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Abstract

The gPelinabcsGaertn. b el dnmnlausC atsos .t haen dt riitbei s rPeaubie6en) eGady. si
ParmenaBoi ss. & Ko tPhdysbnyrice(xL .Boi@aséorg( b. ) MRséetldd(.L,. ) MaPrvidguis and

Gaertn. Aamerhuskewdemi c to Turkey. A Rdunumsapreaxti ievse gamavti orgi d al
is presesnt¢ediols oeks st em, |l eaves, and surface sections of

o fPulicaria speci es wapegi gsnweaened ecompared. Not eworthy anatomi cé
gl andul ar trichome type, mesophyl | cell s, st omat al i ndex,
guanti fied, organi zed i n a dmettah omast.r ilxt, iasnds haorwenl ytzheadt wi & ahf
provide characters that are taxonomically useful

Keywords:Anat omy, ARagidwgar aTeraleey

Introduction separate the species. Neverth
was not compl etodP. vulgarislayn Bs ep ar ¢
The gPelinaisGaert n. compr i s mitovgephold waasb cauctc olmp9d i shed.
taxa is distributed in Eul S 0 mRulicaria speci es are usekladiem
Jeffrey, 2007; T h ulicd’id astmedi ci ne. For Piatulsct @bbce ,PIC3PRC
represented by shrubs, s h idysenterica ( L. ) GPajeubettitE.., G&mdPmuy al I
(Kadereit & Jeffrey, 2t0r0i7Hodora ( L . ) ReR gnlukita 6 L, ) C. Rt hdMey
InuleaeCa s s . and it is represulgaris (L.) GQa wiparisnGa ey t mr e nrmuwseald c
perenni al herbs in the fl abdominal pains, ankl e sptaken
endemic (Davietsa, , 12D832) GadAburns, col ds, contusi ons, cCoL
Compositae is very |l arge theadache, influenza, l egl pavaea
wor |l d. naTthoemi a al structurewhiteness onRdAdamidgalu gsCadnme3 o0 Nov
considerabl e di ver sd y Ch&etal |, 2004 ; Kizilarslan & Ozhat
(1950) , some particul ar aFat i mi, 2019) Different:stype
di agnostic value and have Pulicaria have been reported, hinct
family, e. g., typesgl ahadifl avonoi ds, vpehse n orhd rco tdeerrpievnaet i
trichomes, secretory and Isesquiterpenes, diterpeneagc utr
of medull ar and corti ceml ,vot heragal (,Li20010) . EssentiavVvi ©il
(2019) al so emphasi zed of S Buliveria speci es have shown
mi cromor phol ogical, and alantifungal, and ant il e klsthamatn i
the systematiecs Dolur Yo&poME2005 eralAl i 201 2¢tal Asgh@l4d) . Accol
examined phloem fibers, r Sha-Ra #ial. |, (2014), t Reulgmeis sand.i
presence of crystals -sienvelshowed t hat al | assayetdy con
species in the RulicirbepdaAud i nhi bi ted B haeusdrarout B cob, fP

vulgaris Ga e r t R.dyseiaenicd Gaer t n. ) We aeruginosa, A. niger, a hathicaks;, and the find
in the study and crystalsthe cytotoxicity assay s hoaaehde
wal | . Resin canal s \W#dwtnm rcytotoxic activity of -7t haendes s
species. Thegl an dauslsairf i terdi cHe-2 cel | Il i need.., 1(n20M@&d)B &l ist
types (Type A and type B).essent iRulicaricooddra sdhfowed i nhiybiltairc

t hiwak | ed, atoédd ear st i ght | yag aiSmestdcoccus C, Bacillus cereus, Enterococcus
view in Type A. I n t ywweel |Befaecalis, aMetdomonas vulgaris. I n eacihi ncas
basal cells are attached acti Wiotlospesbsenti al oi l wasandi @
t hiwak | ed, tapering terminstandard antibiotic. Ther veds
in thePuBctvinmdpedi es.etdCout(inPulicaricspeci es of Turkeypawasastu
studied on pol | e nPulltwoia sppheod i1& Paksoy (2016) . They found
(P. dysenterica ( L. ) @a eidrotephalg, Lan e, compounds of essential oil s.

odora( L. ) MRpamldbsal,i nPksicula( L. ) Ao \Pulicaria speci es was also di-fferer
vulgaris Gaexr)t.n According to tthreesevfeinfstt we| xftdg xt mndonseevent
characters of the exine «womponents were detRdguumhed spe
wer e the mostPuligaied all!l etno tdyvulgaris, P arabica, P. armena, P. odora, & dysenterica.
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According to the |literadgtuogmat adlnliyndae xf ewaws acatomi atéd
studies havePlicerizapeepest eei alowear ,& Mansfield (1968). £
t hese ar e not compr ehensweree srmhadd ey ( disrientyg, t2h005| ma
Ciccatrae |l | 2007 ¢alPer2@keaé) . KAMERAMI [ ARGENI T Microsystems
studies on Pulicericapatoey wére found.

There are some amad Dimichina |l Resals udi es on

species, which aPuicarle@ Wehleersame tribe as

& Fahn, 1981; Zarehl,L , 22Q0% fAnkKdircamnioviméasur ement s of st
Per veeat n 2016; Aytas AkclI nPuBcaribgEpeai e20d4rr7¢ .shaowr hiis (Tab
study, it i s ai med t o i hwaens miag &tpé d ereshenti tl icodn ez tis @ @ me

featur esPubichriaTpe&i §br t he fairests htoiwmed3iannTFi gk o mePglicarthe nsi t
compar e. The study also asmedi ¢® iseadbmpagr ¢ d eg |saynsdlua maler ¢
significance of Palitcudat o mi calanfdegtlt amelsauliam trichomes are gi

Materials and Methods Leaves anatomy: Pulicaria arabica: The | eaf was
The wupper epidermis cells we

Pl ant materials werr2e 1Qo |lblyadtcd ke .b athwe aump m28 1 & &ldd ¥ eorsveedh g
aut hor s. Details of ivl@abhendspeti memasgane gwewvenundul at
1). OW laynena Boi s s . & Kotschywas® 1Baiyess was cylindrical p

studi ed from herbarium mabobetaiahin(gl SCTHEl o8 099 3kt .M ThHlee s
coll ected plant specimens lwgree si dheant itfhieedelldisngietrlee i s,0l
of Turkey and t heDavaisst) Adefiygetins | svleamdscdvdred wi t h a C L
de
P h

- Cc

posited inafrBum 0(0f he hEamAehcywsittoymadf c . The stomata in
armacy of I stanbul Uni vevrasi t28). 67 and the | ower epide
The materi al was -fuisxeedd fionwe* 0% padeomobk both had anom
anatomical -seatdienss & ossgelmgndudawe samddalmaxn dmriktdtomet he
surface sections of | eaveandwelrewetra kemi dbeyr mfi rsee Thamae an
then stained witehbi®&r tuur& tsBodlytha@poens .( e of them was bi
1949) . Phot ogr-eapdisn eodf stehcavii totm Istsiiveegries hor t st ad &Il Icetlil sr s
taken wusing -anl iOglytmpmisc Birlseacmpe de pummieppweads bi seri ate gl an
with Canon A 640 digital daamernga.lsdoalk cells and foll owi
Thirteen anatomical f eat wirred oweer ewawss eébd sieni at ed asteas s i
matrix (Table 2), subRGGMAIert ly tdreglsy n didhled hnroonn @ o hdmes h
met hods of PASTet dl..,8 12 O(OHLa)snime @ Klei knee bt er mi nal cel l
Table 1. Collected species information.
. . Herbarium
Species Locality number
Parabica( L. ) Ca:Mugla: Bodrum, Goltiarkbiakiu, 19 I STE 1
P dysenterica( L. ) Gi stanbul: Catalca, Subasi, 14. | STIHG67
Podora( L.) RchYalova: Armutlu, 06.vi.2019, B.ISTE 1
P sicula( L.) Mor Bur s a: Nil afer, Go6lyazi, 19.x. | STE 1
PovulgarisGaertn. Edirne: Enez, Sultani ge, Oz@.ewi | STE 1
Table 2. Data Matrix. Characters and their coding.
1 . abaxial stomatal index: 0: <20%, 1: >20%
2. adaxi al st omat al i ndex: 0: < 20 %, 1: > 2
3. Anamocytic stomata: O0: absent, 1: presen
Leav 4. Leaves etqupe:acG:al , 1: bi facial
5. Biseriate glandular trichome with short
6. Biseriate glandular trichome with | ong s
7. Biseriate sessile glandular trichome: O0:
8. Uni s esreisastid e gl andul ar trichome: O0: abser
9. Biseriate sessile glandular trichome: O0:
10.Biseriate glandul ar trichome with short
Stem 11.Biseriate glwintdhullaoang rdtcahlokne 0: absent,
12.Uniseriate glandular trichome with short
13.Uniseriate sessile glandular trichome: 0
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Fig. 1. Lami na Rdrdiridep en@il Rambica, A .aacdea xa fa |P. aignenda, f eacdeaixri Bd R dpsenterica,
abaxi al Baord, a @ad;axD alPsigla,r faadcaex; i abEP vukaris, f aade;x i R.l sur fimyce (Scal e

Table 3. Anatomical measurements of leaf [Avr: average, Sd: standard deviation].

P. arabica P. armena  P. dysenterica P. odora P. sicula P. vulgaris
Upper epidermis
Stomata type anomocanomocCc anomoc anomocanomocanomoc
Stomata index 28.6° 20. 41 5.13 13. 6 15. 4° 18. 71
Stomatgdmheddvh. + 26.29423.074 19.74+ 19.56418.884123.524
Stomat émwi gAWr. + 19.15416.194 16.74+ 18.10419.16417. 634
Cuticle(mhi CARness 5.74+ 5.35%x 9.99%x1 6.18+x 4.83x 6.06=*
Epider mi s(mel(AvVre. 14. 064 11.56: 9.48+118.64415.43415. 0384
Epider mi s(mel(lAvwi. 24.59122.904 18. 01+ 16.57425.92422. 801
Lower epidermis
Stomata type anomocanomocCc anomoc anomocanomocanomoc
Stomata index 18. 1 18. 3: 19.52 17.6: 13. 3¢ 20. 3.
Stomatdmheddvh. + 22.06422.034 18.84+ 18.50419.74423.304
Stomat gmwi @ Anr + 17.03417.164 16.32+ 16.68418.20419. 3614
Cuticle(mhi CRwness 6.86+ 4. 78+%* 2.79xC 5. 07+ 5.47+ 6.92+=
Epidermi s(m)el(Avre. 15. 43415.014 13.95+ 12.564112.47415. 714
Epider mi s(mel(lAvwi. 20. 1641 25. 484 16.83+ 13.28414.41425. 404
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E F

Fig. 2. Cr 0s sPubceiad p ©qiPadbica fe Bavnena, Rysenterica; HModora, Hsicula, PRulgaris.
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Table 4. Anatomical measurements of stem [Avr: average, Sd: standard deviation].

P. arabica  P. armena P. dysenterica P. odora P. sicula P. vulgaris
Epidermi s(mel(lAvMren14.84:11.07: 8.42+1 5.46+x(10.51:8.89+%

Epider mi s(m)el(lAvwi.d 19. 72:13.38: 12.03+ 9.97+:15.95:13.63:
Pith ray cell 37.66:24.26: 28. 77+ 48.49+ 42.02:25.12:
Trachma (Avr. * Sd)20.85:7.58+ 17.02+ 12.86% 8.44+ 6.58¢=
Endoder mi s(mel(lAvire 14. 40: 6. 95+ 15.02+ 16.29+ 8.06+x 12.14:
Endodermi {mjel(lAvwi 29.43:18.01: 26. 43+ 27.93+15.93:17.36:

Table 5. Trichomes density of Pulicaria species.

P, arabica P.armena P, dysenterica P, odora P, sicula P. vulgaris

Stem

Nogl andul ar + + + ++ + ++ + + +
Gl andul ar tr + + + + + + 4+ + +
Leaves

Nog!l andul ar ++ + + 4+ + + + ++ + + +
Gl andul ar tr + + + + + + + o+ + +
+: few ++: moderate, +++: dense.

Fig. 3 PulicGria ® pne © fPewsibica; A Barmena,  Fldysenterica, Modora; Fesicula; PRulgaris( Scal e bar s: 0.

Pulicaria armena.

T |l eaf was Dbfidlalcavadd blyhe6 umeplelr tiers (ii)
epidermis ce

o}

I

e
Il s were covewietdh wsiitehgla hohitck taltkiedl! ec.el Tt
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h
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|l ow

dul ate cel |l

a single | ayer of cyli kelrti emami npaall icsealdle. par enchym
I s The starch grains we Pubicarin b))sestdrisne d The tlhee fp awaesn clhiy
spongy paf3erdalyyemas hdduippedi aemetdreircmi s cel |l s wer e cc
S The | ower epi der miTshecelplper wepedarpmiee éwaswdstidred al
ner cuticle accordingwetroe tuheed ulmpdeerr drhee. uPplper | e\

amphystomatix .offThehestionpgdeen | alyee of cylindrical [
ermis was 20.40 and thaviomgiechlepi dplrasts. whise 18p3rig
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Q~~9 40s ~0 40 s Cc
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stomata in the wupperanadndt hleowed | e pwelre mi Sodnearneet r
mocytic. There w@lr @andguleanrdulcanv ermaemdl wiothh autftciomipear & h
chomes on both the wuppthe anmpgperowerre.e plihdee rlneiasv.e sT hwee ¢
es of gl anduéeamr eséenhoerfpéigd ewmser icadret ai ned mor e st
ndul ar trichomes | wngh esppichefrimc el | The st omata i ndex
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5.13 and the | ower epi dertmiisc hwanse stt9inebt2h.s BTohney |dep 55 d cael | &l reatic
| ower epi der mime c ybtoitch shtaadntaideanos , T hteree second one wa s b
were glandglandahdr noni chbmeshome  owiht  h5g lcaerd d wilda rt iterris
upper and | ower epi der mi c.on¥he#led aeviefr &3iaknedo tweenpmiersa l o fc e |
gl andul ar trichomes (i) biseriate glandular trichomes
one tier l ong stal ked c el Stem famatorhyo Wdicdria tiybicd5 clenl | elde t it @ @9
bi seséeasiel e glandul ar tri ekomesn wit he 5Slsdcesh | nsoalsn tdiecr. es .Conr
The -gnloamndul ar tri chdlomeelclompaddenhi sof n2Pade up of oval t o
we-bi ke terminal cel . with a cuticle was pgiasndni an!
Pulicaria odora:  The | eaf was bafdcghhnddlhar utprpieahomes. Ther
pidermis cells were covetrreidc hwime# awietithi c&i erugliaenideu.l aTht
per epidermis cells -wetrrei ctheagde ah gae laklsi kanddt edrimivpliad
yered. Under the ufgpdrayeplitdex mvas 4nobpeesaktdofladenchy
cylindrical palisade Tier slhwyeehessd eedoder Masi ®@PnNsi
| ordpkeaspongy pa#dehalegm&elalad 3 The phl oem-—-7/walsaysursr oa
e cells were isodiametsicéderamehyemattiocuse cefl | @GR o W
i dermis was thinner thaRd tthreachgpds. ohle. hasd omaltlaat ¢
cured on both sides ofPitthe PREQRGRY mag pust el || oWpesy |
idermis contained more Siliguiggmea: t hynt hiep d r hpegr se
idefThmé sstomata index ofwatshénoﬁﬁlpef le®FHerPyrd. - The e
s 13.68 and the lower epPAERMPUYUINGY haqhlcgtwicy s phgle
d |l ower epidermis both 'h dolh 'y t3ned sqlodhq W! aryyhr i
pes of glandular tricho @rObgfibpcpegldqne§ti|%e|_rts_BiV\§eerrei
ssile glandul ar delilenhdo | a U+ caolmes -arakle P
i seriate sessile glandu hcgl‘?nlelse' Wqueh %orct%qhxl
gl andul ar tr4 cbhbemés-l h . -Iaavyerreesdi np"fll_rleinc
er mi nal cel | on both th a[y?éawedr <] qo r.m
Pulicaria sicula: The | eaf was eq y
and | ower epi derdmiwd tdelal s
r epidermis was singl
r epidermi-82, | ayered w
sade parenchymatous
ropl ast . I n t he mi dd
nchyma whi cehndh atdhe3 cl
i ametric. St omata occ
stomata index of the
r epider mi s was 13.
er mi s bot h had anomo
dul agrl aatnddr ntomi chomes on
er mi s. There were thr
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stal ked cel |l amdc dloll | toiwe mg, whit dre
tri chome&s twietrls Ishortly stal ked ¢
46 cell tierg,l aandd!|l ami serchbomes

shortly stalked cdllceahdtielklkowi
glandul ar t#Ai clked e slamkaed 1t3eweari n al
The coll enchymad4 tliaspearedwasUnde
coll enchyma, par enehyiragydec Tched |
endodermis was cobompesed T Theé philsde
partly sur8 ouayerds bgf 3scl erenchy
xylem comprised of trachea and

vascul ar bundl es. The pith was
parenchgenalt ®us

Pulicaria vulgaris: In the transverse seq
more or | ess round. The epider mi

with thick cutiglleanduTher eanwe rgd
Fig. -4l aNoanl ar trichomezﬁcarmbste_rr'vcerhon?ens'anbjﬂdsleerd'ate sessicled I gl e

species. (Myale bars: 10 tler§-ganadn nar t +3i cched mess-l awkdd hl 2w
terminal cel |l were preSehanyefbéd

Pulicaria sicula: I'n the transver sepasreecntcihoynmatti lce cetld m . waaye r ed d o dlenr
more ofr l ess round. The epipdhelroneineg waass pao mibysleady ro s u mdeds cH ye

rectangul ar cells with th-ickelcluXxyltéhmscoampdr i cederodd t wWiet h r aoh
gl andul ar and glandul ar trichloimaser allhewas cwdrae Hundglpes. O0The
glandul ar trichemgs$anbdusari apeacedesnepymavti d hs 6cel | s.
cel |l tiers, biseriatd ¢l @amdullaorngtri chomes with 3

D

Fig. 5. Glandular tricPbicmens pey pRiss erlisetres egll amd wltairdi terdi ¢ h o me
and following with 5 cell tiers. B. Bi seriate seswilté dl anct
short stalk cel4 geldlfoie&vbpwi PhbaBdeslkaB8 trichome with 2 tiers
tiers. E. Biseriate glandular trichome with 4 tireircshdmengwisttha
cell tiersun)Scale bars: 10
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Table 6. Morpho-anatomical data matrix for Pulicaria species based on scoring of character-states from Table 2.
1) 2) 3) 4) 5) 6) 7 8) 9) 100 11) 12) 13)

P, arabica 0 1 1 1 1 1 1 0 1 0 0 0 0
P. armena 0 1 1 1 1 1 1 0 1 0 0 0 0
P. dysenterica 0 0 1 1 0 1 1 0 1 0 1 0 0
P. odora 0 0 1 1 0 0 1 1 1 0 0 0 1
P, sicula 0 0 1 0 1 1 1 0 1 1 1 1 0
P vulgaris 1 0 1 1 1 0 1 0 1 0 0 0 0
P.sicula P.dysenterica P.vulgaris P-armena P.arabica  P.odora Chal k ( 1950 ) h a dt heael rienalpdoyr t menrnc
0561 tri chomes in t he Cghmpodut ae
trichome type, as described i
0841 was -lwielbe i n Plicweamipreeed es et Per v
al. (2016) studied the trich
0721 Compositae gp e dPigiensa anghstifidian
o5 ankcarnosawer e examined. Their gl
‘ wer e reported as mul ticell ul
fua rounded tips and rounded bas
g examined secretory hailms stru
026 viscosa (L. ) Ai ton ( iDitfhicia dscoss y nony
(L.) Greuter). It had very
02¢ uni serightaedaobar trichomes and
and biseriate Wéakewul &r Fahnch
0,12 al so classifieddtstahames &sc
to Ci ccabr, el(12i007) , bi seriate
1 made wupl8Tfcell2l s were found o
. : . : . . , . Pulicaria dysenterica.
0 L A ‘ $ooss 6 Five mai n types of gl andu
] ) e ncountPalicaeids pienci es . These wer
Fig. h 6't U.PGNfﬁ‘llczﬂdts‘meg'rtisqu ga§eesds i?l“e theyniss and iketde bl sretr i at
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