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Abstract

JANJIC Nina, Tanja MAKSIMOVIC, Dijana BOLTIC: THE IMPACT OF SOME
AEROPOLLUTANTS ON THE STOMATAL APPARATUS OF HORSE CHESTNUT
(Aesculus hippocastanum L.) ON BANJA LUKA AREA [Faculty of Science, University of Banja
Luka, 78000 Banja Luka, Mladena Stojanovi¢a 2 Street]

In recent years, there have been frequent changes in the composition of the atmosphere caused
by harmful but also long-term effects which have serious impact on the plants as well as other living
beings. One of most important of these changes are those that are related to the functioning of the
stomatal and photosynthetic apparatus. Therefore, the aim of this paper is to examine the impact of
certain pollutants (SO,, NOy, Oz, soot) in the number and size at Aesculus hippocastanum L. (horse
chestnut) stomatal cells at four locations in the Banja Luka city. The number of stomata per unit area
of leaf surface taken from the outer part of crown, on average, was higher than the number of stomata
on leaves taken from the inner part. The highest number of stomata established on the site of Banj hill
and the lowest in the area of Paprikovac. Stomata size in the analyzed species was on average 28-30
pm, wherein the larger stomata were found on leaves taken from the inner part of the crown. Obtained
results show us certain changes caused by pollutants in relation to the characteristics of stomatal
apparatus in Aesculus hippocastanum L.

Keywords: stomata, Aesculus hippocastanum L., aeropollutants

Caskerak

VY nocseenme BpHjeMe cBe cy uerihe mpoMjeHe y cactaBy arMocdepe Koje M3a3uBajy LITETHE
aJli U yropoyHe eeKTe ¥ 0CTaB/bajy 030MIbHE MTOCIbEIUIIC Ha OUJbKE Kao U apyra skuBa Ouha. Jenna
0]l HajBXHMjUX TAaKBUX IPOMjEHa jecy OHE Koje cy Be3aHe 3a (DYHKIHOHHCAmE CTOMHHOT H
¢dorocuHTeTHUKOT amapata. Crtora je W IMJb OBOI pajia OMO Ja Ce KCIUTAa YTHIAj I0jeJUHUX
monyranata (SO,, NO,,Os, ualjn) Ha 6poj u BeamuuHy cromuunx hemuja xozx Aesculus hippocastanum
L. (muBsber KecTeHa) Ha YeTHPH JIOKaJUTeTa Ha noapyyjy rpaga bama Jlyka. Bpoj ctoma Ha jeaunuiy
JIMICHE TIOBPIIHE Y3E€THX M3 CHOJhAILET JIhjeNia KPOolllkhe y MpocjeKky je 6uo Behu o Opoja ctoma Ha
JMCTOBHMA y3€TUX U3 yHyTpalmer aujena. [Ipu Tome je Hajehu Opoj ctoma yTBpheH Ha JOKaJIUTETY
bam Opno a HajMamu Ha ojpy4jy [lanpukopna. Bennunna cTomMa Ko MCIIUTUBAHE BPCTE U3HOCHIIA je
y npocjeky 28-33 um, mnpu yemy cy Behe cTtoMe mpoHaljeHe Ha JIMCTOBMMA y3€THX U3 YHYTpAllHber
omjena kpyHe. [/loOwjeHu pesynraTté yka3yjy HaMm Ha oxapeleHe mpomjeHe n3azBaHe 3arahyjyhum
MaTepHjaMa y OJHOCY Ha 0COOMHE CTOMMHOT arapara kox Aesculus hippocastanum L.

Kibyune pujeun: crome, Aesculus hippocastanum L., aeporonytantu
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YBOJI

Behuna 3aralyjyhux matepuja y Bazayxy (amp. SO2, azotHu okcuau (NOX) 1 030H)
NpeCTaBIbajy MPUPOTHE KOMIIOHEHTE 3eMibiHe aTMochepe (Saxe, 1991; Jabnanosuh, 1995),
Koje y BehuM KOHIIEHTpal#jama o] J03BOJbEHHUX HMCIO0JbaBajy TOKCHYaH edeKaT Ha CaB KUBH
ceujet. Kako BehuHa aepormoiyTranara mpeko cToma J0CIHjeBa y JUCTOBE OMJbaka, CTOra je
npaheme HBUXOBOT yTHIAja Ha CTOMHH M ()OTOCHHTETHYKH amapaT O] BEIUKOI 3Havaja.
MelytuMm, mocToju oOube I0Ka3a Ja MHOTH aTtMoc(epcku 3arahjpBadyu MOTY MOCPEIHO WU
HETOCPEHO YTUIIATH Ha MEXaHU3ME OTBapama U 3aTBaparma CTOMa YaK U IPU BEOMa HUCKUM
KoHIeHTpanyjama (Saxe, 1991; McAinsh u cap., 2002; Gostin, 2009).

Yrunaju 3araljyjyhux marepwja y Ba3ayXy Ha CTOME Cy CJIOXKEHH U Bapupajy y
3aBHCHOCTH O] IIUPOKOT CIeKTpa (hakropa (TemmepaType, BIaXHOCTH Ba3lyXxa, BPCTE U
KOHIIGHTpanyje 3arahjuBada, CTapoOCTH W HMHTEpaKIHje ca JAPYruM (akTopuMma >KHBOTHE
cpenuHe, ykipyuyjyhu u npyre 3arahuBaue). MexaHusMu KojuMa CTOME pearyjy Ha
CTHMYJIaHCE KOjU J10J1a3¢ M3 JKUBOTHE CPEJHMHE CYy CPEIUINTE MHTCH3MBHUX UCTPAXHUBAMKbA Y
nocneamux 15 roguna (Saxe, 1991; Mansfield u cap., 1990; Schroeder u cap., 2001; Oljaca u
cap., 2008; 2009; Gostin, 2009 u ap.).

Yommureno, CyMnop-anoKCH 1 y OMJbKe MPOupe MPEeKo JTUCTa, U TO HajBehuM mujernom
IPEKO CTOMa IITO MOXKE MIOPEMETHTH THEBHO-HONHY PUTMHUKY OTBapama M 3aTBapama CTOMa
u ripu KoHneHTpaujama 0,1-0,5 ppm Te HHAYKOBATH OTBapame CTOMA, JOK IPU TyrOPOYHO]
usnoxeHoct SO, W3a3uBa JjeIMMUYHO 3aTBapame croma (Jablanovi¢ u cap., 2003). Takohe,
BUCOKE KOHIIEHTpallje CYMIIOp-IMOKCHJA Yy Ba3lyxy KoJ Ousjpaka J0BOAE A0 HHU3A
pasIMYUTUX METa0OJMYKHX MPOMjeHa KOje YKJbYUY]y AECTPYKLUM]y XjJopoduiia, MpoTEeUHa,
MHXUOMIIM]y aKTUBHOCTH €H3MMa Kao 1 Mopdo-aHaroMmcke npomjeHe (Saxe, 1991; Jablanovié
u cap., 1995; 2003).

Y HekuMm cnydajeBUMa, H3JI0KEHOCT aepomnoiiyraHTuMa moceOHo SOj, y3pokyje

3aTBapame CTOMa, IMITO YyjeJHO INTHTH JIMCTOBE OJf JaJber yiacka 3arauBada amum u
orpanuuana npouec ¢orocuntese (Georghe u lon, 2011). Hacynpot Tome, edextn oxcuaa
azota (NOX) cy 3aHeMapspuBO MajiM 300r HectabunmHocT NOX y Ba3ayXy Te ce He MpeHoce
Ha Behe ynaseHocTn Beh M3a3uBajy edexte y Oau3MHU M3Bopa emucuje. [lokasaHo je na
Hucke koHueHtpamuje (1-3 ppm NOy) y30pkyjy Kako MOp(oIoIKe Tako U MeTabOoIHuKe
NpoMjeHe U Jia c€ HUXOBUM TOKCHYHM e(eKTH MojayaBajy y MPHUCYCTBY CYMIIOP-AMOKCHAA
(cuneprusam) (Saxe, 1991; Jablanovi¢ u cap., 1995; 2003).
AyTtomoOunu cy rinaBHU u3BOp 3arahyjyhux marepuja y ypbanom monpydjy bama Jlyke. ¥
oBoM paay mpahen je yrumaj mosyranara (SO,, NOX, Os;, wahjp) Ha Opoj W BEIUUYHHY
cromunux henuja kox Bpcre Aesculus hippocastanum L. (auBjbM KeCcTeH) ca dYeTHUPH
JokanuTeTa Ha noapyyjy bame Jlyke.

MATEPUJAJI U METOIE

HcTpaxkuBama cy u3BeJeHa Ha TepeHy Yy MEpUOAY aBrycra u centemMOpa Tokom 2014.
roauHe Ha moApyd4jy rpana bama Jlyka. Y3umame y3opaka je 00aBJbEHO Ha JIOKATHTETUMA
Bopuk, Mejnan, [lanpukoBan u baw Opmo. Y3opiu nucTOBa Cy y3UMaHH ca CIIOJbaIlbUX
JIMjeNIoBa KPOIIEE KOjU Cy ca MOTIYHOM OCBETJBEHOIINY JHMCTa M YHYTPALIHbHX IHjeI0Ba
KPOIIIEHE TJj€ Cy JIUCTOBU OWJIH Y CjEHIIH.
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WNmajyhu y BUIy a cTOME HHCY jeHAKO pacropeleHe o JMCHO] IUIOYH, Kao U Ja
TUBJbU KecTeH nMa xumoctomarudae nuctose (Kirkham, 2004), otucuu croma y3etu cy ca
HaJIMYja JUCTa M TO CPEAmhe JIMCKE Ha TPU Jujena (BpX, CpeauHa U OcHOBa). McToBpeMeHo
MjepWJIH CMO W BEITMYMHY CTOMHHOT amapara (Iy>XHHa X mupuHa). Pesynraru ucrpaxuBama
NpUKa3aHu cy TabenapHO paau mperienHoctd pesynrara. OnpehuBame Opoja croma BpIICHO
je mo Kononujym meroau (Merona otucka). OTHCIM cToMa y3eTu cy momohy 06e300jHOTr Jiaka
U TIPOBUIHE caMoJberbuBe Tpake (''cenorejna’) y npuje nmogHeBHUM yacoBuMa. bpoj croma
onpehuBan je Ha Tpehem JMCTY U TO IPH OCHOBH, BPXY U CPEIHEM AH]jelly JIUCKe. 3a Opojame
U Mjepeme cTroma KopuinheH je Mukpockon mapke Leica DM 500, yBennuama (40 x 0,65).
Pesynratn mnpukazanu y Tabenama MpPECTaBJbajy IPOCjEYHE BPUJETHOCTH O] YETUPU
MOHABJbaha U TO TI0 TPU Mjeperba 3a CBaKH MPETapar U CBaKH O JINCKE.

PE3YJTATHU U IUCKYCHUJA

Ha ocHoBy Opojuux npoyuaBama (Mansfield u cap., 1990; 1998; MacRobbie, 1997;
Schroeder u cap., 2001; Gostin, 2009; Wwryszko-Chmielewska, 2012) mo3uaro je aa cy 6poj,
BEJIMYMHA U PACHOpEe]] CTOMa Ha JIMCHOj MOBPIIMHM KapaKTEPHCTHYHH 3a MOjeAMHE OHIJbHE
BPCTE U J]a pa3InuuTH a0MOTUYKH (PaKTOPH MOTY Jla YTUYY Ha lbUXOBO 00pa30Bamke U Pas3Boj.
[Tpaheme yrunaja 3aralyjyhux marepuja, kao mro cy SO, NOX, O3, uahu Ha cromMuH anapar
je BeoMa Ba)KHO jep CTOME MPEJCTaBIbajy MPUMapaH MyT 3a yJia3aK racoBa y JIICTOBE OHMJbaKa.
Omrehema Ha THCTOBMMA Cy 3Ha4ajHO Beha kaja cy cToMe OTBOpEHE HEro Kaja Cy 3aTBOpeHe
(Kozlowski u cap., 1991).

Pesyntatu npukazanu y Tabenu 2 moka3yjy Ja ce Opoj cTomMa Ha jeJUHHMLHU JIMCHE
MOBPIINHE (mm?) Kpetao y npocjeky o1 305,13 1o 393,44, mro je Omiio y ckiagy ca paHUjUM
UCTpaXHMBakUMa Ha MCTOM IMOJAPYYjy a Koja Ccy 3a UCTYy BpCTy 3a0uibexxunu Osbaua u cap.
(2008; 2009). Pe3yararu no6MjeHN y OBOM pajay ykas3yjy Ha TO ja ce Opoj cTOMa KOJ| AUBJbET
KecTeHa nmoBehaBao y crosbaiimeM Iujeny KpyHe T/je je HHTEH3UTET CBJeTIIOCTH OO jauu.

Jlo uctux pesynrata cy y CBOjUM UcTpaxuBawuMa gouuiu Kastori u Petrovic¢ (1972);
Oljaca u sar. (2008; 2009). Ha ocHoBy m3MjepeHUX KOHIIEHTpalyja 3aralyjyhux marepuja y
Ba3IyXy 3a UCTPOKUBAHE JIOKAIHUTETE a TpeMa Y peadu 0 BPHjeJHOCTHMA KBAJIUTETA Ba3Iyxa
(Cn. rnmacauk PC, 2012) yrBphen je Baznyx I knace kBanutera (TabGena 1). IloBehan HuBO
3aralema Ba3jyxa 3HayajHO yTHUYE Ha MpoMjeHe y Opojy u BenmunHu cToma (Shweta, 2012) a
IITO C€ MO’KE MOBE3aTH U ca pe3ylTaTuMa JoO0HjeHUM y oBoM pany. Tako je Behu Opoj croma
yrBpheH y HesaraleHoMm moapydjy Ha Jokanutety bam Opmo (393,44 mmz) (TaGena 2) y
OJTHOCY Ha OCTaJIe HCTPAKUBAHE JIOKAIHUTETE.
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Ta6ena 1. Cpeiba MjeceuHa BpHjeIHOCT I0TyTAHATA TOKOM aBIYCTa HA HCTPAKMBAHMM JIOKATHTETHMA (11g/m’°)

AHaJIM3MpaHu SO, O3 NO NO, NOy Yal
MOJIyTAaHTH

IenTap rpaga 14,493 48,509 13,708 31,960 45,668 13,264
IManpukoBan 12,632 47,731 13,187 31,450 44,637 12,608
Bopuk 14,566 47 521 14,031 32,579 46,610 12,654

Cuamnka 1. Usrnen cromunnx henuja Ha abakcujanHom enuaepmucy iucta Aesculus hippocastanum L.

BenuuuHa croMa (y’kuHa X IIMPHHA) OWIIA je pa3jiMyuTa y OJHOCY HA JIOKAJIUTET H
NOJIOXKaj y3MMama y3opaka. Pesynrartu npukaszanu y TaOemu 3 ykasyjy Aa ce TyXKHHA CTOMa
TOKOM aBI'ycTa Kperana y uarepsany 19,54-22,5 um, a mupuna y oncery 9,79-10,79 pm, mro
je Owmto HemTo Mamke y ogHocy Ha pesynrare Wwryszko-Chmielewska, (2012) 3a ucty BpcTy.
Kao mTo ce m3 momaraka HaBeneHux y TabGemm 3. moke Buajetd, Behe cromuue henmje
npoHalleHe cy Ha JIMCTOBMMAa Y3€THX W3 YHYTpalllbe KPYHE Ha CBHM HCTPaXHBAHUM
JIOKaJIUTEeTMA.

Ta6eua 2. Bpoj croma (mm?) xox Aesculus hipocastanum L. TokoM aBrycra Ha HCTPaKHBAHUM
JIOKAITUTETHMA

Bpoj croma mm?

Bopuk Mejapan IManpuxoBan bam 6pno
Cno/banima KpyHa 323,78 356,53 305,13 393,44
Yuyrpamma KpyHa 314,15 313,84 305,96 332,07
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Tabena 3. Benmunna croma (um) kox Aesculus hipocastanum L. Tokom aBrycra Ha UCTpaKUBaHUM
JIOKAJTUTETHMA

Benuyuna ctoma y pm

Bopuk Mejnan ITanpuxoBaiy bam Opno
Cnomamma kpyHa — po o croma 19,54 2225 21,32 19,54
[upuna cToma 10,43 10,27 9,79 9,70
YHyTpaumba KpyHa HyxwuHa ctoma 20,13 21,63 20,45 20,02
[upuna cToma 10,21 10,51 10,79 10,31

N3 pesynrara npukasaHux y Tabenu 4 Moke ce BUAJETH Ja C€ KOHLEHTpaluja
aeporosiyraHaTa y Ba3AyXy Ha MCTPOXUBAaHUM JIOKQIMTETHMMa Hajla3uwia Yy OIICery
JI03BOJEHUX KOHIICHTpallHja, a Ja Cy CBe J0OHjeHe BPHjEAHOCTH y CENTeMOpYy y IpPOCjeKy
Ouiie HUXKe y OIHOCY Ha Mjecell aBrycCT.

bpoj croma TOokOM cemTemMOpa KOJX IUBJBET KECTEHA j€ BapHpao y OJHOCY Ha
JIOKAJIMTET | TOJIOKA] y3uMama y3opaka. Hajpehu Opoj ctoma je yrBphen Ha nokanurery bam
opmo (361,24 mmz) U TO Ha y30pIIMMa y3€THX MX CIOJbAlIET JHjelia KPyHe, 0K je 3HATHO
HIDKWM YCTaHOBJbeH Ha Jiokanutery I[lampukosan (307,62 mmz) Ha y30pLUMa Y3€TUX H3
yHyTpamme KpyHe. Kox cBuX y3o0paka JHCTOBa, YOUEHE Cy pasiuKe y Opojy W BEIWYHHU
CTOMa y3eTHX U3 Ipajicke 30He u HezaraljeHor noapyyja (bam 6paa). Gostin (2009) je y cBojoj
CTYIHjU Ha Pa3IMYUTUM BpcTaMa poaa Trifolium y3etux u3 uHIyCTpHjCcKe 30HE yTAaHOBMIIA J1a
ce Mop(o-aHaTOMCKe OCOOMHE JINCTOBA M CTOMHHOI arapaTta 3HauajHO Pas3lIuKyjy y OJHOCY
Ha Y30pKe y3eTe u3 HesaraheHor moapydja. [la monasu no mpoMjeHa y Opojy W BEIMYUHU
CTOMa Y 3aBHUCHOCTM OJi CTeleHa 3aral)eHOCTH IIOKa3aHO je U y paJoBUMa JApPYTUX
ucrpakuBada (Saxe, 1991; Oljaca, 2008; 2009; Gostin, 2009; Shweta, 2012). Benuunna
CTOMa TOKOM cenTtemMOpa Takohe je Bapupaia y OJHOCY Ha JIOKAJUTET M TOJIOXKA] y3UMamba
y30paka, mpu 4eMy ce 3amaxka Ja Cy CTOMHUHE henwje y mpocjeky Owie Behe y oaHOCy Ha
Mjecell aBrycT. HajkpynHuje crome y mpocjeky mnpoHaleHe cy Ha JIUCTOBHUMa y3€THX ca
Jokanurera Mejaan u3 yHytpamme kpyHe (33,93 pm). Pesynratu npukazanu y Tabenu 6
NoKa3yjy Ja ce Ay)KHHa CTOMa TOKOM cenrteMOpa Bapupaia y uHTepBaiy ox 18,76 mo 22 pm
JoK ce mupuHa kperana ox 10,49 no 11,61 um, npu yemy ce 3amaxa ga ce 6poj CTOMUHHX
henvja Ha jeqUHUIY MOBPILKHE JUCTA BHUILE CMamkbUBa0, a HUXOBA BeJIMYMHA MoBehaBana y
OJIHOCY Ha Mjecel] aBrycT.

Ta6ena 4. Cpenma MjeceyHa BPUjeIHOCT MOJIyTaHATa TOKOM cenTeMOpa Ha UCTPaKMBaHUM
nokanurernma (pg/m’)

Anamuzupanu SO, O3 NO NO, NOy Yal
MOJIYyTAHTH

HenTap rpana 16,446 41,447 14,520 32,636 47,155 do 14,242
IManmpukoBan 15,995 42,098 13,587 31,403 44,989 14,271
Bopuxk 15,832 37,224 15,445 34,266 49,711 14,582
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Ta6exa 5. bpoj croma (mm?) kox Aesculus hipocastanum L. Tokom centemM6pa Ha HCTPaKUBAHUM
JIOKaJTUTETHMA

Bpoj ctoma Ha mm?

Bbopuxk Mejnan IanpukoBan bamw Opao
Cnospamma KpyHa 316,32 356,12 307,62 361,24
YHyTpaumba KpyHa 312,59 293,00 276,11 286,63

Taoena 6. Benmuuuna croma (um) kox Aesculus hipocastanum L. Tokom centemOpa Ha HCTpaKMBaHUM
JIOKAJTUTETHMA

BeanuuHa ctoma y pm

Bopux Mejnan IHanpuxkoBan bam Opao

Cnomamm,a Jlyxunacroma 18,76 21,80 21,59 2111

Kpyna [llupuna croma 10,73 10,49 10,58 10,63

Yuyrpamma Hyxuna croma 18,92 22,32 22,26 21,41

KpYyHa [[Iupuna cTtoma 10,49 11,61 10,41 10,69
3AKJbYULIN

VY 0BOM pasy MCIUTUBAH j€ YTHLA] HEKHX aeporoyiyraHaTa Ha OCOOMHE CTOMHMHOT
amapaTa KOJ JIMBJhET KECTeHa Ha YeTHUPH JIOKaluTeTa Ha moapy4djy bame Jlyke. [lobujeHun
pE3yATaTH y OBOM pay Cy IMOKA3aIH:

-Bpoj croma Ha jexuHmITy moBpmHHE iHcta (mm?) kox Aesculus hipocastanum L. je 3aBrcro
Kako O/ MjecTa W IOJIOKaja y3uMama y30paka Tako M OJf MPUCYCTBa aeporioyiyTaHaTa y
Ba3IyXy.

-bpoj cToma Ha jeqMHMIM JHMCHE TMOBPILIMHE BHUIIEe ce NMoBehaBao a HWHUXOBAa BEIUYMHA
CMamlBaja TOKOM aBrycTa y OJHOCY Ha centemMOap M TO KOJ CBUX JIUCTOBA Y3€THUX M3
CHOJhAIILET JHjelia KpyHe.

-Benmunaa ctomMa HMje 3HauYajHO Bapupayia, y TPOCJEKy HYy>KHWHa CTOMa C€ Kperana y
uHTepBaNTy on 19,76-22,5 um, a mmpuna ox 9,79-11,61 um mpu gemy cy y npocjeky Behe
CTOME yTBpl)eHe Ha JIMCTOBMMA Y3E€THUX W3 YHYTpAIIer AHjeiia KPOIIkbe Yy OJHOCY Ha
CTIOJBATIIHH.

-YTHiiaj aepornojiyraHara Ha Opoj ¥ BETUYMHY CTOMHHOT amapara 0o je pa3jIuduT y OJHOCY
Ha JIOKAJUTET M TOJO0Xa] y3UMama y30paka, 300r yera MpH NpoydaBamy J€jCTBa HEKOT
¢dakTopa Ha cToMHMH amapaT y Oynyhum ucTtpakuBamuMa MOTPEOHO j€ BPIIUTH y TyXKeM
BPEMEHCKOM IEPUO.Y.
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