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Abstract. The paper presents the structural peculiarities of the aerial vegetative organs at

Ailanthus altissima (Simaroubaceae family). Firstly introduced in Romania as an

ornamental plant, the taxon became step by step very common in all types of habitats as

an invasive species. To control this plant is very hard. The tree presents high resistance to

large variations of the abiotic factors; it is resistant to the attack of all damaging factors

and it propagates both vegetative and by seeds. From a structural point of view the taxon

creates, earlier in life, a resistant vegetative corpus with a rapid growth that assures the

success when compared to other plants.
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Introduction

One of the greatest threats on biologic diversity is represented our days by the

biologic invasion caused by alien species (Anastasiu & Negrean 2005).

Alien plants are "vegetal taxa from a certain area whose presence is due to the

introduction, on purpose or by accident, as result of human activities" (Richardson et al.

2000, Pysek et al. 2002, Pysek et al. 2004).

Alien invasive plants are those "naturalized plants that produce successors, often

in large number at considerable distances of the parental plants and on extended areas"

(Richardson et al. 2000, Pysek et al. 2002, Pysek et al. 2004).

Globalization, the development of transportation, commerce and tourism, the

degradation of the natural habitats and the climate changes made the invasion of alien

species possible (Anastasiu & Negrean 2007).

In Romania, the presence of alien plants was noticed starting from the XVIII
th

century (Anghel et al. 1972). After this date several papers with forestry and agricultural

profile signaled the presence of non-indigene plants in Romanian flora (Enescu &

Anghel 1926, Buia 1939, Prodan 1946, Anghel et al. 1972, Chirilă et al. 2002).

Most of the neophyte invasive species have been accidentally introduced in

Romania and a reduced number of species have been introduced deliberately being

used on alimentary purposes, as medicinal plants or as ornamental plants etc.

(Anastasiu & Negrean 2005).

From the last category we can mention Ailanthus altissima (Mill.) Swingle

(Simaroubaceae family), a species originated from China and introduced in Europe

(England) in 1740 (http://en.wikipedia.org/wiki/Ailanthus_altissima).
In Romania the taxon is mentioned at the end of the XIX

th

century (Brândză,

1879-1883) as being cultivated in gardens.

At present the taxon is quite common especially in the plain regions, in the

peasant's courtyards, in abandoned hillock places.
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Being a tree with little or no pretensions from the soil in which it grows, its

presence becomes very frequent in marine sands areas and on any waste land. It can

easily develop on pour, dry or flooded soils, on low acid or alkaline soils, on

polluted soils with heavy metals and even in direct sun light or shade (Negulescu &

Stănescu 1964).

Being resistant to exterior attacks, having tolerance to drought, severe cold,

intense heat, smoke, gas (Voiculescu 1978), the tree is present all over in Bucharest, one

of the most polluted cities in the country.

In this context our research wants to show the structural particularities of the

above ground vegetative organs highlighting the aspects that make this species very

resistant to large variations of abiotic factors, associated with the invasive character.

Material and methods

Ailanthus altissima is a longevity decorative plant (40-50 years), with rapid

growth (can reach over 2 m during the first year) and over 15 m when reaching the

maturity (Voiculescu 1978). In Romania the taxon vegetates sometimes also as a bush.

The rooting system is formed out of thick and long roots aligned horizontally.
The straight and short truck has little ascending branches. The leaves (30-90 cm

length) are alternating, compouned, imparipenat with 11-25 (41) leaflets (Fig. 1).

Fig. 1. Ailanthus altissima - habitus

The biologic material used for the structural observations was collected from the

Botanical Garden "D. Brândză" of Bucharest University in May 2008. The material

collected was analyzed both in fresh conditions and fixed in 70% ethylic alcohol.
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To evidenţiate the structure of the vegetative above ground organs there were

used young plants of 30 cm height and leaves of 35-37 cm length.
With the help of an anatomic razor several transversal sections were made to the

stem (the base, the median area and right towards the top), to the rachis of the

compound leaf (base and median area) and at the level of the leaflets from the base pair
in the median area.

The obtained sections were analyzed in fresh conditions and after that they have

been clarified (Javelle water), coloured in iodine green and carmine alaunate and

mounted into glycerol-gelatin. The obtained preparations were analyzed in optical

microscopy and microphotographed (optical microscope DOCUVAL).

Results and discussion

The stem

The transversal sections made on the stem have a circular contour.

At the base the stem presents a secondary structure enlightened by the vascular

cambium (Fig. 2). The unistratified epidermis is made out of small isodiametric cells,

with thickened, cutinized outer tangential walls; the epidermal cells divide themselves

through anticlinal walls. At the epidermal level we can notice few tector hairs.

Fig. 2. Basal area of the

stem in transversal

section (Oc. 12.5 x; Ob.

10; Amplific. 6.3)

The cortex consists of 10-12 layers of parenchymatic cells. The external cortex

(4-5 layers) contains polygonal cells of small sizes, rich in chloroplast, with a tendency

to collenchymatized. The internal cortex presents spherical large sizes cells; some of the

cells divide themselves through anticlinal, periclinal or oblic walls. At this section level

there can't be noticed a typical endodermis although cells of the cortical internal layer

are rich in starch.

The central cylinder has no pericycle. The vascular circular cambium generates a

structure in which the wood and the secondary phloem are disposed like two

concentric rings.

The secondary wood is formed out of vessels with large lumen, lignified wood

parenchyma and wood fibers. The primary wood disposed towards the center of the

central cylinder contains vessels and wood cellulose parenchyma (Fig. 2, Fig. 3).
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The secondary phloem is produced in small quantities and presents towards the

exterior caps of sclerified and lignified cells (Fig. 2, Fig. 3).

The medullary primary rays are sclerified right where the secondary wood is

(Fig. 2, Fig. 3). The medullary parenchyma is made of polygonal cells with lightly

sclerified walls (Fig. 2).

Basal area of the stem in

transversal section

(Oc. 12.5 x; Ob. 10; Amplific. 10)

Fig. 3.

In the median area of the stem, the epidermis presents the same characteristics

as like in the basal one. We can notice the presence of the stomata and of a large

number of unicellular tector hairs (Fig. 4, Fig. 5).

The cortex contains approximately the same number of cellular layers like in the

previous area (10-12). The external cortex (5-6 layers) contains polygonal cells of small

size, rich in chloroplast, with a tendency to collenchymatized (Fig. 4, Fig. 5). In the

internal cortex there are large cells with tendency to form angular collenchyma; the cells

in this area have a reduced number of chloroplast. The last 1-2 layers of cortical internal

cells are rich in starch forming at this level a distinct amylaceous sheath (Fig. 4, Fig. 5).

The circular vascular cambium generated wood and secondary phloem (Fig. 4,

Fig. 6). The secondary wood contains vessels with large lumen, lignified wood

parenchyma and wood fibers. The primary wood parenchyma is cellulosic (Fig. 4, Fig.

6). The phloem is delimited by sclerified, lignified cells (Fig. 4, Fig. 5, Fig. 6).



The medullary primary rays consist of parenchymatic large cells with thin

cellulosic walls (Fig. 6); the cells present a tendency to sclerify and lignify towards the

base (Fig. 4).

The medullary parenchyma is made out of large polygonal cells with thin

cellulosic walls (Fig. 4, Fig. 6). In the medullary parenchyma near the primary wood,

we can notice the presence of some secretor cavities delimited by 7-9 cells (Fig. 7).

Fig. 4. Median area of the stem in transversal

section (Oc. 12.5 x; Ob. 10; Amplific. 10)

Fig. 5. Median area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplifie. 16
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Median area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 10)Fig. 6.

Fig. 7. Median area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 6.3)

In the superior area the stem presents more or less the same structure. On the

epidermis there are a large number of unicellular tector hairs (Fig. 8, Fig. 9).

The cortex is a little bigger and contains 14-16 layers of cells. The first cortical

layer under the epidermis is tabular collenchymatized; the next layers of cells (5-6) are

angular collenchymatized. The cells from the internal cortex have large size and present
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a small tendency to form an angular collenchyma (Fig. 9). The amylaceous sheath is

distinctive also at this level of the section (Fig. 8, Fig. 9).

High area of the stem in

transversal section

(Oc. 12.5 x; Ob. 10; Amplific. 8)

Fig. 8.

Fig. 9. High area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 16)
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At the level of the central cylinder we can notice the secondary structure due to the

activity of the circular vascular cambium (Fig. 8, Fig. 10). The secondary elements of wood

and phloem are reduced in number and the medullary rays are parenchymatic. The primary

phloem is delimited by cells easily angular collenchymatized (Fig. 10, Fig. 11 ).

In the medullary parenchyma we can notice the presence of some secretory

cavities of large dimensions delimited by 1-2 layers of secretory cells (Fig. 8, Fig. 11).

Fig. 10. High area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 12.5)

Fig. 11. High area of the stem in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 16)
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The leaf

The rachis has in transversal section an almost circular contour. From the

structural point of view the rachis presents a series of common characteristics with the

stem but also a series of peculiarities.
Towards the base the unistratified epidermis, made of small, isodiametric cells,

is covered by a thick cuticula and shows a large number of unicellular tector hairs (Fig.

12). At this level rare glandular hairs are formed - they are made of a short pericellular

leg and almost 8 secretory cells.

The cortex contains 11-13 layers of cells. The external cortical cells (6-7 layers)

are angular collenchymatized; in fresh condition the cells are rich in chloroplasts. The

cortical internal layers contain cells of large sizes slightly egg-shaped tangentially, with

thin, cellulosic walls (Fig. 12); these cells have a reduced number of chloroplast. The

last layer of cortical cells is rich in starch forming an amylaceous sheath (Fig. 12).

Basal area of the rachis in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 16)Fig. 12.

The central cylinder presents a secondary structure due to the activity of the

circular vascular cambium (Fig. 12, Fig. 13). The phloem is delimited by sclerified and

lignified cellular caps
that form almost a continuous line (Fig. 12). The secondary wood

contains vessels with large lumen, lignified wood parenchyma and wood fibers. In the

primary wood, the wood parenchyma is cellulosic (Fig. 13). In the basic parenchyma,

close to the primary wood, we can notice the presence of some secretor cavities

delimited by 1-2 layers of glandular cells (Fig. 13).

The medullary rays are sclerified (Fig. 13).
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Fig. 13.

Median area of the rachis in

transversal section

(Oc. 12.5 x; Ob. 10; Amplific. 10)

Fig. 14.

In the basic parenchyma from the

central area of the rachis there is a variable

number of conducting opened collateral

bundles.

The basic parenchyma of the rachis

consists of polygonal cells with thin walls.

Towards the two faces of the petiole but

especially towards the abaxial one the

conducted bundles are protected by arches of

sclerified and lignified cells, areas of

mechanic tissue that ensures the resistance of

the rachis.

In the median area and towards the

top the rachis presents almost the same

structure as in the base. We notice that: the

tector hairs are fewer at the epidermal

level; the cortical layers are reduced (8-9);

the number of the secondary elements is

reduced and the basic parenchyma consists

of cells with thin cellulosic walls (Fig. 14,

Fig. 15).

Basal area of the rachis in transversal section (Oc. 12.5 x; Ob. 10; Amplific. 16)
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Fig. 15. Median area of the rachis in transversal section

(Oc. 12.5 x; Ob. 10; Amplific. 10)

The leaflets

The leaflets and the leaf are bifacial and have a dorsiventral structure.

Where the main nervure is the leaflet presents two distinctive prominences, the

one on the abaxial face being more developed than the one on the adaxial face.

Both epidermises are made of small, isodiametric cells with tangential external

and internal thick walls and thin walls on the sides. The epidermis is covered with a fine

cuticula and at their level there are many unicellular tector hairs and also pluricellular

secretory hairs similar to those present at the rachis level.

The nervure contains vascular bundles, opened collateral, in which the

conducting elements are disposed under the shape of an arch or U shape. The wood is

disposed in radial rows that converge towards the superior epidermis; the phloem is

delimited by 4-5 layers of small cells easily collenchymatized.

At the level of the nervure the mechanical tissues are represented by the angular

collechymatized cells arranged continuous under the inferior epidermis (4-5 layers) and

under the superior epidermis (5-7 layers). The rest of the cells are parenchymatic,

polygonal of large dimensions with reduced or even absent intercellular spaces.

The mesophyll as dorsiventral structure is differentiated in 1-2 layers of palisade

cells and 4-5 layers of dense lacunar/ tissue.

Conclusions

Ailanthus altissima creates from early age a resistant vegetative corpus with a

rapid growth that assures the success when compared to other plants.



Smarandache Daniela, Mihai Daniela Clara30

The aerial vegetative organs are protected by unicellular tector hairs and at the

level of the epidermis there are also glandular pericellular hairs.

The mechanic tissues are represented by subepidermal collenchyma (stem,

rachis, leaflet nervure) as well as by periphloemic sclerified cells and wood fibers (stem,

base of the rachis).

The vascular cambium becomes active from early age generating secondary

conducting elements.

At the level of the aerial vegetative organs there are also secretory cavities and

an amylaceous sheath.
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CONTRIBUŢII LA CUNOAŞTEREA STRUCTURII ORGANELOR VEGETATIVE

SUPRATERANE LA AILANTHVS ALTISSIMA

Rezumat: Lucrarea prezintă particularităţile structurale ale organelor vegetative

supraterane la Ailanthus altissima (Mill.) Swingle - arborele Raiului, cenuşer, fals oţetar (Fam.
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Simaroubaceae). Introdus iniţial în România ca plantă ornamentală, taxonul a devenit treptat

comun în toate tipurile de habitate, transformându-se într-o specie invazivă. Controlul plantei este

foarte dificil de realizat. Arborele prezintă o rezistenţă mărită la variaţii largi ale factorilor

abiotici, este rezistent la atacul dăunătorilor şi se înmulţeşte atât vegetativ (drajonare) cât şi prin

seminţe. Din punct de vedere structural taxonul creează de timpuriu un corp vegetativ rezistent,

cu o dezvoltare rapidă, care îi asigură succesul în competiţie cu celelalte plante.

Cuvinte cheie: Ailanthus altissima, plantă invazivă, structura organelor vegetative


