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Anatomical properties of wild Turkish Viburnum

(Caprifoliaceae) species
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Abstract. The anatomical peculiarities of Viburnum lantana, V. orientale and V. opulus collected from Trabzon
(Turkey) are examined in the present study. As a result, it was observed that the cork structure, existence and
distribution of fibers and sclereids in the shoot, the structure of assimilating parenchyma and the shape of
epidermal cells in the leaves are important anatomical traits for distinguishing the examined taxa.
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Introduction rities of V. lantana and V. opulus, reported that spi-

Viburnum L. is a widespread genus of Caprifolia-
ceae. It consists of about 160 species of evergreen,
semi-evergreen and deciduous cool-climate shrubs
or small trees (Winkworth & Donoghue 2005). Be-
cause of their fragrant, showy flowers and colorful
berries, or bright fall foliage, many Viburnum spe-
cies are cultivated across the world (Page & Olds
2004). This genus is represented by V. opulus L.,
V. lantana L. and V. timus L. in Europe (Ferguson
19764, b) and by V. lantana, V. orientale Pallas and
V. opulus in Turkey (Chamberlain 1972).

The genus Viburnum is taxonomically a very dif-
ficult group because of the high possibility of hy-
bridization (Lobstein & al. 2003). Floral morpho-
logy and anatomy of V. lantana and V. opulus were
investigated by Wilkinson (1948). He underlined
that the floral false anatomical characteristics did
not provide adequate information to clearly outline
the limits of the species, but that they contribute
to the phenetic grouping at specific level. Gasson
(1979), who examined the root anatomical peculia-

ral thickening in the tracheidal fiber was very im-
portant for this genus. Metcalfe & Chalk (1972)
reported foliar fibers for V. prunifolium and several
idioblastic cells containing crystals for the Caprifo-
liaceae members. Many members of Caprifoliaceae,
including some Viburnum species, have been exam-
ined in terms of wood anatomical properties by Eom
& Chung (1996) and Ogata (1988). Ogata (1988) re-
ported that the number and length of vessel ele-
ments and distribution of crystals had distinct tax-
onomic importance in the genus Viburnum. So far,
several studies focused on wood anatomy (Ogata
1988; Eom & Chung 1996), palynology (Kollmann
& Grubb 2002), pylogeny (Winkworth & Donoghue
2005), chemistry (Lobstein & al. 2003), and cyto-
logy (Egolf 1962) have been carried out on this ge-
nus, but investigations into the Turkish wild Vibur-
num, especially in anatomical sense, have been very
limited. Thus the aim of this study is to explore the
anatomical peculiarities of shoot and leaves of wild
Turkish Viburnum and to compare them, in order
to evaluate them taxonomically.
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Material and methods

Specimens. V. lantana, V. orientale and V. opulus were
collected from A7 Trabzon (Turkey) in 2004 and 2005
(Table 1, Fig. 1). Specimens were dried according to
standard herbarium techniques and stored in the Her-
barium of Karadeniz Technical University, Depart-
ment of Biology (KTUB).

Species Locality

V. lantana A7 Trabzon: Zigana Mt, ZiTAS, 1600 m, 05.06.2004,
Odabas 01, KTUB

V. orientale A7 Trabzon: Diizkdy, Tasocag: village, 700-800 m,
16.05.2004, Odabas 03, KTUB

V. opulus A7 Trabzon: Diizkoy, Cevizlik , roadside, 650-750 m,

14.05.2005, Odabas 02, KTUB

Anatomical study. Four - five healthy shoots, about
10 cm long, and 10-15 adult leaves of V. lantana, V.
orientale and V. opulus were fixed in FAA (Formalde-
hyde: Acetic Acid: Alcohol) for 24 hours in the field,
and then preserved in 70% alcohol for anatomical
examination. All observations were performed on
transverse sections of shoot and leaves, and surface
preparations of leaves taken by hand. All sections were
stained with safranine-fast green and mounted on en-
tellene in order to get permanent slides (Vardar 1987).
Well-stained sections were photographed with Olym-
pus BX51 from permanent slides. All measurements
and observations were repeated three or four times on
the basis of selected sections taken from at least two
selected specimens.

Results

Viburnum lantana. A cross section of the shoot re-
vealed the following elements (Figs 2-4). Epidermis
ultimately crushed. Periderm consisting of 7-10 rows
of polygonal or rectangular cells (Fig. 2). Phellogen
indistinct but unicellular. Secondary cortex consisting
of 8-9 layers of usually oval parenchymatic cells and
several single or clustered stone cells (Fig. 3). Vascular
cambium distinct (1-2 layered). Phloem surrounded
by parenchymatic cells, including druses. Xylem tra-
versed by unicellular rays including solitary or 1-2
clustered vessels (Fig. 4). Pith obviously parenchymat-
ic, including some crystals.

The anatomical features of midrib, lamina and
surface preparations of the leaves were analyzed
(Figs 5-9). Midrib was semi circular and includ-
ed 1-2 layers of collenchyma close to the epidermis.
Arc-shaped vascular bundles surrounded by orbicular
parenchyma consisted of druses (Fig. 5). Mesophyll
consisted of a monolayer, conspicuously elongated
palisade and 4-5 layers of isodiametric spongy tissue
(Fig. 7). There were several druses in the spongy tissue
(Fig. 7). Dosiventral leaves had anomocytic stoma lo-
cated only on the lower surfaces (Figs 8-9). The stoma
index was 16.34. The upper epidermal cells were big-
ger than the lower ones, but both had undulate walls
and several branched or simple hairs (Fig. 6).

Viburnum orientale. A cross section of the shoot re-
vealed the following elements (Figs 10-12). Epidermis
mostly consisted of monolayer horizontally elongat-
ed rectangular cells, occasionally crushed at the sides
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tered vessels (Figs 11-12). Pith was
obviously parenchymatic, without
crystals.

The anatomical features of mid-
rib, lamina and surface prepara-
tions of the leaves were analyzed
(Figs 13-16). The semicircular
midrib included two-row collen-
chymatic cells. Arc-shaped vascular
bundles were surrounded by orbic-
ular parenchymatous cells contain-
ing druses and several intercellular
spaces (Fig. 13). Mesophyll con-
sisted of monolayer, oval to rectan-
gular palisade cells and 4-5 layers
of isodiametric spongy tissue with
several intercellular cavities and
druses (Fig. 14). Dosiventral leaves
had anomocytic stoma located only
on the lower surfaces (Figs 15-16).
Stoma index was 18.86. The upper
epidermal cells were bigger than
the lower ones and had distinctly
wavy walls and simple and unicel-
lular trichomes (Fig. 14).

Viburnum opulus. A cross sec-
tion of the shoot revealed the fol-
lowing elements (Figs 17-19). Ep-
idermis was mostly crushed, but
when present, it consisted of a sin-
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ary cortex consisted of 8-9 layers
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and several single or clustered scle-
reids (Fig. 18). Vascular cambium
was distinct and consisted of 3-4
layers of small flattened cells. Phlo-
em was surrounded by parenchy-
matic cells including druses. Xy-
lem traversed by unicellular rays
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Figs 5-9. V. lantana:

5, cross section of midrib; 6-7, cross section of leaves; 8-9, surface section of leaves; e — epidermis; tr - tri-
chome; dr - druse; ue — upper epidermis; le — lower epidermis; sp — spongy palisade; pp - palisade paren-
chyma; st — stoma; cp - cortex parenchyma.
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The anatomical features of midrib,
lamina and surface preparations of the
leaves were analyzed (Figs 20-23). Sem-
icircular midrib included a monolayer
collenchyma beneath the epidermis. Arc-
shaped vascular bundles were surround-
ed by orbicular parenchymatous cells
(Fig. 20). Mesophyll consisted of one row
oval to rectangular palisade cells and 4-5
layers of isodiametric spongy tissue, with
several intercellular cavities (Fig. 21).
There were no druses in the spongy tis-
sue (Fig. 21). Dorsiventral leaves had
anomocytic stoma located only on the
lower surfaces (Figs 22-23). Stoma in-
dex was 15.69. The upper epidermal cells
were bigger than the lower ones and had
triangular walls with very sparce simple
unicellular hairs.

Discussion

The present investigation has sought to
provide additional information on the
anatomical characteristics of the wild
Turkish Viburnum species. Apparently,
endomorphic characters can be used in
conjunction with morphological ones to
distinguish the three species in question.

The naturally found Viburnum species
in Turkey are generally branched near the
base (Chamberlain 1972). Morphologically,
they are quite similar (Chamberlain 1972),
but some distinct differences could be ob-
served in the structure of the periderm,
presence of stone-cells, druses and their
distribution in the shoot, and the shape of
epidermis and palisade cell in leaves. Peri-
derm is 7-10 layered in V. lantana (Fig. 2),
4-5 layered in V. opulus (Fig. 17) and 3-lay-
ered in V. orientale (Fig. 10). Furthermore,
the shape of peridermal cells varies from
species to species. All anatomical prop-
erties observed in the shoots are in agree-
ment with Metcalfe & Chalk (1972), Ogata

Figs 10-12. V. orientale: 4 o (1988), Eom & Chung (1996). Fibers have
10, cross section of the cork; 11-12, cross section of the shoot; e - epidermis; K . i

pr - periderm; cl - collenchyma; s - sclereid; xy - xylem; r - rays; ph — phloem; been observed in all examined species.
vc - vascular cambium; cp - cortex parenchyma. These fibers are not continuous in V. opulus
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Figs 13-16. V. orientale:

13, cross section of the midrib; 14, cross section of leaves; 15-16, surface section of
leaves; e — epidermis; dr — druse; ph - phloem; xy - xylem; cp - cortex parenchyma;
ue — upper epidermis; le — lower epidermis; sp — spongy palisade; pp - palisade paren-
chyma; st — stoma; cl - collenchyma.

(Fig. 18) and V. lantana (Fig. 3), but
are continuous and 2-3 layered in V.
orientale (Fig. 10). Metcalfe & Chalk
(1972) have also mentioned these fib-
ers and explained their systematic val-
ue for the Caprifoliaceae members.
Although yhese authors reported
armed palisade cells in genus Sam-
bucus and Viburnum, they have not
been observed during the present in-
vestigation. Each of the three species
has some cells including druses in the
cortex and also the pith, but the dis-
tribution varies from species to spe-
cies. These findings are supported by
Ogata (1988) and Metcalfe & Chalk
(1972). Vessels in the secondary xy-
lem arranged radially and as several
uniseriate rays are present in all exa-
mined species.

Vascular bundles in the midrib
are crescent-shaped and surrounded
by orbicular parenchymatic cells in-
cluding crystals on some of the sides
in all examined species (Figs 5, 13).
Radial vessels have 8-10 rows in V.
opulus, 5-8 rows in V. lantana and
3-4 rows in V. orientale. One or two
layers of distinct collenchyma close
to the epidermis are present in all
examined leaf midribs.

All leaves are dorsiventral. There
is a monolayer rectangle-shaped
palisade in the mesophyll of all exa-
mined species (Figs 7, 14, 21), but
palisade cells are obviously much
longer in V. orientale than in the
other species. Several single or grou-
ped sclereids were reported by Met-
calfe & Chalk (1972) in the meso-
phyll of V. prunifolium, but this was
not confirmed by the present study
in any of the examined species.
There is also a distinct differen-
ce in the shape and size of the epi-
dermal cells. The upper epidermal
cells are always bigger than the low-
er ones. The outer walls of the up-
per epidermal cells are undulate in
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Figs 17-18. V. opulus:

17, cross section of the cork; 18-19, cross sec-
tion of the shoot; e - epidermis; pr - periderm;
cc - phellogen; s — sclereid; xy - xylem; ph -
phloem; dr - druse; p - pith.
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Figs 20-23. V. opulus:

20, cross section of the midrib; 21, cross section of leaves; 22-23, surface sec-
tion of leaves; e — epidermis; cp - cortex parenchyma; ph — phloem; xy — xylem;
ue — upper epidermis; le -lower epidermis; sp — spongy palisade; pp — palisade
parenchyma; st — stoma.
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all examined species. Although there are several sim-
ple and branched hairs in V. lantana, there are very
few simple and unicellular hairs in V. orientale and V.
opulus. Stomata are present only in the lower epider-
mis and are anomocytic in all examined species.

Acknowledgements. The authors are indebted to the two anon-

ymous reviewers for their valuable comments and suggestions.

References

Chamberlain, D.F. 1972. Viburnum L. - In: Davis, P.H. (ed.),
Flora of Turkey and the East Aegean Islands. Vol. 5, pp. 543-544.
Edinburgh Univ. Press, Edinburgh.

Egolf, D.R. 1962. A cytological study of the genus Viburnum. - J.
Arnold Arbor., 43: 132-172.

Eom, Y.G. & Chung, Y.J. 1996. Perforated ray cells in Korean
Caprifoliaceae. - .LAW.A. J., 17(1): 37-43.

Ferguson, K.I. 1976a. Viburnum L. - In: Tutin, T.G. &al. (eds), Flora
Europaea. Vol. 4, p. 45. Cambridge Univ. Press, Cambridge.

Ferguson, K.I. 1976b. The identification of eight woody genera of

the Caprifoliaceae by selected features of their root anatomy. - J.
Linn. Soc., Bot., 78: 267-284.

Gasson, P. 1979. The identification of eight woody genera of the
Caprifoliaceae by selected features of their root anatomy. - J. Linn.
Soc. Bot., 78: 267-284.

Kollmann, J. & Grubb, P.J. 2002. Biological Flora of The British
Islands. - J. Ecol., 90: 1044-1070.

Lobstein, A., Weniger, B., Malecot, V., Um, B.H., Alzate, F.
& Anton, R. 2003. Polyphenolic content of two Colombian
Viburnum species (Caprifoliaceae). - Biochem. Syst. Ecol,, 31:
95-97.

Metcalfe, C.R. & Chalk, L. 1972. Anatomy of the Dicotyledons,
Vol. 2. Oxford Univ. Press, London.

Ogata, K. 1988. Wood anatomy of Caprifoliaceae of Japan. -
LA.W.A. Bull, 9(49): 299-316.

Page, S. & Olds, M. 2004. Botanica. Kdnemann, Verlag GmbH,
Konigswinter, Random Hause.

Vardar, Y. 1987. Botanical Technique. Ege Univ. Fen Fak. Yayinlari,
no. 2, Izmir (in Turkish).

Wilkinson, A.M. 1948. Floral anatomy and morphology of some
species of the genus Viburnum of the Caprifoliaceae. - Amer. J.
Bot., 35: 455-465.

Winkworth, R.C. & Donoghue, M.J. 2005. Viburnum L. phylogeny
based on combined molecular data: implications for taxonomy
and biogeography. — Amer. J. Bot., 92: 653-666.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


