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 Th e nutlet morphology of 32 taxa of  Stachys  sect.  Eriostomum  (Lamiaceae) has been studied by scanning electron 
microscopy (SEM), and a detailed description of the nutlet morphological features of all examined taxa is provided. 
We found some groups within  Stachys  sect.  Eriostomum  that present nutlet micromorphological characters that appear 
to be useful in the species-level taxonomy. Th e basic shape of nutlets in most taxa is obovoid or  �  rounded and the 
size ranged between 1.5 and 3.0 mm in length and between 1.0 and 2.5 mm in width. Five basic types of sculpturing can 
be distinguished: reticulate – tuberculate, reticulate – smooth, reticulate – slightly furrowed, colliculate – tuberculate, colliculate –
 smooth. Th e reticulate type is the most common among the studied species. Th e colliculate type is characteristic for 
S. minor  and  S. cretica  subsp.  vacillans.  Subsection  Spectabiles  with reticulate-smooth/slightly furrowed sculpturing is easily 
distinguished from the other subsections. In addition, nutlet micromorphology is useful for separating the subspecies of 
 S. cretica . Th e systematic and biological implications of the nutlet characteristics are briefl y discussed.   

 Th e genus  Stachys  L., one of the largest genera of Lamiaceae, 
includes about 300 species. It is a subcosmopolitan genus 
centred in the warm temperate regions of the Mediterranean
and southwest Asia, with secondary centres in North 
and South America and southern Africa (Bhattacharjee 
1982). Th e fi rst revision of  Stachys  in Turkey was made by 
Bhattacharjee (1982) for the  ‘ Flora of Turkey ’ . He treated 87 
species (112 taxa) belonging to 15 sections and 2 subgenera.
Of the 112 taxa, 52 (46%) are endemic to Turkey 
(Bhattacharjee 1982, Davis et   al. 1988, Duman 2000, 
Ak ç i ç ek 2010). Most of the endemic taxa are east 
Mediterranean elements. 

 Th e section  Eriostomum  (Hoff manns.  &  Link) Dumort. 
has 23 species (34 taxa) in Turkey. Th is section, which 
is homogenous with respect to general morphology, has a 
wide range throughout Europe, Asia and parts of northern 
Africa. It is divided into three sub-sections, one of which
is subsect.  Spectabiles  R. Bhattacharjee, mainly distributed 
in the oriental and Irano – Turanian regions. Meanwhile, 
subsect.  Creticae  R. Bhattacharjee and subsect.  Germanicae  
R. Bhattacharjee are widely distributed throughout Europe 
and Asia (Bhattacharjee 1974, 1980, Falciani 1997). 

 Nutlet surface anatomy provide some of the most use-
ful taxonomic characters in some genera of Lamiaceae. 
Th e importance of scanning electron microscopy (SEM) 

for the study of nutlet surfaces and the taxonomic value 
of nutlet characters has been described in many genera 
of Lamiaceae (Husain et   al. 1990, Demissew and Harley 
1992, Marin et   al. 1996, Budantsev and Lobova 1997, 
Jamzad et   al. 2000). Nutlet morphology in Lamiaceae has 
proved useful to varying degrees at diff erent levels in the 
taxonomic hierarchy (Budantsev and Lobova 1997). 

 Ryding (1992, 1993) studied nutlet characters in genera 
of Lamiaceae using SEM. Surfaces were typically smooth 
and sub-surface characters were used to distinguish taxa. 
Marin et   al. (1994) characterised nutlets of  Teucrium  L. by 
the presence and density of oil glands. Th ey concluded that 
nutlet characters were potentially useful within Lamiaceae 
at the level of section, genus and species. Oran (1996) found 
that gross nutlet morphology and surface sculpturing in 
species of  Salvia  L. was variable and taxonomically use-
ful, and developed descriptive categories for shape, surface 
sculpturing pattern and cellular deposits. Husain et   al. 
(1990) studied the micromorphology in the tribe Saturejeae 
and found that sculpturing patterns (most commonly reticu-
late) were the most useful characters. Demissew and Harley 
(1992) studied the seed epidermis and found that surface
types correlated with the three infrageneric groups of 
 Stachys  in tropical Africa. Th e surfaces types recognized were 
coarsely reticulate, fi nely reticulate, reticulate and spinulose. 
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 In Turkey,  Stachys yildirimlii  M. Dinç and  S. cydni 
 Kotschy ex Gemici & Leblebici (subgen.  Stachys  sect. 
 Ambleia ) were examined using SEM by Din ç  and Do ğ an 
(2006). Th e nutlets of  S. yildirimlii  are brown, obovate-
triangular, and on average 2.2 – 2.3 mm long and 1.1 – 
1.2 mm wide. Th e surface ornamentation is reticulate-
granulate. Th e nutlets of  S. cydni  are black, oblong-triangular 
and on average 2.1 – 2.2 mm long and 1.0 – 1.1 mm wide. Th e
surface ornamentation is rugulate-granulate. Further, nut-
let characters have recently been described in many other 
genera of Lamiaceae in Turkey (Kaya and Dirmenci 2008, 
Kaya et   al. 2009,  Ö zkan et   al. 2009, Kahraman et   al. 2010). 

 Th e taxonomy of  Stachys  is very diffi  cult mainly due to 
great variation in macromorphological characters, particularly 
under diff erent ecological conditions. Demissew and Harley 
(1992) found that variation in nutlet surface sculpturing and 
exocarp cellular morphology matched infrageneric groups 
of  Stachys . Th ey suggested that tropical African species of 
 Stachys  can be divided into three natural groups based on 
trichome features and nutlet microsculpturing patterns, which 
are to some extent in accordance with the subgeneric classi-
fi cation suggested by Bhattacharjee (1980). Th ese groups are 
further supported by biogeographical and ecological data. 

 However, the species of  Stachys  sect.  Eriostomum  has so 
far not been investigated in detail and potentially infor-
mative microcharacters usefull for thier classifi cation may 
have been overlooked. In spite of considerable morphologi-
cal homogeneity among the species of the section, nutlet 
micromorphology may provide support for separating the 
species of this section. According to Salmaki et   al. (2008), 
among the species attributed to this section,  S. byzantina  
Boiss. and  S. spectabilis  Choisy ex DC. show similar micro-
sculpturing pattern, but diff er in nutlet shape. Other spe-
cies of the section can be distinguished based on the type of 
microsculpturing. 

 Th e aim of this study is to present the surface micromor-
phology of the Turkish species of  Stachys  sect.  Eriostomum  
species and to discuss their taxonomic values.  

 Material and methods 

 Th e plant material was collected in diff erent regions of 
Turkey (Table 1). Voucher specimens were deposited in the 
Herbarium of the Necatibey Education Faculty of Balıkesir 
Univ., Turkey. 

 Nutlets were examined from 32 taxa of  Stachys  (Table 1). 
Two to four nutlets from diff erent populations of each 
species were selected and examined when a number of addi-
tional specimens had been compared under stereomicro-
scope for similarity. Measurements and optical observation 
of nutlet colour were carried out under a stereomicroscope 
Wild M5. For scanning electron microscopy (SEM), dry, 
mature nutlets were mounted directly on stubs, using 
single-sided adhesive tape, coated with gold, and photo-
graphs were taken with EVO-50. Nutlet surface sculp-
turing terminology follow Stearn (1992) and Boj ň ansk ý  
and Farga š ov á  (2007). For recording gross morphology and 
size parameters, at least 10 dry mature nutlets of each of the 
32 taxa were analyzed.   

 Results 

 Th e main features of the investigated nutlets are summa-
rized in Table 2. Selected SEM micrographs of nutlets are 
presented in Fig. 1 – 3. 

 Th e shape of nutlets showed three types of variation 
among the investigated taxa. Most nutlets were obovoid, 
but they were more or less rounded in  S. alpina  subsp.  
macrophylla  and  S. balansae  (Fig. 1e – f ), obovoid to 
 �  rounded in  S. huber - morathii ,  S. pinetorum ,  S. obliqua ,  
S. sericantha  (Fig. 1i – k, m),  S. vuralii  and  S. huetii  
(Fig. 2n, 3d). 

 Th e apex of trigonous nutlets showed large variation, 
but most were obtuse-rounded. Th e apex was truncate-
rounded in  S. tmolea ,  S. cretica  subsp.  kutahyensis  (Fig. 2a, l), 
rounded in  S. germanica  subsp.  heldreichii ,  S. balansae ,  
S. minor  (Fig. 1a, f, l),  S. cretica  subsp.  cretica ,  S. cretica  
subsp.  vacillans ,  S. vuralii  (Fig. 2g – h, n),  S. huetii  (Fig. 3d), 
truncate in  S. bithynica ,  S. tymphaea ,  S. cretica  subsp.  
smyrnaea ,  S. cretica  subsp.  anatolica  (Fig. 1c, 2i, k), and 
obtuse-rounded in the others (Fig. 1 – 3). 

 Areoles were small and circular or triangular in shape. 
Most of the nutlets were distinctly winged towards the 
base. However, in some species ( S. bithynica ,  S. balansae ,  
S. huber  -  morathii ,  S. pinetorum ,  S. minor ,  S. sericantha ,  
S. cretica  subsp.  cassia ,  S. cretica  subsp.  garana ,  S. cretica  
subsp.  anatolica ,  S. cretica  subsp.  kutahyensis ,  S. vuralii ,  
S. thirkei  and  S.   longispicata ) they were only slightly winged 
towards the base (Fig. 1 – 3). 

 Nutlets of all taxa were blackish – brown in colour. 
Nutlet size ranged between 1.5 and 3.0 mm in length and 
1.0 and 2.5 mm in width. Among the examined species 
 S. huber - morathi  has the largest nutlets (2.5 – 3.0  �  2.0 – 
2.5 mm), while species like  S.   longispicata  (1.5 – 1.9  �  
1.0 mm) possessed very small nutlets (Table 2). 

 Nutlet surfaces were found to be high diagnostic 
among taxa. Regarding the sculpturing pattern of nutlet 
surfaces, fi ve basic types could be distinguished: reticulate-
tuberculate in  S. germanica  subsp.  heldreichii ,  S. bithynica ,  
S. tymphaea ,  S. balansae ,  S. pinetorum ,  S. sericantha ,  
S. cretica  subsp.  cassia ,  S. cretica  subsp.  garana ,  S. cretica  
subsp.  lesbiaca ,  S. cretica  subsp.  bulgarica ,  S. cretica  subsp. 
 cretica ,  S. cretica  subsp.  smyrnaea ,  S. cretica  subsp.  mersinaea ,  
S. cretica  subsp.  anatolica ,  S. cretica  subsp.  kutahyensis ,  
S. byzantina ,  S. vuralii ,  S. thirkei  (Fig. 1 – 2), reticulate-smooth 
in  S. thracica ,  S. alpina  subsp.  macrophylla ,  S. carduchorum , 
 S. rizeensis ,  S. huber-morathii ,  S. obliqua  (Fig. 1d – e, g – i, k), 
 S. tmolea  (Fig. 2a), reticulate-slightly furrowed in  S. cretica 
subsp.  trapezuntica  (Fig. 2e),  S. spectabilis ,  S.   longispicata ,  
S.   viticina ,  S.   huetii  (Fig. 3), colliculate-tuberculate in  
S. cretica  subsp.  vacillans  (Fig. 2h), and colliculate-smooth 
in  S. minor  (Fig. 1l). Th e reticulate type was the most 
common among the studied species, but there were some 
specifi c diff erences in the sculpturing pattern between taxa 
(Table 2). 

 Th e fi ve main nutlet surface types in sect.  Eriostomum  
species distinguished based on surface ornamentation are 
(Boj ň ansk ý  and Farga š ov á  2007): 1) reticulate: the reticu-
late pattern consists of large rounded-polygonal cells 
with more prominent walls; 2) tuberculate: tuberculate 
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 : S

ar
ay

, 1
65

 m
, 2

1 
Ju

n 
20

09
EA

 5
29

4
 S.

 a
lp

in
a  

L.
 s

ub
sp

.  m
ac

ro
ph

yl
la

  (A
lb

ov
) R

. B
ha

tta
ch

ar
je

e
 G

er
m

an
ic

ae
 

B
al

ık
es

ir
: A

la
 ç a

m
 M

ou
nt

ai
ns

, 8
00

 m
, 2

5 
Ju

l 2
00

7
EA

 4
77

1
B

ur
sa

: U
lu

da
  ğ  ,
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 em

di
nl

i, 
17

00
 m

, 5
 S

ep
 2

00
7

TD
 3

58
3

 S.
   lo

ng
is

pi
ca

ta
  B

oi
ss

.  &
  K

ot
sc

hy
 Sp

ec
ta

bi
le

s 
El

az
ığ
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Figure 1.   Scanning electron micrographs of nutlets of species of  Stachys  subsect.  Germanicae.  1  �  ventral, 2  �  dorsal, 3  �  surface sculpture. 
(a)  S. germanica  subsp.  heldreichii , (b)  S. bithynica , (c)  S. tymphaea , (d)  S. thracica , (e)  S. alpina  subsp.  macrophylla , (f )  S. balansae , 
(g)  S. carducorum , (h)  S. rizeensis , (i)  S. huber - morathii , (j)  S. pinetorum , (k)  S. obliqua , (l)  S. minor , (m)  S. sericantha.  Scale bars: a1, a2, b1, 
b2, c1, d1, e1, g1, g2, h1, i1, j1, k1, l1, m1    �    200  μ m, a3, b3, g3, i3    �    100  μ m, c2, d2, e2, f2, h2, i2, j2, k2, l2, m2    �    500  μ m, c3, d3, e3, 
h3, j3, k3, m3    �    20  μ m, f1    �    1 mm, f3, l3    �    50  μ m.  
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Figure 1. (Continued)
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  Figure 1. (Continued)

pattern is characterised by bearing small, warty, swelling, 
rounded or variously shaped projections, with small 
smooth rounded projections or knobs, covered with tuber-
cles; 3) smooth: having an even surface, without irregu-
larities or projections; 4) colliculate: with rounded broad 
elevations closely spaced and covering the seed-coat; 
5) furrowed: having grooves, cracks, splits or narrow dep-
ressions, opposite of  ‘ ridged ’ .   

 Discussion 

 Despite their stability as characters, the micromorpho-
logical characters of nutlet surfaces have either been totally 
ignored or only seldom mentioned in previous systematic 
studies on  Stachys . In addition, the micromorphological 
characters of nutlets are largely unknown in the Turkish 
species, apart from nutlet shape, colour and size. In this 
work, the nutlet features of  S. rizeensis ,  S. minor ,  S.   huetii , 
 S. thirkei  and eleven subspecies of  S. cretica  are reported 
in detail for the fi rst time. Among these , Stachys vuralii  
and  S. cretica  subsp.  kutahyensis  are recently described 
taxa (Ak ç i ç ek 2010, Dirmenci et   al. 2011). In addition,  
S. tymphaea  and  S. thracica  are new records for Turkey 
(Akçiçek et al. 2012). 

 Th e basic nutlet shape in most studied taxa was obovoid, 
however,  �  rounded nutlets were found in a few species. 
Our results as far as nutlet shape is concerned are in accor-
dance with Oran (1996) suggesting a relatively low impor-
tance of these characters when assessing relationships in 
 Stachys . However, from a taxonomical point of view, nutlet 
shape can be used for separation of taxa in certain sections. 
For example,  S. alpina  subsp.  macrophylla  and  S. balansae 
(Fig. 1e – f ) with  �  rounded nutlets are easily distin-
guished from other species of the section. In the same way,  
S. balansae  can be distinguished from  S. bithynica  by nutlet 
shape alone. Nutlets of  S.   bithynica  has an obovoid shape, 
while those of  S. balansae  are  �  rounded (Fig. 1b, f ). 

  Stachys balansae  and  S. carduchorum  are morphologi-
cally similar (Rechinger 1982), but diff er in nutlet size, 
shape and apex. Th e nutlets of  S. balansae  are smaller than 
those of  S. carduchorum  and are  �  rounded, while they are 
obovoid in  S. carduchorum  (Table 2). 

 Many of the variable nutlet characters examined here 
are also of systematic value in other groups of Lamiaceae, 
particularly surface sculpturing (Husain et   al. 1990, 
Oran 1996). Th e sculpturing of nutlets has been consid-
ered to provide the most valuable character (Oran 1996). 
In this study, regarding the sculpturing pattern of nutlet 
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Figure 2.   Scanning electron micrographs of nutlets of  Stachys  subsect.  Creticae.  1  �  ventral, 2  �  dorsal, 3  �  surface sculpture. (a)  S. tmolea , 
(b)  S. cretica  subsp.  cassia , (c)  S. cretica  subsp.  garana , (d)  S. cretica  subsp.  lesbiaca , (e)  S. cretica  subsp . trapezuntica , (f )  S. cretica  subsp. 
 bulgarica , (g)  S. cretica  subsp.  cretica , (h)  S. cretica  subsp.  vacillans , (i)  S. cretica  subsp.  smyrnaea , (j)  S. cretica  subsp.  mersinaea , (k)  S. cretica  
subsp.  anatolica , (l)  S. cretica  subsp.  kutahyensis , (m)  S. byzantina , (n)  S. vuralii , (o)  S. thirkei.  Scale bars: a1, b1, c1, d1, f1, h1, i1, j1, k1, 
l1, m1    �    200  μ m, f3, j3, k3, m3    �    100  μ m, a2, b2, c2, d2, e1, e2, f2, g1, g2, h2, i2, j2, k2, l2, m2, n1, n2, o1, o2    �    500  μ ml, a3, b3, c3, 
d3, h3, i3, l3    �    20  μ m, e3, g3, n3, o3    �    50  μ m.  
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Figure 2. (Continued)
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  Figure 2. (Continued)

surfaces fi ve basic types could be distinguished: reticulate-
tuberculate, reticulate-smooth, reticulate-slightly furrowed, 
colliculate-tuberculate and colliculate-smooth. Th e reticu-
late type was the most common type among studied taxa. 
A colliculate sculpture was characteristic for  S. minor  
and  S. cretica  subsp.  vacillans.  Further, subsect.  Spectabiles  
could easily be distinguished from other subsections in 
 Eriostomum  based on theirs unique reticulate-smooth/
slightly furrowed sculpturing (Fig. 3). 

 Sculpturing type may to some extent indicate taxonomic 
relationships. For example, in subsect.  Germanicae ,  S. minor  
is morphologically closely related to  S. sericantha . However, 
the nutlet surface of  S. minor  is colliculate-smooth, while in 
 S. sericantha  it is reticulate-slightly tuberculate (Fig. 1l – m). 
Furthermore, nutlet apex sculpture in  S. minor  is smooth,
while in  S. sericantha  it is tuberculate (Fig. 1l2 – m2). 
According to  ‘ Flora of Bulgaria ’  (Jordanov 1989),  S. thracica
 and  S.   germanica  are morphologically very similar. Our 
surface sculpturing results show clear diff erences between 
 S. thracica  and  S.   germanica  subsp.  heldreichii .  Stachys 
thracica  has a smooth surface, while  S.   germanica  subsp.  
heldreichii  has a tuberculate surface (Fig. 1a, d). 

 Th e nutlet sculpture provides support for separating 
some of the subspecies of  S. cretica . It is collicullate in subsp. 
 vacillans , smooth in subsp.  mersinaea  and slightly fur-
rowed in subsp.  trapezuntica .  Stachys cretica  subsp.  vacillans , 
 S. cretica  subsp.  anatolica  and  S. cretica  subsp.  kutahyensis 

show similar morphological characters, however, nutlet 
surface sculpturing of these taxa can be used to separate 
them: nutlets of subsp.  vacillans  are colliculate-tuberculate, 
those of subsp.  kutahyensis  reticulate - slightly tuberculate and
those of subsp.  anatolica  reticulate - tuberculate (Fig. 2h, k – l). 

 According to Salmaki et   al. (2008), among species 
attributed to this section,  S. byzantina  and  S. spectabilis  
show similar microsculpturing patterns, but diff er in 
nutlet shape. However, their results for  S. byzantina  and 
 S. spectabilis  were not similar to ours. We found nutlets to be 
obovoid and reticulate in both species, and the nutlet surface 
was slightly tuberculate in  S. byzantina , and smooth/slightly 
furrowed in  S. spectabilis  (Fig. 2m, 3a). 

 Th e nutlets of  S. byzantina ,  S. germanica  and  S. obliqua  
have been examined by Boj ň ansk ý  and Farga š ov á  (2007) 
and our results are in accordace with their study. 

 As a result, despite considerable morphological homo-
geneity among species of the section, nutlet micromorphol-
ogy do provide support for separating some subsections 
or species of this section, as well as for separating some 
subspecies of  S. cretica . For example, subsect.  Spectabilis  is 
characterized by a smooth/slightly furrowed sculpture, and 
can be distinguished from the other studied subsections. 

 However, nutlet microsculpturing is not useful for sepa-
rating large natural groups, like subsections of this section. 
It seems as if, in contrast to the situation in other genera of 
Lamiaceae, nutlet characters are of low phylogenetic value 
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 Figure 3.     Scanning electron micrographs of nutlets of  Stachys  subsect.  Spectabilis.  1  �  ventral, 2  �  dorsal, 3  �  surface sculpture. (a)  S. spectabilis , 
(b)  S.   longispicata , (c)  S.   viticina , (d)  S.   huetii . Scale bars: a1, b1, b2, c1, d1    �    200  μ m, a2, c2, d2    �    500  μ m, a3, b3, c3, d3    �    100  μ m.  

in  Stachys , due to high variation even among closely related 
species (Salmaki et   al. 2008). 
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