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Abstract

The root, trunk and leaf anatomyfofir taxa ofScutellaria albidanamely,S. albida
subspalbida, S. albidasubspvelenovskyiS. albidasubspcolchicaandS. albidasulsp.
condensatavere examinedThe aim is to determine whether these characters can be used
for systematic purposes. The roots displays a typical stele structure in all studied taxa.
But their number of pith rays are different in each taxa. The steBsatifida taxa have
square like transection, collateral vascular bundles, parenchymatous pith and-Zhow 1
layered epidermis coated with thick cutick. albidasubsp.condensatahas papillate
epicuticular wax on its steguticlelayer. In all taxa angulaotienchyma,andcambium
forming phloem outward and xylem inwaage observedThe leaves arBypostomatic,
have single rowed epidermis coated with thick cuticle and show dorsiventral mesophyll
in all studied taxaS. albidasubspvelenovskyhas echinatepicuticular wax on its leaf
cuticle layer, butthe others have smooth cuticle lay&he midrib shows one collateral
bundles in all taxa but the shape of median veins of the leaf bladevahiationin each
taxa.Some of the anatomical characteia the number of pith rays of roots, the number
of palisade parenchyma layer, plant cuticles covered by wax, the shape of median veins
of the leaf blade and stomata index, provide information of taxonomical significance for
these taxa.

Introduction

Scutellara L. (skullcap), a member of the Lamiaceae fantilgis approximately 300 species
and this genus prefers living in temperate climates (Paton, 199@ajellariais viable plant for
every continent except for Antarctica with its main centre of diem IraneTuranianregion of
Asia. Eagtrn Mediterranean and the Andes are secondary center of the diversity (Paton, 1990Db,
Bruno et al., 2002) Turkey is accepted as the gene center of Lamiaceae family to which the
Scutellaria genus belongs % D UHU Scutellaria is represented by twenfgur species,
thirteen subspecies and one hybrid in the flora of Turkey. Thirteen (%41) of them are endemic to
Turkey (Cicek, 2008)

Scutellariahas been used in spices, fragrances, traditional andmfetlicines in different
parts of the world for centuries. They are well known among people as powerful medicinal herbs
which are mild relaxants that affect the neural and mussktetal systems (Werket al, 1985;
Duke, 1989; Zargari, 1990; Stojakowsiad Kisiel, 1999; Grahamt al, 2000; Kimet al, 2001,
Hui et al, 2002; Weber, 2009). A lot @cutellariaspecies were studied in hygiology. There are
lots of scientist whostudied their therapeutic activities, for examphdlammatory, antioxidat
antiHIV, spasmolytic, antanticonvulsant, antifungal, antidiarrhea, anticancer, antipyretic,
antibacterialandantiviral activities(Chouet al.,2003; Shangt al.,2010).
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Scutellaria albida subsp.velenovskyi(Rech. f.) Greuter & Burdet was considered as a
different species in Turkish literature and has name8cagellariavelenovsky(Greuteret d.,
1984). Cicek (2008) considered as a polymorphism within the species because of geographic
isolation of different populationsFew studies of detailed examination and the conflictions
mentioned above lead us to study these four taxa anatomy; sinoen@ahtcharacters play an
important role in the taxonomical studies of medical plants (Agbagwa and Ndukwu, 2004,
Kharazian, 2007).

In this study, anatomical structures of roots, stems and leavisirofaxa of Scutellaria
albida namely,S. albidasubsp.albida L., S. albidasubsp.velenovskyi, S. albidsubsp.colchica
(Rech.f.) J.REdm and S. albidasubsp.condensataRech.f.) J.R. Edm. were examined and
compared. The vegetative anatomy was proved to be an important source of additional characters
for resolving taxonomic difficulties inScutellaria albida. Sq this study aims to clarify the
guestions on this polymorphic species and add new databases.

Material and Methods

Plant samples were collected between 2013 and 2014 from their natural envisodorerg
their flowering periodTable 1).

Table 1. The location and collection data of the material studiedfrom Turkey.

Taxa Specimen location and habitat

S. albidasubspalbida Kastamonu: From Cide to Azdavay, between 53 km, Asarkaya tunnel
entry am exit, 547 m, rock hill, N 41°49.503' E 033P035
30.07.2013

S. albidasubspyvelenovskyi $\GO.xubGDVO 'DYXWODU 'LOHN 3HQLQVXOD 1DWLRQD
stream, 2@ m, dry river bed edges, N 37°40' 46.0" E @&/ 48.8" ;

07.07.2013

S. albidasubspcolchica Artvin: From Yusufeli to Artvin, between 3Bm, 444 m, rock slopes,
N 40%5.979E 04146.192"; 21.07.2014

S. albidasubspcondensata Bitlis: From Van to Tatvan, between 23 km,796m, Quercussp.

slopes, N 38°28' 32" E 0421’ 02"; 19.07.2014

Plant samples were stored in the Mar@&al Bayar University HerbariunThe taxonomic
descriptions of the spesiavere made according to Pata®40a). The plant specimensre kept
in 70% alcohol.The paraffin wax method(Algan, 1981)wasused in order to fix the materials.
Then the prepared paraffin blocks were sectioned with a IRN2125RT rotary microtomeln
order to make structuraharacterizatiorthetransversesections§-10 P thick) werestainedwith
safraninfast green (Johansen, 1@4 Using entellan, the slidesere fixed Finally slideswere
looked over with Olympus BX50 reearch microscope and photographs were taken on Leica DW
3000 with a Leica DFC 295 camera. Ten peripheral slides were prepared for each taxon and the
stomata index @as calculated (Meidner and Mdietd 1968).

Resultsand Discussion
Anatomy of roots

Theoutermost surface of root’s transverse sections are made up of the periderm’s cells which
are squashed or breaking up in all investigated taxa. There is dayeitd parenchymatic cortex
which has compactly arranged, rectangular, oval or orbicular ghaneratic cells adjacent to the
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peridermis. Endodermis layer is seen clearly onlySinalbida subsp.condensata(Fig. 1D).
Pericycle located adjacent to the endodermis is sporadically divided with supporting tissue
members in S. albida subsp. condensata Above the phloem of all taxa, there is a
sclerenchymatical sheath. The root 8f albida subsp. velenovskyihas irregular layered
sclerenchymatical cells scattered throughout the cortex (Fig. 1B). There is small phloem region in
the roots except fdB. albda subsp.condensatavhich has large phloem region and the members

of the phloem are seen clearly3llayered cambium rings are hardly visible and indistinguishable

for all taxa ofS. albida A very large area of the transverse section occurs with thpa@went of

xylem in all investigated taxa. Trachea members are circular or hexagonal and they are regularly
settled in increasingly accurate diameter from the centre to the cortex with the excegdion of
albida subsp.condensatdFig. 1) kecause its veskseare irregularly placed. The central vessels are
larger than peripheral vessels. Pith rayS oélbidasubspalbida andS. albidasubspvelenovskyi

are 29 layered S. albidasubspcolchicaare 24 layered ané. albidasubsp.condensatare 12

layered (Fig. 1). They areheterogeneous. The pith of all taxa investigated is occupied by
xylem elements. Representative anatomical characters of four taxa investigated are summarised in
Table 2.

Fig 1. Cross section of the roots. 3: albidasubsp.albida, B: S. albidasubsp.velenovskyiC: S. albida
subsp. colchica D: S. albida subsp. condensatacp::cortex_parenchyma, x::xylengn: endoder
mis, pr::pith_rays, pe: periderrph: phloem, W WUDFKHD B%DU P
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Table 2. Root features of dur Scutellariaalbida taxa.

Root anatomical S. albidasubsp. S. albidasubsp.  S. albidasubsp.  S. albidasubsp.
characters albida velenovsky colchica condensata
Peridermis cell
ZLGWK R12+11.49 34.05 + 10.66 43.33 + 10.67 31.35 £ 8.90
OHQJWK 1B.8+4.35 18.99 + 5.57 19.91 + 3.69 24.00 £ 5.41

Parenchyma cell
ZLGWK P42.53 + 14.23 47.33 + 16.64 37.87+7.70 38.53 +10.38

OHQJIJWK 1.95%3.72 26.00 + 7.02 21.25+4.25 25.43 £ 6.75
9HVVHO P 40.22 £ 13.95 50.19 + 14.74 38.89 £ 15.12 27.10 £ 8.53
Pith rays 2-9 2-9 24 1-2

Anatomy of stems

Transverse section of the stem is square ilikéour taxa of this species. Epidermis of all
investigated taxa of this paper are coated with a thickledager. At the cornerof S. albida
subspcondensatathe cuticle layer is very thick. Furthermore, on the cuticle layer péjiilate
epicuticular wax is evident (Fig. 2). But papillate epicuticular wax has not been observed on
others cuticledyers.The gidermal structure consist of2 layered rectangulaoval or squarish
cells. These cells are tabuldrimited number of stomata set into the epiderr@is.the surface of
the protective tissue of four taxa$f albida there are plenty of hia most of which are glandular.
Adjacent to theepidermal cells, there are muliiyeredlamellar and lacunazollenchyma cells at
the corners of the stems of all ta¥dne cortex region is very narraw all taxa anccomposed of
irregular ovoidal, circula like or squashedparenchymatic cells with intercellular spaces.
Measurements of these cells and the number of layers are given in Table 3. The sclerenchyma
cells (13 layers) covewascular bundles both at the corners and la¢doreen the corneis the
stem. But, the sclerenchyma cdli® indistinguishablbetween the cornexsf S. albidasubsp.
condensataAll vascular bundles located at the corners of stens afbidataxaare next to each
other; yet, bundles between the corners in the stems egarased from eaclother by
parenchymatic cellsAt the corners, the vascular bundles are larger than the bundles between
corners for all the tax&heir cambiums are hardly visible. The stem of all taxa investigated in this
paper have large pith which atemposed of orbicular or hexagonal parenchymatic cells and there
are intercellular spaces. The diameter of the cells in the centre of the pith is quite largéththan o
cells located under the vascular bundle on four taxa of this species (Fig 3).

- \ st A

Fig. 2A: Crosssection of the leadbf S. albidasubspvelenovskyiB: Crosssection of the stem @&. albida
subspcondensata FX FXWLFOH ZLWK HSLFXWLFXODU ZD[ %DUV P
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Table 3. Stem features of fouScutellaria albidataxa.

Stem anatomical S. albidasubsp.  S. albidasubsp.  S. albidasubsp.  S. albidasubsp.
chacters albida velenovsky colchica condensata
Epicuticular wax absent Absent absent papillate
Epidermis cell
ZLGWK 23R1+5.68 12.40+ 3.28 20.08+ 3.1 20.87+ 6.80
OHQJWK15.62 + 2.60 17.50+ 2.52 15.46+ 3.42 12.57+1.98
Cortex thickness 218.12+13.02 257.63t+7.22 182.00+ 7.96 263.81+ 15.89

LQ WKH FRUQHU P
Cortex thickness in the 59.31 + 20.02 52.35+9.87 118.33+ 12.79 94,14+ 18.25

PDUJLQDO P

Number of cortex layer 36 3-8 58 6-10
Corner collenchyma 66.09+ 3.24 105.11+ 34.24 51.06+ 12.12 103.10+ 8.61
WKLFNQHVYV P

Vascular bundle

PKORHP OHQJWHKS8.0R 247 24.20+ 8.95 27.41+5.98 46.15+ 12.76
X\OHP OHQJIWK 208+44.61 223.74+33.62  100.9+29.21 198.13+ 35.62
7UDFKHD VL]H 2B.24+5.28 40.96+ 11.50 22.08+ 4.54 26.39+ 6.42

B3LWK FHOO VL]Bb.69F25.09 92.02+ 36.99 71.76+ 31.17 101.89+ 37.85

Fig. 3.Crosssection of the stemsA: S. albida subsp.albida, B: S. albidasubsp.velenovskyiC: S. albida
subspcolchicg D: S albida subsp.condensataco: collenchyma, cp: cortex parenchyma, e: epidermis,
S SLWK W WUDFKHD %DU P
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Anatomy of leaves

Outer surface of the transverse s®etbf the leaf blade is covered with a thick cuticle layer in
the studied taxaln their upper epidermis cuticle layers are thicker thiaose ofthe lower
epidermis. OnlyS. albidasubsp.velenovskyhas echinatepicuticularwax onthe cuticle layer.

The others have smooth cuticle lay@he glandular and eglandular hairs are located on both
epidermises of athe studied taxa. Mesomorph stomata can only be seen in lower epidethes in
studied taxa. Their epidermis cells aesetangular, ovabr squarsh. Upper epidermal cells are

large and tabular, but lower epidermal cells are small in four taxa of this species (Fig. 4). Their
leaves are bifacial. The mesophyll is made up of elongated rectangular palisade parenchyma and
isodiametric spongy parenchyntalls. Measurements and number of layers of these cells are
given in Table 4. Whilethe palisade paranchyma cells are arrartggdly and here are large
intercellular spaces between the sponge parenchgitea Therds one large arshapedvascular

bunde in the center andascular bundles are surrounded by a parenchymatic bundlbssmeall

studied taxa.

Fig. 4. Crosssection of the leaves. A,BB. albidasubsp.albida, C,D: S. albidasubsp.velenovskyiE,F:
S. albida subsp. colchica G,HS. albida subsp. condensata le: lower epidermis, pp: palisade
parenchyma, sp: spongy parenchyma, t: trachea, ue: upper epidermis, vb: vascular bundle. Béts
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Table 4. Leaf features of four Scutellaria albidataxa.

Leaf anatomical S. albidasubsp.  S. albidasubsp. S. albidasubsp.  S. albidasubsp.
characters albida velenovsky colchica condensata
8SSHU FXWLFQ25+0B9 3.41+0.59 3.65+1.51 2.40+0.47
/IRZHU FXWLFQHB82+ 009 3.71+1.76 2.10+1.00 2.89+ 0.67
Epicuticular wax absent Echinate absent absent
Upper epidermis

ZLGWK 3230+7.72 30.13+15.09 29.86+ 9.94 30.73+8.73

OHQJW K24.B9+ 3.41 2439+ 4.40 28.62+5.05 22.39+5.91
Lower epidermis

ZLGWK 9R9+4.36 16.00+ 6.39 11.08+ 4.59 13.12+ 4.82

OHQJWKB8.35+2.29 14.23+3.11 11.58+2.63 11.00+ 3.25
Number of the 1-3 12 15 13
palisade cell line
Palisade cell

ZLGWK 1P72+2.18 13.05+ 2.39 18.11+ 3.03 11.38+2.46

OHQJIW K4.82+ 6.34 29.07+6.03 36.35+11.19 30.33+9.31
Spongy cell

ZLGWK 153228+ 3.55 17.90+ 4.28 17.98+3.66 14.49+ 3.95

O QR JW K12.91+ 2.81 13.51+ 2.56 16.22+3.39 09.78+ 2.64
Midrip trachea 08.28+2.15 02.23+0.44 13.09+2.23 15.07+ 4.09
Stomata index 24.19+1.02 25.97+0.93 18.75+0.78 18.51+ 0.85
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Members of genuScutellariacan live in various habitats. Many spexibecome evident
characteristics of moist environments (Metcalfe and Chalk, 1950). The smallest group of the
genera, includingScutellaria albida, shows characteristic of arid environments such as
xeromorphic characterghis studydescribegshe charactéstics of four subspecies obtained from
anatomical investigations. The anatomy of four tax8.adlbidais broadly similar, but they also

have some important distinctions among the taxa.

Metcalfe and Chalk (1950) studidige root anatomyn some of Lamiaeae taxa. They found
that the roots of Lamiaceae family havel?2 or morerowed pith raysThe presenfindings are
congruent withthe study made by Metcalfe and Chalkl®50) Din¢ et al. (2008; Baran and
Ozdemir @009; Kahramanet al. (2010ab); Cele et al. (2011). On the other hand,amium
lyciumBoiss.has 14 rowed rays (Baran and Ozdemir, 2009). The pith ra@abfia chrysophylla
Stapfare composed df24 rows (Kahramamt al., 2010a) and the pith rays 8alviaballsiana
(Rech.f.) Hedgeare conposedof 1-3 (-4) rows (Kahramaret al., 2010b).Lamium truncatum
Boiss.has 14 rowed rays (Celept al., 2011). The present study indicaitbat S. albidasubsp.
albida andS. albidasubsp.velenovskyhave 29, S. albidasubsp colchicahas 24 andS. albida
subsp.condensaténhas £2 rows of ray cellsKig. 1). Therefore, the pith rays number is useful

discriminative characters for the subspecieS.ddlbida.
The mechanical support&tissue is seem the root of all taxa. These are sclerenchymhtica
cells located sporadically over the phloem. Moreorasts ofstudiedS. albidasubspyvelenovskyi
showedirregular layered sclerenchymatical cells scattered throughout the c@idexiz and
Oz6rgiici(1999) have obtained the similar results for the oé@riganumonites.L.. dREDQR+ O X
gJ]GHPLU DQG uHQHO KDYH SRLQWHG WKH VDPH VFOHUHQF
of Salvia palaestinaBentham andS. forskahleiL. In the root ofScutellaria orientalis subsp
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bicolor (Ozdemir and Altan, 2() sclerenchymatic ring and sheath is observed over phloem. The
stems of all taxa of. albidahave sclerenchymatical sheath on phlo&imilar results were
obtained for thestem ofS. orientalissubsp santolinoideqHausskn. ex Bornm.) J.R.Edm. a8&d
orientalis subsp. bicolor (Ozdemir and Altan, 2005) Meanwhile, the sclerenchyma is very
importantsupportale tissue as recorded for speciesHyfpenia(Mart. ex Benth) Harley one of
thegenerahat grow in dry environments (Faria, 2008).albidataxa ae arid environment plants

So, they have some sclerenchymatic cells in roots and in some parts of the stems.

Having square stem and featsi®f endodermare diagnostic characteristics lohmiaceae
members, as explained in this work $albida taxaandalso for othespecief this genus, such
as Scutellariaagretis A. St-Hil. ex Benth. (Oliveria et al., 2013), Scutellaria orientalis subsp.
pinnatifida (Candan and Cali, 2012%. orientalis subsp. bicolor and S. orientalis subsp.
santolinoidegOzdemirand Altan, 2005Metcalfe and Chalk1950). Evident collenchyma in the
four angles is frequently described for Lamiaceae (Cronquist, 1981). In the studied taxa, there are
collenchymatic cells at each corner of the stems.

Stem epidermises of all investtgd taxa are covered with a thick cutitdger. At the corner
of S. albidasubsp.condensatathe cuticle layer is thicker than the other taxa and papillate
epicuticular wax is evidenan this cuticle layerFurthermoreputermost surface of the leaf &f
albida subsp.velenovskyis covered withechinate epicuticulawvax. The presence of epicuticular
wax is noticed for the first time for the genus. Duarte and Lopes (2007) observed striate cuticle on
PlectranthusneochilusSchltr (Lamiaceae) leaf bladePlant cuticles are covered with waxes
many of which are of great systematic significance and it can be taxonomically useful
characteristic forScutellaria Waxes are an essential structural element of the surface and of
fundamental functional and ecologl importance for the interaction between plants and their
environments (Barthlotet al., 1998). Classification and terminology of epicuticular waxes are
proposed based on high resolution SEM analysi8000species of seed plants by Barthkitial.
(1998). But therds norecord of epicuticular wax fothe representatives dbcutellaria The
function of the epicuticular wax is known to be eadhesive, hardly wettable and preventing
insect attachment (Barthlat al.,1998).

Four taxa ofS. albidahave dorsiventral and hypostomatic leaves. However number of
palisade layer shows some differences among the taxa. The mesof@ndllaitiasubsp colchica
formed by 15 layers of palisade parenchyma. On the other hand, others formed fewer palisade
layers (Table 4).Thick palisade tissue of mesophylldensideredas xerophytic characters. This
feature was reported ifeucriumsandrasicumO. Schwarz (Dingt al., 2008), T. montanumL.
andT. polium L. (Ding et al., 2011). Stomata may have found on onéaih sides of the leaf
blade in Lamiaceatamily (Metcalfe and Chalk, 1950%. albidahas a hypostomatieaf. Such
leaf, it was also described 8 altissimd_. (Thaleret al.,1992),S. orientalissubspbicolor andS.
orientalis subsp.santolinoides(Ozdemir and Altan, 2005). Having hypostomatic leaf is also
interpreted as xeromorphic typ&. albida exhibits diacyticstomata as predominantbther
Lamiaceae family membégMetcalfeandChalk, 1950). The stomata indsttowed variatiorin S.
albida taxa.Stomata index 06. albidasubsp.albida andS. albidasubsp.velenovskyare nearly
same and thabf S. albidasubspcolchicaandS. albidasubsp.condensatare nearly same (Table
4). All studied taxa have projective median veiHewever, whenit is doservedat the cross
sections of taxa, the shape of median veins of the leaf blade show some differences $-ig. 4).
albida subsp.albida has concave to flat median vein at abaxial sRlealbidasubspvelenovskyi
has flat to concavemedian veinabaxiades S. albida subsp.colchica and S. albida subsp.
condensatdave concavenedianvein at abaxiaside. Therefore, these characters can also be used
for distinguishing the subspeciesSeutellariaalbida.
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