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AbstractAbstractAbstractAbstract    
    
This study was conducted for extensive and systemic investigation of anatomical, palynological and seed 

morphological properties of two endemic Noccaea species, naturally growing in Turkey. Independent sample 
T-test and box plot were carried out using quantitative characters of the studied species. The anatomical results 
showed that the species had similar characteristics, though there were significant differences in root cortex cells 
and trachea; stem epidermis, cortex cell and endodermis; leaf upper and lower epidermis, lower cuticle, 
mesophyll and palisade parenchyma.  Pollen grains of two endemic species were observed as radially symmetric, 
isopolar, with tricolpate aperture, prolate pollen shape and had small size. Pollen surface ornamentation was 
micro-reticulate in both species. Considering palynological characters, equatorial axis, AMB exine and intine 
have taxonomic importance. Seeds of N. birolmutlui were ovate to orbicular in shape and orange-brown in 

color, with colliculate ornamentation; however, the seeds of N. camlikensis were ovate to oblong in shape and 
brown and shiny in color, with colliculate-reticulate ornamentation.    
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IntroductionIntroductionIntroductionIntroduction    
 
Brassicaceae is a large angiosperm family of plant kingdom, represented by a total of 348 genera and 4065 

species distributed worldwide in all continents except for Antarctica (Appel and Al-Shehbaz, 2003; Al-Shehbaz 
et al., 2006; Özüdoğru et al., 2019). It is primarily concentrated in temperate regions, particularly the 

Mediterranean basin and southwest and central Asia (Kandemir et al., 2017). The family Brassicaceae includes 
several agronomic and economic species, widely cultivated species, forage crops and medicinal plants (Koch and 
Mummenhoff, 2006).  

Genus Noccaea Moench is a systematically problematic genera within the Brassicaceae family, and 

discussions about the generic circumscription of this genus still continue (Özüdoğru, 2017). Just because of the 
problems related to the systematics of the genus, several taxonomic studies have been carried out on the 
classification of the Noccaea  (Al-Shehbaz, 2012; Al-Shehbaz, 2014; Al-Shehbaz et al., 2006; Özgişi et al., 
2018a). In these studies, researchers mainly used morphological characters such as flower characteristics (leaves 
and fruit shapes) to constrain the generic circumscription of Noccaea species (Özgişi et al., 2020). Özüdoğru et 

al., (2019) investigated the phylogenetic analysis of the tribe Coluteocarpeae using ITS DNA sequences and 
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plastidic trnL-F regions. The Brassicaceae family has 93 genera and 583 taxa in flora of Turkey (Al-Shehbaz et 

al., 2007). In Turkey, the genus Noccaea is represented by 51 taxa according to Al-Shehbaz (2014), while Mutlu 

(2012) reported that it was represented by 16 species based on the delimitation by Warwick et al. (2006).  

The Brassicaceae are quite complex with minor characteristic differences. When there are problems in 
terms of distinctive macromorphological characters, palynological, anatomical and karyological characters are 
occasionally used for systematic purposes to correct general and specific constraints (Özgişi et al., 2018b).  

There are several studies conducted on pollen morphology of Brassicaceae family. Orcan and Binzet 
(2003) studied palynological and anatomical features of Alyssum obtusifolium DC. Pinar et al. (2009) analyzed 

pollen and seed morphology of Hesperis L. (Brassicaceae) in Turkey. Mutlu and Erik (2012) examined the 

pollen morphology of the genus Arabis L. (Brassicaceae) in Turkey. Karaismailoğlu and Erol (2019) 

investigated pollen morphology of some taxa of Thlaspi L. in Turkey. Erden and Menemen (2021) investigated 
pollen morphology of some taxa of Brassicaceae family in Turkey. However, only two palynological studies 
were found on Noccaea taxa examining pollen morphology of Noccaea elegans Al-Shehbaz and N. cilicica Al-

Shehbaz. Bülbül et al., (2022) analyzed palynological features of Noccaea aghrica Fırat and Özüdoğru.  
Similarly, there are many studies on the anatomical features of the taxa of the Brassicaceae family. Çilden 

and Zare (2019) studied the anatomy of Iberis taxa grown in Turkey in detail and thus tried to to solve the 
complexity of taxonomical uncertainties of the genus.  Çitak and Dural (2020) investigated anatomy of the 
vegetative and reproductive parts of Turkish Iberis L. species. Karaismailoğlu (2020) investigated in detail the 

petiole anatomy of 21 representatives of the Alysseae tribe. Karaismailoğlu and Erol (2020) studied anatomical 

characteristics of stems and leaves of 19 taxa of Thlaspi sensu lato. Mohamed et al. (2021) studied the flower 

anatomy of some Brassicaceae species. However, any anatomical studies about Noccaea taxa has not been 
encountered.  

Many systematist agree that the macro and micro properties of seeds are crucial for the classification of 
the taxa in the Brassicaceae. In addition, many research have shown that the macro and micro characters of 
seeds have systematic importance (Bona, 2013; Moazzeni et al., 2007; Özüdoğru et al., 2016; Farouji et al., 

2018; Yılmaz-Çıtak and Dural, 2020).  
Both Noccaea birolmutlui Özgişi & Özüdoğru and Noccaea camlikensis Aytaç, Nordt & Parolly are 

endemic Turkish species encountered in southwest of Turkey. N. birolmutlui species is distributed clearings in 

Cedrus libani Rich forest of Isparta Kızıldağ National Park. N. birolmutlui is distinguished from the closest 
species by various morphological characters such as basal and cauline leaves, fruit shape and number of ovules. 
N. camlikensis grows on dry, sun-exposed serpentine, partly clearings of Pinus nigra Businský forest. N. 

camlikensis differs from the closely related species in terms of leaves and carpological characters. 
The purpose of the study was: i) to determine anatomical, palynological and micromorphological 

characteristics of endemic Noccaea birolmutlui and Noccaea camlikensis and ii) to shed light on the taxonomic 

significance of these characters in the Noccaea. 
 

 
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
In this study, the plant specimens were collected from their natural distribution areas:    Noccaea 

birolmutlui -Turkey. B3 Isparta: Şarkikaraağaç; Kızıldağ National Park, 1400-1500 m, clearings in Cedrus 

libanii forest, 18.05.2019, Aksoy 2298, B. Atasagun (Akdeniz University Herbarium).    Noccaea camlikensis -

Turkey. C3 Konya: Derebucak; Çamlık village, Kızıldağ, 1400-1500 m, clearings in Pinus nigra forest, 

18.05.2019, Aksoy 3001, B. Atasagun (Akdeniz University Herbarium). 
 For anatomical studies, plant specimens were preserved in bottles containing 70% alcohol. Root, stem 

and leaves were cut into small pieces and paraffin method was applied (Johansen, 1940). Cross-sections of 10-
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15 μm thick were taken from paraffin blocks by means of a microtome. Sectioned samples were stained with 
safranin-fast green method and turned into a fixed preparation using entellan. The best sections were selected 
and photographed using the Leica DM750 light microscope.  

 
Table 1.Table 1.Table 1.Table 1. Comparison of the anatomical features of the studied species 

    
 
Pollen grains were obtained from dried herbarium specimens. Pollen slides were prepared according to 

the methods described by Wodehouse (1935) and then examined under the Leica DM750 light microscope. 
Approximately, 30 pollen grains were measured for each character. For the SEM study, dry pollen grains were 
transferred to stubs and coated with gold-palladium. LEO 440 digital scanning electron microscope was used 
for the examination. The pollen terminology of Punt et al. (2007) and Hesse et al. (2009) was followed. 

 For seed micromorphological investigations, mature seeds collected from natural populations of plants 
were used. Micromorphological examinations were performed with the use of Leica EZ4HD microscope and 
scanning electron microscope (LEO 440). For micromorphological characters, the terminology of Stearn 
(1985) was followed. 

At least 30 measurements were taken from all quantitative characters to compare root, stem, leaf 
anatomy and pollen characters. Maximum, minimum, mean and standard deviations were determined (Tables 
1-2). All statistical analyses were performed with the use of R 4.0.2 software. Box plots were drawn to present 

 Width (µm)Width (µm)Width (µm)Width (µm)    Length (µm)Length (µm)Length (µm)Length (µm)    
Min.Min.Min.Min.    Max.Max.Max.Max.    Mean±SDMean±SDMean±SDMean±SD    Min.Min.Min.Min.    Max.Max.Max.Max.    Mean±SDMean±SDMean±SDMean±SD    
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N
. b
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RootRootRootRoot    

PeridermPeridermPeridermPeriderm    20.66 88.88 49.54±15.43    

CortexCortexCortexCortex    12.17 64.6 25.29±11.4 5.61 29.96 16.58±6.61 
TracheaTracheaTracheaTrachea    2 19.5 8.72±5.23    

Pith raysPith raysPith raysPith rays    2 5 3.53±0.97    

StemStemStemStem    

EpidermisEpidermisEpidermisEpidermis    12.38 36.19 24.69±5.11 11.42 24.76 17.77±3.5 
CortexCortexCortexCortex    7.14 38.57 23.61±7.72 6.42 35 17.28±5.51 

TracheaTracheaTracheaTrachea    2.14 30.71 11.88±6.28    

EndodermisEndodermisEndodermisEndodermis    22.85 65.21 38.9±11.61 9.52 27.61 17.04±4.94 
PithPithPithPith    8.163 52.24 34.09±9.65    

LeafLeafLeafLeaf    

Upper EpidermisUpper EpidermisUpper EpidermisUpper Epidermis    14.08 71.52 40.63±12.62 9.72 54.86 28.73±8.84 
Lower EpidermisLower EpidermisLower EpidermisLower Epidermis    14.56 59.02 28.35±10.89 13.19 31.94 22.92±4.27 

MesophyllMesophyllMesophyllMesophyll    47.88 259.1 190.41±45.96    

Palisade P.Palisade P.Palisade P.Palisade P.    7.511 25.69 14.41±3.62 31.25 69.48 50.19±8.55 
Upper CuticleUpper CuticleUpper CuticleUpper Cuticle    2.11 141.1 9.58±24.89    

Lower CuticleLower CuticleLower CuticleLower Cuticle    1.041 5.63 3.28±1.31    
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. c
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RootRootRootRoot    

PeridermPeridermPeridermPeriderm    29.16 96 49.57±15.89    

CortexCortexCortexCortex    13.88 82.6 37.02±20.05 12.03 50.72 22.83±10.32 
TracheaTracheaTracheaTrachea    7.246 28.98 17.43±6.41    

Pith raysPith raysPith raysPith rays    2 8 3.43±1.41    

StemStemStemStem    

EpidermisEpidermisEpidermisEpidermis    5.71 26.66 17.04±5.68 7.61 22.85 14.69±4.11 
CortexCortexCortexCortex    16.19 51.42 27.88±7.34 6.66 19.04 13.43±2.72 

TracheaTracheaTracheaTrachea    4.76 22.85 12.19±4.19    

EndodermisEndodermisEndodermisEndodermis    18.09 47.61 28.26±7.29 8.57 25.71 16.41±4.3 

PithPithPithPith    11.42 54.28 35.47±10.32    

LeafLeafLeafLeaf    

Upper EpidermisUpper EpidermisUpper EpidermisUpper Epidermis    14.28 64.76 32.08±13.49 9.52 50 24.78±9.62 

Lower EpidermisLower EpidermisLower EpidermisLower Epidermis    13.33 45.71 24.32±8.3 7.61 34.28 19.42±8.21 

MesophyllMesophyllMesophyllMesophyll    79.04 210 162.5±35.05    

Palisade P.Palisade P.Palisade P.Palisade P.    7.142 17.85 13.83±3.54 23.57 42.14 36.04±4.41 

Upper CuticleUpper CuticleUpper CuticleUpper Cuticle    1.22 6.17 3.9±1.52    

Lower CuticleLower CuticleLower CuticleLower Cuticle    1.22 12.38 4.63±3.06    
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quantitative measurements of root, stem and leaf characteristics of each species. Independent samples t-Test 
was performed to evaluate the significance of anatomical and palynological characters. 

 
Table 2. Table 2. Table 2. Table 2. Comparison of the palynological features of the studied species (P: polar axis, E: Equatorial axis, 
clt: colpus width, clg: colpus length, t: apocolpium, L=AMB: diameter of pollen at the polar view) 

SpeciesSpeciesSpeciesSpecies    CharacteristicsCharacteristicsCharacteristicsCharacteristics    Min.Min.Min.Min.    Max.Max.Max.Max.    MeanMeanMeanMean    SDSDSDSD    
N
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P (µm)P (µm)P (µm)P (µm)    13.36 16.00 14.76 0.65 
E (µm)E (µm)E (µm)E (µm)    9.13 12.52 11.13 0.88 

P/EP/EP/EP/E    1.18 1.53 1.33 0.10 
clg (µm)clg (µm)clg (µm)clg (µm)    10.05 13.86 11.74 1.26 
clt (µm)clt (µm)clt (µm)clt (µm)    1.89 4.86 3.24 0.81 
t t t t (µm)(µm)(µm)(µm)    2.79 7.66 4.91 1.04 

L=AMB (µm)L=AMB (µm)L=AMB (µm)L=AMB (µm)    10.79 16.13 13.63 1.53 
Exine (µm)Exine (µm)Exine (µm)Exine (µm)    0.81 1.64 1.13 0.25 
Intine (µm)Intine (µm)Intine (µm)Intine (µm)    0.48 1.01 0.69 0.12 
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N
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P (µm)P (µm)P (µm)P (µm)    13.8 18.02 15.66 0.96 
E (µm)E (µm)E (µm)E (µm)    9.94 13.65 11.81 0.88 

P/EP/EP/EP/E    1.16 1.51 1.33 0.09 
clg (µm)clg (µm)clg (µm)clg (µm)    9.27 14.97 11.09 1.39 
clt (µm)clt (µm)clt (µm)clt (µm)    2 4.59 3.01 0.71 
t (µm)t (µm)t (µm)t (µm)    3.04 6.26 4.60 0.90 

L=AMB (µm)L=AMB (µm)L=AMB (µm)L=AMB (µm)    10.37 18.06 14.98 2.14 
Exine (µm)Exine (µm)Exine (µm)Exine (µm)    0.83 2.31 1.19 0.28 
Intine (µm)Intine (µm)Intine (µm)Intine (µm)    0.63 0.978 0.82 0.10 

    

    
ResultsResultsResultsResults    
 
N. birolmutlui 

Root 
There is a periderm approximately 50 μm thick as the outermost protective tissue. Phellem cells consist 

of 4-5 rows of rectangular shaped cells. However, in the root sections, phellogen and phelloderm cells could not 
be clearly distinguished. The cortex parenchyma has rectangular-oval-shaped cells of 10-15 rows. The size of 
parenchymatic cells is 12.17-64.6 × 5.61-29.96 μm. After the cortex, there is a central cylinder consisting of 
phloem and xylem. Under the cortex, there is a vascular cylinder consisting of phloem and xylem. Cambium is 
clearly indistinguishable. The size of trachea cells of xylem is 2-19.5 μm. Pith rays consist of a series of 2-5 rows 
of cells. The xylem tissue has expanded to fill the pith region as well (Figure 1A-B). 

 
Stem  
Epidermis cells have assumed the role of protective tissue. The epidermis consists of a single-row of 

rectangular or oval-shaped cells measuring 12.38-36.19 × 11.42-24.76 μm. Under the epidermis, there are oval-
shaped cortex parenchyma cells with abundant chloroplasts consisting of 4-6 layers. The size of parenchymatic 
cells is 7.14-38.57 × 6.42-35 μm. A single-row endodermis cells can easily be distinguished. In the vascular 
tissue, phloem and xylem elements can be distinguished, and xylem elements are quite well-developed. The 
diameter of trachea cells is 2.14-30.71 μm. The pith has a wide cavity and the pith cells are composed of 
parenchymatic cells (Figure 1C). 

 
Leaf 
There is an epidermis layer consisting of single-row, regularly arranged and polygonal cells on both 

surfaces. The surface of both epidermal cells is surrounded by the cuticle layer. The upper epidermis cells are 
larger than the lower epidermis cells. The sizes of the upper epidermis cells are 14.08-71.52 × 9.72-54.86 μm, 
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and the sizes of the lower epidermis cells are 14.56-59.02 × 13.19-31.94 μm. The mesophyll tissue is 47.8-
259.10 μm thick. Mesophyll tissue consists of two types of cells: palisade and spongy parenchyma (bifacial). 
The size of the palisade parenchyma cells is 7.51-25.69 × 31.25-69.48 μm. The portion of the mesophyll 
occupied by the palisade parenchyma is 47-69%. Beneath palisade parenchyma, there are 2 rows of sponge 
parenchyma with excess intercellular spaces. The vascular bundles are collateral and the middle ones are larger 
than the others (Figure 1D). 

 

 
Figure 1.Figure 1.Figure 1.Figure 1.  N. birolmutlui, Cross-section of the A.A.A.A.-B. B. B. B. Root C.C.C.C. Stem D.D.D.D. Leaf (pd: periderm, co: cortex, en: 
endodermis, ph: phloem, xls: xylem, tr: trachea, trc: tracheid, pt: pith, ep: epidermis, ue: upper epidermis, 
le: lower epidermis, pp: palisade parenchyma, sp: spongy parenchyma) 
 
N. camlikensis 

Root 
The outermost surface of the root consists of a multilayered periderm as a protective tissue. The 

thickness of the periderm layer is approximately 50 μm. In the periderm layer, phellogen and phelloderm cells 
could not clearly be distinguished. Under the periderm, there is a parenchymatic cortex with 10-20 rows of 
rectangular-oval cells. The size of the cortex parenchyma cells is 13.88-82.6 × 12.03-50.72 μm. Just under the 
cortex, there is a well-developed vascular cylinder consisting of phloem and xylem. Between the phloem and 
xylem, there is a vascular cambium with several layers of thin-walled and oblong shaped cells. Tracheal cells are 
7.24-28.98 µm in size. The pith rays consist of 2-8 rows of parenchymatic cells. The pith is filled with xylem 
elements (Figure 2A-B). 

 
Stem 
The stem consists of the epidermis, cortex and vascular cylinder and a pith region in the center. The 

epidermis is single-layered, with oval-oblong cells and is covered with a thin layer of cuticula. The size of the 
epidermis cells is 5.71-26.66 × 7.61-22.85 μm. Beneath the epidermis layer, there is a cortex composed of 5-8 
rows of parenchymatic cells. The cortex cells are 16.19-51.42 × 6.66-19.04 μm in size. The vascular bundles 
consisting of phloem and xylem are surrounded by 3-4 layers of sclerenchyma. Tracheal cells are well-developed 
and 4.76-22.85 µm in diameter. In the innermost part, there is a pith region composed of oval-shaped 
parenchymatic cells (Figure 2C). 
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Leaf 
The abaxial and adaxial surfaces of the leaves are composed of flat or polygonal shaped single-row 

epidermis cells. The lower epidermis cells are 13.33-45.71 × 7.61-34.28 μm and the upper epidermis cells are 
14.28-64.76 × 9.52-50 μm in size. The leaf is equifacial with a well-developed palisade parenchyma under both 
the lower and upper epidermis. Sponge parenchyma is quite scarce. The palisade parenchyma cells are 7.14-
17.85 × 23.57-42.14 μm in size. Palisade parenchyma covers 51-77% of the mesophyll. The vascular bundle 
(collateral type) in the midvein is larger than the others (Figure 2D). 

 

 
Figure 2.Figure 2.Figure 2.Figure 2.  N. camlikensis, Cross-section of the A.A.A.A.-B. B. B. B. Root C.C.C.C. Stem D.D.D.D. Leaf (pd: periderm, co: cortex, en: 
endodermis, ph: phloem, xls: xylem, tr: trachea, trc: tracheid, pt: pith, ep: epidermis, ptr: pith rays, sc: 
sclerenchyma, ue: upper epidermis, le: lower epidermis, pp: palisade parenchyma, sp: spongy parenchyma) 
 
Pollen morphology 

The pollen grains of N. birolmutlui are tricolpate, isopolar and radially symmetrical. Pollen shape is 
prolate, small sized, polar axis is 14.76±0.65 μm, and the equatorial axis is 11.13±0.88 μm, P/E 1.33. AMB is 
circular and 13.63 ± 1.53 μm. Colpus length is 11.74-±1.26 μm and colpus width is 3.24-±0.8 μm. The exine 
and intine thickness are measured as 1.13 μm and 0.69 μm, respectively. The ornamentation of exine is 
identified as micro-reticulate (Figure 3, Table 2).  

The pollens of N. camlikensis are radial symmetrical, tricolpate and isopolar. Polar axis (P) is 15.66 ± 
0.96 μm, equatorial axis (E) is 11.81±0.88 μm, P/E 1.33.  The pollen shape is confirmed as prolate and small 
sized. The pollens are circular in polar view, and the AMB is 14.98±2.14 μm. Colpus length (Clg) is 11.09±1.39 
μm and colpus width (Clt) is 3.01±0.71 μm. Exine is 1.19±0.28 μm and intine is 0.82±0.10 μm long. Pollens 
have micro-reticulate type surface ornamentation (Figure 4, Table 2). 

 
Seed morphology 

Seeds of N. birolmutlui are ovate to orbicular, 1.29- 1.57×0.86-1.22 mm in size and orange-brown in 

color. Epidermal cells are irregularly pentagonal. Surface ornamentation is colliculate (Figure 5).    
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Seeds of N. camlikensis are ovate to oblong, 1.70-2.38×1.11-1.81 mm in size and brown and shiny in 

color. Epidermal cells are irregularly pentagonal to elliptic. Cell surface ornamentation is colliculate-reticulate 
and beaked (Figure 6). 

 

 
Figure 3.Figure 3.Figure 3.Figure 3.  N. birolmutlui    A.A.A.A. General view of pollen grain using LM. B.B.B.B. Equatorial view of pollen in SEM. 
C.C.C.C. Polar view of pollen in SEM. D.D.D.D. Structure of the pollen surface in SEM 
 

 
Figure 4.Figure 4.Figure 4.Figure 4.  N. camlikensis    A.A.A.A. General view of pollen grain using LM. B.B.B.B. Equatorial view of pollen in SEM. 
C.C.C.C. Polar view of pollen in SEM. D.D.D.D. Structure of the pollen surface in SEM 
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Figure 5.Figure 5.Figure 5.Figure 5.  N. birolmutlui    A. A. A. A. Seed general view in LM. B. B. B. B. General view in SEM. C. C. C. C. Seed surface in SEM 

 

 
Figure 6.Figure 6.Figure 6.Figure 6.  N. camlikensis    A. A. A. A. Seed general view in LM. B. B. B. B. General view in SEM. C. C. C. C. Seed surface in SEM 

 
Statistical analysis 

Present independent sample T-test revealed that N. birolmutlui- N. camlikensis    were significantly 

different from each other in terms of the cortex parenchyma row, cortex cell length and width and diameter of 
trachea in the cross-section of root. As for stem characters, N. birolmutlui- N. camlikensis    were significantly 
different from each other in terms of epidermis width and length, cortex width and length, endodermis width. 
N. birolmutlui- N. camlikensis    were significantly different from each other in terms of upper epidermis width, 

lower epidermis length, lower cuticle thickness, mesophyll cells width and palisade parenchyma cells length in 
the cross-section of leaf (Figures 7-9, Table 3). 
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Figure 7. Figure 7. Figure 7. Figure 7. Box Plots of examined root characters (Rperw: peridermis cell width, Rcor: cortex parenchyma 
row, Rcorw: cortex cell width, Rcorl: cortex cell length, Rtracw: trachea width, Rnpir: number of pith rays)  
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Figure 8. Figure 8. Figure 8. Figure 8. Box Plots of examined stem characters (Sepw: epidermis cell width, Sepl: epidermis cell length, 
Scorw: cortex cell width, Scorl: cortex cell length, Stracw: trachea width, Sendow: endodermis width, 
Sendo: endodermis length, Piw: pith cell width) 
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Figure 9. Figure 9. Figure 9. Figure 9. Box Plots of examined leaves characters (Luew: upper epidermis width, Luel: upper epidermis 
length, Llew: lower epidermis width, Llel: lower epidermis length, Llecuw: lower cuticula thickness, 
Lmesow: mesophyll cells width, Lppw: palisade parenchyma cells width, Lppl: palisade parenchyma cells 
length) 
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Table 3.Table 3.Table 3.Table 3. Independent Samples t-Test according to anatomical features in the studied species  

  N. birolmutluiN. birolmutluiN. birolmutluiN. birolmutlui----N. camlikensisN. camlikensisN. camlikensisN. camlikensis    

R
oo

t
R

oo
t

R
oo

t
R

oo
t     

RperwRperwRperwRperw    P>0.05   NS 
RcorRcorRcorRcor    P< 0.05   * 

RcorwRcorwRcorwRcorw    P< 0.05   * 
RcorlRcorlRcorlRcorl    P< 0.05   * 

RtracwRtracwRtracwRtracw    P< 0.05   * 
RnpirRnpirRnpirRnpir    P>0.05   NS 

St
em

St
em

St
em

St
em

    

SepwSepwSepwSepw    P< 0.05   * 
SeplSeplSeplSepl    P< 0.05   * 

ScorwScorwScorwScorw    P< 0.05   * 
ScorlScorlScorlScorl    P< 0.05   * 

StracwStracwStracwStracw    P>0.05   NS 
SendowSendowSendowSendow    P< 0.05   * 
SendolSendolSendolSendol    P>0.05   NS 

PiwPiwPiwPiw    P>0.05   NS 

L
ea

f
L

ea
f

L
ea

f
L

ea
f     

LuewLuewLuewLuew    P< 0.05   * 
LuelLuelLuelLuel    P>0.05   NS 
LlewLlewLlewLlew    P>0.05   NS 
LlelLlelLlelLlel    P< 0.05   * 

LuecuwLuecuwLuecuwLuecuw    P>0.05   NS 
LlcuwLlcuwLlcuwLlcuw    P< 0.05   * 

LmesowLmesowLmesowLmesow    P< 0.05   * 
LppwLppwLppwLppw    P>0.05   NS 
LpplLpplLpplLppl    P< 0.05   * 

(Rperw: periderm cell width, Rcor: cortex parenchyma row, Rcorw: cortex cell width, Rcorl: cortex cell length, Rtracw: 
trachea width, Rnpir: number of pith rays); NS = non-significant. * Significant at the level of 0.05. Sepw: epidermis 
cell width, Sepl: epidermis cell length, Scorw: cortex cell width, Scorl: cortex cell length, Stracw: trachea width, Sendow: 
endodermis width, Sendo: endodermis length, Piw: pith cell width, Luew: upper epidermis width, Luel: upper 
epidermis length, Llew: lower epidermis width, Llel: lower epidermis length, Llecuw: lower cuticula thickness, 
Lmesow: mesophyll cells width, Lppw: palisade parenchyma cells width, Lppl: palisade parenchyma cells length). NS 
= non-significant. * Significant at the level of 0.05. 

 
When evaluated in terms of palynological characters, N. birolmutlui- N. camlikensis    were significantly 

different from each other in terms of equatorial axis, L=AMB (equatorial diameter), exine and intine thickness 
(Figure 10, Table 4). 

 
Table 4.Table 4.Table 4.Table 4. Independent Samples t-Test according to palynological features in the studied species 

  N. birolmutluiN. birolmutluiN. birolmutluiN. birolmutlui----N. camlikensisN. camlikensisN. camlikensisN. camlikensis    

PPPP    P>0.05   NS 
EEEE    P< 0.05   * 
P/EP/EP/EP/E    P>0.05   NS 
clgclgclgclg    P>0.05   NS 
cltcltcltclt    P>0.05   NS 
tttt    P>0.05   NS 
AMBAMBAMBAMB    P< 0.05   * 
ExineExineExineExine    P< 0.05   * 
IntineIntineIntineIntine    P< 0.05   * 

(P: polar axis, E: Equatorial axis, clt: colpus width, clg: colpus length, t: Apocolpium, L=AMB: diameter of pollen at 
the polar view) 
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Box plot results complied with the t-test results. Mean trends for anatomical characters (cortex and 
trachea of the root; epidermis, cortex and endodermis of stem; epidermis, lower cuticle, mesophyll and palisade 
parenchyma of leaves) and palynological characters (equatorial axis, AMB, exine and intine) of taxonomic pairs 
were significantly different (Figures 7-10, Table 3-4). 

 

 
Figure 10.Figure 10.Figure 10.Figure 10. Box Plots of examined palynological characters (P: polar axis, E: equatorial axis, clt: the width 
of colpus, clg: the length of colpus, t: apocolpium, AMB: the measurements of polar view of pollen grains) 
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DiscussionDiscussionDiscussionDiscussion    
 
Noccaea is systematically complicated and these problems have not been fully resolved yet. Especially in 

recent years, in addition to taxonomic features, anatomy, pollen morphology and seed micromorphology have 
been used extensively for generic delimitation of the Brassicaceae family (Farouji et al., 2018; Antkowiak et al., 
2018; Çilden and Zare, 2019).  

In present study, anatomical, palynological and seed micromorphological features of N. birolmutlui and 

N. camlikensis species were investigated. The taxonomic use of anatomical characters is useful for distinguishing 
closely related taxa within the Brassicaceae (Metcalfe and Chalk, 1957). However, the taxonomic use of these 
characters is quite limited (Yılmaz-Çıtak and Dural, 2020; Gönen et al., 2019; Karaismailoglu, 2019).  There 

is no available data on the leaf, root and stem anatomy of the genus Noccaea and this study is the first report on 

the anatomy of N. birolmutlui and N. camlikensis. The root cross-section of N. birolmutlui and N. camlikensis 
have a similar secondary structure in terms of multi-layered periderm, cortex, phloem, xylem and pith region. 
However, there were some minor differences among the studied species. The average size of cortex parenchyma, 
tracheal cells of N. camlikensis were larger than N. birolmutlui. 

In the stem sections, rounded, semirounded, rectangular, circular or irregular stem shapes were observed 
in the Brassicaceae family (Atçeken et al., 2016; Orcan and Binzet, 2003; Qader, 2018). The stem shape of the 

investigated Noccaea species was circular. N. birolmutlui and N. camlikensis share the similar stem anatomical 

features, characterized by a single-layered epidermis as the outermost protective tissue, the cortex parenchyma 
containing abundant chloroplasts, a well-developed vascular cylinder and the innermost pith. Similar results 
were also found in studies with the other genera of the Brassicaceae family (Metcalfe and Chalk, 1957; 
Karaismailoglu and Sirin, 2020; Karaismailoğlu and Osman, 2020; Yıldırım et al., 2021). 

The upper cuticle layer of N. birolmutlui leaves is thicker than N. camlikensis. The epidermis cells on 

both sides of N. birolmutlui are larger than N. camlikensis. The mesophyll tissue is thicker in N. birolmutlui 

than in N. camlikensis. While bifacial leaves were observed in N. birolmutlui, the equifacial leaves were observed 

in N. camlikensis. The equifacial leaves are often a characteristic feature of xerophytic plants. In addition, 

palisade parenchyma in mesophyll covers more area in N. camlikensis (61.4%) than N. birolmutlui (58.7%). 

Other anatomical measurements given in Table 1 were similar in the species studied. Metcalfe and Chalk 
(1957) previously reported that the bifacial mesophyll was the most common in the Brassicaceae family, but in 
later studies, it was commonly observed in unifacial and equifacial types (Akbar and Begum, 2020; Yılmaz-
Çıtak and Dural, 2020; Karaismailoğlu and Erol, 2020). 

The box plots and T-test analysis revealed that there were significant differences in root, number of 
parenchymal cell layers in the cortex, size of cortex cells, and trachea diameter of two species. These root 
anatomical characters can be used to identify species with morphological characters. According to the stem 
anatomy results, the size of the epidermis cells, the size of parenchymal cells in the cortex and width of 
endodermis cells are taxonomically significant characters. As for the leaf characters, the width of the upper 
epidermis cells, the length of the lower epidermis cells, thickness of the lower epidermis cuticle, thickness of the 
mesophyll and the length of the palisade parenchyma cell have taxonomic importance. Other quantitative 
characters were not sufficient to discriminate the species of N. birolmutlui- N. camlikensis. 

The pollen characteristics can provide useful information for the classification and identification of 
some closely-related taxa of the Brassicaceae family (Farouji et al., 2018; Karaismailoğlu and Erol, 2019; Özgişi 

et al., 2018b). Erdtman (1952) stated that Brassicaceae was a unipalynous family with pollen grains tricolpate, 
usually prolate to subprolate, oblate to oblate-spheroidal, or prolate-spheroidal and granulate or reticulate exine 
ornamentation. Erdtman et al. (1961) reported 2 pollen types as reticulate and granulate according to the exine 

structure of Brassicaceae. Khalik et al. (2002) divided the Brassicaceae family into 3 pollen types according to 

the size of lumina. Similarly, Khalik et al. (2002) point out that the family Brassicaceae had tricolpate grains 
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and reticulate exine. When N. birolmutlui and N. camlikensis pollens are evaluated in this context, they were 

classified as reticulate according to Erdtman et al. (1961) and type I (exine micro-reticulate) according to 

Khalik et al. (2002). Özgişi et al. (2018b) stated that the pollen grains of two endemic Noccaea were the 

tricolpate type, spheroid/suboblate shape and exine semitectate- reticulate ornamentation. Bülbül et al. (2016) 

reported that Noccaea aghrica pollens were isopolar, prolate-spheroidal, trizonocolpate and reticulate. In 

present study, Noccaea pollen grains were isopolar, radially symmetrical and tricolpate. The pollen shape was 

prolate and exine sculpture was micro-reticulate in both species. The palynological features of N. birolmutlui 

and N. camlikensis coincide the general characteristics of the Brassicaceae pollens.  
T-test analysis and box plots for palynological characters revealed equatorial axis, AMB, and thickness 

of exine and intine as taxonomically significant characters. These palynological characters can be used as an 
additional tool for identification accurate species  

The seed micromorphology is widely used for taxonomic problems and to observe species relationships 
in Brassicaceae (Koul et al., 2000). Present investigations of seed morphology showed that the seeds of N. 

camlikensis were larger than the seeds of N. birolmutlui, and the seed of N. camlikensis was ovate to oblong in 

shape, while that of N. birolmutlui was ovate to orbicular. In addition, the seed surface sculpture of N. 

birolmutlui was colliculate whereas that of N. camlikensis is colliculate-reticulate. In previous studies, it was 

stated that the dominant type of seed surface sculpture in Brassicaceae was reticulate (Moazzeni et al., 2007; 

Tantawy et al., 2004). Antkowiak et al. (2018) identified five types of seed surface sculpture as colliculate, 

reticulate, mixed (colliculate-reticulate), verrucate and foveolate in Noccaea species and stated that the collicate 

pattern was the dominant surface sculptural pattern of Noccaea. Özgişi et al. (2018c) reported that surface 

ornamentation of N. birolmutlui as colliculate. Özüdoğru (2018) stated that seed surface sculpture was regulate 

in Noccaea rosularis Al-Shehbaz. The general seed coat type of N. granatanse Boissier & Reuter and N. perfoliata 

Al-Shehbaz was reticulate (Antkowiak et al., 2018). The outcomes of this study are in agreement with the 

general seed surface characteristics of Noccaea. 
 
    
ConclusionsConclusionsConclusionsConclusions    
 
As a result, no detailed study was conducted on N. birolmutlui and N. camlikensis before this research. 

Accordingly, the present study is the first comprehensive study of the anatomy and pollen characteristics of 
both species. In this study, a total of 23 anatomical characters (six root, eight stem and nine leaf) and 9 
palynological characters of two Noccaea species and its taxonomic implications were analyzed. The results of 

the study showed that two species were generally similar to each other in terms of pollen morphology. However, 
some differences were observed between species in terms of anatomical characters and seed micromorphology 
features. This study confirmed that comparative root, stem and leaf anatomical features can be used as an 
additional tool for accurate species identification. In addition, size of the equatorial axis, AMB, and thickness 
of exine and intine were identified as taxonomically significant characters. 
 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
    
    



Atasagun B (2022). Not Bot Horti Agrobo 50(3):12849 

 

16 
 

 

 

 

 

 

AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
I would like to thank Prof. Dr. Ahmet AKSOY and Assoc. Prof. Deniz UlUKUŞ for their valuable 

contributions. 
 

 
Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The author declares that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    
    

Akbar F, Begum KN (2020). A comparative anatomical investigation of three taxa of Brassica L. from Bangladesh. 

Bangladesh Journal of Plant Taxonomy 27(1):15-26. https://doi.org/10.3329/bjpt.v27i1.47566 
Al-Shehbaz IA (2012). A generic and tribal synopsis of the Brassicaceae (Cruciferae). Taxon 61:931-954. 

https://doi.org/10.1002/tax.615002 

Al-Shehbaz IA (2014). A synopsis of the genus Noccaea (coluteocarpeae, Brassicaceae). Harvard Papers in Botany 19(1): 

25-51. https://doi.org/10.3100/hpib.v19iss1.2014.n3 

Al-Shehbaz IA, Beilstein MA, Kellogg EA (2006). Systematics and phylogeny of the Brassicaceae (Cruciferae): an 
overview. Plant systematics and evolution 259(2-4):89-120. https://doi.org/10.1007/s00606-006-0415-z 

Antkowiak W, Janyszek-Soltysiak M, Klimko M (2018). Taxonomic significance of seed-coat microsculpturing in 
Noccaea Moench and Thlaspi L. (Brassicaceae: Coluteocarpeae, Thlaspideae). Nordic Journal of Botany 36(12). 

https://doi.org/10.1111/njb.02037 
Appel, O. & Al-Shehbaz, I.A. (2003). Cruciferae. In: Kubitzki K (Ed). Families and Genera of Vascular Plants. Springer, 

Berlin, pp 75-174. 
Atçeken MM, Dural H, Citak BY (2016). The morphological, anatomical and palynological investigations on some taxa 

of genus Aethionema AT Waiton (Brassicaceae). Biodicon 9:55-68. 

Bona M. (2013). Seed-coat microsculpturing of Turkish Lepidium (Brassicaceae) and its systematic application. Turkish 

Journal of Botany 37:662-668. https://doi.org/10.3906/bot-1207-2  
Bülbül AS, Fırat M, Tarıkahya-Hacıoğlu B (2016). Pollen morphology of an endangered, endemic anatolian species, 

Noccaea aghrica PH Davis & Kit Tan M. Fırat & Özüdoğru Brassicaceae. Hacettepe Journal of Biology and 
Chemistry 44:115-118. 

Çilden E, Zare G (2019). Comparative anatomical survey on the species of Iberis L. (Brassicaceae) from Turkey. Hacettepe 

Journal of Biology and Chemistry 47(4):389-401. https://doi.org/10.15671/hjbc.585877 

Çitak BY, Dural H (2020). The anatomical structures of the genus Iberis L. (Brassicaceae) in Turkey. Bangladesh Journal 

of Plant Taxonomy 27:213-224. https://doi.org/10.3329/bjpt.v27i2.50662 
Erden A, Menemen Y (2021). Comparative pollen morphology studies on some species of Brassicaceae in Turkey. 

Biological Diversity and Conservation 14:105-118. https://doi.org/10.46309/biodicon.2021.773419 

Erdtman G (1952). Pollen morphology and plant taxonomy: Angiosperms. Chronica Botanica Co., Waltham, 
Massachusettes. 

Erdtman G, Berglund B, Praglowski J (1961). An Introduction to a Scandinavian Pollen Flora. Grana Palynologica 2(3):3-
86. https://doi.org/10.1080/00173136109428945 

Gönen B, Dural H, Citak B (2019). A survey of the morphology, anatomy, and palynology of endemic Bornmuellera 

kiyakii and B. glabrescens (Brassicaceae) from Turkey. Gazi University Journal of Science 32:776-790. 

https://doi.org/10.35378/gujs.455316 
Hesse M, Halbrotter H, Zetter R, Weber M, Buchner R, Frosch-Radovo A, Ulrich S (2009). Pollen terminology: an 

illustrated handbook. Springer Verlag/Wien, New York. 
Johansen DA (1944) Plant microtechnique. McGraw-Hill, New-York, pp 523. 



Atasagun B (2022). Not Bot Horti Agrobo 50(3):12849 

 

17 
 

 

 

 

 

 

Kandemir A, Aytac Z, Fisne AY (2017). Aethionema erzincanum (Brassicaceae), a new species from Turkey. Annales 

Botanici Fennici 54:1-5 https://doi.org/10.5735/085.054.0301 

Karaismailoğlu C, Erol O (2020). Notes on leaf and stem anatomy of Thlaspi sensu lato. Trakya University Journal of 

Natural Sciences 21:139-150. https://doi.org/10.23902/trkjnat.762509 

Karaismailoglu MC (2019). Comparative morphology and anatomy of seeds of some Aethionema Wt Aiton (Brassicaceae) 

taxa from Turkey. Bangladesh Journal of Plant Taxonomy 26(1):1-12. https://doi.org/10.3329/bjpt.v26i1.41911 

Karaismailoğlu MC, Erol O (2019). Pollen morphology of some taxa of Thlaspi L. sensu lato (Brassicaceae) from Turkey, 

and its taxonomical importance. Palynology 43:244-254. https://doi.org/10.1080/01916122.2018.1463571 

Karaismailoglu MC, Sirin E (2020). Notes on Arabis kaynakiae Daskin (Brassicaceae), a critically endangered species 
endemic to Turkey. Trakya University Journal of Natural Sciences 21:87-94. 
https://doi.org/10.23902/trkjnat.777206 

Khalik KA, van der Maesen LJG, Koopman WJM, van den Berg RG (2002). Numerical taxonomic study of some tribes 
of Brassicaceae from Egypt. Plant systematics and evolution 233:207-221 https://doi.org/10.1007/s00606-002-

0190-4 
Koch MA, Mummenhoff K (2006). Evolution and phylogeny of the Brassicaceae. Plant systematics and evolution 259:81-

83. https://doi.org/10.1007/s00606-006-0433-x 

Koul KK, Nagpal R, Raina SN (2000). Seed coat microsculpturing in Brassica and allied genera (subtribes Brassicinae, 

Raphaninae, Moricandiinae). Annals of Botany 86:385-397. https://doi.org/10.1006/anbo.2000.1197 

Metcalfe CR, Chalk L (1957). Anatomy of the Dicotyledons (leaves, stem, and wood, in relation to taxonomy, with notes on 

economic uses). Oxford University Press, Amen House, London pp. 

Moazzeni H, Zarre S, Al-Shehbaz IA, Mummenhoff K (2007). Seed-coat microsculpturing and its systematic application 
in Isatis (Brassicaceae) and allied genera in Iran. Flora - Morphology, Distribution, Functional Ecology of Plants 

202:447-454. https://doi.org/10.1016/j.flora.2006.10.004 
Mohamed ET, Mariam IH, Magdy MM, Usama KA-H (2021). Comparative floral anatomy of some species of 

Brassicaceae and its taxonomic significance. Adansonia 43:223-234. 
https://doi.org/10.5252/adansonia2021v43a20 

Mutlu B, Erik S (2012). Pollen morphology and its taxonomic significance of the genus Arabis (Brassicaceae) in Turkey. 

Plant Systematics and Evolution 298. https://doi.org/10.1007/s00606-012-0692-7 

Mutlu B (2012). Brassicaceae. In: Güner A (Ed). Türkiye Bitkileri Listesi (Damarlı Bitkiler). Nezahat Gökyiğit Botanik 
Bahçesi ve Flora Araştırmaları Derneği Yayını, İstanbul. 

Orcan N, Binzet R (2003). The anatomical and palynological properties of Alyssum obtusifolium Steven ex DC. 
(Brassicaceae). Turkish Journal of Botany 27:63-68 

Özgişi K, Koyuncu O, Sezer O, Derviş Ö, Atila O, Koray Yaylacı O, Erkara İP (2018b). Comparative pollen morphology 
studies of two endemic Noccaea Moench (Brassicaceae) taxa from Turkey. Communications Faculty of Sciences 

University of Ankara Series C Biology 27:79-87. https://doi.org/10.1501/commuc_0000000200 

Özgişi K, Ocak A, Özüdoğru B (2018c). Noccaea birolmutlui, a new crucifer species from south west Anatolia, Turkey. 

Phytotaxa 345:59-67. https://doi.org/10.11646/phytotaxa.345.1.7 
Özgişi K, Özüdoğru B, Ocak A (2018a). Contributions to Turkish Flora: taxonomic and distributional notes on the 

poorly known Noccaea (Brassicaceae) species. Phytotaxa 346(3):247-257. 
Özgişi K, Ocak A, Tarikahya Hacioglu B (2020). An attempt to solve the taxonomic confusion of Thlaspiceras F.K.Mey. 

complex (Noccaea Moench-Brassicaceae) with ISSRs. Turkish Journal of Botany 44:338-344. 

https://doi.org/10.3906/bot-1910-22 

Özüdoğru B (2017). Thlaspiceras sensu meyer tür kompleksinin plastidik trnq-5'rps16 bölgesine dayalı filogenisi. 
Süleyman Demirel Üniversitesi Fen Bilimleri Enstitüsü Dergisi 10. https://doi.org/10.19113/sdufbed.86695 

Özüdoğru B, Akaydın G,  Erik S, Mummenhoff  K (2016). Seed morphology of Ricotia (Brassicaceae) and its phylogenetic 
and systematic implication. Flora-Morphology, Distribution, Functional Ecology of Plants 222:60-67 
http://dx.doi.org/10.1016/j.flora.2016.03.013 

Özüdoğru B (2018). Phylogenetic position, taxonomy, distribution, and conservation status of the rare and poorly-known 
Noccaea rosularis, the generic type of Masmenia (Brassicaceae). Phytotaxa 344:169-176. 

https://doi.org/10.11646/phytotaxa.344.2.5 



Atasagun B (2022). Not Bot Horti Agrobo 50(3):12849 

 

18 
 

 

 

 

 

 

Özüdoğru B, Özgişi K, Tarikahya-Hacioglu B, Ocak A, Mummenhoff K, Al-Shehbaz IA (2019). Phylogeny of the genus 
Noccaea (Brassicaceae) and a critical review of its generic circumscription. Annals of the Missouri Botanical Garden 

104:339-354. https://doi.org/10.3417/2019347 

Pinar M, Duran A, Çeter T, Tuğ T (2009). Pollen and seed morphology of the genus Hesperis L. (Brassicaceae) in Turkey. 

Turkish Journal of Botany 33:83-96. https://doi.org/10.3906/bot-0807-15 

Punt W, Blackmore S, Nilson S, Le Tomas A (1994). Glossary of pollen and spore terminology. LPP Foundation, Utrecht, 
pp 71. 

Qader KO (2018) Taxonomic significance of anatomical characters in some species of Brassicaceae family in Iraq. 
University of Thi-Qar Journal of Science 2:77-83. http://dx.doi.org/10.25130/tjas.v16i2.311 

Stearn WT (1983). Botanical latin. David & Charles, London, pp 566. 
Tantawy M, Khalifa S, Hassan S, Al-Rabiai G (2004). Seed exomorphic characters of some Brassicaceae (LM and SEM 

Study). International Journal of Agriculture & Biology 6:821-830. 
Warwick SI, Francis A, Al-Shehbaz IA (2006). Brassicaceae: Species checklist and database on CD-Rom. Plant Systematics 

and Evolution 259:249-258. https://doi.org/10.1007/s00606-006-0422-0 

Wodehouse RP (1935). Pollen grains. Mcgraw-Hill Book Company, Inc; New York; London, pp 574. 

Yıldırım B, Dural H, Çıtak BY (2021). Morphological, anatomical, palynological, and micromorphological study on 
Diplotaxis tenuifolia (Brassicaceae). Biyolojik Çeşitlilik ve Koruma 14(3):365-371. 

https://doi.org/10.46309/biodicon.2021.897954 

Yılmaz-Çıtak B, Dural H (2020). Fruit and seed micromorphology of the genus Iberis L. (Brassicaceae) in Turkey and its 

utility in taxonomic delimitation. Botanical Sciences 98(4):584-592. https://doi.org/10.17129/botsci.2573 
 

 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


