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XANTHIUM ITALICUM – ANATOMY AND HISTOLOGY DATA 
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Abstract: The species of the genus Xanthium L. raise a number of taxonomic problems, 
and in some cases their identification is difficult and involves to a great extent the features 
of the fruit. The identification of some additional criteria, such as anatomical and 
histological features of the vegetative organs, would be highly beneficial. In this context, 
the current paper analyses the species Xanthium italicum Moretti, one of the six species of 
the genus Xanthium, recognised as being present in Romania. The paper highlights few 
anatomo-histological features of the above-ground vegetative organs, which should 
subsequently be evaluated in other species of the genus Xanthium, with the purpose of 
identifying those structural criteria, which could contribute to the identification of the 
species. The paper also completes with new data and original pictures the limited 
information available in the literature as regards the anatomy of the above-ground 
vegetative organs of the species Xanthium italicum. 
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Introduction 
The taxonomy of the genus Xanthium L. is not fully elucidated (Sârbu & Oprea 

2011), and the identification of species still raises a series of problems and requires 
additional criteria. 

The current paper focuses on the plant Xanthium italicum Moretti, one of the six 
species of the genus Xanthium L. reported in the speciality literature as being present in 
the Romanian flora: Xanthium spinosum L., X. strumarium L., X. orientale L., X. 
italicum Moretti, X. saccharatum Wallr., X. albinum (Widder) H. Scholz (Ciocârlan 
2009, Sârbu et al. 2013). 

Xanthium strumarium and Xanthium spinosum are species with unflavoured 
leaves, fruits shorter than 15 mm, and display at the level of the vegetative organs (stem 
and leaf) significant identification morphological characters. In identifying the other 
species, which are all characterised by flavoured leaves and fruits longer than 15 mm, a 
key part is played by the particularities of the fruit (Ciocârlan 2009, Sârbu et al. 2013). 

In the period when fruits are not fully formed, these species are hard to identify. In 
this context, our research sought the identification of some histological and anatomical 
characters of the vegetative organs of one of these plants (Xanthium italicum) which could 
be used for the identification of the plant when fruits cannot be used. 
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Xanthium italicum is an annual Asteraceae, of 40-100 cm tall, a meso-
mesohydrophyle, sub-thermophyle and nitrophyle plant, with a pleasant smell.  It is an 
adventive taxa in Southern Europe (Sârbu et al. 2013), which prefers well drenched 
soils (Nyárády 1964, Sârbu et al. 2001) from ruderal areas as well as from cultivated 
ones. In Romania is present in the areas of steppe and forest-steppe, but also in the 
Danube Delta (Ciocârlan 1994). It is a plant with a significant structural adaptive 
plasticity in relation to water (Sârbu 2002). 

 
Material and methods 
Mature plants of Xanthium italicum were collected in September 2011 from 

Sacalin Island (Danube Delta) and conserved in 70° alcohol for a period of six months. 
The anatomical and histological analyses were conducted on cross sections in the 
median third of the stem, petiole and lamina (on the median nervure). 

The characteristics of the foliar epidermis were also analysed in an apical image 
(the epidermis seen from the front). The biological material was sectioned, sorted and 
clarified (Sodium hypochlorite), and then processed using various colouring techniques: 
double colouring with Green Iodium and Carmin Alum, colouring with Sudan III, 
colouring with IIK, colouring with Phloroglucinol Hydrochloric acid (Şerbănescu-Jitaru 
et al. 1983). HCl was used to test the presence of CaCO3. 

The analysis of the microscopic slides and their micro-photography were 
conducted in optical microscopy (Docuval optical microscope), in normal and polarised 
light. 

 
Results and discussion 
Tector hairs (trichomes). The shape, size and structure of the tector hairs are 

diagnosis features, often contributing to the identification of plants, organs and even 
parts of organs (Toma 2000). 

As regards Xanthium italicum tector hairs were identified at the level of all the 
organs analysed. They are pluricellular, uniseriate and have various shapes and sizes. 
Three different categories of tector hairs were identified: 
� Tector hairs with a sharp, pungent apical cell, long (300-750 µm long) made up 

of 4-6 cells (Fig. 1) or short (150-175 µm long) and thick, made up of only 3-4 
cells (Fig. 2); 

� Tector hairs with a rounded apical cell, 180-220 µm long, and made up of 8-10 
cells (Fig. 3); 

� Tector hairs with a slightly uncinate apical cell, 250-300 µm long and made up 
of 5 cells (Fig. 4). 

The cellular wall of the tector hairs is suberised and often covered with Calcium 
oxalate warts (Fig. 5). In the structure of the tector hairs were observed oxaliferous cells 
containing isolated and concrescent prismatic crystals (Fig. 6). 

 Secretory structures. In the case of Xanthium italicum, the secretory structures 
are represented by secretory hairs and secretory ducts. In the literature only the presence 
of secretory hairs is mentioned (Nyárády 1964).  

Secretory hairs are massive, 90-100 µm long. The pluricellular gland is oval, and 
has 4-5 layers of two secretory cells each, covered by a common cuticle (Fig. 7). The 
secretory hairs are present on all the organs analysed.  
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Secretory ducts are of small dimensions, padded with 6-10 secretory cells and do 
not differentiate a mechanic layer (Fig. 8). The secretory ducts were observed at the 
level of the stem, petiole and the median nervure.  

The stem is cylindrical, thick and up to 100 cm tall, and it displays in cross 
section a circular outline, slightly 5-angled (star-shaped) (Fig. 9). 

The uni-stratified epidermis has relatively isodiametric epidermal cells covered 
by a ridged cuticle (Fig. 10). 

Tector hairs (approx. 10 hairs/mm2 of epidermis) and secretory hairs (approx. 4 
hairs/mm2 of epidermis) are present, and stomata are rare. 

The outer cortex of the stem (5-8 layers of cells) is collenchymatous, and the 
inner one is parenchymatous of meatic type and has numerous secretory ducts (approx. 
35 secretory ducts/section) (Fig. 10). The last layer of the cortex forms an amiliferous 
sheath (Fig. 11). 

 
 
 

         
 
 
 

Fig. 1. Xanthium italicum, long pluricellular 
tector hair with sharp apical cell, front view of 

the lower epidermis of the lamina (Photo: 
Anca Sârbu) 

Fig. 2. Xanthium italicum, short pluricellular 
tector hair with sharp apical cell (upper 

epidermis), cross section through the lamina 
(Photo: Anca Sârbu) 
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Fig. 3. Xanthium italicum, pluricellular tector 
hair with rounded apical cell, front view of the 

upper epidermis of the lamina (Photo: Anca 
Sârbu) 

Fig. 4. Xanthium italicum, tector hair with 
uncinate apical cell, with Calcium oxalate 

warts, front view of the upper epidermis of the 
lamina (treated with HCl) (Photo: Anca 

Sârbu) 

 

 

 

Fig. 5. Xanthium italicum, pluricellular tector 
hair (upper epidermis) cross section through 
the lamina (colouring with Sudan III) (Photo: 

Anca Sârbu) 

Fig. 6. Xanthium italicum, tector hair (lower 
epidermis of the lamina) with prismatic and 

concrescent crystals, located in the 
oxaliferous cell (Photo: Anca Sârbu) 
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Fig. 7. Xanthium italicum, secretory hair (upper epidermis), cross section through the lamina 

(Photo: Anca Sârbu) 

 

 
Fig. 8. Xanthium italicum, secretory ducts, cross section through the petiole  

(Photo: Anca Sârbu) 
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Fig. 9. Xanthium italicum, cross section through the stem in the median third (schematic 

representation): col - collenchyma, cs – secretory ducts, cv – vascular cambium, ep - epidermis, fl 
- phloem, pc – cortical parenchyma, pm – medullary parenchyma, rms – sclerified medullary rays, 

sclpf – periphloemic sclerenchyma, x – xylem  
(Graphics: Daniela Smarandache) 

 

 
Fig. 10. Xanthium italicum, cross section through the stem in the median third  

(Photo: Anca Sârbu) 
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Fig. 11. Xanthium italicum, cross section through the stem in the median third, highlighting the 

amiliferous sheath (colouring with cu IIK) (Photo: Anca Sârbu) 
 
 

The central cylinder is voluminous and takes up over 80% of the space of the 
stem. The plant differentiates a secondary structure of the Helianthus type (Fig. 9). The 
conducting tissue is made up of around 22 vascular bundles of open collateral type, 
separated by medullary rays. The periphloemic sheaths are present in the case of the 
large vascular bundles (600-1200 μm width) and start to differentiate at the level of the 
small vascular bundles, of secondary origin (Fig. 12, Fig. 13). The elements of the 
perifascicular sheaths and a part of the woody parenchyma from the structure of the 
large vascular bundles are sclerified and lignified (colouring with Phloroglucinol 
Hydrochloric acid) (Fig. 14). 

The pith is parenchymatous, meatic type. Over 55% of the medullary cells are 
oxaliferous (with ursins). 

The petiole. The shape of the cross section through the petiole is circular with a 
small, superficial trench on the adaxial side (Fig. 15). The epidermal cells have visibly 
thickened walls (especially the outer periclinical wall) and are covered by a cuticle with 
crests (Fig. 16). The hypodermic parenchyma (7-9 layers of cells) is collenchymatised 
(mixed collenchyma). In the rest of the parenchyma, the cells display uniform 
thickenings of the cellular walls, and the secretory ducts are present (approx. 26 
secretory ducts). The conducting tissue consist of 12-14 vascular bundles of different 
sizes, arranged on two arches (Fig. 17) and displaying periphloemic sclerenchyma 
sheats (Fig. 18). 
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The lamina is bifacial, amphystomatic, with a dorsiventral structure (Fig. 19, 
Fig. 20). The stomata are anomocytic and have a medium frequency of approx. 210 
stomata/1 mm2 of epidermis. 

The lamina is 3-5 lobate and trinervate. The median nervure and the two side 
nervures are prominent on the abaxial side of the lamina (Fig. 21). The mechanic tissue 
(5-6 layers of angular collenchyma) is present on both sides of these nervures. 

 In the ground parenchyma of the median nervure there are 4 vascular bundles of 
closed collateral type, and 3-5 secretory ducts. The vascular bundles from the structure 
of the secondary and tertiary nervures display chlorophyllian sheaths (Fig. 20). Their 
cells are poor in chloroplasts and have the role of transporting the assimilates towards 
the phloem elements (Toma 2000, Beck 2009). Corresponding to the vascular bundles, 
in the mesophyll there are pillars formed of oxaliferous cells containing ursins (Fig. 20, 
Fig. 22). 

The two sides of the lamina (adaxial and abaxial) are visibly curled, forming 
depressions that shelter secretory hairs (approx. 25 hairs/ 1 mm2 of epidermis) and 
tector hairs (approx. 32 hairs/1 mm2 of epidermis) (Fig. 23). 

 
 

 
 

Fig. 12. Xanthium italicum, cross section through the stem, in the median third  
(Photo: Anca Sârbu) 
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Fig. 13. Xanthium italicum, cross section through the stem, in the median third  

(Photo: Anca Sârbu) 
 

 
Fig. 14. Xanthium italicum, cross section through the stem, in the median third (colouring with 

Phloroglucinol Hydrochloric acid) (Photo: Anca Sârbu) 
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Fig. 15. Xanthium italicum, cross section through the petiole, in the median third  

(Photo: Anca Sârbu) 
 

 
Fig. 16. Xanthium italicum, cross section through the petiole, in the median third  

(Photo: Anca Sârbu) 
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Fig. 17. Xanthium italicum, cross section through the petiole, in the median third (schematic 

representation): col - collenchyma, cs – secretory ducts, ep – epidermis, fab – abaxial side, fad – 
adaxial side, fl - phloem, pf – ground tissue, pt – tector hair, scl - sclerenchyma, x – xylem 

(Graphics: Daniela Smarandache) 
 

 
Fig. 18. Xanthium italicum, cross section through the petiole, in the median third  

(Photo: Anca Sârbu) 
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Fig. 19. Xanthium italicum, the structure of the lamina in cross section (graphic representation): 
co – oxaliferous cells, epi – lower epidermis, eps – upper epidermis, fc – vascular bundles, ps – 

secretory hair, pt – tector hair, tl – lacunae tissue, tp – palisade tissue, tpf – chlorophyllian sheath 
(Graphics: Daniela Smarandache) 

 

          
 

 

 

Fig. 20. Xanthium italicum, cross section 
through the lamina (Photo: Anca Sârbu) 

 

Fig. 21. Xanthium italicum, cross section 
through the lamina (median nervure) (Photo: 

Anca Sârbu) 
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Fig. 22. Xanthium italicum, cross section through the lamina highlighting the oxaliferous cells 

with ursins (polarisation) (Photo: Anca Sârbu) 
 

 
Fig. 23. Xanthium italicum, cross section through the lamina (Photo: Anca Sârbu) 
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Conclusions 
The research conducted on the species Xanthium italicum constitutes a first step 

towards the identification of some anatomo-histological features that can allow the 
identification of the species of the genus Xanthium, in the absence of fruits.  

Our observations revealed for Xanthium italicum a number of anatomo-
histological features of the above-ground vegetative organs, which should be analysed 
at the other species of the genus:  
� The shape of stem and petiole in cross section: at Xanthium italicum the shape of 

the stem is 5-angled (star-shaped) and the petiole has a small adaxial trench; 
� The shape of the lamina in cross section: at Xanthium italicum both sides of the 

lamina are curled and form regularly displayed depressions; 
� The diversity of the tector hairs: at Xanthium italicum three categories of tector 

hairs were identified; 
� The presence of oxaliferous cells: at Xanthium italicum these are frequent in the 

stem, petiole, lamina and also at the level of the tector hairs; 
� The presence of secretory ducts: at Xanthium italicum the secretory ducts were 

observed in all the above-ground organs. 
At the same time, our observations complete the data existent in the literature 

regarding the diversity of tector hairs on the vegetative organs of the species Xanthium 
italicum and of the secretory structures, which include both secretory hairs and ducts. 
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