soil pH
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Fig. 5. Changes in mean values of ecological irglicel 989-2008 in studies forests.
L — light, T — temperature, R — reaction, H —mus, W — moisture.

Anthropogenically transformed habitats can be alldvgeplace for many
rare and endangered taxaofB1999). Study sites modified by imission of cement
and lime dust were found to be the habitat of &heeous species under strict
protection: Chimaphilla umbellata, Epipactis helleborine, Epitia atrorubens,
Goodyera repens, Cephalanthera longifolia, Platanéh bifolia, Anemone

sylvestris, Campanula sibiricand 3 species under partial protectidimangula
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alnus, Viburnum opulus, Primula veri€oniferous forest vegetation developing in
alkalized habitats over the last 18 years at tliké®ka site and 10 years at the
Matogoszcz and garéw sites have undergone significant transformatio

The present communities state is the effect of tamtended experiment”
(FALINSKI 2001) provoked by human activity. The first periofdexposure of the
forest communities under study to cement and limdustry emission was
distinguished by conspicuous explosion of biodikgrsaused by intromission of
marginal and meadow species ecologically alienamiy to coniferous forests but
also to forests in genera$wiErcz 2005a) and by regression of species preferring
acidic, shady, humid habitats rich in organic nratBpecies diversity and specific
species composition of phytocenoses under studyeloleed under strong
anthropopressure and exploitation of coniferougedty in the past. Thus, human
activity overlain on natural diversity of commuetican contribute either to greater
heterogeneity of forest communities A@kA 1996) or reduced biodiversity
(CHRISTIANSEN, EMBORG 1996; NENARTOWICZ et al 2001). Set out results show
that the biological variety grew up markedly untlez influence of alkalization on
studies areas.

In parallel with the declining alkaline depositi@pecies composition slowly
stabilizes and still barely noticeable regeneratrelency appears which consists in
progression of some acidophilic speci€ésdntalis europaeaCalluna vulgari3 and
regression of some calciphilous species, likgfolium alpestre, Agrimonia
eupatoria, Coronilla varia.No new species were identified in the communities
under study in 2008.

Long-term and directed vegetation transformations superimposed on
fluctuations induced by variable often difficult wefine causes. They may be
provoked by weather conditions, particularly waserailability, fluctuations in
species biology and habitat condition®:\kBR 1990; $LON, ROO-ZIELINSKA 2001,
FaLINskI 2001). Species diversity in forest communitiealsd increased by general
environmental factors, like the presence of diasp@ources (BWONKO,
GAWRONSKI 1994; NENARTOWICZ et al 2001). All studied phytocenoses (except

Wymystéw site) are located in the vicinity of humaasidential quarters and farms
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which also facilitates penetration of alien speceeg. from fields, and trampling

or bringing new species.

4. CONCLUSIONS

* Reduced cement and lime deposition in soil hasttegest effect on the state
of pine assimilatory organs and species compositbriorest communities
developing under alkaline pressure.

* Older pine needles having accumulated higher heastal contents are more
useful as indicators for environmental studies.

» There were essential differences in the accumulatfeelements in pine needles
collected at alkalized sites in comparison withdieg from the control site.

« SEM analysis of morphological features of pine hmeedlirface, in particular
degree of preservation of epicuticular waxes carmddpful as an indicator of
assimilatory organ degeneration caused by dustsitémo which induces wax
layer erosion.

» Other noticeable processes include slow regenerahanges of the community
with a tendency towards an increase in the corttabuof acidophilic
coniferous forest species with lower light and tenagure requirements and
suppression of penetration of meadow, ruderal sssbaated taxa. Further
studies are required in order to define successaia and direction and
tendency of changes in species composition of tbesemunities.
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