
INTRODUCTION

Scrophularia L. (Scrophulariaceae), one of the most
important genera of the flowering plants, consists of
~300 species. It is mainly Holartic, and species are
found in both the Old and New Worlds (Lersten and
Curtis, 1997). Their primary center of diversity is in
Southeast Asia (Stiefelhagen, 1910). Many species
belonging to this genus have been used as folk reme-
dies since ancient times (Heather and Henderson,
1994). 

Anatomical studies of Scrophularia are mainly
focused on leaf features. The first brief descriptions
of the idioblast in Scrophularia were made by
Volkens (1887) and then Matcalfe and Chalk (1950).
More recently, Lersten and Curtis (1997, 2001)
investigated the distribution of idioblasts and inter-
nal secretory structures in many Scrophulariaceae
taxa, and found many crucial differences between
the examined taxa. Intercellular inclusions such as
idioblasts and cellular cavities are useful new
microcharacters used in taxonomic and systematic
treatments. Pennel (1929, 1935) determined impor-
tant differences in the leaf, stem and root anatomy of
25 Scrophulariaceae species and explained their
taxonomic importance.

Scrophularia is represented by ~59 taxa in
Turkey (Davis, 1978), some of which are endemic.
Anatomical features are very important characters
in Scrophularia, but there are insufficient data relat-
ed to the Turkish species. The main object of this
study is to explore the anatomical and morphologi-
cal features of Scrophularia taxa distributed in NE
Anatolia and to explain their systematic importance.

MATERIALS AND METHODS

The plants were collected from northeast Anatolia in
2002. The collection data for the examined speci-
mens are given in Table 1. Specimens for morpho-
logical study were dried according to standard
herbarium techniques and stored in the Herbarium
of Karadeniz Technical University, Department of
Biology (KTUB). The materials for anatomical study
were fixed in FAA for 24 h and then preserved in
70% alcohol in the field.

Anatomical observations were performed on
transverse sections of stem and leaves, and surface
sections of leaves cut by hand. The material was
stained with safranin/fast green for 24 h and mount-
ed with glycerine-gelatine to make permanent slides
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(Vardar, 1987). Well-staining sections were pho-
tographed with an Olympus BX51 from permanent
slides. All measurements and observations were
made three or four times.

The 31 characters presented in Table 2 were
assessed by numerical analysis: 14 related to vege-
tative structures and 17 to anatomical structures.
Seventeen were quantitative, including linear meas-
urements, ratios of linear measurements, and num-
ber of structures. The remaining 14 characters were
qualitative, each divided into two discrete categories.
All numerical analyses were performed using SYN-
TAX (Podani, 1994). A standardized data matrix
was subjected to cluster analysis using the
unweighted pair-group method with arithmetic aver-
ages (UPGMA), and principal components analysis
(PCA). For UPGMA, the resemblance matrix was
calculated from the standardized data matrix, using
Gower's coefficient of resemblance for mixed data
sets (Sneath & Sokal, 1973). For PCA, the stan-
dardized data were used to create a correlation
matrix, and two eigenvectors were extracted, provid-
ing two axes onto which the standardized data were
projected to give a two-dimensional plot of the taxa
and characters. During this process it was found
that some characters explain very low percentages of
variance accounted for by each component. For this
reason, these characters were removed from the
matrix and the analysis was performed using X17,
X22, X23 X27 and X28 (see Table 2) once again. Only
the results of these characters are given in this
paper. 

RESULTS

MORPHOLOGICAL CHARACTERS

Scrophularia ilwensis: Stem 25–90 cm, generally
branched and glandular. Leaves rosette, alternate
and shortly petiolate. Lamina ovate, entire, rarely
pinnatifid. Inflorescence aphyllous, alar pedicel 2–5
mm and glandular. Calyx lobes glabrous with scari-
ous margin. Corolla very dark red-brown, stamens
exerted, staminode kidney-shaped, capsule ovoid,

pedicel glandular.
Scrophularia capillaris: Stem 40–95 cm, leaves

petiolate, opposite, lamina generally cordate.
Inflorescence foliate, alar pedicel ~20 mm. Calyx
lobes ovate with scarious margin. Corolla reddish-
green, stamens included, staminode cordate to
emarginate, capsule globose, pedicel glabrous. It is
an endemic species and known only from the type
locality.

Scrophularia nodosa: Stem 50–120 cm,
quadrate, glabrous except in upper part. Leaves
opposite, shortly petiolate. Lamina ovate, entire.
Inflorescence subfoliate. Calyx lobes glabrous with
narrow scarious margin. Corolla purple to yellow-
ish, stamens included, staminode cordate to reni-
form, capsule ovoid, pedicel glandular.

Scrophularia libanotica var. pontica: Stem
15–85 cm. Leaves alternate, petiolate to sessile, lam-
ina pinnatifid. Inflorescence aphyllous, pedicel glan-
dular. Calyx lobes ovate with scarious margin ~0.5
mm wide. Corolla maroon, stamens generally
included, staminode linear to ovate, capsule glo-
bose. It is an endemic taxon and known only from
the type locality.

Scrophularia lucida: Stem length 30–150 cm,
leaves opposite, petiolate. Lamina pinnatifid to pin-
natisect. Inflorescence aphyllous, alar pedicel
0.6–0.8 mm. Calyx lobes glabrous with scarious
margin ~1 mm wide. Corolla lobes brownish pink
to whitish red. Stamens included, staminode reni-
form, capsule globose.

Scrophularia cinerascens: Stem 10–50 cm,
plant densely glandular. Leaves opposite, ovate.
Lamina pinnatifid. Inflorescence aphyllous, alar
pedicel 2–3 mm. Calyx lobes glabrous with scarious
margin 2–4 mm wide. Corolla purple, stamens
included to exerted, staminode oblong to ovate, cap-
sule subglobose. 

ANATOMICAL CHARACTERS

Scrophularia ilwensis: A transverse section taken
from the middle part of the stem was observed (Fig.
1). Cuticle layer is 2.8–3.5 μm thick and trichomes
are obvious (Fig. 2). Epidermis consists of a single
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layer of rectangular or orbicular cells. Under the epi-
dermis is a monolayer of collenchyma, but 2 or 3
layers of collenchyma can be seen below the epider-
mis at the stem ridges. Stem cortex (180–230 μm
thick) consists of 6 or 7 layers of usually oval cells
and makes up 20% of the stem. Cambium is not dis-

tinguishable. Xylem tissue, including solitary vessels
or clustered vessels, is extensive and occupies 35%
of the stem cortex. Pith cells are large and cylindri-
cal, and occupied 36% of the stem radius.

A transverse section of the lamina, midrib and
both epidermises was studied (Fig. 3). Midrib is tri-
angular and has 1 or 2 layers of collenchyma under
both the abaxial and adaxial epidermises. Upper
epidermal cells are larger than lower ones.
Idioblasts sparsely distributed between the palisade
parenchyma cells (Fig. 4). Mesophyll consists of 4 or
5 layers of elongated palisade cells and 3 or 4 layers
of isodiametric spongy parenchymatic cells with
large intercellular cavities (Fig. 5). Solitary arc-
shaped vascular bundles are surrounded ny
parenchymatous and orbicular cells. There are
many prominent trichomes on the lower epidermis
(Fig. 6). Both epidermises have cuticle 3–3.5 μm
thick and have undulate cell walls. Leaf is unifacial
and has anomocytic stomata cells. Stomata occur on
both epidermal surfaces, level with neighboring cells
(Figs. 7, 8).

Scrophularia capillaris: A transverse section
taken from the middle part of the stem was observed
(Fig. 9). Cuticle layer is 2–2.5 μm (Fig. 10).
Epidermal cells consist of a single layer and are
plane, and are rectangular or orbicular. Stem cortex
(150–200 μm thick) consists of 7 or 8 layers of usu-
ally oval cells, and occupies 25% of the stem.
Cambium is not distinguishable. Xylem tissue,
including solitary vessels or clustered vessels, is
extensive at the sites of ridges and occupies 25% of
the stem radius. There is a sclerenchymatic sheath
(40–50 μm thick) between the bundles. Pith cells are
large and cylindrical, and occupy 40% of the stem
radius. 

A transverse section of the lamina, midrib and
both epidermises was studied (Fig. 11). Idioblasts
were clearly seen between the palisade cells (Fig.
12). Mesophyll consists of 1–3 layers of elongated
palisade cells and 2 or 3 layers of isodiametric
spongy parenchymatic cells with large intercellular
cavities (Fig. 13). Midrib is triangular and has 1 or
2 layers of collenchyma located below the epidermal
cells. Vascular bundle is solitary, arc-shaped, and
surrounded by orbicular parenchymatous cells.
Upper epidermal cells are larger than the lower
ones. Both epidermises are covered with cuticle
2.5–3 μm thick and have undulate cell walls; there
are no trichomes on the lower epidermis (Fig. 14).
Leaf is unifacial and has anomocytic stomata cells.
Stomata occur on the both surfaces, level with
neighboring cells (Figs. 15, 16). 

Scrophularia nodosa: A transverse section
taken from the middle part of the stem was observed
(Figs. 17, 18). Cuticle layer is 3–3.5 μm thick and
trichomes are evident on the cuticle. Under the epi-
dermis is a monolayer collenchyma, but 2 or 3 lay-
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ers of collenchyma can be seen below the epidermis
at the stem ridges. Stem cortex (350–400 μm thick)
consists of 7 or 8 layers of usually oval cells and
occupies 25% of the stem. Bundles are of different
sizes and occupy 25% of the stem. There is a scle-
renchymatic sheath (150–200 μm thick) between
these bundles. Pith cells are large and cylindrical,
and occupy 55% of the stem radius.

A transverse section of the lamina, midrib and
both epidermises was studied (Fig. 19). Vascular
bundles are arc-shaped and surrounded by
parenchymatous and orbicular cells. Mesophyll con-
sists of 2 or 3 layers of elongated palisade cells and
2 or 3 layers of isodiametric, spongy parenchymatic
cells with large intercellular cavities (Fig. 20). Both
epidermises are covered by cuticle 4–4.5 μm thick

(Fig. 21). Leaf is unifacial and has anomocytic stom-
ata cells. Upper epidermal cells are larger than the
lower ones; they have undulate cell walls and no tri-
chomes (Figs. 22, 23). 

Scrophularia libanotica var. pontica: A trans-
verse section taken from the middle part of the stem
was observed (Figs. 24, 25). Stem is woody (Fig. 24).
Cuticle layer is 6–7 μm thick (Fig. 25). Epidermis
consists of a single layer of plane, rectangular or
orbicular cells. Collenchyma is a single layer under
the epidermis, but 2 or 3 layers of collenchyma can
be seen below the epidermis at the stem ridges.
Stem cortex (220–300 μm thick) consists of 6 or 7
layers of usually oval cells and occupies 15% of the
stem. Cambium is distinguishable. Sclerenchyma
fibers are evident, grouped in the phloem tissue
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Figs. 1–8. Scrophularia ilwensis. Figs. 1, 2. Transverse section of stem. Figs. 3–6. Transverse section of leaf. 
Figs. 7, 8. Surface section of leaf. e – epidermis; c – cortex; vb – vascular bundle; phl – phloem; xl – xylem; p – pith; le
– lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – palisade parenchyma; tr – trichome; upec –
upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma; id – idioblast; sc – sclerenchyma; pr – pith
rays; ic – intravascular cavity; ct – cuticle.



(Fig. 24). Xylem tissue is extensive and occupies
50% of the stem cortex. Because the bundles are
arranged in rows along the stem, the sclerenchy-
matic sheath is not recognizable. Pith cells are
large and cylindrical, and occupy 44% of the stem
radius.

Leaf features in a transverse section taken from
the lamina of S. libanotica var. pontica are seen in
Figure 26. Midrib is triangular and has 1 or 2 layers
of collenchyma located below epidermal cells. Cells
of the upper epidermis are larger than those of the
lower epidermis. Vascular bundles are surrounded
by orbicular parenchymatic cells. Idioblasts with
thin primary walls and large empty lumens are
abundant in the mesophyll tissue (Fig. 27).
Mesophyll consists of 3 or 4 layers of elongated pal-
isade cells and 4 or 5 layers of isodiametric, spongy

parenchymatic cells having large intercellular cavi-
ties (Fig. 28). Trichomes are evident on the lower
epidermis cells (Fig. 29). Leaf is unifacial and has
anomocytic stomata. Stomata occur on both sur-
faces. Epidermal cell walls are not undulate (Figs.
30, 31). 

Scrophularia lucida: A transverse section taken
from the stem was studied (Fig. 32). Cuticle layer is
6–7 μm thick (Fig. 34). Epidermis consists of a sin-
gle layer of plane, rectangular or orbicular cells.
Under the epidermis is a monolayer of collenchyma,
but 2 or 3 layers of collenchyma can be seen below
the epidermis at the stem ridges. Stem cortex
(180–200 μm thick) consists of 7 or 8 layers of usu-
ally oval cells and occupies 13% of the stem.
Cambium is distinguishable. Phloem has scle-
renchyma fibers in groups (Fig. 33). Xylem tissue
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FFiiggss..  99––1166.. Scrophularia capillaris. Figs. 9, 10. Transverse section of stem. Figs. 11–14. Transverse section of leaf.
Figs. 15, 16. Surface section of leaf. e – epidermis; pc – parenchymatic cells; vb – vascular bundle; phl – phloem; 
xl – xylem; p – pith; le – lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – palisade parenchyma;
tr – trichome; upec – upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma; id – idioblast; ssh
– sclerenchymatic sheath.



occupies 20% of the stem cortex. Sclerenchymatic
sheath (150–200 μm thick) is between the bundles.
Pith cells are large and cylindrical, and occupy 36%
of the stem radius.

Leaf features of the species are shown in Figure
35. Midrib is triangular and has 1 or 2 layers of col-
lenchyma located below the epidermal cells. Upper
epidermal cells are larger than the lower ones; tri-
chomes are absent. Solitary arc-shaped vascular
bundles are surrounded by orbicular parenchymat-
ic cells. Cuticle is evident (Fig. 36). Mesophyll con-
sists of 5 or 6 layers of elongated palisade cells and
5 or 6 layers of isodiametric, spongy parenchymatic
cells having large intercellular cavities (Fig. 37). In
surface preparations, cell walls of both epidermises
are undulate. Leaf is unifacial and has anomocytic
stomata (Figs. 38, 39).

Scrophularia cinerascens: A transverse section
taken from the middle part of the stem was observed
(Fig. 40). Cuticle layer is 4–5 μm thick. Under the
epidermis is a monolayer of collenchyma. Stem cor-
tex (200–250 μm thick) consists of 6 or 7 layers of
usually oval cells and occupies 25% of the stem.
Cambium is not distinguishable. Bundles are soli-
tary or in clusters in the stem (Fig. 41). Xylem is
large and occupies 25% of the stem cortex.
Sclerenchymatic sheath is 100–120 μm thick. Pith
cells are large and cylindrical, and occupy 36% of
the stem radius.

A transverse section of the lamina, midrib and
both epidermises was studied (Fig. 42). Midrib is
triangular and has 1 or 2 layers of collenchyma.
Vascular bundles are surrounded by orbicular
parenchymatic cells. Mesophyll consists of 3 or 4
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Figs. 17–23. Scrophularia nodosa. Figs. 17, 18. Transverse section of stem. Figs. 19–21. Transverse section of leaf.
Figs. 22, 23. Surface section of leaf. e – epidermis; c – cortex; vb – vascular bundle; phl – phloem; xl – xylem; p – pith;
le – lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – palisade parenchyma; tr – trichome; upec
– upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma.



layers of palisade cells and 4 or 5 layers of isodia-
metric, spongy parenchymatic cells having large
intercellular cavities (Fig. 43). Many prominent tri-
chomes are on the lower epidermis (Fig. 44). Upper
epidermal cells are larger than the lower ones; cells
of both epidermises have undulate walls. Leaf is uni-
facial and has anomocytic stomata (Figs. 45, 46). 

NUMERICAL ANALYSIS

The dendrogram resulting from UPGMA is repre-
sented in Figure 47. To determine the congruence
between the dendrogram and the underlying resem-
blance matrix, the cophenetic correlation coefficient
(rcs) was also calculated. It has generally been found
to vary from 0.6 to 0.95, depending on the methods
used to produce the dendrogram and the nature of

the differences between the specimens classified.
Our dendrogram had a cophenetic correlation of
0.72, suggesting that the dendrogram provides an
accurate representation of the resemblances. 
A cross line at the 0.4 dissimilarity level divided the
dendrograms into six groups corresponding to the
six taxa of Scrophularia conventionally identified.
Hence, we suggest that these clustering methods are
more suitable than other methods for classifying the
genus at the species level. As seen in Figure 47,
while S. ilwensis and S. nodosa are linked to each
other at a low dissimilarity level, S. capillaris and 
S. libanotica are linked at a high dissimilarity level. 

PCA results using five characters are shown in
Figure 48, which shows the taxa and the variables
for the first two components. There are six taxa
groups corresponding to the six examined taxa sep-
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Figs. 24–31. Scrophularia libanotica var. pontica. Figs. 24, 25. Transverse section of stem. Figs. 26–29. Transverse
section of leaf. Figs. 30, 31. Surface section of leaf. e – epidermis; c – cortex; sc – sclerenchyma; phl – phloem; 
xl – xylem; p – pith; le – lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – palisade parenchyma;
tr – trichome; upec – upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma; id – idioblast; 
h – hair.



arated from each other by the first two PCs. Table 3
gives the results of principal component analysis
showing eigenvalues as percentages of explained
variance, and cumulative percentages. Only the first
three components were taken into account because
of their eigenvalues. The three components account
together for 99.70% of the variation. The first com-
ponent accounts for 60.33% of it, the second
accounts for 27.46%, and together they account for
87.79%. 

DISCUSSION

The present investigation sought to provide an addi-
tional perspective on the relations between the dif-
ferent taxa studied. This is the first anatomical
report on the six examined taxa of Scrophularia.

Among the morphological traits, leaf characters
are the most important for separation of taxa (Davis,
1978). In out study we found that the lamina shape
is pinnatifid in S. libanotica var. pontica, S. lucida
and S. cinerascens, and entire in the others. All taxa
except for S. capillaris have glands on the capsule or
the pedicel. The presence/absence and shapes of
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Figs. 32–39. Scrophularia lucida. Figs. 32–34. Transverse section of stem. Figs. 35–37. Transverse section of leaf. 
Figs. 38, 39. Surface section of leaf. e – epidermis; c – cortex; sc – sclerenchyma; phl – phloem; xl – xylem; ic – intra-
cellular cavity; p – pith; le – lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – palisade parenchy-
ma; cmb – cambium; upec – upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma; vb – vascu-
lar bundle; ct – cuticle.

TABLE 3. Percentage of variance accounted for by first
three components



staminodes are important in distinguishing related
taxa. The staminode is linear to ovate in S. libanot-
ica var. pontica, and reniform, cordate to emar-
ginate, cordate to reniform or oblong to ovate in the
others. The alar pedicel is up to 15 mm long in 
S. capillaris, and from 1.5 to 3.5 mm long in the oth-
ers. The leaves are alternate and stamens are exerted
in S. ilwensis and S. libanotica var. pontica; leaves
are opposite and the stamens are included in the rest
of the taxa. All our morphological observations are
similar to those reported by Davis (1978).

A foliar endodermis with a casparian strip is
rarely present in angiosperms (Dickson and
Weitzman, 1996). It is known from Plantaginaceae,
however (Metcalfe and Chalk, 1950), a family possi-
bly related to Scrophulariaceae (Hufford, 1992). A

foliar endodermis and crystals were previously
described by Metcalfe and Chalk (1950) in
Scrophulariaceae, but we did not observe such fea-
tures in this study. 

The distribution of sclerenchymatic tissue in the
cortex and phloem has considerable taxonomic value
(Hilliker and Kampny, 1990). It occurred as solitary
or bundled fibers in all examined taxa. Fibers consist
of 15–20 cells in S. libanotica var. pontica, 10–15
cells in S. cinerascens, 5–10 in S. nodosa and 8–10
in S. lucida, but they are solitary in S. ilwensis and
S. capillaris. Pennel (1929) did not report any fibers
on stem ridges of Agalinis a member of
Scrophulariaceae. Our results did show the presence
of fibers, especially in stem ridges. The fibers are soli-
tary in S. capillaris, unlike in the others. The pres-
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Figs. 40–46. Scrophularia cinerascens. Figs. 40, 41. Transverse section of stem. Figs. 42–44. Transverse section of
leaf. Figs. 45, 46. Surface section of leaf. e – epidermis; c – cortex; sc – sclerenchyma; phl – phloem; xl – xylem; 
ssh – sclerenchymatic sheath; p – pith; le – lower epidermis; upe – upper epidermis; sp – spongy parenchyma; pp – pal-
isade parenchyma; tr – trichome; upec – upper epidermis cell; lec – lower epidermis cell; cl – collenchyma; st – stoma.



ence/absence and distribution of fibers also serve as
features for separating the examined taxa.
Intravascular sclerenchymatic tissue is ~300 μm
thick in S. ilwensis, but ranges from 65 μm to 125
μm thick in the other examined taxa.

Although taxa including idioblasts are present
in all sections and subsections of the genus, the
state, distribution and shapes of idioblasts are par-
ticularly significant characters in Scrophularia
(Stiefelhagen, 1910; Murbeck, 1933). The presence
of idioblasts in S. capillaris, S. ilwensis and S.
libanotica var. pontica is an additional taxonomic
trait for identifying these taxa. While the idioblasts
are distinctly oval, abundant and large in S. libanot-

ica var. pontica, they are spherical, sparse and
small in S. capillaris and S. ilwensis. Lersten and
Curtis (2001) stated that strictly subepidermal
idioblasts with primary cell walls are empty at cell
maturity, although their development has not been
studied. No substances were observed in any of the
idioblasts in the present study. The other anatomi-
cal features of leaves determined in this study are
also important characters. These findings supple-
ment the information about the genus and the fami-
ly given by Metcalfe and Chalk (1950), and should
be useful in future studies on this genus. 

Endomorphic characters can be used in con-
junction with morphological characters. The concor-
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FFiigg..  4477. Cluster analysis – UPGMA. Taxa numbers given in Table 1.

FFiigg..  4488. Principal component analysis of 6 taxa and 5 variables projected onto the first two axes. Variable numbers
explained in Table 2.



dance between the UPGMA results and those of tra-
ditional taxonomic treatments (Davis, 1978) bear
out this idea, and show that morphological and
anatomical traits can be easily used to identify the
examined taxa. PCA analysis also shows that some
anatomical characters such as average number of
stomata, epidermal cell characteristics, and the
dimensions of vascular bundles and intervascular
sclerenchyma seem to be more important than mor-
phological ones, and explain most of the total varia-
tion among the examined taxa.
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