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Abstract, AB:

Mining activities release significant amounts of
pollutants into the atmosphere, adversely affecting the
morphology and anatomy of coniferous tree needles, which
serve as effective bioindicators of environmental stress. This
study investigates the impact of air pollution on needle
morphology and anatomy in Pinus nigra J.F. Arnold across
polluted sites (Bor, Brestovacka Banja, Krivelj, and Donja Bela
Reka) and a control site (Gornjane). Needles of varying ages
(1-, 2-, and 3-year-old) were sampled from five populations. A
total of 44 traits were analyzed, including 11 morphological and
33 anatomical characteristics. ANOVA and PCA were used to
identify traits significantly affected by pollution, with separate
analyses conducted for each needle age.

The results revealed that mesophyll area, needle
cross-section thickness, lower epidermis height, and
hypodermal cell width were the most consistent indicators of
pollution-related stress across all needle age classes. In
addition, traits such as needle cross-sectional area, needle
cross-sectional area excluding the hypo-epidermal region,
upper mesophyll height, and endodermis width were
particularly significant in 2- and 3-year-old needles. The lowest
values for these traits were observed in Bor and Krivel—the
most polluted sites—while the highest were recorded in Donja
Bela Reka and Gornjane, the least polluted locations. These
findings suggest that air pollutants from mining activities
primarily induce anatomical changes in needles, leading to
inhibited growth and reduced leaf development due to their
toxic effects.
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M3Boa, U3:

Pyoapcke aktmBHOCTM  ocnobahajy  3HadvajHe
KonunyuHe 3arahyjyhux cynctaHuuM y armocdepy, LWTo
HeraTMBHO yTude Ha Mopdonorvjy U aHatomujy urnuiuya
yeTUHapa, Koje cryxe Kao edwukacHu OGuouHamkaTopu
cTpeca u3 xXusotHe cpeaunHe. OBaj pag UCTpaxyje yTuuaj
aeposarafhela Ha MOPOMOLLKY U aHaTOMCKY CTPYKTYpy
nuctoea upHor 6Gopa Pinus nigra J.F. Arnold Ha
3araheHum nokaumjama (bop, bpectoBayka bamsa,
KpuBero n [owa Bbena Peka) u KOHTpPONHoj rnokaumju
(TopwaHe). Urnnue pasnuuute crapoctn (1-, 2- n 3-
roovke) y3opkoBaHe Ccy M3 neT  nonynauuja.
AHanunaupaHo je ykynHo 44 kapaktepa, ykrbyudyjyhmn 11
Mopchonowkmnx ©n 33 aHaTOMCKe KapaKTepUCTUKe.
KopuwheHe cy ANOVA n PCA 3a wugeHTudukaumjy
Kapaktepa 3HayajHO noroheHux 3arahewem, ca
OBOjEeHUM aHanu3ama CnpoBedeHMM 3a CBaKy CTapoCT
nurnunuy.

PesyntatTm cy nokasann p[da cy noOBpLWKUHA
Me3ouna, paebrbMHa MONpeyYyHor npeceka urnuua,
BMCUHA [OHer enuaepMuca u LMpUHa XmnogepMarnHux
hernuvja HajKOH3NUCTEHTHUjU MHAOMKATOPKU CTpeca NnoBe3aHor
ca 3arahjeweM y CBMM Kracama ctapoctu urnuua. lNopen
Tora, 0CobMHe Kao LUTO Cy NOBpLUMHA NONPEYHOr npeceka
urnuua,  MNOBPLUMHA  MOMPEeYHOr  npeceka  urnuua
nckIbydyjyhm xmnoenngepmanHu permoH, BUCUHA ropHser
mMe3odumna u wupuHa eHgogepme O6une cy nocebHo
3HayajHe Ko4 2- roguwmwux U 3-roguihux  YeTuHa.
HajHuxke BpegHoOCTH 3a oBe ocobuHe youyeHe cy y bopy u
KpuBerby — Haj3arafheHujum rnokanutetmuma — [OK Cy
Hajsuwe 3abenexeHe y [owoj benoj Peun n [opHaHy,
Hajmake 3araheHum nokanuteTuma. OBKM pesynTaTu
ykadyjy Ha TO pga 3arahyjy Basgyx W3 pygapckux
aKTUBHOCTM MPBEHCTBEHO M3a3MBajy aHaTOMCKe NpomeHe
Ha 4YeTuHama, WTO A0BOAU [0 WHXMBupaHor pacta u
CMaH-eHOr pasBoja nMcToBa 300r HUXOBUX TOKCUYHUX
edekara.
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