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Abstract Authors investigated the structure of vegetative organs of Gladiolus species belong-

ing to the 5 sorts, as follows: 'Byron Smith', 'Carmen', 'Chun', Friendship' and 'Hawai'. The root,

the bulbo-tubercule, the stem and the leaf, at different levels were analyzed. The quantitative and

qualitative differences were underlined.
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Introduction

Resuming our previous anatomical investigations on the vegetative organs of various

Liliales species (Szynal 1963, Thielke 1948), the present work analyzed the structure of the

root, bulbo-tubercule, aerial stem and leaf of some gladiolus species (Gladiolus hybridus

hort., Iridaceae family, Ixioideae subfamily) as far as we know an aspect never discussed in

Romania until now.

The existing literature on the anatomy of Iridaceae species is quite rich, if considering

some treatises (13, 18) in which taxons from the Gladiolus genus is mentioned. Most of the

studies published approach the structure of the leaf (Arber 1921, Chodat et al. 1892, Eristavi

1981, Ross 1892, 1893, Rudall 1986), root (Draheim 1922, Kutschere 1981, Lindinger 1906,

Szynal 1963 (1964)) - the contractile one included (Halevy 1986) - and stem (Cheadle 1963,

Cutler 1983). Thus, a contribution dedicated to the structure of the foliar limb of some

Caucasian species of Gladiolus (Eristavi 1981) analyzed especially the cuticular promi-

nences and the type of stomata; others authors make special mention of monocotyledons

papilla and hairs (Staudermann 1924) or deal with the development of stomata at species

from various families belonging to the Liliales (Rasmussen 1983) order, with the type of crys-

tals and their phylogenetic significance (Goldblatt et al. 1984 (1985)). Up to the type of struc-

ture of the foliar lamina, older literature sources (Celakovschy 1903, Thielke 1948) include

the Iridaceae leaves into the category of mono or unifacial ones; some 30 years ago, Austen,

Wejnar and Petermann (1971) proposed giving up of the term "unifacial" and considering

exclusively two types, dorsi-ventral bifacial and equifacial bifacial; the authors of the present

study do not share this proposal, if considering that, along Gladiolus and Iris leaves shifting

from the bi to the monofacial structure may be followed quite well.

Material and methods

The material utilized in the study, collected in the anthesis stage (on July 21, 2001)

coming from the collection of the Botanical Gardens of lassy, belongs to the 5 sorts, as fo-

llows: 'Byron Smith', 'Carmen', 'Chun', 'Friendship' and 'Hawai'. In the present, more than
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200 spontaneous species of Gladiolus are known; among them, Gladiolus blandus (with

white flowers), G. byzantinus (red-purple flowers), G. alatus (bright-red flowers), G. angusta-

tus (yellowish-reddish flowers) have contributed significantly to obtain the hybrids and diver-

sification of existing kinds. Thus, the present-day gladiolus are actually hybrids between the

various spontaneous species, as well as hybrids of hybrids, obtained in a subsequent stage,

all of them bearing the generic name of Gladiolus hybridus hort.

The material subjected to analysis (roots, bulbo-tubercules, aerial stem and leafs) has

been fixed and preserved in 70% ethylic alcohol, cross-sectioned with a microtome, colored

with iodine green and alaun-carmine or fast green and safranine. The permanent slides

obtained have been photographed on a Novex microscope with a Minolta camera.

Results and discussions

The root

A normal, thin root (belonging to the 'Carmen' sort) evidences the following

structural characteristics (Photo 1):

- epidermis with long absorbent hairs;

- bark differentiated into: bilayered, still unsuberified exodermis, cortical parenchyma with

several (15-20) large aeriferous cavities and an endodermis of the tertiary type (the cells

having thick intensely-lignified internal and lateral walls and either a triangular lumen);

- central cylinder with either uni- or bilayered pericycle, numerous vascular bundles (10-12 of

xylem and 10-12 of phloem), some (5-7) central metaxylem vessels (independent on the

xylem bundles leaning against the pericycle and moderately-sclerified and lignified pith).

A thicker (Photo 2), contractile root, belonging to the same sort, is characterized by a

very thick, compact (without any aeriferous gaps) cortical parenchyma, endodermis still of the

primary type (with Caspary thickenings in the radiary walls of it cells), numerous conducting

fascicles (25-26 of xylem and 25-26 of phloem) and cellulosic medullar parenchyma.

With the 'Chum' sort, the thick, contractile root evidence suberified exodermis cells,

endodermic cells with less thick, only partially lignified walls, peryciclic cells with thin walls,

numerous vascular bundles (19-20 of xylem and 19-20 of phloem), sclerified, yet weakly

lignified pith.

Consequently, root's structure is slightly different with the type considered in the

investigation, the differences - especially qualitative-type - being visible during the onthogenesis.
The bulbo-tubercule

The subterranean stem's fundamental mass is represented by a celullosic

parenchyma of the meatic type; here and there, long, slightly fusiform crystals of calcium

oxalate may be noticed (under polarized light, they appear bright-white in color, with

very different orientations); such crystals have been observed by other researchers too, with

different species of Iris, yet never with the Gladiolus species.

Several vascular bundles, with different orientation, some of the collateral, others of

concentric-leptocentric type (yet, with discontinuous hadrom), may be observed at the basis

of the bulbo-tubercule.

At the periphery, a thick (8-10 layers) cork is made of cells arranged in radiary rows,

with very thin and still unsuberified walls, are present; in addition, local peridermes occurring
as concave arcs or almost closed in cross-section, delimiting irregulary-shaped cells with

intensely suberified walls, were present.

At the boundary between bark and the central cylinder, a plurilayered, continuous

zone of cells arranged in radiary rows, quite similar with dycotyledones cambium, occurs; at

the periphery of this "meristematic" region simple rhomboid crystals of calcium oxalate are

present. The parenchyma from the external side of the "meristematic" region is visible

colenchymatised (angular collenchyma).
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Consequently, although belonging to the monocotyledons category, gladiolas

evidence, at the level of the bulbo-tubercule, secondary "meristematic" tissues, reminding of

dicotyledons' phelogen and cambium - witch is mentioned for the first time with the Gladiolus

species.

The foliar scales of the bulbo-tubercule have epidermis formed of tangentially-

elongated cells; in the internal epidermis, rare stomata occur. The mesophyll is quite

homogenous, of the meatic-type, with cells intensely elongated in parallel with the epidermis.

The vascular bundles are very small, being localized on the scale's external side,

each being surrounded by an extremely thick, intensely lignified sclerenchyma girdle; on its

periphery, oxaliferrous cells are visible. The differences recorded among the sorts subjected

to investigation are only of the quantitative type.

The aerial stem

At the level of the basal internode (1 cm above the bulbo-tubercule), covered

by several foliar pods, the 'Chum' sort stem evidences:

• epidermis with quadratic cells, with thicker internal and external walls;

• an assimilatory-parenchymatic bark, of meatic-type, with varying thickness on the organ's

circumference; here and there, vascular bundles, each one with a girdle of periphloemic scle-

renchyma, may be observed;

• a central cylinder, which begins with a thick ring of meatic-type sclerenchyma, made of cells

with moderately-thickened walls; the external bundles are small, with either the phloem or the

xylem thrust into the sclerenchyma ring; the internal bundles have different sizes, being

disorderly dispersed or arranged in several concentric circles, all thrust into the cellulosic

fundamental, meatic-type parenchyma.

At the level of the average and superior internodes, a few stomata may be observed

in the epidermis; the cortical bundles - thrust into the sclerenchyma ring (considered by sev-

eral authors as a plurilayered pericycle) are rare.

Analysis of 'Carmen' - sort stem (Photo 3, 4), performed at several levels, evidenced

few differences regarding mainly the sclerenchyma ring and the vascular bundles. The ring

of pericyclic sclerenchyma and the perifascicular sclerenchyma, not yet differentiated at the

top of the stem, are sketched in the subterminal internode, become sinuous in the middle of

the stem, remaining of the meatic-type with cells having moderately-thickened, yet weakly lig-

nified walls, at the level of the basal internode. The vascular bundles are completely

differentiated in the stem's basal third, at the other level, the process of traheogenesis being

still developing thus (Photo 5); the smallest bundles show only phloem elements.

Consequently, the structural differences between the sorts considered in the study are

especially quantitative, referring to the cuticle's thickness, thickness of the epidermic cells

external wall, frequency of the stomata and the cortical vascular bundles, thickness of the

pericyclic sclerenchyma ring (very thick, at 'Hawai' - sort stem - Photo 6), the degree of

thickening and lignifications of its element' walls, presence or absence of the perifascicular

sclerenchyma rings, number and arrangement of the vascular bundles.
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The leaf

The leaf has been sectioned and analyzed at several (7) levels of the lamina, which

permitted to follow the shifting from the bi to the monofacial structure.

Level 1 (basal) - the outline of the cross-section through the pod (with visible groove

at the upper stage), takes the shape of letters V and U, with pronouncedly divergent arms

and rounded basis; the upper epidermis evidences large, tangentially elongated cells and

rare stomata; the lower epidermis has small, isodiametric cells with a thick external wall and

stomata with a deep suprastomatic chamber; the mesophyll is homogenous, with isodiametric

cells, smaller under the epidermis (gradually disorganized at the level of the arms,

large aeriferous cavities thus resulting); the vascular bundles show different sizes, almost all

of them being surrounded by sclerenchyma: the median bundle has a very wide an thick

sclerenchyma girdle, contacting the lower epidermis.

Level 2 (Photo 7) - the adaxial side depth decreases; stomata are present only in the

lower epidermis; the cells of this one show, each, a cuticular papilla - shaped prominence

take even the shape of short tectory hairs, as reported for other species.

Level 3 - the adaxial side is still decreasing; the mesophyll is surrounded only by

lower epidermis (here, the vascular bundles are arranged on two parallels rows, each of

xylem facing the other): some of the mesophyll cells are very small, oxaliferous, while the

aeriferous irregularly - shaped.

The following levels belong to the foliar lamina.

Level 4 - several oxaliferous cells are present in the mesophyll, while the aeriferous

cavities are hardly visible.

Level 5 - the adaxial side is considerably reduced.

Level 6 - the adaxial side is hardly visible, the arms delimitating it being sharp and

convergent; most as the lamina has a monofacial structure (Photo 8), being thicker in front

of the big bundles and thinner in the front of the small ones; all big bundles contact the lower

epidermis through the girdles of periphloemic sclerenchyma.

Level 7 - the adaxial side is not visible any more; of the lamina became close up to

fusing, consequently the front size and the upper epidermis too, have disappeared; the foliar

lamina is protected now only by the lower epidermis. The stomata has a deep suprastomatic

chamber, while most of the mesophyll is assimilatory, evidencing cells slightly elongated in

parallels with the epidermis.

Epidermis view from the front side. The upper epidermis evidences long, rectangular

cells with thick lateral walls, containing numerous punctuations; stomata are extremely rare.

At the pod's lamina, which has a monofacial structure, the lower epidermis shows either

rectangular or trapezoidal cells, the length of which varies - as a lateral walls warring

existent, various too - with the sort of plant taken into study; in the middle of the cells, the

outline of the papillary cuticular prominences may be noticed.

Analysis of the leaf structure, performed longitudinally, evidences the following

aspects:

- on most of its length, the limb has a monofacial structure;

- the vascular bundles of the closed collateral type, are arranged in two rows (with the xylem

facing one another), small ones alternating with the larger ones;

- stomata, present only in the lower epidermis, have a very narrow and deep suprastomatic
chamber;

- all cells of the lower epidermis evidence a papilla-shaped cuticular prominence in the

middle of the external wall.

With the types taken into study, the structural plane is the same, yet the leaf's struc-

ture differs through: the level at which shifting towards the monofacial from bifacial structure

occurs, size of papillary-shaped cuticular prominences, conformation of the assimilatory
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cells, depth of the adaxial groove, thickness of the periphloemic sclerenchyma girdles,

presence or absence of oxaliferous cells, presence (with the 'Carmen' sort) or absence of

tannin - containing cells in the mespohyll.

Conclusions

The normal and contractile adventitious roots differ as thickness of vascular bundles,

higher values being recorded for metamorphosed roots. With both categories of roots, the

endodermis is distinct passing quite early from the primary to the secondary structure, in

case of normal, thin roots.

In the bulbo-tubercule, there have been also observed vascular bundles of the

leptocentric type, cells with long crystals and "meristematic" plurilayered regions, which

remind of phelogen and cambium from dicotyledons.

Along the aerial stem, the structure remains relatively constant from top towards the

basis, only the thickening and lignifications degree of the sclerenchyma (pericyclic and

perifascicular) elements was being intensified. The process of tracheogenesis continues up

to the organ's top, while some of the conducting bundles have only phloem.

On following the process of shifting from leaf's bifacial to the monofacial structure, the

moment when and the place where this change occurs has been evidenced along with

mentioning: localization of the stomata in the lower epidermis the presence of the papillary

cuticular prominences in the middle of the external epidermic cell's wall, vascular bundles

arrangement along two rows, under the epidermis, with the epidermis, with the xylem one in

front of other, homogenization of the assimilatory parenchyma, presence or absence of

oxaliferous cells.

For the sorts taken into study the structural plane is the same, the structural

differences being small and only of the quantitative type; they refer to the cutinisation

and lignifications degree of the cellular walls, thickness of the pericyclic sclerenchyma ring,

number of vascular bundles, depth of the leaf's adaxial groove, size of the papilla - shaped

cuticular prominences, frequency of the oxaliferous cells etc.
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PARTICULARITĂŢI STRUCTURALE ALE ORGANELOR VEGETATIVE

DE LA UNELE SOIURI DE GLADIOLUS

Rezumat Autorii investighează structura organelor vegetative de la 5 soiuri de

Gladiolus şi anume: 'Byron Smith', 'Carmen', 'Chun', 'Friendship' şi 'Hawai'. Sunt analizate

rădăcina, bulbotuberculul, tulpina şi frunza la diferite niveluri. Au fost evidenţiate diferenţele
cantitative şi calitative ce apar între aceste soiuri.

Cuvinte cheie: Gladiolus, anatomie, organe vegetative


