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Abstract: The micropropagation of Chrysanthemum morifolium Ramat (Romica cultivar), belonging to the collection of 
�Anastasie F�tu� Botanical Garden from Iasi (Romania) was achieved through tissue culture technique and involved 
callus induction followed by shoot multiplication, rooting and establishment of plantlets in soil. The purpose of this study 
was to determine the range of variation in certain structural characters of the vegetative organs of in vitro regenerated 
plants at Chrysanthemum morifolium Ramat (Romica cultivar). The material subjected to the comparative anatomical 
analyses was represented by vegetative organs of the parent plant (PP) and regenerated plant (RP), on mature stage . The 
density of glandular and non-glandular hair (mm-2) on both leaf surfaces was statistical analysed using �t� test at 0,05 
confidence level. Despite the great opportunity of genetic variation in callus cultures, the regenerated plants differ not in 
their structural appearance from the normal plants. 
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INTRODUCTION 

Chrysanthemum morifolium Ramat is well known, not only as an ornamental plant, but also as an important 
medicinal plant and a major source of natural products (flavonoids, sesquiterpene lactones, essential oils, triterpene diols 
and triols) used as pharmaceuticals.  

It has been found to possess antibacterial, antifungal, antiviral, antispirochetal and anti-inflammatory activities 
(Wang et al., 1998, Kishimoto et al. Ohimiya, 2006, Ukiya et al. 2001, Ukiya et al. 2002).  

Indirect regeneration of Chrysanthemum morifolium Ramat (Romica cultivar) through callus cultures 
represents an unconventional alternative to preserve, to perpetuate and to exploit the source of raw material for natural 
compounds.  

The present study aims at a detailed histo-anatomical analysis of the vegetative organs (adventitious roots, 
stem and leaf) of in vitro and in vivo Chrysanthemum morifolium Ramat (Romica cultivar) plants in order to determine 
the range of structural variation in the regenerated plant.  

MATERIAL AND METHODS 

Plant material  
The mature Chrysanthemum morifolium Ramat (Romica cultivar) plants, belonging to the collection of 

�Anastasie F�tu� Botanical Garden from Iasi (Romania) were used for initiation of �in vitro� cultures (Vântu, 2005, 
Vântu, 2006) 

Explants sterilization  
Stem fragments cutting from the mature plants were sterilized with 3% sodium hypochlorite for 10-15 minutes 

and again washed thoroughly with sterilized distilled water. 
Callus culture  
The sterilized stem fragments were cut into rectangular pieces of approximately 5 mm in diameter. Stem explants 

were implanted apical side down to stimulate the natural flow of auxins and carbohydrates. 
The callus cultures were established from stem explants on Murashige and Skoog, (1962) medium, supplemented 

with 2 mg-l 2, 4-dichlorophenoxyacetic acid and 0,2 mg-l kinetine. Segments of approximately 1 x 1 cm of these calluses 
were subcultivated on Murashige and Skoog, (1962) medium supplemented with the same combination and concentration 
of the growth regulators. 

Plant regeneration 
The callus differentiated into shoots when transferred to MS medium containing 2mg/l kinetine and 0,2 mg/l  2,4 

�dichlorophenoxyacetic acid. 
The shoots originated from callus tissue were transferred to Murashige and Skoog, (1962) medium without 

hormones for three months in order to obtain the whole plant (Vântu, 2006) 
Histo-anatomical analysis 
The material subjected to the comparative anatomical analysis is represented by vegetative organs of the parent 

plant (PP) and regenerated plant (RP), on mature stage. Adventitious roots, leaves and fragments of stem (cutting from 
lower, middle and upper level of the plant) were fixed and conserved in 70% ethylic alcohol. Free hand transverse 
sections were performed using a razor blade. The sections were coloured with ruthenium red and iodine green. The 
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observations and photomicrograph were done with an Olympus BX51 research microscope equipped with Olympus E-
330 photo camera.  

Morphometric assessment  
For the comparative morphometric assessment between parent plant and regenerated plant (on mature stage), the 

density of glandular and non-glandular hair (mm-2) on both leaf surface was measured. These characters were analyzed on 
paradermal stem and leaf sections under 200X magnification using an Olympus BX51 research microscope. For each 
parameter 10 measurements randomly chosen was made.  

Statistical analysis 
Data from the morphometric assessment were analyzed by using �t� test (EXCEL) at 0,05 confidence level. 

Independent samples and unequal variances were assumed.   

RESULTS AND DISCUSSIONS 

Plant regeneration through callus cultures 
The morphogenetical potential has been established to be greater in callus cultures derived 

from stem explants. The organogenic callus grows rapidly and shows early an extensive 
organization. The vigorous callus pieces, about 5 mm transferred to fresh medium at intervals of 
4 weeks maintain the organogenic callus lines. 

The callus differentiated into shoots when transferred to MS medium containing 2mg/l 
kinetine and 0,2 mg/l 2,4- dichlorophenoxyacetic acid.. After 30 days, green shoots appeared and 
roots were developed in MS medium with no growth regulators. Root induction on shoot cultures 
was achieved by subculturing the shoots.  

Comparative vegetative anatomy between in vitro regenerated and parent plant 
In the regenerated plant resulted here by subculturing the shoots, the adventitious root has 

an endogenous origin and presents primary structure. The stele is of triarch type, showing a 
multiseriate pericycle and a developed vascular system. The cortex is hypertrophied and do not 
end with an obviousness endodermis.  

According to Toma et al. (1985),  in vivo Chrysanthemum morifolium Ramat (Romica 
cultivar) plant, the adventitious roots formed on the rhizome passes early from primary to 
secondary structure, resulted from the activity of both lateral meristems (cambium and 
phellogen). In the primary structure, the stele is of triarch type and the endodermis has Casparian 
strips.  

The excellence of the root system is a key factor for the success of the acclimatization 
process (Gonçalves et al, 1998). The incomplete vascular connection between shoot and roots of 
cauliflower rooted in vitro resulted in insufficient water translocation to the shoot, endangering 
the acclimatization of the new plants (Grout & Aston, 1977). The histo-anatomical differences 
observed here in the adventitious roots formed on the shoots of regenerated plant could change 
the performance of plant acclimatization.  

Despite the stressing conditions of in vitro culture media, the stem and leaf of the 
regenerated Chrysanthemum morifolium Ramat (Romica cultivar) plant conserve the structural 
layout of the parent plant ones.  

Along the stem (Fig. 1), from top to base, the passing from primary to secondary 
structure may be observed. Comparatively with the parent plant, the histological characters of the 
regenerated plant stem are similar, with small differences: the absence of the cortical 
hadrocentric vascular bundles, the hypertrophy of the cortical parenchyma, the absence of an 
obviousness endodermis (see table I and II). 

In both parent and regenerated plant, the foliar limb (Fig. 2) has bifacial heterofacial 
structure, the mesophyll being differentiated in one layer of palisade and 4-5 layers of spongy 
parenchyma cells. Each lateral vascular bundle is surrounded by a parenchymatous theca.  
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Both epidermis of Chrysanthemum morifolium Ramat (Romica cultivar) leaf in 
regenerated and parent plant bear apart from stomata, glandular hairs (producing of essential oils) 
and non-glandular hairs. The foliar limb is amphistomatic, the stomata being of anomocytic type. 
The glandular hairs have uni- or bicellular gland. The non-glandular hairs are multicellular, with 
shuttle-like shape on superficial section.  
Table I. Comparison between the structure of the upper third of stem in Chrysanthemum 
morifolium Ramat (Romica cultivar) in vitro regenerated and parent plant  

Histological features   
Stem structural layout 

(primary structure) 
Regenerated plant  
(on mature stage) 

Parent plant 
(on mature stage) 

epidermis single-layered with stomata, 
glandular and non-glandular 
hairs 

single-layered with stomata, 
glandular and non-glandular 
hairs 

cortex parenchymatous-celllulosic of 
meatic type 
 

-parenchymatous-celllulosic of 
meatic type 
- cortical vascular bundles of 
hadrocentric type 

stele - collateral vascular 
bundles(disposed on a circle) + 
isolated groups of phloem 
elements  
- secretory canals (localized in 
the medullary rays or at the big 
vascular bundles periphery)  

- collateral vascular 
bundles(disposed on a circle) 
+ isolated groups of phloem 
elements 
- secretory canals (localized in 
the medullary rays or at the 
big vascular bundles 
periphery) 

pith parenchymatous-celllulosic of 
meatic type 

parenchymatous-celllulosic of 
meatic type 

Table II. Comparison between the structure of the lower third of stem in Chrysanthemum 
morifolium Ramat (Romica cultivar) in vitro regenerated and parent plant 

Histological features   
Stem structural layout 
(secondary structure) 

Regenerated plant 
(on mature stage) 

Parent plant 
(on mature stage) 

peridermis the phellogen is differentiated 
from the hypodermic layer 

the phellogen is differentiated 
from the hypodermic layer 

cortical parenchyma - meatic type 
- numerous cells with pericline 
and anticline division walls 

 meatic type  

endodermis not evident  Casparyan type 
stele - bundles of secondary phloem 

(at the outer part) 
- periphloemic cordons of 
sclerenchymatous fibers  
- secondary lignified xylem ring 
- primary vessels surrounded by 
cellulosic parenchymatous cells 

- bundles of secondary phloem 
(at the outer part) 
- periphloemic cordons of 
sclerenchymatous fibers  
- secondary lignified xylem ring 
- primary vessels surrounded by 
cellulosic parenchymatous cells 
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(in the inner part) (in the inner part) 

pith -parenchymatous �lignified (in 
the outer part) 
- parenchymatous-celllulosic of 
meatic type (in the central part) 

- parenchymatous �lignified (in 
the outer part) 
- parenchymatous-celllulosic of 
meatic type (in the central part) 

 According to Hazarika (2006), the special conditions during in vitro culture results in the 
formation of plantlets of abnormal morphology, anatomy and physiology. Tissue culture 
conditions that promote rapid growth and multiplication of shoots often results in the formation 
of structurally and physiologically abnormal plants.  
 The results of our histo-anatomical study revealed that in Chrysanthemum morifolium 
Ramat (Romica cultivar), the stressing conditions of in vitro culture media and of the confined 
environment do not affect the structural layout of the vegetative organs. 

Comparative morphometric analysis between in vitro regenerated and parent plant 
The density of glandular hairs was found to be greater in both foliar surfaces of the 

regenerated plant than in the parent plant ones (Fig. 3). The �t� test indicated significant 
differences (P�0,01) in glandular hair number between regenerated and parent plant. 
 With respect to the non-glandular hairs, leaves of regenerated plant were more (on upper 
surface) or less (on lower surface) hairy than those of parent plant (Fig. 4). The �t� test indicated 
no differences (P>0,05) in non-glandular hair number between regenerated and parent plant. 
 The leaf surface represents the interface between the plant and the environment. This lead 
to study the surface of in vitro grown plant leaves in comparison to the in vivo mother plants 
(Bandyopadhyay et al., 2004). According to Brutti et al. (2002), the trichomes of in vitro leaves 
are poor developed and scanty distributed. Despite this observation our morphometric results 
revealed no significant differences in non-glandular hairs number between Chrysanthemum 
morifolium Ramat (Romica cultivar) regenerated in vitro and parent plant. The density of 
glandular hair increases in regenerated plant leaves comparatively with the parent plant ones.  
 The stress in in vitro culture may thus contain both destructive and constructive elements: 
it is a selection factor as well as a driving force for improved resistance and adaptive evolution 
(Gaspar et al., 2002). The frequency of somaclonal variation would depend on the culture 
protocol applied during the in vitro process, particularly on the hormone composition of the 
medium and the number of subcultures (Ducos et al., 2003).  

Thus, the organogenic regeneration procedure using in our study would not cause 
destructive structural variations of vegetative organs in Chrysanthemum morifolium Ramat 
(Romica cultivar).  
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