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Abstract: A qualitative and quantitative evaluation of pollen concentration in the atmosphere
of Izmir metropolitan area is presented. Investigations were undertaken from November
1998 to October 1999 using gravimetric method. The aeroplynological studies revealed
that at lower level (1.60 m) pollen from 29 woody and 30 herbaceous taxa were
determined, whereas at higher level (20 m) pollen from 26 woody and 24 herbaceous
taxa were recorded. At lower level, dominating woody species Riengs Quercus
Oleaceag Cupressaceae/Taxaceae; herbaceous species were Gramineae, Chenopodiaceae/
Amaranthaceae, Cruciferae arRlantaga At higher level, Pinus Cupressaceae/
Taxaceae, Gramineae, Chenopodiaceae/Amaranthaceae, CrucifeRiargago pollens

were dominantMorus, OleaceaeQuercus Chenopodiaceae/Amaranthaceae, Gramineae
and Plantago showed highest concentration and their allergic degree was very high.
Annual pollen calendar of the area is shown.
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INTRODUCTION nobilis, Arbutus unedpA. andrachneErica arboreaand
Paliurus spina-christiare met with as associatesRifus
Izmir metropolitan area lies between 370 40'-280 20' Nyrutia forest formation between 0-750 m. At a lower level,
260 10'-280 30' E in the western part of Turkey. In thphryganic elements such@arcopoterium spinosymspho-
present study, a pollen calendar of this area has bedgius aestivysCoridothymus capitatysavandula stoechas
investigated because it shows a fast demographic devel@istus creticusand Origanum onitesare widely distrubited
ment and is situated just on the coast of Aegean sea, withthe study area [16, 28, 29]. Many woody taxa are
florostically rich mountains lying around it. The citydistributed in parks and alongside roads. Mandarin orchards
experiences a typical Mediterranean climate (Fig. 1, 2, 3)e found around Narlidere area. Other cultivated species are
The area is dominated WBinus brutiaforests distributed oranges, pears, plum and olives. During the last two decades
sparsely from 0—-600 m but forming dense stands betweenich work has been done in the field of aeropalynology
600—900 m on the hilltops and mountainous slopes. TheTurkey. Greater attention is being paid now towards the
species determined by us revealad ®iaius brutiaand preparation of pollen calendars as the number of allergic
Pinus nigra ssp. pallasiana dominate on the slopes gfatients in Turkey has recently been increasing faster rate.
mountains at higher altitudes. The maquis elements like date several papers have been published notable among
Quercus coccifergPistacialentiscus P. terebinthusOlea them being [3, 5, 6, 7, 8, 9, 12, 16, 17, 19, 25, 26]. The
eruropaeavar. sylvestrisPhillyrea latifolia, Calicotome present investigation was undertaken to fill the gap. Studies
villosa, Spartium junceumnCercis siliquastrumCeratonia were followed on a weekly basis for 1 year with the aim of
siliqgua, Crataegus monogynaMyrtus communisLaurus presenting a pollen calendar of Izmir-metropolitan area.
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Table 1. Pollen taxa found in the atmosphere of Izmir (lower level - 1.60 m) 70 -
during the period of study.
60 -
Taxa Total pollen grains
Pollen grains/cf % 50 +
Woody taxa < 40
Pinus 2,598 57.3 <
Quercus 530 11.7 § 30 1
Oleaceae 240 53 2
Cupressaceae/Taxaceae 119 2.6§ 20 4
Eucalptus camaldulensis 74 1.6
Rosaceae 36 0.8 10 4
Ailanthus 35 0.8
Corylus 29 0.6 0 T T T T T T T T
Morus 24 0 g 8§ § § § 5 &8 g2 3 &% 3 3
Platanus orientalis 19 0.4 E £ 2 2 £ < = 3 5 9 E g
Alnus glutinosa 14 0.3 5 § 5 2 < 2 <
Casuarina equisetifolia 12 0.3 @
U'!““S 11 0.2 Figure 1. Annual wind speed data of Izmir from November 1998 to
Erica 10 02 October 1999.
Salix 10 0.2
Pistacia 8 0.2
Populus 8 0.2 MATERIAL AND METHODS
Sophora japonica 8 0.2
JA‘ége'ra”S regia Z oodg Field studies were undertaken from November 1998 to
Schinus molle 4 009 October 1999 around the me'tropolitan centre of Izmir.
Acacia cyanophylla 2 0.04 Durham samplers were placed in the school centre (1.60 m)
Cistaceae 2 0.04 and school building (20 m). The slides smeared with
;2‘:;‘;;;2%'3; spinosum g 8'82 glycerine-jell stained with safranine were changed weekly
Arbutus andrachne 1 0.02 [11]. For identification, a B-3000 binoculazlr was used and
Castanea sativa 1 0.02 counting conducted on a 20 x 20 mm (4°carea of the
Ligustrum vulgare 1 0.02 glide which was extrapolated to 1 Trithe identification
TNe”I”m O'Za”d"hr 12 0'22 of pollen taxa was carried out with the help of reference
otal (woody pollen) 3.820 84.95 slides from 800 taxa distributed in the area, prepared
Non-woody taxa according to Wodehouse [30]. Identification was followed
Gramineae 350 7.7 ;

; sing the books on palynology [13, 14, 22, 23, 24].
Chenopodiaceae/Amaranthaceae 61 . . : .
Cruciferae 55 1.2 Meteorological data was obtained from the National
Plantago 49 1.08 Meteorological Directorate in Ankara.

Anthemis 39 0.9

Compositae 34 0.7

Malva sylvestris 18 0.4 RESULTS

Rumex 13 0.3 . .

Xanthium strumarium 12 0.3 During the period of study, pollen from 29 taxa of
Papaver 9 0.2 woody species and 30 herbaceous taxa at lower level
?ypﬁ;aceae 78 02 (1.60 m), and 26 and 24 taxa of these respectively were
nguminosae 6 013 determined at higher level. The highest concentration at
Fumariaceae 5 0.11 the lower level was that &finus(57.3%),Quercus(11.7%),
Juncaceae 5 0.11 Oleaceae (5.3%) and Cupressaceae/Taxaceae (2.6%),
Bmgiﬁﬁgfae ; g-gg together with herbaceous representatives such as Gramineae
Cardaria 2 004 (7.7%), Chenopodiaceae/Amaranthaceae (1.3%), Cruciferae
Labiatae 2 0.04 (1.2%),Plantago(1.08%),Anthemiq0.9%) and Compositae
Calendula 1 002 (0.7%) (Tab. 1). At higher level (20 m), woody taxa
ggmﬁg“'a i 009 dominating werd®inus (57%),Quercus(12%), Cupressaceae/
Caryophyllaceae 1 0.02 Taxaceae (4.8%), Oleaceae (4.489rus (2.4%),Eucalyptus
Centaurea 1 0.02 camaldulensis(1.8%) and the herbaceous ones were
Ecbalium elaterium 1 0.02 Gramineae (6%), Chenopodiaceae/Amaranthaceae (1.7%),
gg?\ﬁﬁ%ﬂgceae 1 . 0-3202 Cruciferae (1.3%) andPlantago (1.2%) (Tab. 2). The
Rubiaceae 1 002 humber of pollens in the _atmosphe_re from_ herbaceous
Scrophulariaceae 1 0.02 taxa at both levels was highest during April, May and
Taraxaum 1 0.02 August, whereas pollens from woody taxa dominated
132: g\?v%r(‘)'(‘j"’oggg ﬁgﬂe\;‘/go 4y pollen) 46285 1gézg4during April, May and March at the lower level, and May,
Unidemiﬁedy P 20 066 April and March at the higher level (Fig. 4, 5). In all,
Total 4,535 100 4,535 pollen per chwere detected at lower level. Out of
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—— Precipitation (mm) Table 2. Pollen taxa found in the atmosphere of Izmir (higher level — 20 m)
140 4 —— Relative humidity % during the period of study.
120 | Taxa Total pollen grains
Pollen grains/cf %
100 Woody taxa
80 1 Pinus 3,555 57
Quercus 749 12
60 1 Cupressaceae/Taxaceae 300 4.8
40 | Oleaceae 276 4.4
Morus 149 2.4
20 Eucalyptus camaldulensis 113 1.8
o Ailanthus 91 15
5 & z & 5 T &% ¢ z B § & Alnus glutinosa 41 0.7
§§§g§<§—’,"§§g Rosaceae 35 0.6
g & ~ & 8 o Corylus 20 0.3
Platanus orientalis 20 0.3
Figure 2. Annual precipitation and relative humidity data of Izmimfro  Ulmus 18 0.3
November 1998 to October 1999. Casuarina equisetifolia 15 0.2
Erica 14 0.2
these, 3,820/cfrbelong to woody taxa and 685/tto the  pistacia 9 0.14
herbaceous taxa. Tree pollens at this height were 84.05%gpulus 9 0.14
Gramineae pollens 7.7%, and other herbaceous taxaglans regia 8 0.13
7.59%. At higher level, total pollen concentration wasSarcopoterium spinosum 7 01
6,240 per crfy out of which 5,449 (87.32%) came from Salix 6 0.1
woody taxa and 761 (12.2%) from herbaceous taxa. A¥cer 5 0.08
this level, percentage pollen concentration pef canied ~Laurus nobilis 2 0.03
as follows; woody taxa (87.32%), herbaceous taxa (6.272?”“”‘ oleander 2 0.03
and Gramineae (6%) (Fig. 6, 7). At lower level, pollen of-'Staceae 2 0.03
8 taxa were determined in the atmosphere durin@caCIa cyanophylia ! 0.02
. . th astanea sativa 1 0.02
November, butCorylus dominated during the™week. Tilia 1 0.02
Pollen of.only 4 taxa were observed during DecembeTtOtal (woody pollen) 5,449 87.32
once again dominated by the same trees. During Januigo woodv poll
A ) y pollen
the number of pollen went up to 7 taxa but their densnhramineae 373 6
was very low. Cupressaceae/_Taxaceqe topped the list enopodiaceae/Amaranthaceae 109 17
February followed byAlnus glutinosaluring the & week. _ Cruciferae 82 13
In March, the number of taxa went up to 24 Withpapiage 75 12
Cupressaceae/Taxaceae dominating during 2nd wegkguminosae 24 0.4
followed by Pinus during the last 2 weeks. Out of other Taraxacum 19 0.3
taxa pollen, Rosaceae members were abundant (Fig. &umex 13 0.2
The month of April was found to be the richest of all withCompositae 12 0.2
38 taxa and high density values, out of which 3,872 pollegyperaceae 9 0.14
belonged tdPinus These were followed by a high density Fumariaceae 9 0.14
of Anthemisand Gramineae towards the and of April.Xanthium strumarium 8 0.13
During May, pollen from 30 taxa were recorded, theTypha 7 0.11
highest number once again belongedPtous followed  Juncaceae 6 0.1
by Quercus Oleaceae, Gramineae, Cruciferae Mufus  Anthemis 3 0.05
as compared to other taxa. The number went down to 14nbelliferae 3 0.05
taxa during June, dominated by Oleaceae Rimiis In ~ campanuia ! 0.02
. Centaurea 1 0.02
July, pollen from 18 taxa were recorded with. Cichorium i
. . . . . ichorium intybus 1 0.02
camaldulens&mdSophorajapomcadomlnatlng towa_rds Erodium 1 0.02
the end. Only 9 taxa were observed in August with the ooz 1 0.02
highest number of Chenopodiaceae/Amaranthaceae pollengyiatae 1 0.02
6 taxa in September dominated ®@gsuarina equisetifolia  pelilotus 1 0.02
in the 3¢ week, and 3 taxa in October with a high densityvercurialis 1 0.02
of Casuarina equisetifolia an@orylus In general, the papaver 1 0.02
longest pollen period on a weekly basis in a year Wagtal (non-woody pollen) 761 12.2
recorded folPinus(32 weeks) followed by Gramineae (33Total (woody and non-woody pollen) 6,210 99.6
weeks), Cupressaceae/Taxaceae (28 weeks), Chenopodiaagagintified 30 0.48

Amaranthaceae (29 weeksforylus (20 weeks) and Total 6,240 100
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Table 3.Pollen concentration of some taxa in Izmir and their degree of allergy.
%0 Plant taxa Allergic degree Pollen
~25 concentration in
e the atmosphere
L 20
B Woody taxa
%15 Acer x| kkk 1
=10 Alnus glutinosa o 2
5 | I I ‘ | Arbutus * 1
o /MRE_ARE RN NAN BAN NAR RAR RER MR RAR RRR RAR Castanea sativa * 1
§§§§§§§§§§§§ Corylus o 1,2
i; ‘;38, S 8 < ‘% S Cupressaceae/Taxaceae * 3,4
%)
Erica ik 1
Figure 3. Annual temperature data of Izmir from November 1998 toJ lans regi - 1
October 1999. uglans regia
Ligustrum vulgare **
Compositae (18 weeks). The pollen from trees dominategorus - 2.3
at this level from the first week of April untilf4week of Oleaceae - 3
May. The herbaceous pollens were observed in hug§
. . T . inus * 4
density only in the 8 week of April and # week of May.
. 1 i *
No pollen from herbaceous taxa was recorded in the 4Pistacia 1
week of December,Band 4" week of January,"4week  Platanus orientalis * 2
of February and October (Fig. 8). At higher level, onlypPopulus * 1
pollen from 7 taxa were recorded in November and 4 taxgyercus ok 3.4
in December. The latter showed lowest density. In Januagy oo - 2
and the February the numbers went up to 7 and 8 taxa”X ' . N
respectively, with a dominance of Cupressaceae/TaxaceQ%
) s **
during the 2 and & week of January and"4week of Tiia
February, together wittAlnus glutinosa Cupressaceae/ Ulmus >
Taxaceae pollens topped the list in March among 19 te Non-woody Taxa
recorded, in particular in thd2week. The first 2 weeks Chenopodiaceae/Amaranthaceae *h wkk 23
during this month showed a dominancedbfus glutinosa Cyperaceae R 1
and Rosaceae, whereas tHe ahd %' weeks had more _ Y
. . _Gramineae k) kK kkk 3,4
Pinus pollen. The number of taxa nearly doubled during o
April (31 taxa) with a predominance Bfnusfollowed by ~ Mercurialis * 1
Cupressaceae/Taxaceae in th&vgeek, Pinusin the 3  Plantago *, 2,3
week, Morus and Pinus during the 4 week. The last 2 Rumex ** 1
weeks in April had the highest density of Gramineae. Tharaxacum * ax 1
number of taxa in May was 31, with a maximum record o&amhium strumarium - 1

Pinus followed by Oleaceae, Graminea@uercusand - — _ P .
Planta O(Fi 9) A decrease was observed in June ( s low allergic, ** - medium allergic, - highly allergic, 1 - very low

g g g_' : ) . ) llen concentration, 2 - Medium pollen concentration, 3 - high pollen
taxa), still with a dominance dPinus and Gramineae. concentration, 4 - higher pollen concentration.
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Figure 4. Total monthly variation in atmospheric pollen in Izmir Figure 5. Total monthly variation in atmospheric pollen Izmir
metropolitan area (low level, 1.60 m). metropolitan area (high level, 20 m).
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Figure 6. Pollen percentage (&rof major plant groups (lower level, 1.60 m). Figure 7. Pollen percentage (&vof major plant groups (higher level, 20 m).

During the 2 weekTaraxacumand Gramineae dominate by Alnus glutinosathus bringing the pollen concentration
together with woody codominants lilgicalyptuscamal-  of woody taxa to its highest level. This is followed by an
dulensis OleaceaePinusandQuercus In the ¥ and 4 increase in the concentration Bfnus pollen during the
weeks Eucalyptus camaldulensisGramineae andPinus 3 and 4" weeks of March (Fig. 8-9), when wind speed
dominated. In July the number went down to 15 taxa, stilicreases (Fig. 1) and rains are frequent which add to this
with a dominance oPinus and Gramineae in the first 2 increase [1]. Most of the plants in the area start pollinating
weeks followed by Chenopodiaceae/Amaranthaceae immid-April and May, thus we findorus OleaceaeRinus

the 3rd week. Only 9 taxa were observed in August, witndQuercustogether with Chenopodiaceae/Amaranthaceae,
a highest density of Chenopodiaceae/Amaranthaceae polléDiiciferae, Gramineae, Leguminosae Bfahtagodomina-
September, too, was poor in pollen density with only 8ng at both heights. Pollen distribution showed a good
taxa recorded. However, Chenopodiaceae/Amaranthaceaerelation with relative humidity and rise in temperature
were common during *1 and weeks followed by during the study period (Fig. 2, 3). Concentration decreases
Casuarina equisetifoliland Gramineae in the®3veek. in June and July when most of the species in this area
The number of taxa observed in October was 6, with amplete their pollination. This is particularly true for woody
dominance ofCasuarina equisetifoliauring the ¥ week. taxa during July, but herbaceous species shovativedy

An evaluation of pollen distribution on an annual basikigher concentration. Chenopodiaceae/Amaranthaceae start
revealed that the longest pollination periods were observedllinating in mid-summer, and as such, August and
in Gramineae (41 week$)inus(38 weeks), Chenopodiaceae/September show a dominance of their pollen at both
Amaranthaceae (31 weeks), Cupressaceae/Taxaceae |€Xéls (Fig. 8-9), followed byCasuarina equisetifolia
weeks), Plantago (12 weeks), Compositae (16 weeks)during mid-September untill mid-October. In July and
Morus (14 weeks) an@uercus(15 weeks). A dominance August, in particular the3and 4" weeks, temperature

of pollen from tree taxa is seen at this level during e 2 (Fig. 3) and wind velocity (Fig. 1) show an increase thus
3% and 4" weeks of March, ¥ to 4" week of April, the producing a positive effect on the pollination. Similar
whole of May and 8 week of June. The pollen from findings have been reported by other workers [23]. Pollen
herbaceous taxa dominated during tfleadd 4' week of concentration at high (20 m) and low (1.60 m) levels of
April, particularly the 2 and 4" weeks of May and the basic plant groups is given in Figures 3-4. These figures
3 of August. However, in the™4week of November,%L clearly show that woody species dominate as compared to
week of December and January arfftiweek of August herbs.

no tree pollens were recorded and similarly herbaceousTotal pollens counted earlier during a study period of 1
pollens were also not observed during tiewieek of year (1996-1997) in Izmir reported that at higher level the
December, % and 2 weeks of February and the lasthnumber was 3,302/ctnout of which 2,938 (89%) belonged

week of October (Fig. 9). to the woody and 344 (10.4%) to herbaceous taxa. At the
lower level, the numbers were 2,510fcout of which 1,851
DISCUSSION (73.7%) were woody and 635 (25.3%) herbaceous ones [17].

Similar tree species have been reported with highest

In our investigations, pollen of woody species wapollen numbers in the atmosphere from Izmir[16], but the
higher in general at both levels as compared to herbaceoaso is reported to be only 58.69%, which is lower than
ones. The former produce more pollen than the lattayur findings. $udies undertaken in Manisa, Kirtkkale and
Pollen percentage was lower in November and Decemb&nkara report from these areas 84.6%, 80%, and 76 %
because pollination is not common during these monthsollen densities respectively, which also coincide with
During mid-February, pollination in Cupressaceae/Taxaceaars [2, 18, 19].
starts and pollen concentration increases rapidly at higherOther gravimetric investigations from Bursa-Gorikle
level. Towards the end of February these taxa are join€mpus area (1991-1992) report 60.9% pollen belonging
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Figure 8. Annual pollen calendar of Izmir at lower levels (1.60 m) (grains/cm’).
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Figure 9. Annual pollen calendar of Izmir at higher level (20 m) (grains/cnt).

to woody taxa and 39.1% to the herbaceous ones. Thke studies covering the central part of Bursa city (1991)
pollens of woody taxa such &nus Quercus Platanus report 70.1% pollen of woody and 27% of herbaceous taxa
orientalis Olea europaea and those of GraminBéantagg dominated byPinus Cupressaceae/Taxaceabjes nord-

Chenopodiaceae/Amaranthaceae, Urticaceae, Composita@nniana, Platanus orientalis, Olea europaea, Gramineae,
are reported to show higher concentration as comparedUdicaceae, Chenopodiaceae/Amaranthaceae, Artemisia
others [6]. The results of our woody taxa are much higheand Compositae pollens [5], which are very close to our
but those of herbaceous ones are lower than these valdigglings except for Euro-Siberian elemefbies nord-
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mannianawhich is not found in our area. The pollen 2. Ay G: Manisa yoresinin polinizasyon takviminin belirlenmesi

concentrationseported from Balikesir and Isparta also ~ DOCtoral Dissertation. Bornova-lzmir, 1993. N
. 3. Aytug B: Istanbul yéresinin polinizasyon takvinit Univ Orm
resemble ours, being 70.92% and 71% for woody angy perg1973.23 1-33.

24.87% and 25% for herbaceous taxa respectively. Theser. Aywg B, Yalurik F, Efe M: Tiirkiye’ nin alerjen polen sacan bitkileri.
areas are dominated Hinus Cupressaceae/Taxaceaeln: Ist. Univ. Orman Fak. (Eds)lusal Palinoloji Kongresi, Istanbul,

; ; ; ; 21-23 December 1995.
Platanus orlental_ls Quercus Graml.neae’ Urticaceae, 5. Bicakci A, Inceoglu O, Sapan N, Malyer H: Airborne pollen calendar
Plantagg Compositae a;nd_ChenoPOd'aceae/AmaranthaCQﬁ%e central region of Bursa (Turkeperobiologial996,12, 43-46.
[7, 9]. Although these findings are also very close to ours, 6. Bicakci A, Malyer H, Sapan N: Airborne pollen concentration in
the results covering the studies from Samsun report a vé#grikle Campus (Bursa), 1991-1992.J Bot1997,21, 145-153.

low concentration (18.64%) compared to our findings [31]TuZkel?/icilggéf’lgé‘;zﬁnA}é}i‘znéLy\f;fo‘r’fﬁ;‘g’g‘gop;’ngr_‘lfg” in Babikesir,

The onIy volumetric StUdy undertaken in Ankara usmg 8. Bicakci A, Akkaya A, Malyer H, Turgut E, Sahin U: Airborne pollens
Burkhard Spore Trap (1993-1994) report 46,17%jollens  grains of Burdur, TurkeyActa Bot Sinic2000,42, 67-70.
of woody and 11,560/fof herbaceous taxa, dominated 9. Bicakci A, Akkaya A, Malyer H, Unlu M, Sapan N: Pollen calendar

; kg ; ; of Isparta-Turkeylsr J Plant Sc2000,48, 67-70.
by Pinaceae, Cuprgssaceae/Taxad? nus orientalis 10. Chapman JA: Aeroallergens of southeastern Missouri, U.S.A.
Populus Acer, Gramineae, Chenopodiaceae/ Amaranthacea§ana19s6, 25, 235-246.

CompositaeRumexand Umbelliferae [27]. This area shows 11.Charpin J, Surinyach R, Frankland ARas of European Allergenic

more dominance of Irano-Turanian elements compared Rollens Sandoz, Paris 1974.
our area which lies in the Mediterranean 12. Dogan C, Inceoglu O: Beytepe kampisunin (Ankara) atmosferik

h . fth I . I h golenleri.Hacettepe Fen ve Mihendislik Bilimleri Dergi€95,16, 69-98.
The concentration of the allergic pollen groups suc S 13. Erdtman GPollen Morphology and Plant Taxonomy Angiosperms

Morus[20], Oleaceae [21Ruercus[4], Chenopodiaceae/ Hafner Pub. Co., N.Y. 1966.
Amaranthaceae [20], Gramineae [10] @ldntago[11] 14. Erdtman GHand Book of PalynologyHafner Publishing Company,
together with the other 22 taxa is presented in Table MW York 1969.

. .~ "15. Gemici Y, Secmen O: Etlide phytoecologique etqsogiologique
Some taxa from Chenopodiaceae/Amaranthaceae I vegetation de la montagiiemanlar (izmir). E U Fac Sci 11983,
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In_concentration in our StUdy area, are also eﬁeCtIVé' 19.Inceoglu O, Pmar NM, Sakiyan N, Sorkun K: Airborne pollen
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21.Lewis WH, Vinay P: North American pollinosis due to insect-
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CONCLUSION 22. Louveaux JAtlas Photographique D’ analyse Pollinique des Miels
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during April, May and Marqh at the lower level and April, 25. Pehlivan STiirkiye’ nin Alerjen Polenleri Atlasi. Unal Offset,
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igher density as well as allergenic action, is presentedy; pinar NM, Sakiyan N, Inceoglu O, Kaplan A: A one year
here for use by for the allergic patients in and around théropalynological study at Ankara, Turkégrobiologial999, 15, 307-310.
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