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Abstract: Calcium oxalate (CaOx) crystals in the tissues and organs of 18 species that belong to tribe Cardueae (Asteraceae), Arc-
tium minus, Carduus candicans, C. nutans, C. pycnocephalus, Cirsium arvense, C. creticum, C. vulgare, Jurinea consanguinea,
Silybum marianum, Tyrimnus leucographus, and Xeranthemum annuum within the subtribe Carduinae and Carthamus dentatus,
C. lanatus, Centaurea cyanus, C. diffusa, C. iberica, C. salonitana, and C. solstitialis within the subtribe Centaureinae, were in-
vestigated, and their morphologies and distribution were determined using light microscopy. Two morphological types of crystals,
styloids and prismatics, were the most commonly found crystals in the species examined. Raphides were only observed in the
stem cortex and pith parenchyma cells of S. marianum, while druses were only viewed in the stem pith cells of C. pycnocephalus.
Styloids were observed (if present) in the leaf, corolla, anther, filament, and style tissues. Prismatic crystals were common in al-
most all ovaries of the species investigated except Xeranthemum annuum which was found to include styloids in its ovary cells.
Prismatics, styloids, raphides, and druses were present in the stems of the species. It is considered that crystal formation within the
cell is under genetic control. Thus the type, and presence or absence of crystals may be represented as a taxonomic character. In
conclusion, it is suggested that the type and location of CaOx crystals in the Cardueae constitute a diagnostic character and they
may have taxonomic significance in this tribe.
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Resumen: Se analizaron los cristales de oxalato de calcio (CaOx) en los tejidos y érganos de 18 especies que pertenecen a la tribu
Cardueae (Asteraceae), Arctium minus, Carduus candicans, C. nutans, C. pycnocephalus, Cirsium arvense, C. creticum, C. vul-
gare, Jurinea consanguinea, Silybum marianum, Tyrimnus leucographus, y Xeranthemum annuum dentro de la subtribu Carduinae
y Carthamus dentatus, C. lanatus, Centaurea cyanus, C. diffusa, C. iberica, C. salonitana, y C. solstitialis dentro de la subtribu
Centaureinae. Se determind su morfologfas y distribucién mediante microscopia de luz. Los tipos morfoldgicos de cristales mds
comtnmente encontrados en las especies examinadas fueron los estiloides y prismdticos. Los rafidios solamente se observaron en
las células de la corteza del tallo y de la médula del parénquima de S. marianum, mientras que las drusas solamente se observaron
en las células madre de médula de C. pycnocephalus. Los estiloides se observaron (si estaban presentes) en los tejidos de la hoja,
la corola, anteras, filamentos, y el estilo. Los cristales prismdticos fueron comunes en los ovarios de casi todas las especies inves-
tigadas excepto en Xeranthemum annuum en donde se encontraron estiloides en las células de ovario. Los prismadticos, estiloides,
rafidios y drusas estuvieron presentes en los tallos de todas las especies. Se considera que la formacidn de cristales dentro de la cé-
lula estd bajo control genético. Asi, el tipo y la presencia o ausencia de cristales pueden considerarse como un cardcter taxonémico.
En conclusion, se sugiere que el tipo y la ubicacion de los cristales CaOx en el Cardueae constituye un cardcter de diagndstico y
pueden tener importancia taxondmica en esta tribu.

Palabras clave: Asteraceae, Cardueae, cristales de oxalato de calcio, prismdticos, estiloides

Calcium oxalate (CaOx) crystals are widely distributed
in plants and are found in over 215 plant families (Fran-
ceschi and Horner, 1980; Molano-Flores, 2001). They oc-
cur in different plant tissues, including the leaves (Lersten
and Horner, 2000; Horner et al., 2012), stems (Meric, 2008,
2009a), roots (Kausch and Horner, 1984; Dane et al., 2000;

Horner et al., 2000) and seeds (Ilarslan et al., 2001). The
CaOx crystals also occur in floral organs, including the ova-
ries (Dormer, 1961, 1962; Tilton and Horner, 1980; Meric,
2008, 2009a, b), anthers (Horner, 1977; Meric, 2009a, b),
and petals (Meric, 2008, 2009b). The only place where
crystals have not been observed is the pollen (Tilton and
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Horner, 1980). However, their functional significance re-
mains unclear, although various functions have been attrib-
uted to them. These functions include calcium regulation
in plant cells (Franceschi, 1989; Kostman and Franceschi,
2000; Volk et al., 2002), protection against herbivory (Mo-
lano-Flores, 2001), detoxification of heavy metals or oxalic
acid (Franceschi and Nakata, 2005), tissue strength, and
light gathering and reflection (Franceschi and Horner, 1980;
Kuo-Huang et al., 2007).

The shapes of CaOx crystals vary and they are commonly
described as raphides, druses, styloids, prisms, and crystal
sand (Franceschi and Horner, 1980; Franceschi and Nakata,
2005). The distribution and shapes of these crystals have
been used as taxonomic characters for a number of plant
families (Prychid and Rudall, 1999; Lersten and Horner,
2000, Horner et al., 2012). Prychid and Rudall (1999) re-
ported that there are three main types of CaOx crystals in
monocotyledons: raphides, styloids, and druses. Styloids
are characteristic of some families of Asparagales, while
they are entirely absent in Iridaceae. Druses are relatively
rare in monocotyledons compared to dicotyledons (Prychid
and Rudall, 1999). Lersten and Horner (2000) determined
six major CaOx crystal macropatterns in the genus Prunus,
and they showed that the types and distribution of CaOx
crystals represent a systematically significant feature among
the five subgenera.

Asteraceae Bercht. & J. Presl. is one of the largest fami-
lies in the plant kingdom, with approximately 23,000 spe-
cies. It is widespread with many genera and species, and it
includes many crops and ornamental plants (Bremer, 1994).
The tribe Cardueae Cass. is composed of about 74 genera
and 2,500 species. It is divided into five subtribes: Echinopi-
nae, Carlininae, Carduinae Centaureinae, and Cardopatiinae
(Susanna et al., 2006). However, taxonomic problems of
this tribe have not been solved yet. The tribe is distributed
mainly in Eurasia, chiefly in the Mediterranean and South-
west and Central Asia. The species are generally robust and
are often spiny herbs (Davis, 1975).

The CaOx crystals in Asteraceae were shown by some
previous studies (Dormer, 1961, 1962; Horner, 1977; Meric
and Dane, 2004; Meric, 2008, 2009a, b). For crystals, the
ovaries of some taxa of the tribe Cardueae were examined
by Dormer (1961, 1962). The author determined prismatic
crystals in different lengths in the parenchymatous cells
of the ovaries (Dormer, 1961). Meric and Dane (2004) ex-
amined CaOx crystals in the floral organs of Helianthus L.
species (Heliantheae). Meric (2008, 2009b) showed vari-
ous crystals in some species of the tribe Astereae. Meric
(2009a) also observed CaOx crystals in the tribe Inuleae.
Although, the size and location of the crystals in plants
might be affected by physical, chemical, and biological
conditions such as temperature, light, pressure, pH, ion
concentration, and herbivory (Franceschi and Horner,
1980; Molano-Flores, 2001; Kuo-Huang et al., 2007), it is
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considered that crystal formation within the cell is under
genetic control and species specific (Kausch and Horner,
1982; Ilarslan et al., 2001; Horner et al., 2009). Thus the
type, and presence or absence of crystals may be repre-
sented as a taxonomic character (Prychid and Rudall,
1999; Lersten and Horner, 2000; Horner et al., 2012). The
present study is a part of an ongoing project to study CaOx
crystals in Asteraceae. This study aims to provide addi-
tional data on the presence, types and specific locations of
CaOx crystals to contribute to the solution of taxonomic
problems of tribe Cardueae.

Materials and methods

Plants were collected from natural habitats in Edirne (Tur-
key). Each taxon was identified using the classification
criteria in the Flora of Turkey and the East Aegean Islands
(Vol. 5) (Davis, 1975). Voucher specimens were deposited
in EDTU (Herbarium of Faculty of Sciences, Trakya Uni-
versity, Edirne, Turkey). The taxa examined were: Arctium
minus Bernh., Carduus candicans Waldst. & Kit., C. nutans
L., C. pycnocephalus L., Cirsium arvense (L.) Scop., C. cre-
ticum d’Urv., C. vulgare (Savi) Ten., Jurinea consanguinea
DC., Silybum marianum (L.) Gaertn., Tyrimnus leucogra-
phus Cass., and Xeranthemum annuum L. belonging to the
subtribe Carduinae and Carthamus dentatus Vahl., C. la-
natus L., Centaurea cyanus L., C. diffusa Lam., C. iberica
Trevir ex Spreng., C. salonitana Vis., and C. solstitialis L.
belonging to the subtribe Centaureinae.

For light microscopy, materials were fixed in ethanol and
glacial acetic acid (3:1 v/v) at room temperature overnight
and changed to 70 % ethanol. Hand-sections were made
from fixed stems and leaves. Corollas, stamens, ovaries,
and styles were dissected out of florets under a stereomicro-
scope. The samples were treated with 2.5 % Clorox (sodium
hypochlorite) for 4 h. After a graded ethanol series, the sam-
ples were infiltrated with Xylene series (Merck, 108661),
mounted in Entellan (Merck, 107961) on slides, and covered
with cover slips (Ilarslan et al., 2001). In cleared tissues,
crystals were examined with bright-field light microcopy.
Selected images were captured with an Olympus (C-5060
Wide Zoom) digital camera and processed in PhotoShop 7.0
(Adobe, San Jose, California).

Measurements of the crystals were carried out using
Image-Pro Plus, version 5.1 (Media Cybernetics, Silver
Spring, MD). For analysis, the diameters of the druses, and
the lengths of the styloids and prismatic crystals were mea-
sured. One hundred crystals for each tissue and each crystal
type were measured from ten randomly chosen regions. The
averages and standard deviations of data were calculated.
The numerical data were established according to 14 char-
acters including the absence / presence, type, and measure-
ment of the crystals in the species (Table 1). Similarities
between the species were calculated by Bray-Curtis index
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Table 1. Crystal characters used for the numerical analysis.

Number Characters Scoring
of characters
Stem
1. Crystal absent in epidermis 0
Styloid present in epidermis 1
2. Crystal absent in trichomes 0
Styloid present in trichomes 1
3. Crystal absent in cortex 0
Raphide present in cortex 1
Prismatic present in cortex 2
4. Crystal absent in pith 0
Raphide present in pith 1
Prismatic present in pith 2
Druse present in pith 3
Leaf
5 Crystal absent in epidermis 0
Styloid present in epidermis 1
6 Crystal absent in trichomes 0
Styloid present in trichomes 1
7 Crystal absent in mesophyll 0
Styloid present in mesophyll 1
8 Crystal absent in bundle sheath 0
Styloid present in bundle sheath 1
Flower
9 Crystal absent in corolla 0
Styloid present in corolla 1
10 Crystal absent in anther 0
Styloid present in anther 1
11 Crystal absent in filament 0
Styloid present in filament 1
12 Crystal absent in style 0
Styloid present in style 1
13 Styloid present in ovary 0
Prismatic present in ovary 1
14 Crystal length in ovary (um) <25 0
Crystal length in ovary (um) 25-45 1
Crystal length in ovary (um) >45 2

of similarity and the similarity values were analyzed using
Bray-Curtis Cluster (single linkage) analysis. A dendrogram
was obtained by BioDiversity Pro version 2.0 (McAleece et
al., 1997).

The histochemical determination of CaOx crystals was
performed by the Yasue (1969) procedure on the cleared
tissues. Cleared samples were immersed in 5 % aqueous
AgNO, (Merck) for 15 min, and thoroughly rinsed in dis-
tilled water. The samples were stained with saturated ru-
beanic acid (Dithiooxamide, Sigma) in 70 % ethanol for
1 min. Control samples were treated with 5 % acetic acid,
10 % hydrochloric acid, 3 % nitric acid or 4 % sulfuric acid
(Molano-Flores, 2001).
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Results

The CaOx crystals were examined in 18 species of the tribe
Cardueae using bright field microscopy. They were easily
observed since the clearing technique removed all the cyto-
plasm except for the cell walls and crystals. The CaOx crys-
tals displayed a different pattern in the tissues and organs of
the species investigated. Their morphologies, crystal mea-
surements, and distributions in tissues of all 18 species are
shown in Table 2.

Subtribe Carduinae

Arctium minus. No crystals were present in the primary
structure of stem of A. minus, while prismatic crystals were
observed in the pith parenchyma cells of the secondary stem
(Figure 1A). The frequency of these crystals in the tissue
was about 10 %. No crystal was found in the leaves. Sty-
loids were present in the corolla cells (Figure 1B). Styloids
were also observed in the endothecial layer of the anther
and in the style cells. In the ovary cells, prismatics were
observed (Figure 1C). These crystals were short and multi-
faceted. No crystals were found in the filament.

Carduus candicans. Styloids were observed in the corolla
cells, while no crystals were found in the stem and leaf tis-
sues. Styloids were also present in the connective tissue of
the anther and in the filament. Prismatics were present in
the ovary cells (Figure 1D), while no crystals were found in
the style cells.

Carduus nutans. Prismatics were observed in the stem pith
parenchyma (Figure 1E), while no crystals were found in
the leaf or in the cortex and epidermal cells of the stem. Sty-
loids were present in the corolla cells and in the connective
tissue of the anther. Styloids were also observed in the fila-
ment. While no crystals were present in the style cells, large
prismatics were observed in the ovary cells (Figure 1F).
Carduus pycnocephalus. Druses were observed in the stem
pith parenchyma cells (Figure 1G), while no crystals were
found in the stem cortex and epidermal cells or leaf tissues.
Styloids were present in the corolla cells and in the endo-
thecial layer of the anther. They were also in the filament.
While no crystals were present in the style cells, large pris-
matics were observed in the ovary (Figure 1H).

Cirsium arvense. Small styloids were observed in the stem
epidermal cells. They were also observed in the stem tri-
chomes. No crystals were found in the cortex or the pith
parenchyma cells of the stem. Styloids were present in the
epidermal cells of the leaf (Figure 2A), and were present in
the multicellular-unbranched trichomes of the leaf. No crys-
tals were observed in the mesophyll layer. Styloid crystals
were also present in the corolla cells and in the connective
tissue of the anther. No crystals were found in the endothe-
cial layer of the anther. Small styloids were observed in the
filament and in the style cells. Prismatic crystals were pres-
ent in the ovary cells.
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Table 2. Calcium oxalate crystal morphologies and locations within the tissues of Cardueae.

Stem Leaf Corolla Anther Filament Style Ovary
shape and
size (um)
Carduinae
Arctium minus prismatics (pith) - styloids styloids - styloids prismatics
9.35+2.68 11.98+2.27 8.06+1.54 9.52+2.38 9.38 +1.29
Carduus candicans - styloids styloids styloids prismatics
1091 +£4.09 17.81+4.35 525+1.27 35.52+7.73
Carduus nutans prismatics (pith) styloids styloids styloids prismatics
11.78 £5.24 7.55+1.49 1228 +2.55 5.63 +1.14 52.28 +15.97
Carduus pycnocephalus druses (pith) styloids styloids styloids prismatics
8.95+1.10 7.99+1.93 8.40 £ 1.43 3.98 £0.69 52.21 +16.56
Cirsium arvense styloids styloids styloids styloids styloids styloids prismatics
(epidermis) (epidermis) 7.01 +£1.27 11.11 £ 2.14 4.57 +1.00 498 +0.76 19.34 + 4.84
4.59+0.98 6.13 £1.53
(trichome) (trichome)
8.90 +2.68 7.01£3.14
Cirsium creticum - styloids - styloids prismatics
15.37 £4.97 434+£1.07 53.72+9.80
Cirsium vulgare styloids styloids styloids - styloids prismatics
(epidermis) 22.25+£5.05 19.32+4.11 442 +£0.73 64.35+12.72
2.53+0.71
(trichome)
1551 +£4.22
prismatics (pith)
16.76 £2.63
Jurinea consanguinea --- - prismatics
2598 +7.04
Silybum marianum raphides styloids - styloids prismatics
(cortex) 8.86 +2.15 14.09 £3.74 49.60 +12.37
13.20 £ 3.44
(pith)
36.19+5.43
Tyrimnus leucographus --- - - styloids - - prismatics
4.98 £0.99 533 +1.27
Xeranthemum annuum - - - - - styloids styloids
7.03 £1.42 8.93 £1.94
Centaureinae
Carthamus dentatus prismatics styloids styloids styloids styloids styloids prismatics
(cortex) (mesophyll)  10.83 +2.34  6.44 +1.08 2.60+£0.50 549+0.89 10.02+2.39
524 +1.62 535+1.20
(pith) (bundle sheath)
8.74+1.95 10.55+1.89
Carthamus lanatus prismatics styloids styloids styloids styloids styloids prismatics
(cortex) (mesophyll)  12.24+2.86  6.52 +1.41 4.01+£0.90 7.99+1.28 10.22+1.13
4.56 £ 1.50 4.55 +1.15 fm
(pith) (bundle sheath)
5.84 +1.56 10.60 £2.39
Centaurea cyanus - styloids - prismatics
11.90 £ 2.06 15.14 £2.39
Centaurea diffusa --- - styloids styloids --- - prismatics
13.68+4.98 5.81+1.17 27.04 +4.24
Centaurea iberica - - styloids - - - prismatics
12.58 £2.70 14.57 £2.33
Centaurea salonitana - styloids - prismatics
26.07 £ 6.66 10.95 +1.09
Centaurea solstitialis - styloids styloids - prismatics
2129117  7.09+1.18 9.87 +1.64
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Figure 1. CaOx crystals in Arctium minus and Carduus species. A) Prisms in secondary stem pith cells of A. minus. B) Styloids in corolla

cells of A. minus. C) Prisms in ovary cells of A. minus. D) Prisms in the ovary cells of C. candicans. E) Prisms in stem pith parenchyma

of C. nutans. F) Prisms in ovary cells of C. nutans. G) Druse in stem pith parenchyma cells of C. pycnocephalus. H) Prisms in ovary cells
of C. pycnocephalus. Scale bars = 10 pm.
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Figure 2. Calcium oxalate crystals in Cirsium species and Jurinea consanguinea. A) Styloids in epidermal cell of leaf of C. arvense

(arrows). B) Prisms in ovary cells of C. creticum. C) Styloids in stem epidermal cells of C. vulgare. D) Styloids in stem trichomes of C.

vulgare. E) Prism in stem pith parenchyma cells of C. vulgare, F) Styloids in connective tissue of anther in C. vulgare. G) Prisms in ovary
cells of C. vulgare. H) Prisms in ovary cells of J. consanguinea. Scale bars = 10 pm.
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Cirsium creticum. Styloids were observed in the corolla
cells. They were also observed in the style cells. Large pris-
matics were viewed in the ovary cells (Figure 2B). No crys-
tals were found in tissues of the stem, leaf or stamen.
Cirsium vulgare. The small styloids were observed in the
stem epidermal cells of C. vulgare (Figure 2C). Styloids
were also found in the trichomes of the stem (Figure 2D).
Prismatics were viewed in the stem pith parenchyma cells
(Figure 2E). No crystals were found in the stem cortex
parenchyma cells and in the leaf tissues. Styloids were
present in the corolla cells. They were also present in the
connective tissue of the anther (Figure 2F). No crystals
were seen in the endothecial layer of the anther or in the
filament. Small styloids were observed in the style cells,
while large prismatics were found in the ovary cells (Fig-
ure 2G).

Jurinea consanguinea. Prismatics were observed in the
ovary cells (Figure 2H), while no crystals were found in the
other tissues.

Silybum marianum. Acicular raphides were observed in the
stem pith parenchyma (Figure 3A) and in the cortex paren-
chyma cells (Figure 3B). Styloids were found in the corolla
cells (Figure 3C), and were found in the style cells. In the
ovary cells, large prisms were present (Figure 3D). No crys-
tal was observed in the anther and filament.

Tyrimnus leucographus. Styloids were observed only in
the anther. The ovary had small typical prismatics (Figure
3E). No crystals were found in the stem, leaf, corolla, fila-
ment or style.

Xeranthemum annuum. Styloids were present in the style

Table 3. Bray-Curtis similarity (%) for crystal characters of Cardueae

cells and in the ovary cells (Figure 3F). No crystals were
found in the other tissues and organs.

Subtribe Centaureinae

Carthamus dentatus. Prismatics with various shapes were
observed in the cortex parenchyma cells and pith paren-
chyma cells of the stem, while no crystals were found in
the stem and leaf epidermal cells. In the leaf mesophyll tis-
sues and bundle sheath cells, styloids were present. Styloids
were observed in the corolla cells and in the endothecial
cells of the anther. Styloids were also found in the filament
cells and in the style cells. Prismatics were observed in the
ovary cells.

Carthamus lanatus. This species displayed identical proper-
ties with C. dentatus in respect to CaOx crystals. Prismatics
of various shapes were observed in the cortex parenchyma
cells and in the pith parenchyma cells of the stem (Figure
4A), while no crystals were found in the stem and in the leaf
epidermal cells. In the leaf mesophyll tissues (Figure 4B)
and bundle sheath cells (Figure 4C), styloids were present.
Styloids were found in the corolla cell and in the endothe-
cial cells of the anther. Styloids were also seen in the fila-
ment cells and in the style cells. Prismatics were observed in
the ovary cells (Figure 4D).

Centaurea cyanus. Styloids were observed in the corolla
cells. Prismatics were present in the ovary cells (Figure
5A), while no crystals were found in the other tissues and
organs.

Centaurea diffusa. Styloids were observed in the corolla
cells (Figure 5B) and in the endothecial layer of the an-
ther. Prismatics were present in the ovary cells (Figure 5C),

Similarity Matrix

Arcmin Carcan Carnut  Carpyc Cartden Cartlan Cencya Cendif Cenibe Censal Censol Cirarv  Circre Cirvul Jurcon Silmar Tyrleu Xerann
Arcmin ¥ 54,5455 71,4286 66,6667 70,5882 70,5882 50 60 50 50 06,6667 53,3333 54,5455 75 25 61,5385 28,5714 28,5714
Carcan ¥ * 76,9231 71,4286 50 50 57,1429 88,8889 57,1429 57,1429 75 57,1429 60 53,3333 57,1429 50 33,3333 0
Carnut  * * * 94,1176 63,1579 63,1579 40 66,6667 40 40 54,5455 47,0588 61,5385 77,7778 40 66,6067 22,2222 0
Carpyc  * * * * 60 60 36,3636 61,5385 36,3636 36,3636 50 44,4444 57,1429 73,6842 36,3636 62,5 20 0
Cartden * * * * * 100 30,7692 40 30,7692 30,7692 42,8571 50 37,5 57,1429 15,3846 55,5556 16,6667 16,6667
Cartlan  * * * * * * 30,7692 40 30,7692 30,7692 42,8571 50 375 57,1429 15,3846 55,5556 16,6667 16,6667
Cencya * * * * * * * 06,6067 100 100 80 36,3636 57,1429 33,3333 50 44,4444 66,6667 0
Cen dif * * * * * * * * 06,6667 66,0667 85,7143 46,1538 66,6667 57,1429 66,0667 54,5455 40 0
Cenibe  * * * * * * * * * 100 80 36,3636 57,1429 33,3333 50 44,4444 66,6667 0
Censal  * * * * * * * * * * 80 36,3636 57,1429 33,3333 50 44,4444 66,6667 0
Censol  * * * * * * * * * * * 50 50 46,1538 40 40 50 0
Cirarv  * * * * * * * * * * * * 42,8571 63,1579 18,1818 37,5 20 20
Cir cre * * * * * * * * * * * * * 06,6067 57,1429 83,3333 33,3333 33,3333
Cirvul * * * * * * * * * * * * * * 33,3333 70,5882 18,1818 18,1818
Jur con * * * * * * * * * * * * * * * 44,4444 66,6667 0
Sil mar * * * * * * * * * * * * * * * * 25 25
Tyr leu * * * * * * * * * * * * * * * * * 0
Xerann  * * * * * * * * * * * * * * * * * *
Botanical Sciences 94 (1): 107-119, 2016 113
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Figure 3. CaOx in Silybum marianum, Tyrimnus leucographus and Xeranthemum annuum. A) Raphides in stem pith cells of S. marianum.
B) Raphides in stem cortex of S. marianum. C) Styloids in corolla cells of S. marianum. D) Large prisms in ovary cells of S. marianum.
E) Prisms in ovary cells of T. leucographus. F) Styloids in ovary cells X. annuum. Scale bars = 10 um.

while no crystals were found in the stem, leaf, filament or
style cells.

Centaurea iberica. Styloids were observed in the corolla
cells while prismatics were present in the ovary cells (Fig-
ure 5D). No crystals were found in the other tissues and
organs.

Centaurea salonitana. Large styloids were observed in the
corolla cells while prismatics were present in the ovary cells
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(Figure S5E). No crystals were found in the other tissues and
organs.
Centaurea solstitialis. Styloids were observed in the corolla
cells fm and in the endothecial layer of the anther. Small
prismatics were present in the ovary cells (Figure 5F), while
no crystals were found in the other tissues and organs.

It was observed that styloids and prismatics were the
most commonly found crystals in the tissues and organs of

Botanical Sciences 94 (1): 107-119, 2016
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Figure 4. CaOx crystals in Carthamus lanatus. A) Prisms in pith parenchyma cells in of stem in C. lanatus. B) Styloids in leaf mesophyll
tissues of C. lanatus. C) Styloids in bundle sheath cells of C. lanatus. D) Prisms in ovary cells C. lanatus. xy-xylem; bs-bundle sheath
cell. Scale bars = 10 um.

the 18 species examined. Styloids were observed (if present)
in the leaf, corolla, anther, filament, style, and ovary (only
Xeranthemum annuum) tissues. Prismatics were common in
almost all the ovaries of the species investigated, except for
X. annuum. Raphides were only observed in the stem cor-
tex and pith parenchyma cells of Silybum marianum, while
druses were only seen in the stem pith cells of Carduus pyc-
nocephalus.

The crystal measurements of the 15 species that had sty-
loids in the corollas ranged from 7.01 pm (Cirsium arvense)
to 26.07 um (Centaurea salonitana). These measurements
were categorized in three sections; (1) < 10 ym in four spe-
cies, (2) 10-20 ym in eight species, and (3) >20 ym in three
species. All the species of the subtribe Centaureinae had sty-
loids in their corollas and these crystals were longer than 10
pm. The species of the subtribe Carduinae displayed differ-
ences with regard to the styloids in their corollas (absence/
presence and measurement) (Table 2).

Similarly, the measurements of the crystals in ovaries
were also categorized in three sections; (1) < 25 ym in ten
species, (2) 25-45 pum in three species, and (3) > 45 ym in
five species. Almost all of the species of the subtribe Cen-
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taureinae had prismatics shorter than 25 pm in their ovaries
except for Centaurea diffusa (length: 27.04 ym).

Figure 6 shows a phenogram obtained based on the CaOx
crystal characteristics of the 18 species of the tribe Cardue-
ae investigated. The phenogram showed that Xeranthemum
annuum was distinctly separated from the rest of the spe-
cies of the subtribes Carduinae and Centaureinae. Only two
groups had 100 % similarity values: two species Carthamus
and three species of Centaurea both of the Centaureinae.
Carthamus is the genus that recovered its species as a group,
while none of the three species of Cirsium grouped together.
The similarity values obtained based on the CaOx crystal
characteristics of the species are given in the Table 3.

Discussion

The CaOx crystals are widely distributed in the Plant King-
dom and are found in over 215 families (Franceschi and
Horner, 1980). They are formed from endogenously synthe-
sized oxalic acid and Ca taken from the environment, and
are produced and accumulated in to species-specific mor-
phologies (Franceschi and Nakata, 2005). Previous studies
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Figure 5. CaOx crystals in Centaurea species. A) Prisms in ovary cells of C. cyanus. B) Styloids in corolla cells of C. diffusa. C) Prisms
in ovary cells of C. diffusa. D) Prisms in ovary cells of C. iberica. E) Prisms in ovary cells of C. salonitana. F) Prisms in ovary cells of
C. solstitialis. Scale bars = 10 um.

have described CaOx crystals in Asteraceae (Dormer, 1961,
1962; Horner, 1977; Meric and Dane, 2004; Meric, 2008,
2009a, b). In the present study, the morphologies and loca-
tions of CaOx crystals have been examined in the Cardueae
tribe. Crystals in this tribe generally display two types of
morphologies, namely styloids and prismatics. Druses are
only observed in stem pith parenchyma cells of Carduus
pycnocephalus, while raphides are found in both the stem
pith parenchyma and cortex parenchyma cells of Silybum
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marianum. Styloids are fixed in the leaf, corolla, anther, fila-
ment, and style tissues (if present). The prismatics, in their
various forms, are found in the ovaries of almost all of the
examined species, except for Xeranthemum annuum, which
has styloids in the ovary cells.

Various crystal types, such as raphides (Silybum mari-
anum), druses (Carduus pycnocephalus), styloids (Cirsium
vulgare and C. arvense), and prismatics (Arctium minus,
Carduus nutans, Carthamus lanatus, and C. dentatus), have

Botanical Sciences 94 (1): 107-119, 2016
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Bray-Curtis Cluster Analysis (Single Link)
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Figure 6. Phenogram based on the CaOx crystal characteristics of the tribe Cardueae. Ca-Carduinae; Ce-Centaureinae

been found in stem tissues. Previous studies have reported
that Inula graveolens (Inuleae tribe) has druses in the stem,
while Aster squamatus (Astereae tribe) contains both sty-
loids and prismatics (Meric, 2009a, b).

Surprisingly, the presence of crystals in the leaf tissues
of the investigated species is rare compared to their pres-
ence in the stem. Conversely, Franceschi and Horner (1980)
reported that crystals are less common in the stem than in
leaf tissues, and that they are found only as styloids in the
leaf mesophyll tissue and bundle sheath of Carthamus spe-
cies and in the leaf epidermis of Cirsium arvense. It has
been suggested that these crystals provide structural sup-
port in the leaf tissues. Further, the presence of crystals in
trichomes is less common in the Cardueae tribe as they are
observed only as styloids in the stem and leaf trichomes of
C. arvense and in the stem trichomes of Cirsium vulgare.
Crystals have been detected in the glandular hairs of Inu-
la viscosa (Werker and Fahn, 1981), 1. graveolens (Meric
2009a) and Sigesbeckia jorullensis (Heinrich et al., 2002).
Recently, Bdrcenas-Argiiello et al. (2014) reported that the
trichomes of five Cephalocereus species have various crys-
tals shapes, namely prismatic, styloid, and sandy. Addition-
ally, druses have been identified in the anther and stigma
trichomes of Helianthus annuus and H. tuberosus by Meric
and Dane (2004).

The presence of crystals in floral organs, which are tran-
sitory structures, is very noticeable. In vegetative organs,
which are long-living structures, crystals provide protec-
tion against foraging animals, storage of calcium and oxalic
acid, regulate Ca levels in plant tissues and organs, provide
tissue strength, are involved in the photosynthetic process,
and ensure the detoxification of heavy metals (Franceschi
and Horner, 1980; Prychid and Rudall, 1999; Molano-
Flores, 2001; Franceschi and Nakata, 2005; Kuo-Huang et
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al., 2007). Similarly, crystals within floral organs are possi-
bly involved in Ca regulation, protection against herbivores,
and provide tissue strength given that floral structures are
deprived of supporting tissues (Cote and Gibernau, 2012).

Styloids have been detected in the corollas of 15 species
of the Cardueae tribe. However, Jurinea consanguinea, Ty-
rimnus leucographus, and Xeranthemum annuum had no
crystals. Thus, this feature may be presented as a diagnos-
tic character for the Cardueae tribe. Corollas of the Conyza
species and Aster squamatus contain druses (Meric, 2008,
2009b), while those in Helianthus annuus and H. tuberosus
have styloids and prismatics (Meric and Dane, 2004). No
crystals have been observed in the corollas of some of the
Inuleae tribe members (Meric, 2009a). The lengths of the
styloids in the corollas of the 15 species in which crystals
were identified ranged from 7.01 pym (Cirsium arvense) to
26.07 um (Centaurea salonitana). The seven species of the
subtribe Centaureinae that were investigated had styloids in
their corollas, and these crystals were longer than 10 pm.
However, the species of the subtribe Carduinae displayed
differences with regard to the styloids in their corollas (ab-
sence/presence and measurement). In the species of the sub-
tribe Carduinae, crystals in the corollas were either absent
or shorter than 10 ym.

In the anthers of Cardueae members, the crystals ob-
served are styloids (if present), as in previous studies on
Helianthus, Aster, Inula, and Pulicaria (Meric and Dane,
2004; Meric, 2009a, b). Further, in the Cardueae style tis-
sues, the crystals found are styloids (if present), while drus-
es are present in Conyza, Inula, and Pulicaria (Meric, 2008,
2009a,).

The ovaries of Asteraceae members are very remarkable
with regards to crystal types. Almost the species of the Car-
dueae tribe except for Xeranthemum annuum, which has
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styloids, have prismatics in the ovary cells. While prisms
have been reported in the ovaries of some species belong-
ing to the Inuleae tribe (Meric, 2009a), styloids have been
reported in the ovaries of the genus Conyza (Meric, 2008)
pertaining to the Astereae tribe. Additionally, it has been
stated that there are no crystals in the ovaries of the stud-
ied species of Helianthus, which belongs to the Heliantheae
tribe (Meric and Dane, 2004). Further, the ovaries of some
taxa of the Cardueae tribe were examined for the presence
of crystals by Dormer (1961, 1962). The author determined
prismatics of different lengths in the ovaries of the Cardueae
taxa (Dormer 1961, 1962). The results of the present study
agree with Dormer’s reports (1961, 1962). All the species
investigated had crystals in their ovaries, and the lengths
of these crystals ranged from 5.33 um (Tyrimnus leucogra-
phus) to 64.35 ym (Cirsium vulgare). All the species of the
subtribe Centaureinae had prisms shorter than 25 ym in their
ovaries except for Centaurea diffusa, which had prisms in
the ovary cells measuring 27.04 ym in length. The subtribe
Carduinae exhibited different characteristics with regard to
the crystals in their ovaries (in terms of measurement and
being prismatic and styloid)

The tribe Cardueae is one of the largest tribes of Asterace-
ae with about 2,500 species and the earliest classification of
this tribe by H. Cassini in 1819 divided it into two subtribes
as Carduinae and Centaureinae (Susanna et al., 2006). At
the end of the twentieth century, Bremer (1994) divided the
tribe Cardueae into the subtribes Echinopsidinae, Carlininae,
Carduinae, and Centaureinae. More recently, Susanna et al.
(2006) suggested five subtribes for tribe Cardueae accord-
ing to the nuclear and chloroplast DNA analysis; Carduinae,
Carlininae, Echinopinae, Cardopatiinae, and Centaureinae.
In this classification, Xeranthemum species have been de-
fined into the subtribe Carduinae as sister to the rest of this
subtribe (Susanna et al., 2006). In previous studies Xeran-
themum species were included in the subtribe Echinopsidi-
nae after a combined nuclear and chloroplast DNA analysis
by Garcia-Jacas et al. (2002), whereas Bremer (1994) clas-
sified them as being in the subtribe Carlininae due to their
morphological characters. Indeed, in the phenogram (Figure
6), which was constructed based on absence/presence, type,
and length of the crystals in the species, X. annuum includ-
ing the styloids in ovary cells is distinctly separated from
the rest of the species of the subtribe Carduinae which has
prismatics in its ovary cells. Therefore, for evaluation of the
status of X. annuum with respect to its crystal patterns, it is
also necessary to investigate the species within the subtribes
Carlininae, Echinopinae, and Cardopatiinae.

It seems that CaOx crystal formation is under genetic
control and is therefore a constant diagnostic character for
plant taxonomy. Thus, it is concluded that the type and loca-
tion of crystals, especially those in the ovaries and the co-
rollas, can be used as useful data along with morphological
and other anatomical characteristics in the taxonomy of the
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Cardueae tribe at the species or genus level. Nevertheless,
further studies on the nature of CaOx crystals in Asteraceae
are necessary in order to determine the general value of
these crystals.
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