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INVASIVE PLANTS FROM THE CERNA OF OLTET BASIN 
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Abstract: In this paper we are presenting the main invasive species from the 

Cerna of Oltet Basin. The invasive species from the Cerna of Oltet Basin are species 
with luxuriant development on a certain area, on the prejudice of other species, due 
to a dominant and favourising ecological factor, natural and anthropic. From this 
category are also the adventive plants which usually grow in anthropogenic habitats 
(cultivated fields and/or ruderal area). Among these we mention: Amorpha fruticosa, 
Ambrosia artemisiifolia, Calamagrostis epigeios, Cardaria draba, Centaurea 
solstitialis, Cirsium arvense, Conyza canadensis, Hordeum murinum, Pteridium 
aquilinum, Sambucus ebulus, Xanthium italicum and other. 

Rezumat: În această lucrare se prezintă principalele specii invazive din 
Bazinul Cernei de Olteţ. Plantele invazive sunt acele specii care au o dezvoltare 
luxuriantă pe o anumită suprafaţă, în detrimentul celorlalte, datorită unui factor 
ecologic dominant şi favorizant, natural sau antropic. Din această categorie fac 
parte şi plantele adventive care cresc obişnuit în habitate antropogene (câmpuri 
cultivate şi/sau arii ruderale). Dintre acestea amintim: Amorpha fruticosa, 
Ambrosia artemisiifolia, Calamagrostis epigeios, Cardaria draba, Centaurea 
solstitialis, Cirsium arvense, Conyza canadensis, Hordeum murinum, Pteridium 
aquilinum, Sambucus ebulus, Xanthium italicum ş.a.  

Key words: invasive plants, Cerna of Oltet Basin. 

INTRODUCTION 
In order to be invasive a plant should have certain qualities: to be endowed 

with fast spreading means, to produce many embryos annually , to have at 
disposal vegetative reproduction means, to grow fast, to be large in size and have 
strong underground organs and not be preferred by phytophagous animals. Some 
of the plants identified in the examined territory become invasive. 

MATERIAL AND METHOD 
The first stage while studying the Basin of the Cerna of Oltet was the 

reading of the bibliographical material. That is why many publications mentioned 
in the bibliography represented a reference material through the similarity of the 
geographical zone and the studied one. Starting from this information we 
repeatedly studied the area conform to the method of itinerary as the surface was 
very large, but when necessary we used the method of stationary and detailed our 
analyses collecting and preserving the floristic material. 

The identification of the taxons was performed on preserved dry material 
or on live material, using the latest taxonomic informative sources (Beldie Al., 
1977, 1979, Săvulescu T., 1952-1976, Tutin T.G., et al. 1964-1980, Ciocârlan V., 2000). 
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RESULTS AND DISSCUSIONS 
 

1. Amórpha fruticósa L.  – Fabáceae Fam.  
This species of North- American origin can be found in the lower side of 

the examined territory in the meadow land of the river Cerna. It flowers and it 
fructifies abundantly and in addition to this it becomes thicker through sucking. 
Even though, at the beginning it was cultivated now it is difficult to be controlled. 
Its only advantage is that it consolidates the soil in which it grows. 

2. Ambrósia artemisiifólia L. – Asteráceae Fam.  
It is of North- American origin. It forms dense local masses in ruderal 

territories along the main road in the basin and has the tendency to expand. In 
many European countries it is considered “quarantine weed”. It will not be 
impossible for this species to acquire this status, even in our case, unless measures 
to control its spreading are taken. 

3. Calamagróstis epigéjos Roth – Poáceae Fam.  
It is a strong plant, with a rhizome which can be found from the level of the 

locality called Oteteli (at the confluence of the rivers Cerna and Olteţ) up to the 
region of the sub-Carpathian hills (at the level of the locality called Slătioara). 
Along with the rhizomes the flying fruits are an advantage for this species when it 
spreads on new territories. This species does not demand a certain substratum and 
it can be found on various soils. 

4. Cardária drába (L.) Desv. – Brassicáceae Fam.  
It is a species frequently found in the places along the communication 

means from the basin to which it lends a white look. It has a great spreading 
ability by means of its offshoots from its roots and by its great number of seeds 
which become mature at the beginning of the summer. It flowers in abundantly in  
spring and spreads a pleasant smell. 

5. Centauréa solstitiális L. – Asteráceae Fam. (Fig. 1) 
It is an annual species frequently met in the ruderal places, fallow fields, 

and antropophile grass plods from the Cerna of Olteţ Basin. It usually establishes 
itself on dense soils, poor in humus. Its presence in grass plots contributes to their 
degradation. In the places where it establishes it self it grows rapidly because  the 
fact that it is not used as fodder and because of its thorns at the level of the 
inflorescence.  

 
Fig. 1. General aspect with Centauréa solstitiális L. 
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6. Círsium arvénse (L.) Scop. – Asteráceae Fam.  
Indigenous Eurasian plant, it is also ruderal and segetal. In the searched 

territory it can be found in various cultures, especially stalky ones where it 
develops high colonies. The calix of the fruit and the development of the 
offshoots on the roots makes it successful in creating widespread clusters and 
makes it capable of eliminating other cultures. 

7. Coníum maculátum L.  – Apiáceae Fam.  
It is a strong plant, growing up to 2 meters in height, biannual, nitrophile, 

and also toxic. It forms pure, thick  clusters true fortresses  growing in ruderal 
places especially in highly humid ones such as the meadow land of the Cerna 
river. It spreads a fetid smell like that of a mouse. It is a toxic pland and therefore 
it is not eaten by animals. People do not seem eager to destroy these fortresses 
that bring only trouble. It can be recognized by the purple spots on its stem.  

8. Conýza canadénsis (L.) Cronquist (Erígeron canadénsis L.) – 
Asteráceae Fam.  

It is of North American origin. It is an annual species present in almost any 
border of a cultivated land, any ruderal field and even on the street of the basin. 
We observed that a single well developped plant can produces over a milion fruit, 
a fact which gives this plant the status of a first degre nitrophil invasive plant.  

9. Daúcus caróta L. subsp. caróta – Apiáceae Fam.  
It is an euroasien taxon frequently met in the basin. It does not seem to be 

demanding in terms of temperature and it is found on the lower side of the 
territory up to the level of the sub-Carpathian hills. It grows on various soils, of 
we take into consideration their acidity. In ruderal places and in Festuca pratensis 
grass plots it is invasive and it gives them a white look when these plants flower. 
The presence of this plant in such grass plots leads to their depreciation and the 
plant is also avoided by farm animals. 

10. Erigeron annuus (L.) Pers. (Stenáctis ánnua (L.) Less. – Asteráceae 
Fam.  

It is an annual plant of medium size, which during the last decades 
produces dense populations and dominates the surfaces by its white-blue color. 
During 1970-1980 this species was considered new say that the status of invasive 
plant describes it best. 

11. Galinsóga parviflóra Cav. – Fam. Asteráceae 
It is South-American origin (Peru). It seems to have imigrated to the 

Roumanian flora during the 1-st world  war. It multiplies rapidly as commensal 
plant in hoed lands, both on the hills and in the mountains especially in cornfields. 
In Copăceni, Slătioara, Stroieşti and Cerna it is present in all gardens. Its massive 
developement it impoverishes the substratum but it can be used as fresh fodder for 
pigs and birds. The only way to control it is to hoe regularly. Its success is 
ensured by the great number of embryos it produces and  by its rapid growth.  

12. Hórdeum murínum L. – Fam. Poáceae 
This is an annual species, of eurasian origin, which is indigenuous and also 

nirophil. It lives for a short time on ruderal lands from the lower and middle side 
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of Cerna-Olteţ Basin. They are often exclusivistic. The plant has a frail rachis and 
each group of three ears detaches itself and fixes easily on people's clothes and on 
animals. Obviously a significant part in its chorology is played by rodents who 
store the fruit as food. The phitocoenosis where it can be faund alternate with 
those of Cardária drába. 

13. Matricária perforáta Mérat (M. inodóra L.) – Asteráceae Fam.  
Annual plant, frequently met in ruderal places and in fallow lands it often 

becomes the only one dominanting. Where it is not controlled it spreads easily in 
the nearly cultures (especially in stalky ones). Due to the great number of the fruit 
created by a single individual we can give this plant the status of invasive species. 

14. Nárdus strícta L. – Poáceae Fam.  
It is a species present at the level of the sub-Carpathian depression up to 

the sub-alpine region of the searched territory. There it forms lawns by itself. 
 The spreading of the lawns that it creates is due to its great ability to adapt. 

It does not survive excesive drought or massive floods. Its poor value as fodder 
makes animals which graze on those surfaces ewoid it. 

To increase its value as fodder urgent measures are demanded in order to 
control this species. 

15. Onopordúm acánthium L.  – Asteráceae Fam.  
It is a strong nitrophile plant, up to 2 metres high, frequently met in ruderal 

places on the lower side of the examined territory. Very few individuals may also 
be present in fallow fields. When it settles in one places it sometimes becomes the 
only dominating plant. 

16. Polýgonum áviculare L. s.l. – Polygonáceae Fam.  
Pioneer species, extremely widespread in the Romanian Flora with a weak 

resistance to competition but remarkably tough when stepped on it. As soon as an 
empty space appears it is the first one to occupy it. It has a great ability to from 
parcels where it is the only one to dominate. However we are still unable to 
understand how its friut spread so fast, possibily with the help of the factors 
which tread down the land and also duet o the water. The plant can be found 
along the paths or the country roads which are not frequently used as well as on 
the border of the main roads. 

17. Pterídium aquilínum (L.) Kuhn – Hypolepidáceae Fam. (Fig. 2.) 

 
Fig. 2. General aspect with Pterídium aquilínum  
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Native species, with a well developped rhizome system which is also 
efficient when it spreads through the lawns in the mountains and on the hills, in 
the Bétula péndula forest, on parquets and acid soils. It produces on these very 
persistent and exclusivist clusters. This phenomenon can be noticed especially on 
the Plaiul Cernei Hill where hundreds of hectare are occupied by this species. It is 
not eaten by animals as it is highly toxic. It spreading is also favoured by grazing 
which weakens the other plants. 

18. Rúmex alpínus L. – Polygonáceae Fam.  
It develops luxuriantly along the mountain streams from the basin and its 

development becomes eplosive beside or on the place of the sheepfolds where 
great amounts of dung accumulate. It is an ultranitrophile plant. When growing on 
the place of sheepfolds it is co-inhabits with Urtíca diòica and sometimes with 
Rúmex obtusifólius, with which it may be mistaken unless we know that Rúmex 
alpínus has the branches of the adpres inflorescence. It is hard to be controlled 
because of its rhizome system which is very well developped and because of its 
large leaves which cast a shade on the soil and allow only the growth of certain 
species such as: Stellária némorum, S. média. 

 To control the growth of such species people have tried to boil the 
rhizomes in order to feed the pigs but this method had no result. Therefore it 
continues to be a problem which needs to be solved. After the dug disappears the 
plant withdraws gradually. 

19. Sambúcus ébulus L. – Caprifoliáceae Fam.  
Strong plant with an extremely strong rhizome system. It can be 

recognized by its very fetid smell even when young, by anyone. It is a nitrophile 
species which produces great colonies by the road boarders in alder plantations 
and also in dirty places. The colnies are difficult to be desfroyed. Local people 
ignore its presence as it is not useful. More than this they consider its presence in 
places with a lot of garbage to be beneficial as it reduces the dull atmosphere of 
these places. 

20. Verátrum álbum L. subsp. lobeliánum (Bernh.) Arcang. L. – Liliáceae Fam.  
It is a perennual plant, toxic, with great leaves on the stem which are 

pubescent at least on the inferior side. The weed bushes dominated by this species 
are found in mountainous lawns of the studied territory and it does not from a 
separate asociation. The plants represent invasions in the lawns of  Violo 
declinatae – Nardetum strictae sau Festuco rubrae – Agrostietum capillaris.At 
the border of the forest on Stânişoara peak the groups of Veratrum extend them 
selves on notable surfaces, invading the lawns nearby in 2-3 years time. 

The toxicity of this plant is given by the presence of some alcaloids such 
as: proveratrină, ermine, less jervină in its vegtative organs. 

The plants of Verátrum can be eaten by sheep without causing them 
illnesses only after the frost. 

To conclude, we notice that these weed bushes have a double economic 
aspect: on the one hand they hold remarkable surfaces of unremarkable lands and 
on the other hand it reresent a permanent danger to the animal production. 
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21. Xanthium italicum  Moretti  – Fam. Asteráceae 
It is probably of American origin. Despite the fact that it is an annual plant 

it spreads in a remarkable way. It is large in size, it fructifies abundantly, 
whatever the climatic conditions may be. In each pseudofruit which has 2 layers 
there are 2 fruit and seeds. Of these 2 at least one insures an offspring. In the 
examined territory it is frequently met fallow fields on the lower side of the land. 

When passing through such a field any animal or person can notice the 
embryos of the plants hanging on them. It is also difficult to get rid of them. The 
embryos are capable of surviving for a long time in the soi land they germinate 
successively, therefore it is difficult to clean up the invaded lands. It also destroys 
the wool of the sheep. 

CONCLUSIONS 
In this paper we have presented 21 invasive species identified in the Cerna 

of Olteţ Basin. They belong to 9 botanic families.  
The families with the greatest number of  representatives are: Asteraceae – 

9, and, for behind, Poaceae – 3. The rest of the families (Liliaceae, Caprifoliaceae, 
Polygonaceae, Hypolepidaceae, Apiaceae, Brassicaceae and Fabaceae) have less 
than 2 species.   
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Abstract: The efficacy of foliar treatment with trace element containing 

compounds - FeSO4, Dissolvin, NiSO4 and a complex of trace elements 
Microcom, that has been elaborated and tested for applicability in Moldova, on 
the vine resistance to low temperature and productivity, was studied in 
greenhouse and under the field condition. Foliar treatment of vine during the 
vegetation led to the accumulation of newly acquired solutes (prolin, glutamic 
acid, glutamin, monosaccharides), that might protect the plants as osmotic – 
balancing solutes or against free radicals generated in response to stress. 
Modifications that were revealed led to the intensification of processes of growth 
and development of plants, formation and fuller manifestation of genetically 
based potential of frost and winter resistance. 

 
Rezumat: Rezistenta plantelor multianuale asupra conditilor 

nefavorabile este strins legata de statusul mineral al plantelor. Deseori factorul 
limitativ este continutul de microelemente, care joc un rol important in procesele 
metabolice al plantelor. De regula solurile si plantele sunt slab asigurate cu 
forme accesibile de Fe, Mn, Zn, B. Eficacitatea tratamentului foliar a vitei de vie 
cu complex de microelemente Microcom, care a fost elaborat in Moldova, s-a 
studiat in conditii de producere si in casa de vegetatie. Tratarea plantelor in 
perioada de vegetatie a adus la acumularea solutiilor,care pot proteja plantele 
ca solutii usor compatibile (prolina, acidul glutamic, glutamina, monosaharide). 
Modificarile relevate tin de intensificarea proceselor de cresterea si maturizarea 
plantelor, manifestarea mai deplina a potentialului genetic de pezistenta la 
iernare. 

INTRODUCTION 
The resistance of perennial plants to the unfavorable conditions of growth is 

closely connected to mineral status of plants. More over the basic limitative factor 
is content of trace elements, which play a very important role in many metabolic 
processes of plants. Horticultural crops need to receive more micronutrients than 
field crops owing to their greater susceptibilities to deficiencies and the relatively 
high value of their produce (1). As a rule, the soil under the vine is insufficiently 
ensuring with mobile form of Fe, Mn, Zn, B (2). Healthy plants with no trace 
elements deficiency stresses are better able to resist unfavorable conditions of 
grows (drought, low temperature, diseases and infections). Most effective way to 
ensure the plants with micronutrients is foliar treatment. 

Taking into account the insufficient supply of soils in mobile forms of 
microelements in our region, and also their high necessity for perennial plants, a 
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special complex of microelements Microcom-V was created in the Institute of 
Genetics and Plant Physiology Academy of Sciences of Moldova. It was studied 
in greenhouse and under the field condition parallel with FeSO4, Dissolvin, 
NiSO4. 

It’s well known, that one of the plant resistance mechanism to the 
unfavorable conditions of growth is the accumulation of compatible osmolits in 
the cells of organic compounds with little molecular weight. Glucides and free 
amino-acids with stress – protective action refers to those components. Earlier we 
emphasized that Fe had a positive effect in the decrease of manifestation grade of 
edafic chlorosis of vine by modification of some metabolic processes inclusively 
quantitative and qualitative component of free amino-acids and glucides in vine 
leafs (3, 4). In 2005-2006, we established that Fe in Dissolvin - form had a 
passive role in glucide metabolism to vine adaptation to low temperatures. 

The main objective of this article is elucidation of the influence of Fe in 
different compounds and Ni as NiSO4 on the accumulation of carbohydrates and 
free amino acids, resistance to low temperature and productivity of vine. 

MATERIAL AND METHODS 
The experiments were carried out during the period 2006-2007 in the 

greenhouse and in the conditions of production in different parts of Moldova. Next 
cultivars of grape were used: Aligote, Alb de Surucheni and Codrinski. The foliar 
treatment with solution of trace elements was conducted twice – three times: a week 
before flowering, and a week after flowering then 10 days later. The optimal 
concentration of compounds was established on the base of previous experiments in 
green house. The samples of the plants were gathered in 3 and 6 days after 
treatment. The following laboratory methods were used: content of free amino acids – 
with the aim of the amino acid analyzer; photosynthetic pigments - after extraction 
from leaf discs with acetone 80 %; sugar content – according to Bertrane; content of 
phosphoric compounds – according to Ocanenco A.S. et al. (1969) and Levit T.E. 
(1981); content of trace element – by atomic absorption spectrometer after dry ashing 
at the t=480°C; grown and ripening of shoots - according to Lazarevskii M.A. (1963), 
Iova Gh, DobreiA. (1996); frost-resistance - according to Cernomoreţ M.V. (1985), 
Cernomoreţ M.V. etal. (2000). 

RESULTS AND DISCUSSIONS 

The free amino-acids and carbohydrates (mono- and disaccharides) supply 
to apoplast from the photosynthetic cells as a rule depends on the intensity of 
photosynthesis process in the plant, so we determined the content of 
photosynthetic pigments in dynamic in vine leafs during vegetation.  

After the first treatment all components, which contains Fe, increased the a 
chlorophyll content, but most effectively influenced Ni. The chlorophyll sum in 
this phase increased more significantly with Ni. It was not remarked considerable 
changes of carotinoid content (tab.1). In a month, after the 3rd treatment, the 
chlorophyll and carotinoid content decreased related to the control plants. Fe in 
Dissolvin form and Ni maintain the pigment content at a higher level. It is 
necessary to be mentioned that in 2007 in conditions of long drought, it was 
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noticed for the first time, that Ni effect on the content of photosynthetic pigments 
is stronger than Fe effect.  

Table. 1 
  The content of photosynthetic pigments in vine leafs after treatment with  

Fe - containing compounds, s. Codrinschi, % f. w.(5.06.2007). 
Variant Chlor.”a” 

M±m 
Chlor.”b” 

M±m 
Sum a+b 

M±m 
Carotinoid 

M±m 
Control 0,516 ± 0,009 0,202 ± 0,005 0,718±0,009 0,302±0,004 
FeSO4 0,530 ±0,008 0,202 ±0,005 0,736±0,008 0,317±0,004 

Dissolvin 0,583 ±0,005 0,213 ±0,005 0,796 ±0,011 0,346±0,005 
Microcom 0,568 ±0,033 0,209 ±0,005 0,777 ±0,035 0,335±0,010 

NiSO4 0,614±0,016 0,301±0,006 0,916±0,021 0,339±0,005 
 

The carbohydrates content in vine leafs increased for 3-4 fold in summer 
period (June – July). The most stable and strong positive effect on the sum of 
soluble saccharides was in variant with microelements complex (Microcom). It 
was enhanced the content on monosaccharides. The insignificantly increase of 
starch confesses indirectly about the increase of processes of synthesis.    
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Fig.1. The carbohydrates content in vine leafs after the treatment with  

microelements, s. Codrinschi 
 

The free amino-acids (AA) content in vine leafs has been determined for 
three times. To be mentioned, that treatment with microelements during 
vegetation maintains the summary of AA at significantly higher level.  The 
quantitative and qualitative changes are stronger after the 3rd treatment. The sum 
of AA in this period obviously increased after treatment with Fe-containing 
compounds, special – with Microcom and Dissolvin. Qualitative content analysis 
of AA shows, that in the variants with microelements increases the content of 
praline, valine, tyrosine, phenylalanine. After the 3rd treatment the content of 
glutaminic acid + glutamine increased. The content of γ – aminobuteric acid also 
was more than in control plants. In variant with Ni the sum of AA after the first 
two treatments is enhanced related to the control plants, but at the beginning of 
ripening - decreases.  The Fe-effect depends on the compound used as a source of 



 34 

elements and on the supply of nutritive elements. It’s better to use Fe in chelat-
form (Dissolvin) and in complex with other elements (Microcom). 

We suppose, it’s taking place a stimulation of AA synthesis process after 
the treatment with Fe and Ni, special after three treatments, at the beginning of 
ripening. The difference between variants is better seen at the 3rd determination. 
This could be bound up with the accumulation of microelements effect or with 
worsening of drought, which took place in 2007. 
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Fig.2. The content of AA in vine leafs after the treatment with microelements 

s. Codrinschi 
 

Foliar treatment by complex of trace elements Microcom influenced growth 
of annual shoots of grape. Average length of shoots v. Chardonnay increased to 6-
8 cm and v. Alb de Suruceni – to 12-21 cm comparatively to control plants. 
Degree of maturation of annual shoots enlarged correspondingly by 5,9% and 
10,9%. It is likely that effect of Microcom is more expressed on the technical 
cultivars that on the table ones. The same results were obtained in 2006 in other 
climatic conditions, v. Aligote. Three times repeated foliar treatment of grape by 
complex of trace elements influenced the processes of growth and development of 
plants, shoots maturation increased to 6,9-7,3% relatively to control plants. 

It is known the importance of phosphorus for the synthesis processes 
activation, transport in plants, role of this element for the formation and 
manifestation of the level of frost resistance and wintering of perennial plants. 
The study of the influence of foliar treatment by Microcom on the content of 
phosphoric compounds in grape leafs show significant modifications in the 
content of acid-soluble phosphorus and its components: phosphorus inorganic and 
organic. The quantitative increase of those components depends on the quantity of 
treatments. More significant values take place after 3 treatments.  
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The foliar treatment led to the crop increase in comparison with control 
plants. The positive influence of foliar treatment on the weight and quantity of 
bunches was marked. Some increase of bunches number took place as foliar 
treatment before flowering influenced the additional development of buds because 
of better mineral status of plants and improvement of leaf photosynthetic activity 
(table 2). 

Table 2 
 The influence of foliar treatment with microelements on the productivity of vine 

s.Codrinschi 
 

Grapes/bunch Medium weight 
for 1 grape 

Crop /bunch Variant 

x Sx x Sx x Sx 

% to 
control 

Control 48,86 3,22 144,44 7,50 7,05 0,46 100 
FeSO4 42,33 2,38 181,61 11,44 7,68 0,43 108,9 
Disolvin 41,80 2,57 164,76 9,74 6,88 0,42 97,6 
Microcom 56,40 3,63 156,33 7,64 8,81 0,59 125,0 
NiSO4 59,80 2,75 190,65 8,99 11,39 0,23 161,6 

 
It’s meaningful that the content of AA, especially those indispensable ones, 

increased in grapes, in variants with Dissolvin and with the complex of 
microelements. It means, that quality of grapes became better. The content of 
sugar in grapes increased related to control only in variants with the complex of 
microelements Microcom and with Ni (table 3). 

 
Table 3. 

The influence of the treatment of vine with microelements on sugar content, % 
 

Variant 
 

x 
 

Sx % to control 

Control 18,77 0,16 100 
FeSO4 17,77 0,12 94,7 
Disolvin 18,23 0,22 97,2 
Microcom 19,67 0,17 104,8 
NiSO4 19,71 0,16 105,0 

 

CONCLUSIONS 
 
The foliar treatment of the vine during the period of vegetation influences 

positive the content of carbohydrates, photosynthetic pigments and free amino-
acids in leafs, especially in conditions of drought which took place in 2007.  

The effect of Fe on the accumulation of compatible osmolits (glucides and 
free amino-acids), that have stress – protective action, was stronger than in 
previous years. We presume it is taking place a stimulation of AA synthesis 
process after the treatment with Fe and Ni, special after three treatments at the 
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beginning of ripening. The difference between variants is better seen at the 3rd 
determination. This could be bound up with the accumulation of microelements 
effect or with worsening of drought. The better effect was after the treatment with 
Fe in chelat-form and Microcom. 
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THE EFFECT OF CHEMICAL MUTAGEN AGENTS ON SOME 
MORPHOLOGICAL CHARACTERS AT SILYBUM MARIANUM 

 
EFECTUL AGENŢILOR MUTAGENI CHIMICI ASUPRA 

CARACTERELOR MORFOLOGICE LA ARMURARIU (SILYBUM 
MARIANUM) 

 
BLAJ Valeria¹, C. LEONTE², Gh. ŢÎRDEA², 

Ana-Maria POPA² 
¹Sanitary Veterinary Authority, Bacau 

²University of Agricultural Sciences and Veterinary Medicine, Iassy 
 

Abstract: Silybum marianum is an annual, herbaceous medicinal herb of 
Mediterranean origine, belongs to the Compositae family,and has genom 2n= 34 
chromosomies. Our study emphasises the modification upon the germination 
capacity, length of the root, rhythm of growing of the stem at Silybum marianum, 
our purpose being to determine the effects of some chemical mutagen agents with 
different concentrations (colchicines, methylic ester of sulphonic methane acid  and 
hydroxylamine) upon the morphological characters. These mutagen agents 
determine a certain variability to the initial biological material, which leads by 
repeated selections to the identification of valuable mutant genotypes. 

 
Rezumat: Silybum marianum este o plantă medicinală erbacee, anuală, din 

familia Compositae, originară din zona mediteraneană (2n=34). Scopul cercetarilor 
a fost determinarea efectelor unor agenti mutageni chimici (colchicina, esterul 
metilic al acidului metan sulfonic si hidroxilamina), asupra caracterelor 
morfologice la Silybum marianum. Tratamentele cu diferite concentratii ale 
agentilor mutageni s-au facut la seminte. Aceste caractere vor fi urmarite in 
continuare si in generatia M2 cand preconizam identificarea unor genotipuri 
mutante valoroase. 

 

MATERIAL AND METHODS 
The biological material used in our experiments was Silybum marianum seeds 

treated with chemical mutagen substances. The treatments were made with mutagen 
agents: colchicines(C), methyilic ester of sulphonic methane acid (EMAM) and 
hydroxylamine (HA). Colchicines were used in five concentrations: 0,01%, 0,05%, 0,10%, 
0,15% şi 0,20%, methyilic ester of sulphonic methane acid(EMAM) : 0,0125%, 0,025%, 
0,050% hydroxylamine(HA) : 0,005%, 0,010% şi 0,10%. The treatments with different 
concentrations of mutagen agents were made to Silybum marianum seeds, for 6, 12 and 
24 hours. 

All the analyses were made in the laboratory the germination of seeds was made 
in Petri vases at room temperature (20ºC-24ºC). 

The data/results obtained were processed by the statistical method that is the 
analysis of the variables and the determination of the limit differences. 

 
 
 



 38 

 

RESULTS AND DISCUSSIONS 
The analysis of the germination capacity at control variant shows values 

between 86,4% and 91,3%. Treatments with colchicines at low concentration, 0,01%, 
on seeds for 6 and 12 hours influenced positively the germination capacity of seeds 
with values between 89,3% and respectively 87,4%, but the diferences at control 
variants were insignificant. 

Germination capacity diminished with the bigger colchicines concentration 
and for a longer duration ,0,20% and exposure time, 24 hours, recording 43,8% 
germinated seeds (fig. 1). The treatments made with EMAM diminished the 
germination capacity of seeds much more  compared to  the colchicines treatments.  

The analysis of the milk thistle germination capacity after HA treatments (fig. 
1) in all used concentrations, differences at the control variants were very significant. 
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Fig. 1. The effect of chemical mutagen agents upon germination capacity (%) 
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Another analyzed character was the length of the root which had at control 

variants values between 42,61 mm and 44,62 mm. 
The colchines treatments, at low concentrations,0,01% and 0,05%, had 

stimulatory effects upon the rhythm of growing of the roots at S. marianum 
meristem(fig. 2). Thus, the colchines treatments in concentration 0,01% had 41,34 
mm for 6 hours and 42,66 mm for 12 hours; but the colchines treatments in 
concentration 0,05% had 42,11 mm for 24 hours and 43,60 mm for 12 hours. 
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Fig. 2. The effect of chemical mutagen agents upon length of the root 
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The methylic ester of sulphonic methane acid treatments had an inhibitory 

effect on the rhythm of growing the root in all three concentrations and especially for 

maximum time exposures of 24 hours.  

 

Hydroxylamine had the greatest effect upon the rhythm of growing of the 

root, even at 0,005% concentration, recording 20,41 mm for 24 hours exposure and 

28,5 mm for 6 hours exposure. At the maximum concentration of 0,10%, this 

character had 10,44 mm for 24 hours exposure and 18,32 mm for 6 hours exposure at 

mutagen agents. In all variants the differences at the control variants were very 

significant. In control variants, the average length of the stem had 28,42 mm for 6 

hours exposure and 40,11 mm for longer time exposure in distilled water, but the 

differences were not significant (fig. 3). 

 

The colchines treatments, at low concentrations,0,01% and 0,05%, had 

stimulatory effects upon rhythm of growing of the stem with values between 41,34 

mm and 43,60 mm, but differences at the control variants  were insignificant. 

The methylic ester of the sulphonic methane acid treatments determined 

inhibitory effects upon rhythm of growing of the stem, for all variants concentrations 

and for the three times of exposure. 

The rhythm of growing stem was more influenced by the hydroxylamine 

treatments in 0,010% and 0,10%. 

The differences at control variants had different degrees of significance in all 

variants of treatment. 
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The rhythm of growing the stem 
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Fig. 3. The effect of chemical mutagen agents upon rhythm of growing the stem 
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CONCLUSIONS 
 
In order to obtain some lines with valuable characters, we increased the 

variability by using chemical mutagen agents: colchicines(C), hydroxylamine (HA) 
and methylic ester of sulphonic methane acid (EMAM). 

The germination capacity of seeds is one of the first tests that reflect with 
certainty the effect of mutagen chemical substances used, comparing average values 
of the character for each experimental variant with DL 50 value. From the 
comparison of the results obtained we noticed that HA had the strongest mutagen 
effect, followed by the methylic ester of sulphonic methane acid(EMAM) and 
colchicines(C). 

The rhythm of growing of the root and stem at S. marianum decreased when 
the concentration of three mutagen agents increased, and also with the increasing 
time of exposure of 6 hours and 24 hours . 

These correlations allow us to appreciate correctly the mutagen efficiency of 
the three chemical substances used, with the help of the two characters. 
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LOIAL – A NEW POTATO ADVANCED CULTIVAR FOR 
AUTUMN-WINTER CONSUME 

 
LOIAL – UN NOU SOI DE CARTOF PENTRU  

CONSUM DE TOAMNĂ -IARNĂ 
 

BODEA D. 
Agricultural Research and Development Station of Suceava 

Abstract. The improving of the cultivars sets with new and more 
performances genotypes, represents one of the most efficient ways for increase 
of the yield  productivity, quality and stability. The potato cultivar ”Loial“ was 
created at the ARDS of Suceava through sexuat hybridizing followed by 
individual clonally selection. Loial is a semi later cultivar, having a very high 
resistance to the Y virus, middle resistance to leaf roll of potato, middle 
resistance to the potato manna and with a high yield potential (72,9 t/ha). This 
characteristics recommend it besides the existent cultivars, for introduction in 
the crop yield in order to perform and diversify the cultivars sets. 

 
Rezumat. Îmbunătăţirea sortimentului de soiuri cu noi genotipuri mai 

performante, reprezintă una din căile cele mai eficiente de creştere a 
productivităţii, calităţii şi stabilităţii recoltelor. Soiul de cartof  ”Loial“ a fost 
creat la Staţiunea de Cercetare Dezvoltare Agricolă Suceava prin hibridare 
sexuată urmată de selecţia clonală individuală. Loial se înscrie  în grupa 
soiurilor semitârzii, având o rezistenţă foarte ridicată la virusul Y0

- The yield maximize for whole cultivated sets; 

, mijlocie la 
virusul răsucirii frunzelor(VRF), mijlociu de rezistent la mană şi cu un potenţial 
de producţie ridicat (72,9t/ha). Acestea sunt o parte din caracteristicile ce-l 
personalizează şi-l recomandă pentru introducerea în cultură, alături de 
soiurile existente în vederea perfecţionării şi diversificării sortimentului de 
soiuri cultivat. 

 
 

Utilization in the crop yield of bigger numbers of potato cultivars, means a 
high genetic diversity and a high possibility to select the most adaptable cultivar 
at the yield conditions and which suffer more less to the unfavorable crop factors 
(Fodor I., 1982). 
 Thus, the diversification of the cultivars set becomes a technical decision 
more complex which has to satisfy the following conditions: 

- The decreasing of the crops disparagement risk because of 
unfavorable environmental conditions, the diseases and pests.  

- The adaptation of the cultivars to the diversity of environmental 
and technological conditions (Bodea D., 2001) 

The new cultivar “LOIAL” fulfill all above conditions because of both 
him yield potential and the other characteristics. 
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BIOLOGIC MATERIAL AND RESEARCH METHOD 

 
The cultivar „Loial“ was obtained through sexuat hybridizing, followed 

by  individual clonally selection. 
The cultivar “Loial” was selected from one hybrid population which has 

as parental forms the cultivar Concorde and Fauna N. The analyzes and testing 
processes were realized during 12 years, according of breeding classical scheme. 

 
RESULTS AND DISCUSSIONS 

 
Immediately, after germinating the cultivar „Loial“, is remarked through 

a rapidly and uniform growing rhythm. The radicular system is well developed in 
the superficial soil layer (20-30 cm). 

The potato shrub is well developed and is formed by 5-7 main stems, with 
semi erect habit, rich in leafs. The stems are thickly, canted with pigments on 
brown- violet color, which in the bottom part are more intensely. The leafs have 
the dark green color and on medium dimensions. 

The inflorescence is a simple cyma which is formed by 7-10 flowers with 
corolla on light violet color, and sepals are green anthocian color. The flowering 
is small, usually the floral buds fall down. 

In each hole are 11-14 tubers, big and uniforms. The tuber shape is long 
oval, regularly, with superficial eyes, and the skin is plane. The suber color is 
yellow and of the pulp is light yellow.  

Referring to the resistance of the viruses diseases attack the studies from 
the last year emphasized that the cultivar “LOIAL” is very resistant to the Y virus 
and middle resistant to the leaf roll of (table1). 

Table 1  
The resistance to the Y virus and to Lef rolls of potato (VRF) 

 
 

VIRUS 

Middle note  MEDIE 

LOIAL DESIREE 

(Mt.VRF) 

KONDOR 

(Mt. Y0) 

 Y 9,0 0 8,0 3,2 

VRF 5,0 2,0 6,8 

  
Note: 1-2 : very sensitive 
           5-6 : middle sensitive  
           9 : the very high resistance  
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Concerning the resistance to manna the cultivar „Loial“ is middle resistant 
both to manna on leaf and tubers. 

The cultivar “Loial“ is resistant to Synchytrium endobioticum and medium 
resistant to Streptomyces scabies. 

Concerning the vegetation period, the cultivar “Loial” is frames in the semi 
later cultivars group with a vegetation period between 95 and 105 days. 

Referring to quality traits, the tubers of the cultivar “LOIAL” is framed in 
the coking class A-A/B, with starch content on 14,2%. 

This cultivar is fated for autumn -winter consumes, in the fresh form, but it 
is possible to use in the food industry (chips, fried potatoes). 

The expression of the cultivar “LOIAL” productivity is dimensioned 
through very high average yields, between 35,4 t/ha and 50,1 t/ha . In the last 
three years in four localities the cultivar “LOIAL” accomplished 41,4 t/ha, in 
comparison with cultivar Desirée which accomplished 34,2/ha, that meaning a 
spore on 7,2 t/ha, and relatively value on 21% (table 2). 

Table 2  
The tubers yield obtained by cultivar “LOIAL“ during 1999-2001,  

in four localities (t/ha) 
CULTIVAR LOCALITY Average % 

Suceava Braşov Tg.Secuiesc M.Ciuc 

Loial 38,5 50,1 41,6 35,4 41,4 121,1 

Desirée 25,0 44,8 37,6 29,3 34,2 100,0 

 
The obtained results in the last three years in seven localities (the network 

of the National Institute for Testing and Registration of the Cultivars) emphasized 
the high productive value of the cultivar “LOIAL”, achieving a medium yield on 
34,4 t/ha having a relatively spore on 20,7% bigger then  standard (table 3). 

 
Table 3  

The  tubers yields obtained  by cultivar  „Loial“  in the network ISTIS 
(2001-2003) 

Locality/Specification Cultivar 
Loial Desirée 

Bacău t/ha 35,5 31,6 
% 112,6 100,0 

Hărman t/ha 35,4 25,0 
% 141,3 100,0 

Rădăuţi t/ha 24,6 23,2 
% 106,3 100,0 

Satu Mare t/ha 32,7 26,2 
% 124,9 100,0 

Sibiu t/ha 30,7 27,2 
% 112,2 100,0 

Tg. Secuiesc t/ha 54,0 44,6 
% 120,9 100,0 
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Târgovişte t/ha 24,4 19,0 
% 128,3 100,0 

Average t/ha 34,4 28,5 
% 120,7 100,0 

 
The testing of the yield maximum potential of the cultivar “LOIAL” was 

realized in the Braila Big Isla condition. This cultivar accomplished an average 
yield on 65,3 t/ha with limits, between 57,2 t/ha and 72,9 t/ha, that mean it is a 
cultivar with big yield capacity(table 4). 

Table 4  
 

The maximum yield potential (t/ha) achieved during 2001-2003 
 

Cultivar Braila Big Isla  % 

2001 2002 2003 Media 

Loial 65,7 72,9 57,2 65,3 125,8 

Desirée 44,8 62,8 48,0 51,9 100,0 

 
For accomplish of these parameters on performances a high role has the 

yield stability and the high resistance to the viroses diseases and manna. 
 

CONCLUSIONS 
 

• The cultivar Loial is framed of intensive cultivars group having a high 
yield potential which is associated with high superior agronomic traits. 

• The high resistance to the viruses diseases make possible the seed 
production without difficulties. 

• The cultivar “Loial” is recommended for favorable and very favorable 
potato crop areas, and in the less favorable are is recommended only in the 
irrigated conditions.  
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THE ASPECTS CONCERNING THE INFLUENCE OF SOME 
CHARACTERISTICS OF THE EPIGEE PHYTOMASS ON 

THE POTATO RATED CAPACITIES 
 

ASPECTE PRIVIND INFLUENŢA UNOR CARACTERISTICI ALE 
FITOMASEI EPIGEICE ASUPRA RANDAMENTELOR DE CARTOF 

 
BODEA D. 

Agricultural Research and Development Station of Suceava 
 

Abstract. In the experiment structure, for emphasize of interrelations 
between some characteristics of epigee phytomass and the tubers rated capacities, 
six potato cultivars belonging earlier  (Ostara and Magic), semi earlier (Astral and 
Rapsodia) and semi later (Sante and Desirée) groups were included. The biggest 
tuber numbers/hole was registered at cultivars Rapsodia and Desire(13) and smaller 
at the earlier cultivars. The number of the tubers/hole was correlated significant  
(r =0,92 ) with number of the main stems. In the comparison with earlier cultivars 
the tubers dominance at the formatting of the epigee phytomass, it was accomplished 
10 days delayed at the semi earlier cultivars, and 20 days delayed  at the semi later 
cultivars. The biggest tuber rated capacities were registered at the cultivar 
Rapsodia. It observed that between the tubers rated capacities and the main 
characteristics of the epigeee phytomass (the total weight, maximum leaf surface, 
cumulated leaf index and the net assimilation rate) there are the most favourable 
reporting. 

 
Rezumat. Pentru evidenţierea unor interrelaţii dintre unele  caracteristici 

ale fitomasei epigeice şi randamentele de tuberculi, în structura experienţelor au fost 
incluse şase soiuri de cartof aparţinând grupelor timpurii (Ostara şi Magic), 
semitimpurii ( Astral şi Rapsodia) şi semitârzii ( Sante şi Desiree). Numărul 
tuberculilor a fost mai redus la soiurile timpurii, iar dintre soiurile testate , 
Rapsodia şi Desire au avut cel mai mare număr la cuib ( 13) .Numărul acestora s-a 
corelat satisfăcător (r =0,92 )cu cel al tulpinilor principale. Comparativ cu soiurile 
timpurii, dominanţa tuberculilor la alcătuirea fitomasei epigeice s-a realizat mai 
târziu cu zece zile la cele semitimpurii şi cu douăzeci de zile la cele semitârzii. Cele 
mai mari randamente de tuberculi s-au înregistrat la soiul Rapsodia , la care între 
acestea şi principalele caracteristici ale fitomasei epigeice ( greutatea totală ; 
suprafaţa foliară maximă , indicele foliar cumulat şi rata asimilaţiei  nete ) au 
existat cele mai benefice raportări.  

 
The major influences on the rated capacity at the surface unit, have been place 

during formation and tubers growing stages. The tubers formation is preceded by stolons 
appearance, which can be recorded sometimes at 60 days after planting, (IANOŞI S., 
1994) and other time, during realization of one leaflets index, on 1,5-2,0 (BIANU T., 
1996, PLĂMĂDEALĂ B., and colab., 1999). From physiological point of view, as 
consequence of presence of important active photosynthetic surface have been place a 
high carbohydrates transfer to the stolons primordies. After a radiar expansion period of 
the stolons, their thickness and a good supply with carbohydrates, in order to maintain the 
tubers process, have been place, their migration to the top of the stolons (MOKRONOSOV 
T.A, 1990). At the end of this phenophase follow the first stage of the tubers growing, 
which depended by the carbohydrate, hormones, macro and micro elements contents, so 
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that, to be capable to maintain  the mitotic division. PETERSON L.R ., and colab. 
(1985), say that the tubers growing in this manner have been until they have a diameter 
on 30 mm and the middle weight is 30-40 gr. 

The increase of the nutritive substances proportions for tubers growing (MORBY 
J., MI-THORDE F.L., 1975), constituted the main support for stage covering by 
intensive tubers growing. These processes are accomplished only by cellular extensions 
(COUTREZ – GEERINCK DANIELLE; 1972, PETERSON L.R., 1985). Often, the 
biggest tubers growing rates it overlapped with the stage when it realized the largest leaf 
surface actively photosynthetic (BURTON W.G., 1989). After touching of a maximum 
accumulating rates, function by genetic structure of the cultivars, it follow a new stage on 
progressive senescence of the leafs, which is reflected through continuous diminishing of 
the  tubers growth rate and finalising of some physico chemical characteristics of the 
whole tuber (MAC KERRON D.L., DEVIES M .V., 1986, SRUIK C.P. , WIERSWMA 
G.S., 1999). 
 

BIOLOGIC MATERIAL AND RESEARCH METHOD 
 

In the experiments structure, for emphasize of some aspects concerning the 
influence of some characteristics of epigee phytomass upon tubers rated capacities, 
six potato cultivars belonging earlier (Ostara and Magic), semi earlier (Astral and 
Rapsodia) and semi later (Sante and Desirée) groups were included. We selected 
these cultivars because there are some differences among them, referring to 
characteristics of the phenotype. The field design was realized after blocks method in 
three replications. All crop measures in according with adequately technology of the 
Suceava Plateau conditions, were accomplished. 

 

RESULTS AND DISCUSSIONS 

Referring to the middle number of the tubers/hole (table 1) we observed some 
aspects. The relatively stability of tubers number,10 days later at the semi earlier cultivars 
and 20 days later at the semi later cultivars was accomplished, in comparison with earlier 
cultivars. Concerning the tubers number, among the three precocity groups there are not 
big differences. Thus at the earlier cultivars 8-9 tubers/hole, 11 tubers/hole at cultivar 
Astral were harvested. The biggest tubers number/hole at the cultivar Rapsodia (semi 
earlier cultivar) and Desiree (semi later cultivar) were harvested. The cultivars Sante and 
Astral had in more stages approximately the same number of tubers/hole. Almost the 
cultivar Sante had a good capacity for tuberization until the end of the July. This 
characteristic there is at the cultivars Rapsodia and Desiree, too. The tuberization was 
accomplished with more intensity, when the plants realized the leaflet index on 1,3-1,5, in 
comparison with the stage when the leaflet index was 0,3-0,4. Concerning the dependence 
of the tubers number by the stolons number (maximum number) can not be pointing out 
the interrelations on proportionality, because the correlation coefficient is only 0,746. The 
correlation coefficient on 0,923** shows a bigger dependence of the tubers number by the 
main stems. The data from the table 1 emphasize that the maximum number of the stolons 
was registered in the stage when their tuberization was very slowly. It is necessary to 
mention that the untuberized stolons numbers, which maintained more stages, was bigger 
then the tubers number/hole (2,5-3,0 times). 
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Table 1  

The dynamic of the stolons and tubers  number/hole  
(average  of the years  1997 and 1999) 

Cultivar Vegetation period 

10 20 30 40 50 60 70 80 

No. 

stol 

No. 

tub. 

No. 

stol. 

No. 

Stol 

No. 

stol. 

No. 

sto. 

No. 

stol. 

No. 

Stol 

No. 

stol. 

No. 

stol 

No. 

stol. 

No. 

Stol 

No. 

stol. 

No. 

Stol 

No. 

stol. 

No. 

stol 

Ostara 4 - 15 - 22 6 17 7 13 8 12 8 8 8 - 8 

Magic 6 - 19 - 27 7 24 8 21 9 18 9 12 9 - 9 

Astral 6 - 21 - 31 9 27 10 24 10 20 11 12 11 - 11 

Rapsodia 9 - 23 - 30 9 33 10 26 12 22 12 16 13 - 13 

Sante 8 - 18 - 27 8 30 9 27 11 22 11 16 12 - 12 

Desirée 9 - 20 - 29 9 32 11 29 12 24 12 18 13 - 13 

DL  5 %  2 - 2 - 4 1 5 1 5 1 3 1 3 2 - 2 

The cultivars Rapsodia and Desiree have the same characteristics, 
concerning the middle tubers number/hole, the dynamic of the stolons 
tuberization and the transformation percentage of the stolons in the tubers (37-
38%). The tubers weight in the epigee phytomass after 30 vegetation days, at the 
earlier cultivars was on 1,4 times bigger in comparison with the tubers weight 
realized by the semi earlier cultivars and on 2 times in comparison with  
registered values  at the semi late cultivars (table 2). Also, from the table 2, it 
observed that the tubers percentage registered at the earlier cultivars, in a certain 
stage, it was registered after 10 days at the semi earlier cultivars and after 20 days 
at the semi later cultivars. 

Table 2  
Participation of the tubers to the making of the epigee phytomass (%) 

Cultivar Vegetation period 

30 40 50 60 70 80 90 100 

Ostara 30 39  45 57 68 80 - - 

Magic 24 40 45 56 66 80 - - 

Astral 20 32 37 46 54 64 77 - 

Rapsodia 18 33 41  47 55 64 78 - 

Sante 14 23 34 41 49 59 68 79 

Desirée 15 24 36 42 45 53 65 81 

Making up the variation series with registered values at „n” days of vegetation of 
the earlier cultivars, n + 10 days at the semi earlier cultivars and n +20 days at the semi 
later cultivars, the variability coefficients (S%) have values between 0,01 and 0,2. 

The evaluation method of the T. K.Goluvko (1986) was confirmed only at the 
earlier cultivars, because the tubers weight must represent 70% from the whole 
phytomass. In Suceava conditions during experiments, in order to accomplish the above 
condition, the semi earlier cultivars have to grows another 10 days and the semi later 
cultivars another 20 days (70 days from the germinating). The middle weight of the 
tubers/hole was 565 -686 g at the earlier cultivars, 721 -784 gr. at the semi earlier 
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cultivars and 669-758 gr. at the semi later cultivars (table 3). The yield crop of the 
cultivar Sante was over fulfilled by the cultivars Ostara and Astral until the second stage 
on harvesting (40 days of vegetation) and by cultivar Magic until fifty stage (70 days of 
vegetation). Also, the cultivar Desirée accomplished the same yield crop like cultivar 
Sante, but after 60 days of vegetation was over fulfilled by the cultivar Sante. 

  Table 3  
The evolution of the weight tubers – g/shrub 

(average of the years 1995-1999) 
Cultuvar Specification Days of vegetation 

 30 40 50 60 70 80 90 100 
Ostara Average  99 208 304 424 491 565 - - 

Diference  44 69 *** *** 22 19 -53 -81 - - 
Magic Average  93 252 383 545 624 686 - - 

Diference  38*** 113 *** 101*** 140*** 80* 40 - - 
Astral Average  78 191 292 415 546 667 721 - 

Diference  23 ** 52 *** 10 10 2 31 1 - 
Rapsodia Average  75 200 342 472 601 706 784 - 

Diference  20 ** 61*** 60 ** 67** 57 60 64 - 

Sante Average  55 139 282 405 544 646 720 758 

Diference   Standard 
Desirée Average  56 132 276 388 475 549 623 669 

Diference  1 -7 -6 -17 -69 -97 0 -97 0 -89 0 0 

 
At the plants maturity, the smallest weight tubers/hole was registered at the 

cultivar Ostara (565 g), followed by Magic and Desirée (686 g and respectively 669 g). 
The cultivars Astral (721 g), Sante (758 g) and Rapsodia (784 g) registered the biggest 
yields. After 30 days from the germinating it registered a middle weight of one tuber on 
96 g at earlier cultivars, on 77 g at semi later cultivars.  The included period between 30 
and 50 days of vegetation, through a rapidly development of the tubers, especially at the 
semi later cultivars (5,13 times at Sante and 4,93 times at  Desirée) are manifested. A 
rapidly grows rhythm at the cultivar Rapsodia (4,56 times) and  Magic (4,12 times), was 
registered. 

During period 50 – 70 days of vegetation the growing of the weight tubers was 
diminished at all cultivars. After 50 days of vegetation the most important grows of the 
tubers were registered at the cultivars Sante (1,92 times), Astral (1,86 times), Rapsodia 
(1,75 times ) and Desirée (1,72 times). 

The analyzes of the decades rhythm emphasize that, 75-80% form the annual 
yields,  after 60 days of vegetation, at the cultivars Ostara and Magic, after 70 days of 
vegetation for cultivars Astral and Rapsodia and after 75-80 days of vegetation for 
cultivars Sante and Desiree, were registered. The data from the table 4 emphasize the 
possibility of the rated capacities dependence by the earlier stages. Generally the 
contoured tendencies after 30 days of vegetation was kept with a significant fidelity not 
only after 10 days (r = 0,846 ***), and after 20 days (r=0,648 ***). This temporary 
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correlation between tendencies in years 1998, 1999, was more significant at the 
cultivars Magic and Sante. 

Table 4  
The induction of the initial rated capacity upon rated capacities registered after  

40-50 days of vegetation ( „r”) 
Specification Rated capacities 

40 zile 50 zile 
 
 
 

Years 

1995 0,616 0,168 
1996 0,578 0,626 
1997 0,783 0,626 
1998    0,968 0,794 ** 

1999    0,977 0,774 ** 
        1995-1999   0,846    0,648 ** ** 

 
 
 

Cultivars 

Ostara 0,849 0,805 
Magic   0,951     0,990 * *** 
Astral 0,768 0,739 

Rapsodia 0,259 0,326 
Sante 0,816     0,993 *** 

Desirée 0,632 0,774 
 

The net assimilation rate represent the division between final yield and leaf 
surface of one shrub after 30 days from the germinating. The biggest values of the net 
assimilation rate (ran) were registered at the cultivars Ostara and Magic (table 5). The 
cultivars Magic and Desiree have a different net assimilation rate but these cultivars 
have  the same  yield level (686 g and respectively 669 g/hole), that mean the „ran” 
depended by not only the epigee phytomass and by his influence upon the crop  
biology. 

Table 5  
The dependence of the net assimilation rate (r.a.n) by the used cultivars

Cultivar 

1) 

Years Average 
1995 1996 1997 1998 1999 r.a.n. Differences Significances 

Ostara 19,7 16,7 14,2 20,1 27,3 19,6 6,7 *** 
Magic 18,0 19,8 20,0 19,1 23,0 20,0 7,1 *** 
Astral 12,7 17,5 15,8 13,8 13,7 14,7 1,8  
Rapsodia 13,3 17,2 16,7 15,5 16,9 15,9 3,0  
Sante 11,5 13,1 10,8 15,1 14,2 12,9 Mt  
Desirée 11,6 13,2 10,2 12,7 13,5 12,0 -0,9  
DL 5 % 2,4 1,3 1,8 1,4 2,8 3,0   

1) – the rated capacity (g.) at 12 on leaf surface, cumulated by one shrub, after 30 
days of vegetation. 
 

The data from the table 6 emphasize that the biggest rated capacity of the 
tubers was registered when this indicator was influenced by more characteristics 
of the crop yield. Thus, at the cultivar Rapsodia, all four characteristics had a 
significant contribution to accomplishing of the biggest yield of tubers. But at the 
cultivar Ostara the smallest rated capacity of the tubers was registered, any 
characteristics of the crop did not correlate with the yield potential.  
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Table 6  
The influences of some characteristics of the green phytomass  upon the tubers  

rated capacities of one shrub („r”) 
Cultivar Correlated characteristics 

Phytomass  
total weight 

Leaflet index 
cumulated 

Net assimilation 
rate 1) 

Leaf 
surface/shrub 2) 3) 

Ostara -0,09 0,23 0,53 0,16 
Magic 0,68 0,91 * 0,83 * 0,61 
Astral 0,89 0,99 ** * 0,15 0,33 
Rapsodia 0,93 ** 0,99 ** 0,99 ** 0,97 ** 
Sante 0,85 * 0,74 0,74 0,88 * 
Desirée 0,93 *** 0,86 * 0,79 0,71 
Average  0,34 0,76 *** -0,02 0,38 * 

1) – after 30 days of vegetation; 2) – the yield registered after 30 days of vegetation; 
3) – maximum. 

CONCLUSIONS 
• The tubers number/hole was smaller at the earlier cultivars. The biggest tubers 

number/hole had the cultivars Rapsodia and Desirée (13). 
• The tubers numbers/hole was correlated significant with number of the main 

stems (r=0,92). 
• In comparison with earlier cultivars, the tubers dominance to making of the 

epigee phytomass was accomplished, 10 days later at the semi earlier cultivars and 20 
days later at the semi later cultivars. 

• The biggest yield tubers were registered, at the cultivars Rapsodia and Sante, 
(784 g and respectively 758 g/hole). 

• During years 1995-1999 the most intensively rhythm by tubers growing in the 
stage from 30 to 50 days of vegetation, was registered. 

• The relative rhythms variability by decades growing of the tubers is due of the 
particularity of the tested cultivars (62-94%) and in a smaller manner (8-31%) is due 
meteorological conditions. 

• The biggest rated capacities of the tubers were registered at the cultivar 
Rapsodia, because of the good correlations between rated capacities of the tubers and the 
main characteristics of the epigee phytomass (total weight, leaf surface, leaflet index and 
the net assimilation rate) . 
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Abstract: Random Amplification of Polymorphic DNA (RAPD) analysis 
is a valuable tool in studying genomic DNA polymorphism in plants. In this 
study, we used RAPD technique to reveal the possible intraspecific genetic 
variation in Ginkgo biloba grown in different sites in Romania and Denmark. 
Perhaps this variation could be a possible explanation for the observed 
variations in the efficacy of medications with different G. biloba extracts 
(KUDDDUS at all., 2002). Ten of the twenty decamer primers yielded scorable 
amplification patterns. These primers generated polymorphic bands among the 
genotypes studied. Some of the primers produced no amplification or unreadable 
gel smears. A dendrogram was constructed based on genetic distances using the 
program Tree View.The genotypes analyzed clustered into two main groups and 
the values of genetic distances between data shows that there are some DNA 
differences.  

Rezumat: Tehnica RAPD este o metodă eficientă pentru evidenţierea 
polimorfismului ADN–ului izolat de la plante. În acest studiu a fost utilizată 
tehnica RAPD pentru a pune în evidenţă prezumtiva variabilitate intraspecifică 
existentă între indivizi de Ginkgo biloba L. cultivaţi în zone din România şi 
Danemarca. Este posibil ca aceasta variabilitate să fie o explicaţie a eficacităţii 
diferite a unor medicamente fabricate din diferite extracte de ginkgo izolate de 
la indivizi de diferite provenienţe (KUDDDUS at all., 2002). Extracţia ADN-ului 
total a fost realizată din embrioni zigotici maturi, utilizând metoda Lodhi et all. 
(1994) modificată de Pop R şi colab., 2003. Zece din cei 20 de primeri 
decamerici au generat fragmente de ADN amplificabile şi benzi polimorfice la 
genotipurile analizate. Unii primeri nu au generat produşi de amplificare PCR 
sau în geluri au apărut benzi intens colorate, nelizibile. Pe baza distanţelor 
genetice şi utilizând programul Tree View a fost întocmită o dendrogramă, 
existând anumite diferenţe la nivelul genotipurilor analizate. 
 
Key words: DNA, RAPD, Ginkgo biloba, molecular polymorphism 

 
INTRODUCTION 

In recent years, ginkgo extract has been extensively studied for its various 
medicinal qualities (DIAMOND et al., 2000, LOGANI et al., 2000). Meanwhile 
hundreds of controlled scientific studies and research on the chemistry, pharmacology 
and clinical effects of the leaves have been conducted, mostly by European 
researchers over the last decades, using the German/ French extract EGb761, also 
called Kaveri, Tebonin, Tanakan, Rökan and Ginkgold. 
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Some studies (JACOBS B.P. and BROWNER W.S., 2000) shows that Ginkgo 
biloba has been considered a “recalcitrant plant taxa”. There are a few reports 
regarding the possibility to use the molecular markers for detecting DNA 
polymorphism in Ginkgo biloba L. (KUDDUS at al., 2002, YONG-QI at al., 2003, FAN 
X. X. at al., 2004). The studies achieved in the last 10 years were referred to interest 
for an accurance botanic classification. For example, recent molecular analysis of the 
G. biloba genome, while far from complete, suggests a much closer relationship to the 
cycads than to the conifers (HASEBE, 1997). 

We used RAPD analysis to reveal the intraspecific genetic variations in Ginkgo 
biloba grown in different sites in Romania and Denmark. Perhaps this variation could 
be a possible explanation for the observed variations in the efficacy of medications 
with different G.biloba extracts ( KUDDUS at al., 2002).  

 
MATERIAL AND METHODS 

 
Biological material used for DNA isolation was represented by kernel of seeds 

collected in autumn 2006 from mature plants grows in Botanical Garden Cluj-Napoca, 
Botanical Garden Craiova- Romania, Student Residence Hasdeu Cluj-Napoca, 
Arboretum KVL and Botanical Garden Copenhagen- Denmark.  

Prior to isolation, approximately 400 mg kernel seeds were grind in liquid 
nitrogen into a fine powder. Total DNA was extracted using the protocol developed by 
Lodhi et al. (1994) and modified by Pop et al. (2003). Extraction buffer has the 
following composition: 100 mM Tris-HCl, 20 mM EDTA, pH =8.0, 1.4 M Na Cl, 2% 
(w/v) CTAB and 2% PVP-40 and 0.2% β-mercaptoethanol. This buffer was also 
supplemented with 5 mM ascorbic acid and 4 mM DIECA. DNA concentration and the 
absorbance ratio at A260:A280  was quantified in a BioPhotometer Eppendorf. Reaction 
mixture for PCR in 25 µl volume consisted of 50 ng DNA, 200 µM of each dNTP 
(Promega), 0,2 µM primer (Mycrosynth, see table no. 1), 2,5 mM MgCl2

 Table 1 

, 2,5 mM 10 x 
Buffer, 1 U Taq DNA Polymerase (Promega), 2% PVP (Sigma), bidistillated sterile 
water. 

Primers used in DNA amplification of regenerants obtained 
No  Primer  Sequence (5’ – 3’) No. of polymorphic 

bands/primer 
1 OPA 03 AGT CAG CCA C 2 
2 OPA 01 CAG GCC CTT C 5 
3 OPAB 11 GTG CGC AAT G 4 
4 OPAB 18 CTG GCG TGT C - 
5 OPA 04 AAT CGG GCT G 7 
6 OPAL 20 AGG AGT CGG A 3 
7 OPE 14 TGC GGC TGA G 1 
8 OPC 02 GTG AGG CGT C - 
9 OPC 04 CCG CAT CTA C 5 
10 OPD 16 AGG GCG TAA G 6 
11 OPD 19 CTG GGG ACT T 3 
12 OPF-20 GGT CTA GAG G 1 

 
Amplification was performed in a Eppendorf Mastercycler Gradient 

programmed for the following thermal profile: an initial denaturation step – 3 min at 
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95oC, followed by 45 cycles of 1 min. at 930C, 1 min. at 340C, 1 min. at 720C. A final 
extension step at 720C was performed for 10 minutes. The molecular marker used 
was 100bp DNA Step Ladder (Promega Corp., Madison, WI, USA). Gels were 
visualized on a UV light Biospectrum AC Imaging System (UVP BioImaging Systems, 
Upland, CA) after staining with 0,5 μg/μl Ethidium Bromide for 25 min. 

Gel images were analyzed using TL120 software (Nonlinear Dynamics, 
Newcastle upon Tyne, UK) and the bands resulted after RAPD amplification were 
scored as present (1) or absent (0), data entered into a binary matrix. The genetic 
distance between accessions was calculated using Nei and Li’s coefficient of 
similarity. Cluster analysis was conducted with a Neighbor-Joining algorithm using 
FreeTree software and a dendrogram was constructed, using the TreeView software. 

Table 1 shows the nucleotide sequences of RAPD primers used in DNA 
amplification of analyzed Ginkgo individuals. Sign (+) suggest the presence of 
specific, polymorphic DNA fragment generated in RAPD reaction with described 
primer and (-) the absence of specific, polymorphic DNA fragment generated in RAPD 
reaction with described primers. 

RESULTS AND DISCUSSIONS 
DNA fragments generated after PCR amplifications with RAPD primers 

had the length comprised between 200-1800 bp, respectively 300-1400 bp for the 
majority. The primer OPA 04 produced maximum 7 polymorphic bands; primer 
OPD 16 generated 6 polymorphic bands; OPA 01 and OPC 04 primers gave 5 
polymorphic bands, OPF 20 1 polymorphic band. The agarose gels analysis reveal 
genetic differences among some of the individuals. The dendrogram illustrating 
the genetic relationships among individuals grown in different sites in Romania 
and Denmark (Botanical Garden Cluj-Napoca-Romania, Botanical Garden 
Craiova-Romania, KVL Arboretum Horsholm-Denmark, Botanical Garden 
Copenhagen-Denmark, KVL Garden-Denmark). 

 

 
Fig. 1 Neighbor Joining dendrogram illustrating genetic relationships among G. biloba 

individuals grown in different Romanian and Danish sites. 
 In DNA samples originated in Ginkgo biloba provenances from Romania 
there have been registered few polymorphic bands, with band size comprised 
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between 400-680 bp, while in those originated in Danish G. biloba provenances 
the number of polymorphic bands has been much greater (more than 6), with band 
size comprised between 640-800 bp. 
 These results could be explained by the rather common origin of Romanian 
Ginkgo biloba samples while the Danish G. biloba provenances are known to 
have different origine (Japan and China). 

CONCLUSIONS 
1. Based of these results it could be staded that AFLP technique, involving 

primers with the previously mentioned base pair sequences, can be successfully 
used to reveal molecular polymorphism among DNA samples of G. biloba 
originated in various sites.  

2. A through analysis of these polymorphic bands, including statistical 
ones, could render possible the identification of subspecies or clines within 
different provenances of G. biloba. 

3. Such data are of real interest for medicinal use of various G. biloba 
geographic provenances. 
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Abstract. RAPD technique was used to put in evidence molecular 

polymorphism to 6 improved breeds of Brassica sp. cultivars: Astrid, Eldo, 
Orkan, Gabriella, Dexter, Alaska and its wild relative Brassica rapa campestris. 
The protocol used for genomic DNA extraction was described by Lodhi et al. 
(1994), improved by Rodica Pop et al. (2003). The quality of extracted DNA 
corresponded quantitative and qualitative for optimal RAPD analysis. After 
agarose gel image analyzing using TL 120 v2006e and TL 100 DM soft were 
found that from the total of 41 primers, 9 did not generate amplification 
products, 20 were mono-morphic and respectively 12 were polymorphic. 
UPGMA dendrograma of genetical differences betrayed that there are some 
differences between improved breeds and its wild relative. Regarding the intra-
specific differences between the 6 breeds, Eldo breed shows some differences 
comparing with the other 5. The following step of the study is gene flow 
pollination due to Apis mellifera.  

Rezumat. Tehnica RAPD a fost utilizată pentru a evidenţia 
polimorfismul molecular la şase soiuri (Astrid, Eldo, Orkan, Gabriella, Dexter, 
Alaska) de rapiţă ameliorată (Brassica sp.) şi la specia sălbatică (Brassica rapa 
campestris). Protocolul de extracţie utilizat pentru izolarea ADN-ului genomic, 
descris de Lodhi şi colab. (1994) şi modificat de Rodica Pop şi colab. (2003) a 
permis obţinerea unui ADN care a corespuns calitativ şi cantitativ analizelor 
RAPD efectuate la materialul biologic studiat. În urma analizei imaginilor 
gelurilor de agaroză cu pachetul de programe TL120 v2006e şi TL100 DM s-a 
constatat că din totalul de 41 primeri folosiţi, 9 primeri nu au generat produşi 
de amplificare, 20 au fost monomorfi, respectiv 12 au dat polimorfism. 
Dendrograma UPGMA alcătuită pe baza distanţelor genetice indică faptul că 
există unele diferenţe între specia sălbatică şi soiurile cultivate de rapiţă. În 
ceea ce priveşte soiurile analizate se observă că soiul Eldo a fost diferit genetic 
de celelalte cinci soiuri luate în studiu, fapt confirmat şi de imaginea obţinută în 
unele geluri de agaroză. Datele experimentale obţinute cu ajutorul tehnicii 
RAPD sunt parte integrantă a unui studiu privind transferul de gene realizat 
prin intermediul speciei Apis mellifera.  
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INTRODUCTION 
 

Three Brassica species are important oilseed crops globally - Brassica napus 
(rapeseed, oilseed rape), Brassica rapa (turnip rape, sarson), and Brassica juncea 
(indian mustard, oriental mustard). The first two are referred to collectively as rapeseed, 
while Brassica juncea is considered a mustard. The term, "canola," describes grain from 
any of the above species that has less than 2% erucic acid (C22:1) in seed oil, and less 
than 30 micromoles per gram of aliphatic glucosinolates in the oil-free meal (Canola 
Council of Canada website www.canola-council.org). Grain from any of these species 
that does not meet canola quality standards is referred to as "rapeseed," or in the case of 
Brassica juncea, as "mustard grain." 

There is some experimental evidence to suggest that the stigmas of oilseed rape 
flowers are partly sheltered from windborne pollen trajectories. For example, the field 
measurements of out-crossing from caged and naturally exposed oilseed rape plants 
(Ramsay et al., 1999) show that pollination can be dramatically reduced when insects 
are excluded by cages. Landscape-scale studies of out-crossing (Thompson et al., 1999; 
Squire et al., 1999) suggest that the greatest risk of GM pollen transport is from insect 
pollination closest to the source, and honeybees have been identified as the principal 
pollinator for oilseed rape at large distances. Observations of honeybee flights of 1 – 2 
km to collect nectar and pollen have been known for some time (Eckert, 1933) and 
recent studies have recorded bees foraging on oilseed rape at 5 km from a hive (Ramsay 
et al., 1999). 

During the last years molecular techniques became increasingly used for the 
identification of gene flow via pollination. All these studies required a high purity of the 
expected DNA. The presence of contaminants in DNA preparation often makes the 
samples viscous and renders DNA unrestrictable in endonuclease digestion and 
unamplificable in PCR (polymerase chain reaction). These contaminants are usually 
removed by inclusion of polyvynilpyrrolidone (PVP-40), diethyldithiocarbamic acid 
(DIECA), sodium bisulfite, ascorbic acid or beta-mercaptoethanol in the extraction 
buffer (Weising et al., 1995). 
 

MATERIAL AND METHODS 
 

Biological material used for DNA isolation was represented by young plants grown 
in pots and originated from six cultivars of oilseed rape. DNA was extracted from young 
leaves of Brassica sp. of the following cultivars: Astrid, Eldo, Orkan, Gabriella, Dexter and 
Alaska. Prior to isolation, approximately 400 mg of leaves were grind in liquid nitrogen into 
a fine powder. Three isolation protocols were tested: A., a modified protocol described by 
Doyle and Doyle 1990, B. a protocol described by Roger et al.,1988 and C. a modified 
version (Rodica Pop et al., 2003) of the protocol published by Lodhi et al. (1994). Protocol 
A has the following composition of the extraction buffer: 100 mM Tris-HCl, 20 mM sodium 
EDTA, pH = 8, 1,4 M NaCl2, 2% (w/v) CTAB and 0,2% of beta mercaptoethanol added just 
before use. Extraction buffer in protocol B has the similar composition except the 1% PVP-
40 who was also added just before use. Extraction buffer in protocol C has the similar 
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composition as in protocol B except for the PVP concentration that was enhanced to 2%. 
This buffer was also supplemented with 5 mM ascorbic acid and 4 mM DIECA. 

DNA concentration was measured through the spectrofotometric method with the 
Nanodrop BioPhotometer. The BioPhotometer is used for rapid, simple and convenient 
measurement of the most common methods in research labs in the fields of molecular 
biology and biochemistry. The experiments concerning DNA purity was made in three 
replications and interpreted as a bifactorial test with A factor (cultivar) with six graduations 
and fator B (method) with three graduations. 

The obtained data were computed according to analysis of variance in bifactorial 
experiments (Ardelean et al., 2002).  
 

RESULTS AND DISCUSSIONS 
 
 Table 1 shows the average of DNA concentration of analyzed cultivars: 
 

Table 1 
Mean of DNA concentration of analysed cultivars isolated with three protocols 

Cultivar Mean of DNA concentration (ng/μl) isolated by 
Protocol A                      Protocol B                     Protocol C 

Astrid 2045 1970 2836 
Eldo 2846 3047 2948 

Orkan 1978 2334 2683 
Gabriella 1445 1978 2164 
Dexter 2389 2003 2314 
Alaska 1890 1893 3339 

 
As it can be seen in table 1 the average yields of isolated DNA ranged from 

1445 to 3339 ng/μl of fresh tissue. These results demonstrated that the protocols 
we used are suitable for extraction of high quantity DNA from young leaves of 
Brassica sp. The results of analysis of variance for data obtained in bifactorial 
experiments concerning the influence of cultivar and protocol of DNA isolation 
upon the purity of extracted DNA is showed in table 2. 

Data obtained by Duncan test shows that DNA isolation protocols affected 
significantly the purity of isolated DNA and the extraction protocol C are 
obviously superior compare to the other two methods (table 2). The factor 
cultivars had no significant influence upon experimental data. This suggests that 
the used protocols are valid for any of the tested cultivars.  

Table 2 
The effect of cultivar and DNA isolation protocol upon the purity of extracted DNA  

at 6 cultivars of oilseed rape (Brassica rapa) 

Cultivars DNA isolation protocols 
A                B               C 

Mean for 
cultivars 

Astrid 1,75 b 1,56 b * 2,03 a 1,78 A 
Eldo 1,40 bc 1,35 bc 1,82 a 1,52 A 
Orkan 1,32 bc 1,49 bc 1,92 a 1,76 A 
Gabriella 1,20 bc 1,30 bc 1,95 a 1,48 A 
Dexter 1,64 b 1,42 bc 1,87 a 1,64 A 
Alaska 1,33 bc 2,15 a 1,80 a 1,76 A 
Mean for DNA isolation protocols 1,44 M 1,54 M 1,88 N - 
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*

Nr. crt. 

The differences between two variants with a common letter are not significant 
SD 5% for cultivars: 0,33-0,42; 
SD 5% for DNA isolation protocols: 0,38-0,4; 
SD 5% for cultivars x DNA isolation protocol interaction: 0,5-1,6; 

The interaction of the two experimental factors (cultivars and DNA isolation 
protocols) shows that the lowest value of DNA purity (1, 20) was obtained at Gabriella 
cultivar when DNA was isolated by A protocol. As it can be seen in table 2, the best 
value of DNA purity was registered at Astrid cultivar isolated by C protocol. 

Regarding the polymorphism of the random amplified fragments (RAPD), there 
are 12 primers from the total of 41 which are polymorphic and the image analysis using 
TL120 v 2006e and TL100 DM program shows that there are primers with a number of 
fragments between 3 and 5 (table 3).  

Table 3 
The number of polymorphic fragments generated by the RAPD primers to  

Brassica rapa and Brassica rapa campestris 

Polymorphic primers Number of polymorphic 
fragments/primer 

1. OPA 03 3 
2. OPA 09 4 
3. OPAB 18 3 
4. OPB 08 5 
5. OPB 17 3 
6. OPB 18 5 
7. OPC 02 4 
8. OPC 04 3 
9. OPD 16 5 
10. OPD 19 3 
11. OPF 20 3 
12. OPP 18 4 

 
The appearance of polymorphic fragments suggests that there are some 

genetic differences between the 6 improved cultivars of Brassica sp. and its wild 
relative Brassica rapa campestris (fig. 1, 2 and 3). That requires the application of 
further molecular techniques as ISSR and SSR (Inter Simple Sequence Repeat-
ISSR or Simple Sequence Repeat-SSR) and sequencing in order to detect very 
precise these genetic differences.  

 
Fig. 1. Electrophoretic profile of amplified fragments using OPC 16 primer 

1. Astrid; 2. Eldo; 3. Orkan; 4. Gabriella; 6. Dexter; 7. Brassica rapa campestris 

Ladder  1          2           3          4            5          6           7 
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Fig. 2. Electrophoretic profile of amplified fragments using OPC 04 primer 

1. Astrid; 2. Eldo; 3. Orkan; 4. Gabriella; 6. Dexter; 7. Brassica rapa campestris 
 

 
Fig. 3. Electrophoretic profile of amplified fragments using OPD 19 primer 

1. Astrid; 2. Eldo; 3. Orkan; 4. Gabriella; 6. Dexter; 7. Brassica rapa campestris 
 

The dendrogram UPGMA (FREETREE soft) indicate that Eldo cultivar is 
genetically different from the other 5 cultivars, and all of improved cultivars are 
significantly different by Brassica rapa campestris (fig. 4).  

 
 

Fig. 4. UPGMA dendrogram to Brassica sp. and Brassica rapa campestris 
 
 

Ladder     1          2            3            4           5           6           7 

Ladder        1          2           3           4          5          6            7 
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CONCLUSIONS 
 

 DNA isolation protocol C. represented a modified version (Rodica Pop et 
al., 2003) of the protocol published by Lodhi et al. (1994) yields DNA purity 
value significant higher than protocol A. and B.; 

 The use of PVP-40, DIECA and ascorbic acid in the extraction buffer in 
protocol C. minimized the damage caused de contaminants like polyphenols and 
polysaccharides to the nucleic acids; 

 DNA extracted by protocol C. can be successfully used in our future 
studies concerning RAPD and AFLP analysis for revealing gene flow via 
pollination of oilseed rape; 

 Eldo cultivar and Brassica rapa campestris can be used like markers in 
order to analyze gene flow pollination due to Apis mellifera;  

 There are required further molecular techniques to get thoroughly into 
genetic structure of analyzed cultivars, such ISSR, SSR and sequencing. 
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Abstract: Our study shows some changes that are at Papaver 
somniferum, at the division cells from the radicular apex, as the results of the 
treatment used with ethidium bromide. One noticed a decrease of the mitotic 
index at the variants analysed. The percentage of ana-telophases with 
aberration decreased slightly at the variants treated with mutagen substance. 
The treatment with ethidium bromide in the concentration 0,01%, 0,02%, 0,03% 
and 0,04% for 6 hours of on opium poppy radicular meristems were expressed 
by chromosomial mutations, especially in ana-telophases: bridge, thick bridge, 
multiples bridges, chromatic material expulsed and fragment, retarded and 
expulsed chromosomes, interphases with micronuclei. Mutations are changes of 
the genetic, physiologic and biochemical equilibrium of the some species; they 
influence negatively its efficiency. Mutants can have however, important features 
that can be used in the improvement programmes of that species (Ghiorghiţă, I. 
G., 1999). 

 
Rezumat: Studiul nostru are în vedere evidenţierea modificărilor din 

diviziunea celulară din apexul radicular de la Papaver somniferum, ca rezultat 
al tratamentelor cu bromură de etidium. Am observat o scădere a indicelui 
mitotic la variantele analizate. Procentajul ana-telofazelor cu aberaţii a scăzut 
uşor la variantele tratate cu substanţe mutagene. Tratamentul cu bromură de 
etidium în concentraţii de 0,01%, 0,02%, 0,03% şi 0,04% pentru 6 ore a 
meristemelor radiculare de mac s-a exprimat prin mutaţii cromozomiale, în 
special în ana-telofaze: punţi, punţi îngroşate, punţi multiple, material cromatic 
expulzat şi cromozomi expulzaţi, interfaze cu micronuclei. Mutaţiile reprezintă 
modificări genetice, fiziologice şi biochimice asupra echilibrului speciilor; ele 
influenţează negativ eficienţa lor. Mutantele pot fi importante pentru 
îmbunătăţirea programelor acestor specii (Ghiorghiţă, I. G., 1999). 

 
MATERIAL AND METHOD 

 
Biological material 2 years seeds belonging to the species of Papaver 

somniferum L, variety De Botosani from the Agricultural and Zootechnic Researches 
Station of Secuieni, Neamt, harvest 2005. The mutagen factor used was represented 
by ethidium bromide in concentration of 0.01%, 0.02%, 0.03% and 0.04%, which 
represents the variants used in the experiment. Each variant of treatment sue on the 
seeds for 6 hours. 

The germination was secured in Petri plates, on filter paper, at room’s 
temperature (24ºC ± 2ºC). The harvest of the roots was realised when they were 10-
15 mm high and they had been fixed in absolute ethylic alcohol / glacial acid acetic 
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(3:1), at room’s temperature for 10-20 hours. To keep this biologic material for 
analyses it was secured in ethylic alcohol 70%, in the refrigerator. It was used a 
solution of HCl 50%, for hydrolysis, for 14 minutes and to stain at was used a Carr 
reagent. The preparations were realised with the squash method, they were seen at 
the microscope with 20X object lens and they were photographed with a 100X 
objective in immersion. 

 
RESULTS AND DISCUSSIONS 

 
a) 
The treatment with ethidium bromide determined a decrease of the value of 

the mitotic index at all the variants. The most important decrease was recorded at 
the variant 0.04% (0.13), followed by the variant 0.03% (0.15). The 
concentrations applied had an inhibitory effect on the process of mitotic division 
at the cells level of the radicular apex (tab. 1, fig. 1). 

 

The mitotic index (MI) 
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Fig. 1 Proportion of cells in division 
 

b) 
One could notice that all the tests analysed the most important percentage belong 

to the cells in prophase, followed by those in metaphase, telophase and anaphase. 
The frequency of cells in prophase increased after the treatment used 

comparatively to control, at all the variants, with the exception of the variant 0.01%. 
The percentage of the cells in metaphase decreased comparatively to control, at 

the concentrations applied, the most important decreased being recorded at variant 
0.04%. 

The cells value recorded an increase at all the variants, in anaphase, this value 
triplet at the variant 0.03%, comparatively to the control. 

The percentage of cells increased at the variant 0.01% and 0.04%, in telophase, 
comparatively to control, but the high concentration, 0.03% induce significantly 
decrease (tab.1, fig. 2). 

 
 

The frequency of the phases of mitotic division 
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Fig. 2 Proportion of cells in division after the treatment with mutagen agent 

c) 
The treatment with ethidium bromide at Papaver somniferum L. didn’t 

significantly change the frequency of cells with aberrant ana-telophases 
comparatively to control. The percentage of cells with aberration decreased 
slightly at the variants where the mutagenic treatment was used while this 
decrease was considerable at the variant 0.02% (36.36%) comparatively to 
60.46% to control. 

The main types of simple aberration were: ana-telophases with bridges, 
retarded chromosomes, and with expulsed chromosomes. 

The frequency of cells with aberrations 
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Fig. 3 Proportion of cells in aberrant ana-telophases 

 
CONCLUSIONS 

The treatment with ethidium bromide had an inhibitory effect on the process of 
mitotic division of the cells from the radicular apex, at the species Papaver somniferum L. 

As concerns the phases of mitotic division, the percentage of the cells in 
prophase was higher than to those in metaphase, telophase and anaphase, at all variants 
analysed. 

The treatment with ethidium bromide didn’t determine the increase of the 
percentage of cells with aberrations according to literature data, but on the contrary it 
caused a slight decrease of it, at all the variants analysed.  
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Table 1 
Mitotic index in radicular apex of Papaver somniferum after treatment with ehitium bromide 

 
Variant Total 

analysed 
cells 

Total cells in 
interphase 

Total cells in 
mytosis 

Cells in mytosis Mitotic 
index Prophase Metaphase Anaphase Telophase 

Nr. % Nr. % Nr. % Nr. % Nr. % Nr. % 
Control 22592 22402 99.16 190 0.84 96 50.53 51 26.84 7 3.69 36 18.94 0.84 
0.01% 18688 18600 99.52 88 0.47 43 48.87 19 21.59 6 6.81 20 22.73 0.47 
0.02% 9713 9652 99.37 61 0.61 36 59.02 14 22.95 2 3.28 9 14.75 0.63 
0.03% 13360 13340 99.85 20 0.14 13 65.00 3 15 2 10.00 2 10.00 0.15 
0.04% 13176 13159 99.87 17 0.12 10 58.82 3 17.64 1 5.89 3 17.65 0.13 

 
 

Table 2 
The frequency of ana-telophases with aberration at Papaver somniferum after the treatment with ethidium bromide 

 
Variant Total ana-

telophases 
Total 

aberrant ana-
telophases 

Types of aberrations in ana-telophases 
Bridges Retardatary 

chromosomes 
Expulsed 

chromosomes 
Multi 
polar 
A-T 

Complex 
aberration 

Nr. % 1 2 n 1 2 n 1 2 n 
Control 43 26 60.46 1 4 2 1 2 1 2 - 4 2 5 
0.01% 26 12 46.15 8 - - - - - - 1 - - 3 
0.02% 11 4 36.36 1 - 1 - - - - - - - 2 
0.03% 4 - - - - - - - - - - - - - 
0.04% 2 1 50.00 - - - - - - - - - - 1 
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  b) 
 

 

 
   e)     f) 

Fig. 1 
a) A-T with bridges; b) tripolar A-T and thick bridges; c) A-T with multiples bridges, 

chromatic material expulsed and fragment; d) A-T with bridges, retarded and 
expulsed chromosomes; e) Telophases with discontinue bridges and retarded 

chromosome; f) A-T with double bridge and retarded chromosomes, and 
interphase with micronuclei. 
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Abstract. Transgenic crops are spreading more rapidly than any other 
agricultural technology in history. However, different views on this subject had 
caused intense controversy. In order to ensure transparency and to meet 
consumers’ needs, EU legislation established new policies such as labeling, 
traceability and post-market monitoring of GMO derived food and feed 
products. The implementation of these policies is based on molecular analyses 
performed by accredited laboratories. The main steps of an integrated protocol 
for qualitative and quantitative GMO analysis of plant-derived foodstuffs are 
presented and discussed. This protocol encompasses sampling and test sample 
preparation, DNA extraction, quantification of DNA extracts, qualitative 
analysis based on PCR and quantitative determination using real-time PCR 
approaches. The main features of ISO standards in this field are also covered, in 
order to facilitate the understanding of method accreditation process. 

 
Rezumat. Plantele transgenice sunt considerate ca fiind tehnologia 

agricolă cu cea mai rapidă răspândire din istorie. Acest domeniu a generat însă 
numeroase controverse atât în rândul consumatorilor cât şi la nivelul 
decindeţilor şi al comunităţii academice. Pentru a spori încrederea 
consumatorilor, UE a adoptat politici mai transparente în acest domeniu, 
concretizate prin introducerea unor concepte ca etichetarea, trasabilitatea sau 
monitorizarea post-market a produselor derivate din OMG-uri, destinate 
consumului uman sau animal. Aplicarea acestor politici are la bază analize 
moleculare efectuate în laboratoare acreditate. Sunt descrise şi discutate etapele 
unui protocol integrat de analiză calitativă şi cantitativă a conţinutului în OMG-
uri al alimentelor derivate din plante. Un astfel de protocol cuprinde ca faze 
principale eşantionarea şi obţinerea probei test, extracţia ADN-ului, 
cuantificarea ADN-ului, analiza calitativă utilizând reacţia PCR şi analiza 
cantitativă cu ajutorul tehnicii real-time PCR. Se fac trimiteri la standardele 
ISO în domeniul analizelor OMG, documente necesare pentru derularea şi 
finalizarea procesului de acreditare. 

 
The most important advantage of genetic engineering over traditional breeding 

programs is the possibility of creating cultivars with new characteristics that are not 
determined by genes present in the natural gene pool of the species to which the cultivar 
belongs, i.e. genes originating from unrelated organisms.  

Since their introduction, transgenic crops are spreading more rapidly than any 
other agricultural technology in history (Raney, 2006). However, different views on 
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genetically modified organisms (GMOs), regarding their release into the environment, 
cultivation, importation and particularly, their utilization as food or feed ingredients, had 
caused intense controversy which raised the need for regulative approaches. No specific 
international regulatory systems in the field of GMOs are currently in place. However, 
several international organizations are involved in developing protocols for GMO 
analysis (Querci et al., 2004) in order to ensure safe use and to facilitate imports of this 
technology. 

The use of GMOs is regulated in the European Union (EU) by a set of strict 
procedures laid down in several Directives and Regulations (e.g. Directive 2001/18/EC, 
Regulation (EC) 1829/2003, Regulation (EC) 1830/2003. The EU has identified 
traceability and labeling as two major issues in ensuring transparency and assisting 
consumers into making an informed choice (Querci et al., 2004). The implementation 
of the regulatory system is, in part, based on the availability of validated methods of 
analysis and subsequently on a harmonized application within the EU boundaries.  

From a scientific point of view, at the European level, the Institute for Health and 
Consumer Protection (IHCP) of the Joint Research Centre (JRC) of the European 
Commission and the World Health Organization are the most active institutions in the 
field. The Biotechnology and GMOs Unit (B&GMOs) of the JRC’s IHCP has the 
mandate to make sure that all methods are in place for the control of food samples 
(http://biotech.jrc.it/). These methods are to be used by specialized national control 
laboratories most of which are part of the European Network of GMO Laboratories 
(ENGL). In the context of EU food and feed regulation, the JRC assisted by ENGL acts 
as the Community Reference Laboratory (CRL) in the field of GMOs. The CRL has the 
mandate to evaluate and validate analytical methods, to ensure that they are fit for the 
purpose of regulatory compliance and to provide scientific and technical advice in case 
of disputes (http://gmo-crl.jrc.it/). Therefore, the validation and accreditation of 
analytical methods are important tools for ensuring proficiency. 

To comply with the EU legislation operators involved in GMO detection need to 
answer three sequential questions: detection, identification and quantification of GM 
content. GMO detection is based on analyses performed by specialized GMO testing 
laboratories. These laboratories have special facilities and work programs to include 
analyses which comply with the world wide good laboratory practices, requirements 
and acts in the field of biotechnologies, also covering GMOs. The main topics that are 
generally considered important for the correct functioning of a GMO testing laboratory 
are: laboratory set-up and implementation, how to avoid contamination, forward-flow 
system, good laboratory practice, method selection, proficiency testing, method 
validation and accreditation (EC, 2005). 
 

DISCUSSIONS 
 

There are three types of methods that can be used to identify GMOs as such 
or contained in food and feed: phenotype identification, DNA-based and protein-
based methods. Protein-based methods are using the antigen-antibody interaction 
and include lateral flow strips for rapid field identification, and ELISA. However, 

http://biotech.jrc.it/�
http://gmo-crl.jrc.it/�
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DNA-based techniques are more often/frequently used in GMO analysis. In this 
case, qualitative analysis is usually based on PCR, while quantitative 
measurement is archived by real-time PCR, technique considered to be the most 
powerful tool for quantitative nucleic acids analysis (Kubista et al., 2006).  

Providing correct, that is reliable and repeatable, analytical results is the 
most important factor in satisfying customers. High quality results are produced 
when the testing laboratory is able to work in a proper and acceptable way, 
following existing international standards, choosing analytical methods that are 
officially validated, if available, or at least demonstrated to give reliable and 
repeatable results (EC, 2005).  

According to the EU legislation analytical methods used for food and feed 
control purposes shall be validated before their use by control laboratories (ENGL 
document). Method validation is therefore regarded as an important parameter for 
assessing technical performances of GMO testing laboratories. Performance 
criteria include: specificity, sensitivity, limit of detection (LOD), limit of 
quantification (LOQ), accuracy, trueness, precision, repeatability, reproducibility, 
dynamic range, applicability and measurement uncertainty (ENGL, 2005; ISO 
24276:2006; Žel et al., 2006). More information on how to define or calculate 
these parameters are available in ISO standards 24276 and 5725. Literature on 
performance requirements for analytical methods for GMO testing is also 
available on the ENGL web page (http://engl.jrc.it/). 

Accreditation of the laboratory is overall highly advisable. Among different 
quality assurance tools, accreditation is the most detailed and valuable one (EC, 
2005). ISO defines accreditation as a procedure by which an authoritative body 
gives formal recognition that a laboratory operates a quality system, is technically 
competent, and is able to generate technically valid results. This does not 
guarantee that a given analytical result is correct, but it does establish standards 
that must be met and a framework approach to detect non-conformities when they 
occur (EC, 2005). The official ISO standard defining the general requirements for 
the competence of testing and calibration laboratories is ISO standard 17025. 
Requirements to comply in with this standard include: demonstrated technical 
competence of laboratory personnel, use of well defined test methodology, use of 
CRMs and participation to proficiency testing schemes, equipment management 
and calibration, records management and provision of adequate test reports 
including traceability (ISO/IEC 17025:2005). In addition to the need of 
compliance to the general requirements for the competence of testing and 
calibration laboratories according to ISO standard 17025, is worth knowing that 
specific documents defining the criteria and analytical protocols for the detection 
and quantification of GMOs have been elaborated. ISO standard 24276 serves as 
horizontal document for GMO testing laboratories, while ISO standards 21568, 
21569, 21570, 21571, 21571 and 21572 deal with different analytical steps of 
detecting, identifying and quantifying GMOs. 

The following indications are considered to be crucial when testing samples with 
the PCR/real-time PCR technique. However, the concepts can be adapted to fit other 

http://engl.jrc.it/�
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procedures, such as ELISA and microarrays. The two most important requirements 
regarding the working area are the presence of separated areas and the implementation 
of a unidirectional work flow. Ideally, for each specific step of the procedure a 
physically separated area is needed and each of these areas is to be fitted with dedicated 
equipment (EC, 2005; Žel et al., 2006). 

An important factor for testing laboratories is contamination avoidance (EC, 
2005; Žel et al., 2006). It is generally believed that the main contamination sources in a 
GMO testing laboratory are: cross-contamination, aerosols, dust. Precautions should 
apply to rooms, equipment, working methods, personnel. The opportunity of 
contamination to occur will be highly reduced by establishing a unidirectional workflow 
(Žel et al., 2006). Good laboratory practice for contamination avoidance also include: 
changing lab coats every time a separated area is entered; the same applies to gloves; 
using sterile and aerosol resistant tips; routine cleaning and decontamination (before and 
after work) of laboratory working areas and equipment (Žel et al., 2006). An additional 
suggestion for the GMO testing laboratories is to install specific air flow systems for 
key areas (EC, 2005; Žel et al., 2006). The system has the provide positive/negative 
pressure, depending on the situation, in order to keep avoid spreading of contaminants.  

Calibration of equipment, such as pipettes and real-time PCR instruments, is also 
of great importance in order to ensure repeatability and reproducibility of analytical 
methods.  

Another important aspect is monitoring analytical performance over time. Valid 
and reliable measurements depend on the regular use of reference materials (EC, 2005). 
Availability of reference materials is crucial in case of quantitative analysis where it is 
necessary to construct a calibration curve at known GM concentration. Certified 
Reference Materials (CRMs) should be used on a regular basis in order to have a good 
quality assurance system. In Europe CRMs suitable for GMO detection and 
quantification are produced by the JRC Institute for Reference Materials and 
Measurements (IRMM).  

Aside from reference materials, any analytical procedure requires the use of 
suitable controls (EC, 2005; Žel et al., 2006). The types of controls that should be used 
in a GMO analysis can be found in ISO standard 24276. 

A general procedural flowchart for GMO analysis starts with sample preparation, 
followed by the extraction and purification of the analyte (DNA or protein), detection of 
the analyte, interpretation of collected data and reporting of results. 

Sampling is a very important and complex step within the process of GMO 
analysis. However, this task is usually carried out by specialized personnel employed by 
national authorities. Some practical considerations on the sampling process are available 
in EN/TS ISO 21568:2005.  

Prior to DNA isolation some of the samples preparation (e.g. milling, reduction 
of size) is carried out in a dedicated area. The enemy in this specific case is the 
production of dust and precautions to keep this area clean and to avoid contamination 
are crucial at this stage (EC, 2005). The purpose of a proper sample preparation is to 
ensure that the test portion is a homogenous representation of the whole laboratory 
sample. 
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A large variety of DNA extraction and purification methods are available and 
used in GMO analysis: CTAB-based extraction protocols (Somma, 2004), Wizard® 
Magnetic DNA Purification System for Food (Promega), DNeasy Plant Mini Kit and 
QIAamp DNA Stool Mini Kit (Qiagen), MagNA Pure LC DNA Isolation Kit I (Roche) 
etc. These methods differ in terms of principle, ease of use, cost per sample, efficiency 
etc. Each laboratory should select and implement an extraction method according to its 
own needs and resources. General consideration and examples of extraction methods 
for GMO analysis and manual extraction protocols are also provided in EN ISO 
21571:2005. One important consideration is that each unknown sample should be 
extracted at least in duplicate (EC, 2005). Validated methods for DNA extraction are 
also available on the CRL web page (http://gmo-crl.jrc.it/). 

DNA quantification is important in order to assess the characteristics of the 
extracted DNA. It is usually achieved by spectrophotometer measurement or by agarose 
gel electrophoresis. The second method offers indications on the molecular weight of 
extracted DNA. The first option provides information about the concentration and the 
purity of the extract important in determining the LOD and LOQ of analytical methods. 
Examples of methods for DNA quantification can be found in EN ISO 21571:2005, 
Annex B. 

From a technical point of view, PCR and real-time PCR in the filed of GMO 
analysis are covered by ISO 21569 and ISO 21570, respectively. These documents 
provide information on technical aspects of these methods as well as examples of 
analysis methods for screening, taxon, construct and event identification and 
characterization. Validated methods for quantification of different GM events are also 
available on the CRL web-site (http://gmo-crl.jrc.it/). 

In the case of qualitative PCR each extraction should be analyzed in duplicates, 
while for real-time PCR amplifications must be carried out in at least in triplicate 
(European Communities, 2005). For quantitative PCR four to six values are needed to 
construct the standard curve (EN ISO 21571:2005).  

US Environmental Protection Agency also provides guidelines on quality 
assurance and control for laboratories (EPA, 2004). 

Results should be reported according to the precise guidelines detailed in the 
international standards. In case of accredited laboratories, ISO standards 21569 and 
21570 provide the guidelines for correct and comprehensive reporting of results. 
 

CONCLUSIONS 
 

We can summarize that there are three critical factors for ensuring reliable 
analyses: the competence of the operators (ensured by proper training), the 
application of good analytical methods (ensured by the validation process which 
verifies that the method, already optimized can be successfully implemented 
while maintaining its features) and the overall quality of the laboratory (ensured 
by the implementation of a quality system such as accreditation and by regular 
participation to proficiency testing schemes).  

http://gmo-crl.jrc.it/statusofdoss.htm�
http://gmo-crl.jrc.it/statusofdoss.htm�
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There are also some issues that are not yet properly solved or fully 
understood in order to be implemented in routine analysis of GMOs. These 
include: proper sampling of bulk commodities; quantification of stacked events; 
increase of GM events; lack of adequate CRMs for all tested matrices; biological 
diversity of a particular GMO, i.e. zygosity or ploidy; conversion of the 
measurement units; new emerging methods for analysis, such as microarrays or 
other non-DNA-based assays; cost-efficiency of analyses.  
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Abstract. The aim of this paper is to pointing out some possibilities of 
testing and investigating the biodegradation of some natural composite 
structures represented by fir and beech wood test-samples. These have been used 
both in a treated state and untreated on the surface. The treatment has been 
achieved through brushing in both directions. The products used for the 
treatment have been used in different of concentration and they are both of 
organic origin (unmodified and modified straw lignin, furan resin) and 
inorganic origin (copper chloride and copper- ammonia solution). The testing of 
the level of biodegradation and of the level of bio-protection implicitly have been 
achieved in different environments, namely indoors, outdoors, through burying 
them in soil (in the absence of plants) and in soil cultivated with bean plants. 
The consequence of these tests was to establish that the efficiency of the 
treatment applied on the wooden material depending on the kind of the used 
product.  

Rezumat. Lucrarea îşi propune evidenţierea unor posibilităţi de testare 
şi investigare  a biodegradării unor structuri compozite naturale reprezentate de 
epruvete de brad şi fag. Acestea s-au utilizat atât în stare netratată ,cât şi tratate 
la suprafaţă. Tratamentul s-a realizat prin pensulare în dublu sens. Produsele 
pentru tratament s-au utilizat în concentraţii diferite şi sunt atât de natură 
organică: lignina din paie nemodificată/modificată, răşina furanica ,cât şi de 
natură anorganică: clorura cuprică  şi solţtie cuproamoniacală. Testarea 
gradului de biodegradare şi implicit a gradului de bioprotecţie, s-a efectuat în 
medii diferite şi anume: în interior, în exterior, prin îngropare în sol (în absenţa 
plantelor) şi în sol cultivat cu plante de fasole. În urma acestor teste, s-a 
constatat că eficienţa  tratamentului  aplicat pe suprafaţa materialului lemnos 
depinde de natura produsului utilizat.  
 

The composite materials, which are more and more frequently named “the 
materials of the future” belong to the category of the “new materials”, to “the 
advanced or engineer- materials” and they form a primary field which is 
predominantly studied worldwide (9, 16).    

The composite structures have prevailed due to their superior functioning 
compared to the individual materials and due to the possibility of modelling their 
properties according to the field in which they are used 

For this purpose, the wood as a composite material is evaluated both as a 
model structure and in connection with its exploitation in various fields as a 
renewable product and compatible with the environment. Despite all these, in 
some cases the biodegradability of wood can represent a shortcoming and for this 

(11). 
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reason now these are studying various possibilities of bio-stabilization. Having in 
view the toxicity of the classic biocide agents nowadays there can be noticed the 
tendency of obtaining the resistance to the microorganisms attack with regard to the 
systems based on the properties of some natural products such as lignin types and the 
aromatic compounds (1). It is known that wood is commonly degraded by a series of 
biological agents whose action can be increased by the climate factors and by the types 
of environment where it is temporarily kept or after being processed. These natural 
agents of destroying the wood are the most significant through the amplitude of the 
effects on wood (2, 6,11). 

In other words, the composition and the structure of the wood make it 
vulnerable to the attack of some natural destroying factors (damaging factors) both 
biotic (biological) and abiotic, physical and chemical (environment factors, fire). They 
produce specific phenomena of degradation represented by the alteration of the 
physical, mechanical and/or biochemical characteristics of the wood. In order to control, 
and adjust the process of biodegradation of the lignocellulose composite elements there 
have been set various methods of bio-protecting them, using different techniques both 
modern and traditional developed as techniques of preserving wood (chemical change, 
thermal treatment, superficial or depth treatment with resins, polymers and 
polymerizable substances, impregnation with inorganic salts and other compounds, 
inclusions in composite materials (other materials), protection, gluing 

- fir test-pieces having the size (7.5X3.0X1.5) cm and the equilibrium 
relative humidity U1=13.63% and  beech test-pieces having the size 
(8.5X4.3X1.5)cm and the equilibrium relative humidity U1=14.74%; 

(3, 4, 15). 
Wood protection is an extremely complex process which involves a rigorous 

selection of the chemical agents that has to assure the efficiency and the persistence of 
the treatment. The chemical substances used in the treatment of wood can have two or 
more properties at the same time; an example is the case of the insect-fungicide 
substances and of the substances with fireproof action; they can be both organic and 
inorganic (11-13). 

The wood chemical compounds (the polysaccharides and the lignin) are 
characterized by different biological stability. Thus the lignin is the component resistant 
to the action of the microorganisms, whereas the polysaccharides are characterized by a 
reduced stability (5, 6). 
Having in view the natural features of lignin, the present paper presents a comparative 
study of its role in the process of bio-stabilization along with the furan resins and the 
chemical agents such as the copper chloride and the copperammonia solution. 

For this reason the present work has the purpose of approaching two processes 
which are in reciprocal interdependence, the process of biodegradation and that of bio-
protection of the wood respectively. Besides, some methods of testing and investigating 
the biodegradation of some lignocellulose composite materials have been the subjects of 
a previous work (17-19). 
 

MATERIAL AND METHODS 
 

                        The following materials have been used within this study: 
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- unmodified straw lignin from the Granit Recherché Développement 
S.A. company and straw lignin modified through hydroxymetylation (7, 8, 10, 
14).  
- the Biorez furan resin from the Trans Furans Chemicals company 
[14]. 
- copper chloride; 
- tetraminocopper hydroxide(cuproxam); 
- ammonia solution 0.1N. 

Fir and beech test-pieces have undergone surface treatment through brushing in both 
directions with unmodified/modified straw lignin, rendered soluble in ammonia 0.1N 
and furan resin solution 36%,copper solution and cuproxam. The used products have 
been used in solution with the concentrations of 1, 3 and 5%. After the treatment, the 
wooden test-pieces have been dried under air conditions, they have been weighed by 
means of the analytical balance with a precision of 0.01 g and then they have 
undergone various tests of bio-stability through: 

- maintaining them in laboratory conditions; 
- maintaining them in the outdoor environment; 
- burying them 7-8 cm deep in soil in the absence of plants;  
- burying them in soil cultivated with bean plants (the Vera variety), the 
same depth.  

The soil that has been used has the following characteristics: equilibrium relative 
humidity, U=14.40%, pH=7.96, organic carbon contained, C◦=0.1586%, total nitrogen 
content (organic nitrogen and mineral nitrogen), Nt=0.206%. 
The tests were made between June 2006 and March 2007. In parallel with the 
analysis of the mass losses, the contact angle of the treated and untreated wooden 
test-pieces was also determined. This represents a direct action of the process of 
biodegradation. Thus a reduced wetting angle highlights an intense wetting and this 
indicates a high level of biodegradation (17-19).The applied method was according to 
the SR EN 828/2001-L73 standard, and the processing of the data was achieved by 
means of a computational soft. 

RESULTS AND DISCUSSIONS 
Figure 1 presents the values of the wetting angle values for the same type 

of test-pieces, deposited under the conditions of the environment. Though kept 
indoors, the test-pieces are noticed to have a certain level of mass losses. Thus 
there can be registered mass losses and value reductions of the wetting angle, 
which can be attributed to the elimination of some volatile products that could be 
formed under the action of the treatment agents or as a consequence of the 
humidity and temperature variation during storage of the samples. The most 
visible changes can be noticed in the case of the beech wood, probably due to its 
structure characterized by more advanced porosity. 

There can be noticed that the exposure of the wooden plates to an outdoor 
environment determines a reduction of the values of the wetting angle values 
(figure 2) and therefore a increase of the wetting level and of the level of 
biodegradation respectively. The interference of the environment factors (the light 
radiations, the humidity variations) is visible and can mainly produce effects of 
removing the treatment agents without showing any phenomena of microbiologic 
attack. The effects of protection of the studied products follow the same order 
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according to the type of the wood species and of the agent used. The 
concentration of the products tested as biocides has an important role in all the 
experimental variants studied. The mass losses are reduced along with the 
increase of the concentration of the treatment agent. 
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Fig.1 – The wetting angle registered al the contact with the distilled water ( AD)with fir and 

beech test-pieces treated with L1, L1H4, R2, CuCl2
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Fig.2 – The wetting angle registered al the contact with the distilled water ( AD)with fir and 

beech test-pieces treated with L1, L1H4, R2, CuCl2
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Fig.3 – The wetting angle registered al the contact with the distilled water ( AD)with fir and 

beech test-pieces treated with L1, L1H4, R2, CuCl2
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Fig.4 – The wetting angle registered al the contact with the distilled water ( AD)with fir and 
beech test-pieces treated with L1, L1H4, R2, CuCl2, Cuam, burried in soil cultivated with 

bean plants                                             
 
- M-Standard; L1 – unmodified lignin straw; L1H4-modified lignin straw; R2 – 
Biorez resin having the initial humidity of 36 %; 
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          More than that, the action of the soil cultivated with bean plants involves 
the achievement of some synergic effects as a result of the interference with the 
rhizosphere. It is known the fact that the bean plants provide the soil with 
supplementary nitrogen source which can be favorable to the development of 
microorganisms. The comparison of the data presented in figures 3 and 4, 
confirms this hypothesis. Thus, in both cases, it can be noticed that soil burial 
leads to an increase in mass losses and the values of the wetting angle are more 
and more reduced. These effects are more visible when the soil is cultivated with 
bean plants. 

          The important and notable aspects refer to pointing out the bio-protection 
activity of the tested products. Thus it is confirmed that both the unmodified and 
modified lignin and the furan resin offer biological stability to wood. All together 
the copper ions manifest a well-known activity of inhibiting biodegradation. 
When the copper ammonia solution is used a more intense action appears which is 
probably caused by the action of penetrating the wood tissue, and due to complex-
forming functional groups of chemical compounds and wood becomes more 
resistant. The retention of the copper ions by the functional groups of the wood 
components (among which lignin plays a very important role) can explain their 
action irrespective of the interaction of these biocides with the wood (the organic 
ones attach especially to the surface of the wood and the inorganic ones get into 
the interior of the wood).The registered results could be developed subsequently 
in order to improve the biocide effects of the treatments with 
modified/unmodified types of lignin by combining them with copper ions, thus 
opening new was to introduce of some biocide systems compatible with the 
environment. The capacity of forming the mentioned complexes was proved in a 
previous work (13). 

CONCLUSIONS 
The fir and beech wood test-pieces have been treated with 

unmodified/modified types of lignin, furan resins and solutions containing copper ions 
with the view of analyzing and comparing their bio-stabilization effects; 

The studies have been achieved analyzing the wetting angle (as indices of the 
biodegradation level) of the (un) treated samples and stored in various conditions: 
indoors, outdoors, burried in uncultivated soil or soil cultivated with bean plants; 

The experimental data point out the effects of bio-stabilization of the tested 
products which depend on their type and concentration as well as on the wood species; 

The biocide systems based on products obtained from renewable resources (types 
of lignin and furan resins) represent new opportunities of achieving new treatments of 
bio-stabilization compatible with the environment. More than that, another possibility is 
that of obtaining environmental effects by using products of natural origin along with 
the copper ions, direction which will be further developed. 
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2

Through its definition, the term “composite” is attributed to a complex 
system, made of several materials of various types. The lignocellulose materials 
are mainly made of cellulose, lignin and hemicelluloses, natural polymers that 
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“Ion Ionescu de la Brad”Iasi  

 

Abstract. This work has the purpose of highlighting some possibilities of 
testing the quality of some biocide systems on the basis of natural products with 
applications in the protection of the lignocellulose materials represented by test 
pieces made of fir and beech wood. These have been used both in their 
untreated state and treated on their surface through brushing both ways. The 
products tested for the treatment have been used in various types of 
concentration and they are both of organic origin (unmodified/modified straw 
lignin, furan resin) and inorganic origin (copper chloride and tetraminocopper 
hydroxide). Testing the bio-protection and implicitly the biodegradation level 
has been carried out in several versions, chosen according to the classes of 
standard biological risk concerning the biological attack. The evaluation of the 
quality of the studied biocide systems has been achieved by analyzing the 
resistance of the wooden products studied to the attack of some biological 
agents). As a result of these tests, it was noticed that the efficiency of the 
treatment applied on the wooden material depends on the nature of the product 
used. 

Rezumat. Lucrarea îşi propune evidenţierea unor posibilităţi de testare a 
calităţii unor sisteme de biocizi pe bază de produse naturale cu aplicaţii în 
protecţia materialelor celoligninice, reprezentate de epruvete de lemn de brad 
şi fag. Acestea s-au utilizat atât în stare netratată cât şi tratate la suprafaţă 
prin pensulare în dublu sens. Produsele testate pentru tratament s-au utilizat în 
concentraţii diferite şi sunt atât de natura organică: lignina din paie 
nemodificată/modificată,răşina furanică, cât şi de natură anorganică: clorură 
cuprică şi hidroxid tetraaminocupric. Testarea gradului de bioprotecţie şi 
implicit a celui de biodegradare s-a analizat în mai multe variante, alese în 
funcţie de clasele de risc biologic standard privind atacul biologic. Aprecierea 
calităţii sistemelor biocide luate în lucru s-a realizat prin analiza rezistenţei 
produselor de lemn studiate la atacul unor agenţi biologici. În urma acestor 
teste, s-a constatat că eficienţa tratamentului aplicat pe suprafaţa materialului 
lemnos depinde de natura produsului utilizat. 
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represent more reactive groups capable of taking part in reactions of modification. 
The research that has been made across the years point out the fact that 
lignocellulose can be modified by means of microorganisms and of the enzymatic 
systems involved in biodegradation (15). 

 The composite structures imposed themselves thanks to the superior 
performances towards individual materials and the possibility of modeling the 
properties according to the domain of use (1). To this purpose, the wood as 
composite material is assessed both as a model structure and under the aspect of 
its use in various domains as a regenerating, recyclable and ecological product 
(compatible with the environment). Wood is a composite biological material and 
thus it is inevitably exposed to deterioration, in some cases its biodegradability 
being a shortcoming and for this reason they are studying various possibilities of 
bio-stability are being studied at the moment.  

In order to control and adjust the biodegradation process of the 
lignocellulose composites, various bio-protection methods have been prepared for 
them , using various modern and traditional techniques, actually developed as 
techniques of “preserving” the wood (chemical modification, chemical treatment, 
surface treatment or in-depth treatment with resins, polymers and polymerizable 
substances, impregnation with salt and other substances, inclusion in composite 
materials (other materials), protection, gluing) (2, 8, 14, 23, 24). 

Having in view the toxicity of the classic biocide agents, there can be 
noticed nowadays the tendency of obtaining resistance to the attack of 
microorganisms with regard to systems based on the properties of some natural 
products, such as for example lignins and the aromatic products (10,13).  

The chemical compounds of wood (polysaccharides and lignin) can be 
characterized by different biological stability. Thus, among these, lignin is the 
material which is resistant to the action of microorganisms, whereas 
polysaccharides are characterized by reduced stability (16). Having in view the 
natural characteristics of lignin, the present work carries out a comparative study 
of the influence that lignin shows in the process of bio stability, along with the 
furan resins and chemical agents such as the copper chloride and the 
tetraminocopper hydroxide (cuproxam) For this reason the present work intends 
to adopt two processes that are in interdependent reciprocity, the process of bio 
protection and that of bio degradation of the lignocellulose materials respectively. 
More than that, some methods of testing and investigating the bio degradation of 
some composite lignocellulose materials have formed the subjet of some previous 
studies. (23, 24). 
 

MATERIAL AND METHODS 
 

 For this study the following materials have been used: 

- test pieces made of fir wood having the size 7,5X3,0x1,5) cm and the 
equilibrium relative humidity Ur=13,63% and test pieces made of beech wood 
having the size (8,5x4,3x1,5) cm and the equilibrium relative humidity 
Ur=14,74%; 
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- unmodified straw lignin coming from the company Granit Recherche 
developppement and straw lignin modified through hydroximetilation

- Biorez furan resin coming from the company Trans Furans Chemicals 36%; 

 (3,17,19, 
23) (table 1); 

- Copper chloride; 
- Tetraminocopper hydroxide (cuproxam) 
- Ammonia solution 0,1 N 

Table 1. 
The characteristics of the unmodified (L1) and modified (L1H4) straw lignin  

 
Characteristics L Characteristics 1 L1H4 

Relative humidity,% 5.00 Relative humidity,% 5.85 

Ash,% 2.30 
 

Ash,% 0.64 
 

pH in suspension 2.70 pH in suspension 3.50 

p-OH 1.70 Rap. OH Al/OH Ar 
A 2930/A1510 

0.84 

Carboxyl groups 3.80 Carbonyl groups 0.73 
Manganese,% 0.7 Rap.CH2O/L1 

(W/W) 
0.2583 

Nitrogen,% 1 Phenol  OH  
A 1345/A1510 

0.69 

Uronic acid,%  0 alcohol OH 
(moles/C9) 

0.30 

Solubility in acids, % 1 total OH  
(moles/C9) 

0.99 

 

The fir and beech  test pieces have undergone the surface treatment trough 
brushing both ways (in the direction of fibers, perpendicularly (transversally) on these 
and in the end again in the direction of fibers with unmodified/modified straw lignin, 
rendered soluble in ammonia 0,1 N and with furan resin solution 36%, copper chloride 
and cuproxam. The biocides have been used with the following concentration values: 
1, 3 and 5 %. The impregnation of the wood test-pieces was carried out in a period of 
time between 5-10 minutes, after which these were dried under air atmosphere and 
room temperature conditions for 24 hours. After achieving these operations, the 
composites have undergone different bio stability tests, taking into account the 
classes of risk concerning the biological attack on the bio test of wood. The treated fir 
and beech test-pieces were placed on the soil surface under natural conditions in a 
stationary unit from the farm “Vasile Adamachi” from USAMV, Iasi. The stationary unit 
is placed near an area covered with woody vegetation, in order to obtain the optimal 
conditions for natural infections. The observations have been done every 14 days, 
collecting the material on which the emersion of the degradation areas could be 
noticed. The materials have been transported to the laboratory in sterile bags, and 
there they have undergone the mycetological test. 

In order to determine correctly the micromycetes that attach to the wood, the 
fieldwork samples have been brought to the laboratory and after they have been put in 
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Petri containers on humid filter paper, they have undergone the thermostatation.  After 
the attachment of the micromycetes has been noticed, these have been mashed on 
the agar medium Czapek, medium where the micromycetes have to develop in order 
to determine correctly the genus and species referred to.   

 
RESULTS AND DISCUSSIONS 

 
As a result of the samples analysis, the appearance of the following 

micromycetes has been noticed: 

PENICILLIUM BREVI-COMPACTUM-Dierckx in Soc. Scien. Brux. XXV, 
p.88 (1901); Thom, The Penicllia, p.295-296 (1930); J.Gilman, A Manual of Soil 
Fungi, p.255 (1957); Raper and Thom, p.407-409, fig. 106,107(1968); Domsch end 
Gams, Pilze aus Agrarböden, p.98 (1970) 

The fungus can be found on Fagus silvatica L. wood treated with CuCl2, Cuam 
and resins, which is a new host in Romania for these mycetes.  

PENICILLIUM FUNICULOSUM- Syn.: Penicillium pinophilum Hedgcock.- 
Thom, U.S. Dept. Agr.,Bur. Anim. Ind., Bul. 118, p.69, fig.27(1910);Thom, The 
Penicllia, p.464-465, fig.77(1930); Gilman, A Manual of Soil Fungi, p.280(1957); 
Raper, Thom and Dorothy Fennell, A Manual of Penicillia, p.616, fig.616, fig. 
159(1968). 

The colony of the micromycete on Abies alba Mill wood treated with CuCl2 and 
Cuam, resin and modified lignin is hairy, green with numerous hyaline conidiophores, 
with smooth walls, typically bivertical, of 100-300 μm. Gilman mentions it from 
different American states and in Romania it is mentioned by Misirliu Elibabeta et 
collab. , from Alpine soils 1964, On paper by Ana Hulea, Piticas Gh 1970, Papacostea 
P. and collab., from  the podsol soils in the Apuseni Mountains-1076 and by Iacob 
Viorica from The soil of vegetable greenhouses in 2003. In Romania, Abies alba Mill. is 
a new host for this mycete.  

 ALTERNARIA GEOPHILA- Daszewska, Etudé sur la désagrégation de la 
cellulose dans la terre de bruyére et la turbe, Bul. Soc. Bot. Geneva II, 4 p. 294(1912); 
Gilman, A Manual of Soil Fungi, p. 348(1957). 

The fungus can develop on Fagus Silvatica L. wood treated with CuCl2

STACHYBOTRYS ALTERNANS - Bonorden, Handb., p.117(1851); Sacc., Fungi 
ital.,del., tab. 898 et Syll. Fung., IV, p.269(1886); Lindau, Rab., Kr. Fl. (Ed. II) VIII, 
p.628(1910); Migula, Kr. Fl. Bd. III,  Pilze 4 Teil, 2 Ab., p. 236, taf. CXXVII, fig. 3-5 
(1934); Gilman, A Manual of Soil Fungi, p. 321 (1957). The Fagus silvatica L. wood 
treated with Cu Cl

, placed 
on the surface of the soil for several months under ordinary climatic conditions. Gilman 
mentions the fungus from the Swiss and Egyptian soils. The Alternaria geophila Dasz 
fungus is new in Romania on the Fagus silvatica L wood, which seems to be a good 
host.  

2, lignins and furan resins placed on soil for several months is 
invaded by the mycelium of the blackish-brown fungus. Gilmann mentions the fungus 
in the USA and Puerto Rico soils. In Romania it was found in soil as saprophyte fungus 
by E. Docea and G Melica in 1953, Revolceanu and I Alteras in 1958, 1959, 1960, by 
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C. Sandu-Ville- on cotton-wadding in 1961, by Th. Chifu – in soil in 1971 and by 
Viorica Iacob in 1991 on Vitis vinifera L. In Romania Fagus silvatica L. is a new host of 
this micromycete. 

 CHAETOMIUM FUNICOLA - Cooke, Britsh Fungi, p. 176(1873); Cooke W.B. 
and Shaw C.G.,Western Fungi, III, Mycol. XXXII/9, p.512(1952);  Gilman, A Manual 
of Soil Fungi, p. 177, Plate III,(1957); C.Sandu-Ville, Ciuperci Pyrenomycetes - 
Sphaeriales din România, p.228(1971). 

The Fagus silvatica L. treated with resins and copper solutions placed on soil for 
several months presents little black dots represented by the fungus top. Gilman 
mentions the micromycete in the Canadian, Californian and German soils and in 
Romania, C. Sandu-Ville mentions its appearance on wheat in 1969 and in 1971, and E. 
Ulea mentions it in 1991 on vine.  

HUMICOLA GRISEA - Syn.: Monotospora daleae Mason- Traaen, Nyt. Mag. 
Naturvid., 52, p 34 (1914); Gilman, A Manual of Soil fungi, p. 326 (1957); Ellis, 
Dematiaceous Hyphomycetes, p. 60, Fig. 29. B (1971). 

The micromycete develops on the surface of the Fagus Silvatica L. wood treated 
with lignins and resins and on Abies alba wood treated with cu CuCl2 solution colonies, 
white at the beginning then, in grey nuances. It is mentiones in the soils of England 
(after Gilman) and in Romania it was signaled by Viorica Iacob in 1973 on vegetal 
remains on the wheat and corn monocultures, and  by Ioachimescu - Dinulescu 
Marilena in 1978, as a degradation factor for the wood in mines. The beech and the fir 
tree are new hosts for this micromycete in Romania.  

 FUSIDIUM VIRIDE- Grove, Journ of Bot.,1955, p.164 (18545); Sacc. Syll. 
Fung. IV, p. 261(1886); Gilman, A manual of Soil Fungi, p. 207(1957). 

The isolated fungus on Abies alba Mill.wood treated with modified and 
unmodified lignin forms on the Czapek agar medium a very fine filamentous thallus 
from where the conidiophores can be destroyed with difficulty.  

Also a FUSARIUM species from the fir wood was isolated on the Czapek agar 
medium [4-7, 9, 11, 18, 20]. 

CONCLUSIONS 
The fir and beech test pieces have undergone the attack of some fungi 

responsible for the process of degradation of the lignocellulose materials. The 
samples treated were visually and microscopically examined in order to establish 
the level of development of the fungus mycelium. It was noticed that the fungi 
species which develops on the lignocellulose material depends on the nature of 
the chemical substance and its concentration when used. 

As a consequence of the studies made, it has been noticed that on the Fagus 
silvatica L. and Abies alba Mill has types of micromycetes have appeared, among 
which the Alternaria geophila Dasz. is new for the Romanian microflora, and for 
the other micromycetes described , the beech and the fir tree are new hosts for our 
country. More micromycetes have been found on the beech test pieces than on the 
fir ones. 
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The results obtained could be subsequently developed for the improvement 
of the biocide effects of the treatments with modified/unmodified lignin, thus 
opening the way, through the modification with copper ions, toward the 
introduction of biocide systems compatible with the environment. 
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Mesoporous synthetic clays (MSCs) are derived from layered structures 
(heterostructures of porous clays). A series of mesoporous synthetic organo-clay 
complexes has been prepared by hydrothermal crystalization of gels containing 
silica, magnesium hydroxide, lithium fluoride, and an organic of choice, followed 
by calcination to remove the organics. Layered double hydroxides (LDHs) or the 
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Abstract. Layered double hydroxides (LDHs) or the so-called anionic clays 
are the analogue of the extensively studied family of cationic smectite clay 
minerals, a group of minerals which tend to fill out when they are inserted into 
water (bentonite includes minerals from smectite group). The anionic clays 
exhibit anion sorption, anion diffusion and exchange properties together with 
surface basicity making them materials of importance for many modern 
applications. These anionic clays are useful in agriculture due their physical and 
chemical properties, which decrease the pollution effects, in order to obtain 
organic products. In this work, a preliminary test concerning the effects of some 
anionic class on tomato plant growth is presented. Seeds of tomato (Lycopersicon 
esculentum) were put into Petri dishes on double filter paper together with 
suspensions from some anionic clay and they were kept here for 6 days. The 
dynamic of germination and the growth has been monitorized during the first 
phenophase of growth. Our results showed that the anionic clays could modify 
the plant growth.  

 
Rezumat. Argilele anionice (LDH) sunt analogii unei familii intens studiate 

de argile minerale cationice, smectitele, un grup de argile minerale care tind să 
se umfle când sunt introduse în apă (bentonita include minerale din grupul 
smectite). Argilele anionice prezintă proprietăţi de sorbţie a anionilor, de difuzie 
a anionilor şi de schimb şi datorită bazicităţii superficiale sunt materiale cu 
importanţă şi aplicaţii în domenii moderne. Aceste argile anionice sunt materiale 
care pot fi folosite in agricultură datorită proprietăţilor fizice şi chimice, care 
permit micşorarea efectelor poluarii, cu scopul obţinerii unor produse agricole 
ecologice. In această lucrare este prezentat un test preliminat privind efectele 
unor argile anionice în creşterea plantelor de tomate. Seminţele de tomate 
(Lycopersicon esculentum) au fost puse în sticle Petri cu hârtie de filtru şi 
suspensia de argilă şi au fost  ţinute aici timp de 6 zile. A fost monitorizată 
dinamica germinaţiei şi creşterea plantelor în timpul primelor fenofaze. 
Rezultatele noastre arată că argilele anionice pot modifica dezvoltarea plantelor. 

 
INTRODUCTION 
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so-called anionic clays are the analogue of the extensively studied family of 
cationic smectite clay minerals, a group of minerals which tend to fill out when 
they are inserted into water (bentonite includes minerals from smectite group). 
The anionic clays exhibit anion sorption, anion diffusion and exchange properties 
together with surface basicity making them materials of importance for many 
modern applications (1), (2), (3), (10). Recent reports on the advantages of 
mesoporous materials as drug delivery vehicles have imposed research in novel 
applications and several materials with this purpose have been reported (7). The 
potential of mesoporous materials to improve the permeability of large 
hydrophilic drug substances has also been explored. Due their capacity of ion 
exchangers, anionic clays have been used to remove the toxic compounds from 
water as arsenite (9). M. Lakraimi and coworkers (4) studied the ion exchange 
from the molecule of pesticide 2.4-dichlorophe- noxyacetate (2.4D), the paraquat 
by the anionic clay [Zn-Al-Cl] using X rays and IR spectroscopy.  

There is also an increasing amount of research on the effects of 
nanomaterials on plant growth. Limited studies reported both positive and 
negative effects of nanoparticles on higher plants. It was pointed out that some 
nanoparticles enhance the abilities of absorbing and utilizing water and fertilizer 
and apparently hasten its germination and growth. On the other hand, the toxicity 
of nanoparticles may be attributed to two different actions a) a chemical toxicity 
based on the chemical composition, e.g., release of (toxic) ions; and (b) stress or 
stimuli caused by the surface, size and/or shape of the particles (5). However, 
there are still many unresolved issues and challenges concerning the biological 
effects of nanoparticles. 

In this paper, the comparative effects of some anionic clay on germination 
rate, root elongation, growth of Lycopersicum esculentum were analyzed. 
Germination rate and root elongation, as a rapid phytotoxicity test method, 
possess several advantages, such as sensitivity, simplicity, low cost and suitability 
for unstable chemicals or samples. These advantages made them suitable for 
developing a large-scale phytotoxicity database and to study mechanisms of 
phytotoxicity (8).  
 

MATERIAL AND METHODS 
 

To study the effect of anionic clays on plant growth, four clays have been 
prepared and we sorted the following variants: 

1. control  
2. MgFeLDH (Mg Fe Layer Double Hydroxide) (301); 
3. MgAlLDH+Fe3O4
4. ZnAlLDH (401); 

 (303); 

5. MgAl LDH (405); 
50 seeds of tomatoes were put into Petri dishes on double filter paper together 

with 5 mL treatment solution (a suspension that contains 0.4g of clay and 40mL 
bidistilled water). Here the seeds were kept in dark and at optimal temperature (20-
230C) for a week. Every day we poured bidistilled water for control and treatment 
solution for the other variants to determine seed germination. After that the 



 89 

germinated seed were planted in the greenhause where they developed in optimal 
conditions. The soil was prepared from celery soil in proportion of ¾ and red peat 
(produced by Kekkilä Ozi from Tuusula, Finland) in proportion of ¼. After 12 days the 
tomato plants were pricked out in pots and here they continue to growth.   

RESULTS AND DISCUSSIONS 
 

In figure 1 the seed germination is presented. 

 
Fig.1 – Tomato seed germination after 6 days after mesoporous clay treatments 

 
 Figure 2 shows the tomato seed germination dynamics after 7 days and figure 3 
the root dimension after 7 days 
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Fig.2 – Tomato seed germination dynamics after mesoporous clay treatments 
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Fig.4 – Tomato root dimension e after 7 days of mesoporous clay treatments. Error bars 

are confidence intervals (n=50) 
 

From figure 4 we can see that the errors bars don’t overlap for 303, 401 
and 405 variants; this means a highly significant difference exist between these 
variants (6). The strongest increase of the plant roots has been observed for the 
seeds treated with clay from variant 303 (almost twice as much as control). 

Figure 5 shows the results of the measurements for the height of tomato 
plants after 9 weeks  
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Fig.5 – The height of tomato plant s, 9 weeks after planting 
 

Figure 5 shows that the highest plants are whose treated with MgAl LDH (variant 
405), but there are no highly significant difference between variants. 
 We also monitorized the tomato growth as a function of quantity of clay 
used in treatments. In this case, 100 seeds of tomatoes were putted into Petri 
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dishes on double filter paper together with 10 mL treatment solutions containing 
MgAlLDH (suspensions that contains 0.5g of clay and 50mL bidistilled water 
(C1) and 1g of clay and 20ml bidistilled water (C2)). After 6 days, the seed 
germination is presented in figure 6 and the germination rate in figure 7. 

 
Fig.6 – Tomato seed germination dynamics after clay treatment  
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Fig.7 –Germination rate after clay treatment  

 
Figures 6 and 7 show that anionic clays could produce an inhibition of 

growth and this inhibition depends on quantity of clay used in treatment.  
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CONCLUSIONS 
 

The mesoporous clays are useful in agriculture due their physical and 
chemical properties, which could decrease the pollution effects, in order to obtain 
organic products.  

The best anionic clay from point of view of root growth was the variant 
303, variant containing Mg and magnetite; the variant 405, containing Mg, 
contributes to improve the plant growth, Mg being an essential element in plant 
nutrition.    

The inhibition of germination and growth, when a greater quantity of clay 
has been used in the treatment, is probably due to the stress caused by the size and 
the number of the particles from suspension. 
 

REFERENCES 
 

1. Auerbach S. M., Carrado K. A., Dutta P. K., 2004 - Handbook of Layered Materials, 
261-311, New York  

2. Carrado K.A.; Marshall C.L.; Brenner J.R.; Song K., 1998 - Materials with controlled 
mesoporosity derived from synthetic polyvinylpyrrolidone-clay composites, 
Microporous and Mesoporous Materials, 20(1-3), 17-26 

3. Kloprogge J. T., Komarneni S., Amonette J. E., 1999 - Synthesis of smectite clay 
minerals: a critical review, Clays and Clay Minerals, 47(5), 529-55 

4. Lakraimi M., Legrouri A., Barroug A., De Roy A., Besse J-P., 1999 - Removal of 
Pesticides from Water by Anionic Clays, J. Chim. Phys., 96 (3),  470-478 

5. Lin D., B., 2007 - Phytotoxicity of nanoparticles: Inhibition of seed germination and root 
growth, Environmental Pollution, 150(2), 243-250 

6. Oancea S., 2007 - Ghid de prelucrare rapidă a datelor experimentale, Editura 
Performantica, Iasi 

7. Salonen J., Laitinen L., Kaukonen A.M., Tuura J., Björkqvist M., Heikkilä T., Vähä-
Heikkilä K, Hirvonen J. , Lehto V.-P., 2005 - Mesoporous silicon microparticles for 
oral drug delivery:Loading and release of five model drugs, Journal of Controlled 
Release 108, 362– 374 

8. Wang X., Sun C.,  Gao S., Wang L., Shuokui H., 2001 - Validation of germination rate 
and root elongation as indicator to assess phytotoxicity with Cucumis sativus, 
Chemosphere, 44(8), 1711-1721 

9. You Y.W., Zhao H.T., Vance G.F., 2001 - Removal of arsenite from aqueous solutions 
by anionic clays. Environ Technol, 22(12), 1447-1457 

10. Zhang J., Zhang F., Ren L., Evans D.G., Duan X., 2004 - Synthesis of layered double 
hydroxide anionic clays intercalated by carboxylate anions, Materials Chemistry and 
Physics, 85, 207-214  

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V74-43RD33D-7&_user=6260515&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000068109&_version=1&_urlVersion=0&_userid=6260515&md5=4801f13c143575901911de04fe7f6bbf#vt1#vt1�


 93 

HYDRODYNAMICS OF SOIL WATER-THEORETICAL 
APPROACH 

 
HIDRODINAMICA APEI IN SOL-ABORDARE TEORETICA 

 
MATEI FLORICA, IOANA POP, LIANA STANA, MARIA MICULA 

USAMV Cluj-Napoca, Faculty of Horticulture, 
Dept. of Mathematics and Computer Science 

 
Abstract. The variable amount of water contained in a unit of mass or 

volume of soil is an important factor affecting the growth of plants. In this 
paper we will study the hydrodynamics of soil water considering the 
macroscopic and saturated characterization of the soil. 

 
Rezumat. Cantitatea de apa continuta in sol este un factor important 

care afecteaza cresterea plantelor. In aceasta lucrare ne propunem sa studiem 
hidrodinamica apei in sol folosind caracterizarea macroscopica a solului. 

 
Soil is an important reservoir of fresh water. Soil transforms 

noncontinuous rainfall or snow into a continuous flow of water to the roots of the 
plants. The retention capacity of soil able to sequester rain water is 
approximatively equal to the capacity of all lakes. Transport of water and soluble 
materials occurring naturally or anthropogenically and is linked to hydrologic 
process. Water is important for plant function; constituents within soil are 
mobilized and transported as a result of precipitation or irrigation. Other role 
played by water is to transport agents for chemicals pollution. The distance and 
rate of their motion on and bellow the soil surface depends of hydrological events. 
The quality of continental water resources in space and time is greatly influenced 
by soil hydrology.   

For all process described above is very important to have mathematical 
models that can describe these processes [4].  For the mathematical model is 
necessary to find some reasonable assumption about the soil system and water 
flow.  

If the system is in equilibrium no flow will occur. If we do not have 
equilibrium the flow will occur from region of high to low hydraulic head. If we 
assume that soil system is at macroscopic scale and saturated the primary flow 
equation is the Darcy’s equation. When Darcy’s equation is combined with 
conservation mass the result is the continuity equation. The continuity equation 
can have several different form; these forms are generically known as soil water 
flow equations [5].  

If we assume that soil is an unsaturated system we use the Richards 
equation.  

In this note we work with soil system at macroscopic scale and saturated 
conditions. 
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BERNOULLI AND POISEUILLE EQUATIONS 

 
In order to understand Darcy’s equation we start with classical relationships 

from fluid dynamics the Bernoulli and Poiseuille laws.  
Bernoulli equation relates the total potential for ideal fluids (non-viscous fluid), 

which is one that is incompressible and which exhibits steady and irrotational flow. 
 
 
 
 
 
 
 

 
 
 
 

Figure 1 Position and head along the streamline 
 

 If p, z, v  represent pressure elevation and velocity at points S1 and S2, the 
sum of gravitational, pressure and inertial energy at positions S1 and S2
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 For real fluids viscosity produce a loss of energy that must be overcome. For 
most problems of interests in soil the velocity head will be negligible compared with 
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where 12 HHH −=∆ ,  H1, H2 are hydraulic heads. If the flow is from S1 to S2 then 
H1 is greater than H2
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 and ΔH become negative. Relation (2) will be used for porous 
media flow. 
 Poiseuille’s laws relates flow rate to the loss of energy in a horizontal tube.  

     (3) 

where 
Q represents discharge rate (m3/s), 

 R represents radius of tube, 
 η represents viscosity (kgm-1s-1), 
 Δp represents pressure gradient along tube. 
Negative sign means that fluid flow from higher to lower pressure and Q is positive for 
flow in the horizontal x direction. 
 Flux density represents flow per unit area and is denoted by JW. Relation (3) 
becomes  

 
                                                                  S2 

                                                                 x     
                                                                   H2, p2, z2, v2 
 
 
        
           S1 
           x      H1, p1, z1, v1 
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x
hKJW ∆

∆
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where 
η

ρ
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2
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h
∆
∆

 is proportional to the pressure head gradient  and 

Jw is inversely proportional to the viscosity. 
 

DARCY’S EQUATION 
 

In 1859 Darcy experimentally demonstrated for columns of sand a linear 
relationship between the flux density Jw

HKJ sw ∇−=

 and hydraulic gradient, the Darcy’s 
equation for saturated flow is  

      (5) 
Equation (5) shows that the flux density is proportional to the driving force of 

the water flow which is the gradient of the potential. In the literature Jw is also called 
Darcian velocity [L·T-1]. The negative sign in equation (5) means that the water flows in 
the direction of the decreasing potential. The constant value Ks depends upon the nature 
of the soil and is numerically equal with flow rate when the hydraulic gradient is unity.  

The values of Ks are between 0.1cm·day-1(10-8 ms-1) and 102cm·day-1(10-5 ms-

1).  
Poisseuille equation (4) and Darcy equation (5) seem to be the same but they 

are not. Darcy equation is an empirical equations and it is expressed in volume of flow 
per unit area per unit time. Other assumption used is that of isotropic medium, 
otherwise the hydraulic conductivity value depends on the flow direction.  

It is important to know when we can use the Darcy equation. For a high or low 
gradient the Darcy equation does not work. For high velocities Jw 

η
ρdJR W

e
||

=

becomes nonlinear 
respects with hydraulic gradient because of turbulent flow.  

A mathematical criterion to distinguish laminar flow by turbulent flow is given 
by Reynolds numbers: 

     (6) 

Where d is the effective pore diameter. For Re

If we study the soil system at microscopic scale the flow in each individual 
pore is considered and for each defined continuous pores the Navier – Stokes equations 
apply. For the solution we do not have detailed description of the geometrical 
characterization of individual pores to obtain a solution for the representative 

<1 laminar condition are expected. 
In all soils other than sand d is not completely determined so is very difficult to 
determine the Reynolds number and there are used other criterions. 
 

CONCLUSIONS 
 

In this section we discuss some aspects regarding the applicability of Darcy 
equation. 
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elementary volume. Even if we find these geometrical details the voluminous 
calculations will be necessary even for a small representative elementary volume.  

The macroscopic approach of water transport relates with the entire cross 
section of the soil with the condition of representative elementary volume is 
satisfactory. Water does not flow through entire macroscopic area, it flows only in the 
area not occupied by the soil phase and by the air phase; in that case we deal with 
unsaturated soils.  

We have assumed that we have a saturated with water, inert rigid soil. Water is 
flowing through all pores of the soil under a positive pressure head. In fields this 
situation is rarely find. Usually it is quasi – saturated with the soil water content 

mPW =θ  where ]95.0,85.0[∈m at 0≥H and P is the porosity. The air occupies 
)1( mP −  volume and it is not considered. 
Laminar flow prevails only at relatively low flow velocities and narrow tube. 

Conveniently laminar flow is the rule rather than the exception in most water flow 
process taking place in soil because of the narrowness of soil pores [1]. 

In order to solve equation (5) we have to measure saturated hydraulic 
conductivity, that is one of the principal soil characteristics and for it determination only 
direct measurements are appropriate [2]. 

The Darcy’s equation may be extended to the layered soils system for cases 
when the flow is parallel, perpendicular or is an angle less than 90º with the layer. 

In the scientific literature deviations from the Darcy equation was observed 
within pure clay having very large specific surfaces (e. g. 102 m2·g-1

• Clay particles shift and the clay paste consolidate due to the imposed 
hydraulic gradient and the flow of water. 

). The reasons for 
this behavior are: 

• Viscosity of water close to the clay surface is different than that of 
bulk water or that in the center of the larger soil pores.  

• The coupling of the transfer of water, heat and solute. 
Other case when the Darcy’s equation does not work was discussed in [3] for 

losses. 
With all this difficulties emphasized in this note Darcy’s equation is either 

exact or at least a very good approximation for soil water hydrodynamics.  
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Abstract. The effects of zinc toxicity on the growth and the photosynthetic 

activities of tomato plants were studied using treatment solution of 5% 
concentration from ZnSO4*7H2O and Zn (ac)* 2 H2O salts. The seeds of tomato 
(Lycopersicon esculentum) were put into Petri dishes on double filter paper 
together with their treatment solution and they were kept here for 6 days. After 
that they were planted in pots in the Biophysics Laboratory where they 
developed in low conditions of temperature (16-200C). The dynamic of 
germination and the growth were monitorized and the pigment content 
(Chlorophyll A, Chlorophyll B and Carotenoids), which is essential for the 
photosynthetic apparatus, was analyzed spectrophotometrically with SPECORD 
200. Our measurements showed an inhibitory effect only for Zn (ac)* 2 H2O 
treatment. This means that Zn has not a fitotoxic effect on tomato plant growth 
in contradiction with other authors’ results which suggest that zinc excess 
involves the stomata closing, the increase of CO2 concentration in the leaves, 
the inhibition of certain enzyme of the Calvin cycle, a degradation of 
photosystem and the chlorophyll decomposition. 

 
Rezumat. In această lucrare au fost studiate efectele de toxicitate ale 

zincului asupra creşterii şi a fenomenului de fotosinteză la plantele de tomate 
folosind solutii de tratament cu concentraţia  de 5%  ale sărurilor ZnSO4*7H2O 
şi Zn (ac)* 2 H2O. Seminţele de tomate (Lycopersicon esculentum) au fost puse 
în sticle Petri cu hârtie de filtru şi soluţia de tratament unde au fost ţinute timp 
de 6 zile. Apoi seminţele au fost plantate în ghivece la laboratorul de Biofizică 
unde s-au dezvoltat în condiţii de temperatură joasă (18-200C). A fost 
monitorizată dinamica germinaţiei şi creşterea plantelor şi a fost analizat 
conţinutul de pigmenţi (clorofila a, clorofila b şi carotenoizi), care este esenţial 
pentru aparatul fotosintetic, folosind un spectrofotometru SPECORD 200. 
Măsurătorile noastre arată un efect inhibitoriu numai pentru soluţia ce conţine 
Zn (ac)* 2 H2O. Aceasta înseamnă că Zn nu are un efect toxic asupra creşterii 
plantelor de tomate, în contradicţie cu rezultatele altor autori care sugerează că 
excesul de Zn implică închiderea stomatelor, creşterea concentraţiei de CO2 din 
frunze, inhibiţia anumitor enzime ale ciclului Calvin, degradarea sistemului 
fotosintetic şi descompunerea clorofilei. 

 
 
 
 
 



 98 

INTRODUCTION 
Many authors examined the inhibitory effect of heavy metal compounds on 

growth and the performance of photosynthetic apparatus of plants. There are two 
aspects on the interaction of plants and heavy metals: (i) heavy metals show 
negative effects on plants, and (ii) plants have their own resistance mechanisms 
against toxic effects and for detoxifying heavy metal pollution. Many studies 
report that heavy metals affected germination percentage, root and shoot lengths 
and root and shoot dry matter, that heavy metals inhibit pollen germination, 
pollen tube growth and seed germination, causing ultra-structural changes (2),(3).  

The effect of heavy metal Zn on plant growth is controversial. 
Zn toxicity on soybean (Glycine max (L.) Merr.) is reported by Tracy Shyte 

and Sheila Macfie (7). The authors showed that the highest dose of zinc 
(2000 mg/kg) reduced plant height to 55% of control and dry weight to 70% of 
control. Concentrations of both metals were highest in root tissues (10-fold higher 
for cadmium, and up to 2-fold higher for zinc). The effects of high doses of one 
metal on the uptake of the other metal can be partially explained by the effects of 
one metal on the bioavailability of the other metal. 

Rout and Das also have reported zinc toxicity (6). Author’s studies 
concerning the physiology and biochemistry with regard to zinc zinc toxicity, 
uptake and transport of zinc showed that the major change was seen in the 
nucleus. The chromatin material was highly condensed and some of the cortical 
cells showed disruption and dilation of nuclear membrane. The cytoplasm became 
structureless, disintegration of cell organelles and the development of vacuoles 
were also observed; the number of nucleoli also increased in response to zinc.  

On the other hand, the Zn effect is considerable on pollen during flowering 
(5). A deficit of Zn reduced the size of anthers, the pollen producing capacity and 
the size and viability of the pollen grains. Increasing the Zn supply from deficient 
to sufficient at the initiation of flowering decreased the severity of Zn deficiency 
effects on pollen and stigma morphology, pollen fertility and seed yield. 
Structural and functional changes induced in pollen grains and stigma of Zn 
deficient plants and associated decrease in seed setting of lentil indicate a critical 
requirement of Zn for pollen function. 
 

MATERIAL AND METHODS 
 

The seeds of tomatoes (Lycopersicon esculentum), were put into Petri dishes on 
double filter paper together with their treatment solution of 5% concentration from 
ZnSO4*7H2O and Zn(CH3COO)2 and they were kept here for a week. Germinated 
seeds were planted in pots at the Biophysics Laboratory where they developed in low 
conditions of temperature (16-200

1. untreated plants 
C). Then we sorted the following variants:  

2. treatment with ZnSO4*7H2
3. treatment with Zn(ac)

O 

After 6 weeks the biometric measurements and pigment analysis have been 
performed.  

2 
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RESULTS AND DISCUSSIONS 
The height of plant for control and the treatments with Zn are given in figure 1. 

 
Fig.1 - The height of tomato plants. The error bars are  the standard errors.  

 
Figure 1 shows that Zn sulphate doesn’t affect the plant growth. In addition 

plant roots treated with Zn sulphate are developed, especially the lateral roots as 
in figure 2. 

 

 
Fig.2 - The tomato plant roots. 

 
The plant biomass is given in figure 3 
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Fig.3 - The biomass of tomato plants. The error bars means standard errors 

   
From these figures we can see that the ZnSO4*7H2

t-Test: Two-Sample Assuming Equal Variances 

O has no effect on plant 
growth, but Zn acetate decrease biomass of tomato plant. 
Student test shows only for plant biomass treated with Zn acetate statistic significant 
diferences (table 1). 

Table 1.  
Student test for tomato plant biomass 

 

 
   

  Variable 1 Variable 2 
Mean 3.146 2.224 
Variance 0.00908 0.00983 
Observations 5 5 
Pooled Variance 0.009455  
Hypothesized Mean Difference 0  
df 8  
t Stat 14.99236541  
P(T<=t) one-tail 1.93434E-07  
t Critical one-tail 1.85954832  
P(T<=t) two-tail 3.86867E-07  
t Critical two-tail 2.306005626   

 
From table 1 we can see that the probability P=3.8686*10-7< <0.001, this means 

very significant differences. On the other hand Student test for Zn sulphate shows 
insignificant difference between control plants and treated plants. 

The pigment analysis was performed with a spectrophotometer SPECORD M 42, 
immediately after the solutions were prepared.  
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The content of the photosynthetic pigments was calculated with the following 
formula:  

Chl a = (9.784 * E662 - 0.99 * E644) * V* 100 / m 
Chl b = (21.462 * E644 - 4.65 * E662) * V*100/ m 
Car = (4.695 * E440 - 0.268 * (5.134 *E662 + 20.436 * E644) * V *100 /m 

where:  
- E662, E644, E440 is the absorbance,  
- V is the volume of the solvent  
 - m is the mass tissue. 
The content of photosynthetic pigments is presented in figure 4 

 
Fig.4 - Content of photosynthetic pigments 

 
From figure 3 we can see that Zn treatments did not affect the content of 

photosynthetic pigments (only Zn acetate slowly decreases the content of 
chlorophyll b). 

Our results are sustained by Mirzapour and Khoshgoftar. The authors 
showed that addition of 20 kg Zn ha-1 as ZnSO4 significantly increased seed 
production and shoot dry-matter yield of sunflower, while other Zn treatments 
had no significant effect on shoot dry-matter yield, or decreased it (2). Goldur and 
colab reported an argument for our results that sustains the favorable effect of Zn. 
(1). The authors identified a very important effect of Zn at molecular level, 
modification of ASR1 (abscisic acid stress ripening) protein.  Overexpression of 
the ASR1 in transgenic plants increases their salt-tolerance. The ASR1 protein 
possesses a zinc-dependent DNA-binding activity. Addition of zinc ions resulted 
in a global change in ASR1 structure from monomer to homodimer. Upon binding 
of zinc ions, the protein becomes ordered. Tomato leaf soluble ASR1 is 
unstructured in the absence of added zinc and gains structure upon binding of the 
metal ion. 
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CONCLUSIONS 

5. Pandey N., Pathak G.C., Sharma C.P., 2006 - Zinc is critically required for pollen 
function and fertilisation in lentil. 

 Our results regarding Zn effect prove the fact that Zn as Zn sulphate has no 
fitotoxic effect on plant growth (on rate of germination, height of plant, 
photosynthetic pigment). In addition Zn suply produces the development of the 
plant roots, especially lateral roots. This is a consequence of the fact that  Zn is a 
nutrient for plant, like Fe and Mn and it activates many enzimes. It implies 
triptophan synthesis, a component of auxine, the fytohormone which produces the 
plant growth. 

In this phase of research we didn’t performe measurements concerning Zn 
toxicity al cellular level. 
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Abstract. Distance learning via the Internet (e-Learning) technologies is 
considered to be among the most efficient ways to improve the quality of teaching and 
studying. E-Learning design and development is driven by transformational learning, 
i.e. learning that improves long-term performance through facilitating behavior 
change as well as enhancing complex decision-making, problem-solving and the 
generalization of learning in novel situations. Using Moodle open-source software, 
various tools for producing the user interface, the knowledge pages, multiple-choice 
quizzes, and interactive learning programs are described. Results for the course 
"Biophysics and Agro-meteorology" are presented. The described design and 
production of e-learning courseware can be applied to other fields as well. The 
derived course material is embedded into a more complex e-learning service under 
development within a Grid Computing project that was initiated by four universities 
and a research institute of Iasi, Romania. The e-learning service for agricultural 
sciences is one of the tasks that The University of Agricultural Sciences and Veterinary 
Medicine of Iasi are developing as project partner. 

 
Rezumat. Tehnologiile e-learning sunt considerate în prezent printre cele mai 

eficiente metode de predare şi studiu individual. Prin e learning se îmbunătăţeşte pe 
termen lung calitatea educaţiei prin formarea unor deprinderi noi de învăţare ce se 
obţin prin plasarea studentului în situaţii de rezolvare creativă a unor probleme, prin 
stimularea interactivităţii şi cooperării în timpul studiului. Lucrarea prezintă 
elementele generale ale un proiect de curs realizat folosind mediul de dezvoltarea 
Moodle pentru aplicaţii de e learning. Luând ca studiu de caz cursul, „Biofizică şi 
Agrometeorologie”, adresat studenţilor de la specializări din ştiinţele agricole, sunt 
abordate instrumentele pe care mediul de dezvoltare le pune la dispoziţie. Maniera de 
realizare a cursului prezentat poate fi aplicată şi pentru alte proiecte. Acest curs este 
inclus într un serviciu de e learning mai complex, aflat în curs de construcţie în cadrul 
unei reţele academice de tip Grid computing dezvoltată prin colaborarea a cinci 
universităţi şi un institut de cercetare din Iaşi. 

 
INTRODUCTION 

 
E-learning means much more then using electronic support to provide learning 

tools. It is a whole suite of education technologies and that can use the Internet, a 
network, or a standalone computer [2]. However, e-learning would not be possible 
without a modern computer infrastructure. E-learning applications include Web-based 
learning, computer-based learning, virtual classrooms, and digital collaboration. 
Content is delivered via the Internet, intranet/extranet, audio or video tape, satellite TV, 
and CD-ROM. 
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E-learning can be categorized with three types [3]. The first type is an open-
university education. Another type of e-learning is short courses, which last only a few 
weeks and comprise a single subject. A third type is self-study by means of tutorials.  

The e-learning platforms represent virtual realities which change the way people 
experience and interact with computers. Using online learning through the Internet, 
individuals can share information through remote interaction with each other. Students 
can collaborate to learn, solve problems, can meet and interact. The virtual 
environments can be used in the field of education, having the potential to facilitate 
more active student and instructor collaboration, and help to provide distance education. 
E-learning software environments allow the instructors to teach courses according to 
their pedagogical and technological choices. On the other hand, students get a real 
classroom experience even while accessing the courses remotely [4]. 

 
AN E-LEARNING SERVICE FOR STUDENTS IN 

AGRICULTURAL SCIENCES  
 

In 2006, four faculties and a research institute in Iasi, Romania started a 
collaborative research project named Academic Grid for Complex Applications. The 
acronym of the project is GRAI. The Faculty of Horticulture from The University of 
Agricultural Sciences and Veterinary Medicine of Iasi is one of the partners. One of the 
tasks that it undertook within the project is the development of an e-learning service for 
students in agricultural sciences.  

The curricula in different specialties of Agriculture (Agronomy, Horticulture, 
Animal Husbandry etc.) include a large diversity of courses. Previous expertise shows 
that teaching disciplines like Physics, Mathematics or Economics is quite difficult, as 
the core knowledge of students in agricultural sciences is remote from those areas, and 
their skills in dealing with the respective concepts are not always very strong. As e-
learning technologies are considered to be among the most efficient ways to improve 
the quality of teaching and studying, it looks to be a good idea to use them in teaching 
the above mentioned topics. In future, This service will be enriched with more and more 
modules to cover a larger spectrum of topics in agricultural sciences and to provide a 
modern and efficient learning environment for all types of educational frameworks.  

For the design and of the e-learning service, the Moodle development 
environment was chosen. Moodle [5] is an ongoing development project designed to 
support a social constructionist framework of education. It is provided freely as Open 
Source software (under the GNU Public License). Moodle has the following main 
modules. 

Site Management. This module is used for managing the website site of the 
course. This application incorporates authentication mechanisms, which enables 
students to create their own login accounts which are verifiable by confirmation. 

User Account Management. Using this module, different sets of accounts can 
be created. An admin account has administrative privileges and controls course creation 
and user accounts. Every individual has one account assigned by the administrator 
Access privileges may vary for these accounts.  
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Course Management. The teacher can set the course formats by week, by topic 
or by social format. An array of course activities such as Quizzes, Forums, resources, 
assignments, etc can be developed. Activity reports can also be generated for logging 
and tracking access information. Graphs and visual information can be embedded in 
these reports.  

Assignment module. This module is used to post assignments with due dates 
wherein students can upload their assignments. It also provides a time-stamp feature for 
student submissions and to display grades. 

Chat module. This module is, as obviously, text-based communication.  
Forum Module. This module enables discussions between teachers, teachers 

and enrolled students, or between students.  
Quiz Module. The quiz module relies on a database of questions and is able to 

generate a quiz for every student. Questions can be sequential or random. The module 
allows quizzes to be created automatically and inserting the time-frame for each quiz. 
At the teacher’s discretion, quizzes can be set for students to attend multiple times and 
can also include images, true or false questions, short- answer questions, embedded 
answer questions, etc. 

The pedagogy of a courses is based on the fact that students have different 
education background. During the courses the progress of the learning is tested by the 
participants themselves (self-tests) and/or by the teacher. The design of a courseware is 
planned in accordance with its contents, which is given by the curricula. 

 

 
 

Fig. 1 - First page (start page) 
 

The participants in the e-learning courses must have access to the Internet, a 
browser (for example Internet Explorer) and an e-mail program. The teachers post 
lessons, literature, assignments and comments to the participants; the participants send 
answers and questions to the teacher; participants can be monitored. A calendar informs 
about the schedule of the course. Communication between the participants and the 
teacher can also be carried out by means of chatting, where several persons can take 
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part at the same time. Besides the electronic means of communication, hard-copy 
material such as books and CDs, may be handed out to the participants of the courses.  

 
 

Fig. 2 - Available courses  
 

CONCLUSIONS 
 

Nowadays, e-learning technologies are considered to be among the most efficient 
ways to improve the quality of teaching and studying. 

E-learning can improve the efficiency of teaching in all areas of agricultural 
sciences and its usage would have a beneficent effect. 
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CLUSTERING TECHNIQUE – APPLICATIONS WITHIN 
BIOLOGY AND HORTICULTURE LESSONS 

 
TEHNICA CLUSTERING – APLICAŢII LA LECŢIILE DE BIOLOGIE ŞI 

HORTICULTURĂ 
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University of Piteşti, D.P.P.D. 

 
Abstract. For any didactical activity, the teacher select from the 

methodological register only those methods considered to be, at a certain moment, 
the most efficient for reaching the aim and established objectives. Taking into 
consideration that not every type of learning is efficient for the formation of the 
school children personality, in the present time is thought that the active and 
interactive learning, specific to the modern instruction, is favouring the formation of 
intelectual and action abilities, which are preserved during the entire life. One of the 
techniques which can be used for interactive teaching-learning Biology and 
Horticulture is the clustering technique. During the lesson, the teacher can combine 
the clustering technique with other methods, allowing the school children to actively 
participate for gaining knowledge. 

 
Rezumat. Pentru orice activitate didactică, profesorul selecţionează din 

registrul metodologic doar acele metode pe care le consideră, la un moment dat, a fi 
cele mai eficiente pentru atingerea scopului şi obiectivelor stabilite. Având în vedere 
că nu orice tip de învăţare este eficientă pentru formarea personalităţii elevilor, în 
prezent se consideră că învăţarea activă şi interactivă, specifice instruirii moderne, 
favorizează formarea unor capacităţi intelectuale şi acţionale, care se păstrează pe 
tot parcursul vieţii. Una dintre tehnicile ce poate fi folosită în predarea-învăţarea  
interactivă a Biologiei şi Horticulturii este tehnica Clustering. În desfăşurarea 
lecţiei, profesorul poate combina tehnica Clustering şi cu alte metode, astfel încât 
elevii să participe activ, la însuşirea cunoştinţelor.  
 

 ”The only certain thing we can transmit to our students and which will be certainly 
useful for them in the future is to teach them to learn, as an attitude for their entire life. 
This is the most general habit which the modern education should form at them” (Cerghit, 
I., 2006) . 

The didactical method is “an essential way for carrying out an instructive action”, 
showing “how should to proceed, how to teach and how to learn, how to teach other 
people to learn (Cerghit, I., 2006). 

Within didactical activity, by a certain method, the teacher hold a dialogue with the 
school children, establishing certain relations with them, which are influencing the nature 
and effects of learning. By selecting and using of a certain didactical method within a 
lesson, the teacher should take into consideration not only the direct and immediate results 
obtained by the school children by learning, but also the indirect effects which this is 
producing, namely practising and development of certain superior intelectual processes, 
abilities and skills, which are necessary to the individual for all the rest of life.   

Based on these reasons, it is considered at present that is more important the use of 
certain methods, which are aiming at the development of capacity to observe and explain, 
to explore and discover things and nature phenomena, to make assumptions, to investige 
independently, to inventand test, to apply, etc., rather than methods by which is intended 
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the acquiring by the school children of a consistent volume of knowledge, offered “ready-
made” by the teacher.  

The teacher’s option for certain didactical methods, in order to reach the aim and 
objectives of a didactical activity, depends by “its competence, capacity of pedagogical 
reflection and analysis of the situation at a certain moment”, because “there are no good 
and bed methods, but adequate methods properly or unproperly used” (Cerghit, I., 2006). 
For assuring the success of learning for the school children, the teacher should to select 
the methods and content of the theme which must be teached in a lesson, the 
abstractization level of the new knowledge, the available teaching tools, the 
psychosociology of the individuals forming the class, as well as the individual and age 
particularities of the school children, necessity of their active participation to learning and 
their willingness to cooperate for this.  

The new orientation in the educational practice are aiming at promoting the active-
participating and interactive methods, increasing the importance of learning by discovery, 
promoters of the heuristic methods and those of learning by discovery, as well as at giving 
strength of the pragmatical orientation of the methodology, with a greater importance 
given to the use on large scale of the practical-applicative methods.  

 

 
Fig. 1 - “Cluster” – Methods for propagation of vegetables and flower plants 

 
Taking into consideration that not any type of learning is efficient in formation of 

the personality of school children, at present, the modern education is carried out by the 
use of the active-participative methods, which are creating the necessary conditions for 
an individual active learning, as well as by the use of interactive methods, which favor 
an interactive or interdependent learning.  The  interactive methods are those which 
“contribute to creation of some situation of learning focused on the school children 
disponibility and  willingness to cooperate and share each other the ideas, personal 
views, experiences with opening to all the others” (Bacoş, M., 2002; Cerghit, I., 2006). 
These methods stimulates the mechanism of thinking, inteligence, imagination and 
creativity, contributing to the development of creative thinking, sharp biting wit and 
school children’s independence. 

One of the interactive techniques which can be used in teaching-learning 
horticulture and biology is the clustering technique. This technique contribute to the 
formation of the ability of school children “to structure, systematize, classify, and form 
overall visions” and also of their ability “to pass from the general to particular and 
viceversa”(Lozovanu, S., 2001).  
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Fig. 2 - “Cluster” – Propagation of vegetables 

 
This technique can be used successfully within recapitulation lessons, at the end 

of a chapter or school year, for systematizing knowledge already acquired by the school 
children. For exemplification we have selected the presentation of theme “Propagation 
of vegetables and flower plants”, from the chapter “Cultivation of horticultural plants”, 
11th class, recapitulation theme at the end of the chapter. Starting from the discussion of 
the notion of plant propagation, the teacher elaborates, together with the school children, 
the begining of a cluster (Fig.1), in which the two ways of propagation will be 
mentioned: sexual (generative) propagation and asexual (vegetative) propagation. 

Further on, the activity with the school children can be realized as follows:  
a) If the teacher choose for combining the activity within groups with that of 

frontal activity, then the class will be subdivided in four groups (A, B, C, and D), each 
of them with 6 school children. Three school children from each group, who will form 
subgroup 1, will have to complete the data concerning to the propagation of vegetables, 
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and the other 3 school children, who will form the subgroup 2, will carry out the 
“cluster” for the flower plant. Remain the choice of the school children which data will 
be used for constructing the cluster.  

By using the different sources of information, they should be able to mention 
many other plant species for the different types of propagation. For exemple, a 
possibility for completing the cluster with data concerning the propagation of vegetables 
and  flower plants, is presented in Figures 2 and 3, respectively. Then, by the effort of 
all the members of each group, the schemes carried out by the subgroups 1 and 2 will be 
assembled, resulting the final “cluster”. After the  posting of posters carried out by the 
use of “clustering” technique, the activity can be continued with the application of the 
“gallery tour” technique, in which the school children from the groups A and B, 
respectively C and D, analyze the posters realized by their colleagues. At the end of 
lesson, by frontal activity, will be carried out on the blackboard another “cluster”, 
starting from the organs of a flowering plant, which will include data concerning to: 
organs of sexual propagation, organs of vegetative propagation, methods applied for 
propagation, in general, and exemples of plants for the different modes of propagation. 

Another possibility to continue the activity carried out within groups, after the 
realization of posters by using the clustering technique, and discussion of their content, 
can consist in realization of a practical work on vegetative propagation, either by a 
representative of each group, in the front of class, or by each member of the group. It 
can be realized the propagation of either pelargonium, begonia, or sinningia by cuttings, 
the propagation of calla by rhizomes, propagation of african violets or lovage by crown 
separation, propagation of potato by tubers, or the propagation of roses by grafting. At 
the end of lesson, in the stage of reflection, is applied the “five minutes essay”, in which 
the school children are asked to write a thing they learned from the lesson, and to 
formulate questions concerning the discussed subject, to which the teacher will answer 
within the next lesson.  

b) If the activity is carried out frontally and individually, the “cluster” will be 
completed by a few school children on the blackboard, based on the answers given at 
the questions addressed by the teacher to whole the class. At the end of lesson, by using 
the Venn diagram, the school children will compare the methods of vegetative 
propagation of vegetables and flower plants, discovering the similarities and 
dissimilarities between them.  

In Biology, at the 10th class, the clustering technique can be used in a recapitulation 
lesson on the functions of nutrition in higher plants. At the begining of the lesson, will be 
elaborated an outset of cluster, establishing that foor each vegetative organ the school children 
will have to fill in: types, external organization, internal organization and functions. The class will 
be divided in two groups (A and B), each group being subdivided in 3 subgroups. Subgroups A1 
and B1 will complete the cluster with data about the root, subgroups A2 and B2, with data about 
the stem, and subgroups C1 and C2, with data about the leaf. By assembling the schemes realized 
by each subgroup will result the final  “cluster”.  The two posters realized by groups will be 
posted and presented by a member of each group. At the end of lesson, by frontal activity, will be 
realized on the blackboard a “cluster”, taking into consideration the processes involved in plant 
nutrition (Fig. 4). 
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Fig. 3 - “Cluster” – Vegetative propagation of flower plants  

 

 
Fig. 4 - “Cluster” – Processes involved in plant nutrition  
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The clustering technique can be used not only within the recapitulation lessons, 
but also in the stage of reflection and those of evocation of lesson. For exemple, in the 
stage of reflection on the lesson “Obtaining of planting material for small fruits”, from the 
chapter Cultivation of horticultural plants, 11th class, the school children can be asked to 
realize a “cluster” in which to systematize the knowledge on the studied methods of 
vegetative propagation (Fig. 5). 

 
Fig. 5 - “Cluster” – Vegetative propagation of small fruits 

 
Clustering technique, as can be observed from the given exemples, “allows 

the possibility to the school children to think critically, to systematize the 
knowledge, to create new links between acquired information, as well as to 
present graphically the information” (Petruţa, 2008).  
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POSTMODERN DIMENSIONS OF CURRICULUM. 
IMPLICATIONS ON THE ACTIVITIES OF THE 
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SOARE E. 

UNIVERSITY OF PITEŞTI, Dept. for Teacher’s Training 
 

Abstract: The present papers analyses some of the most current 
problems related to the field of curriculum theory and methodology. It 
emphasizes some aspects of postmodern curricular organization, with 
fundamental implications on the projection of the activities related to the 
instructive-educative process. The presented approaches rely on the latest trends 
in the field of curriculum, underlining the perspective of several theoretical and 
practical contributions. There are reviewed some essential dimensions of 
curriculum postmodern approach, as well as the way in which they can be 
projected, organized and realized. 

 
Rezumat: Lucrarea de faţă analizează unele dintre cele mai actuale 

problematici legate de domeniul teoriei şi metodologiei curriculumului. 
Evidenţiază câteva aspecte ale organizării curriculare de tip postmodern cu 
efecte fundamentale asupra proiectării acţiunilor procesului instructiv-educativ. 
Abordările prezentate au la bază studiul celor mai noi orientări în domeniul 
curriculumului accentuând perspectiva unor contribuţii teoretice şi practice 
fundamentale. Sunt trecute în vedere câteva dimensiuni  esenţiale ale abordării 
postmoderne a curriculumului, precum şi modul în care acestea pot fi 
proiectate, organizate şi realizate. 

Key words: curriculum, curricular organization, instructive-educative process, 
teaching, learning, evaluation 

 
Introduction in the problems of curriculum 

At the level of specialty literature, there can be identified multiple 
acceptations of the term, these are extremely different depending on the 
philosophical schools and trends that have generated them, as well as the socio-
educational contexts they have been applied in. 

An interesting point of view on curriculum can be found in Encyclopedia of 
Educational Research (1960) which defines curriculum as “the assembly of 
experiences the educated one lives under school coordination. It represents an 
assembly, more or less planned and controlled, of conditions in which the student 
learns to behave in various ways” (p. 358). 

Among the most outstanding researchers who focused on the problems of 
curriculum, it worth mentioning: Aoki T., Apple M., Belth M., Bloom B.S., 
Bobbitt F., Brigs L. J., Bruner J., Cornbleth  C., Creţu C., Crişan Al., Cristea S., 
Cucoş C., De Landsheere G., Dewey J., D'Hainaut L., Doll W. E., Gagne R. M., 
Giroux R., Glatthorn A., Grumet M., Grundy, Hirst P. H., Hunkins, Hunt M. P., 
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Kliebard H., Peters R. S., Pinar W., Potolea D., Reid A. W., Rhoades G., Schubert 
W., Schwab J. J., Skilbeck M.,  Sosniak L., Stenhouse L., Taba H., Tanner D., 
Tanner L., Tyler R., Walker D., Wraga W. etc. 
According to C. Creţu (1999), in spite of all the differences present at the level of 
definitions, curriculum means “the extended area of learning offers and their 
manner of organization by school institutions, as well as the extremely complex 
corpus of documents by the help of which there are projected, organized, 
implemented, evaluated and reviewed, in a flexible and open manner, these offers, 
contexts or learning activities”. 
As S. Cristea observes (2000), while defining curriculum, it is necessary that the 
rigorous delimiting of the concept reference field should be done, beginning with 
the term’s etymology and its origins reflected in its historical evolution and 
finishing with the current pedagogical meanings. 

When we talk about curriculum, and especially of curricular organization, 
we start from curriculum paradigm launched with Ralph Tyler’s Basic Principles 
of Curriculum and Instruction (1949). From this moment on, any discussion 
related to curriculum founds itself beginning with the four principles established 
by Tyler (selection of educational purposes, selection of educational experiences, 
organizing educational experiences, continuous evaluation of attained 
educational purposes). 

As regards curricular organization we must take into consideration the 
conceptions of authors such as P. H. Hirst şi R. S. Peters (1970) who have a major 
contribution to the level of curriculum theory and practice. According to these 
authors, curricular organization can have two forms: it can be modular (or 
disciplinary) and it can present an integrative form. The former variant can 
produce an artificial atomization of school experiences proposed to the child, 
while the latter can better correspond to complex interactions presents at the level 
of social experience the child benefits of outside school. 

 
Postmodern determinations of curriculum 

In the field of education, post modernity “designates a pattern of 
approaching the permanent activity of personality’s training and development, 
applicable in a certain evolution of pedagogical theory” (S. Cristea, 2004, p.3). 
This concept with “a paradigm value” presents two types of conditioning: 

- historical (post modernity as a variant of postmodernism). It appears a 
“repositioning of pedagogical theory” in the context of postmodern culture; 

- axiomatic (post modernity as a (re)analysis and (re)synthesizing of a 
reference system). 

We can better understand post modernity in education by considering it a 
“break from modernity” (p. 4), to the extent to which, unlike it, which treated 
differently / separately the relations between knowledge and human experience, 
pot modernity promotes “a new way of understanding the relations between 
knowledge and experience, between theory and practice at the level of human 
action” (ibidem), an integrative relation capitalized at the level of curriculum 
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general theory. It is specific to the instruction action which capitalizes the 
interdependences between its main actions: teaching, learning and evaluation, 
actions contextualized by the specificity of the didactic relation. 
An analysis of the curriculum can also start from the knowledge of dominant 
philosophies which lie at the basis of its projection, organization and practical 
realization. According to some American researchers (John H. Johansen, Harold 
W. Collins, James A. Johnson, 1986, p.250), two major trends must be taken into 
consideration at the level of curriculum. These are: 

1. Traditionalism. This philosophical trend is based on two educational 
philosophies: 

a) the essentialism (William C. Bagley, 1938), as a philosophy of education 
suggests that the emphasis on school disciplines offers education the essential 
components. The student operates on things in order to learn by observation and 
nature. The discipline, the necessary reading, memorizing, repetition and 
examinations are, due to this reason, very important to learning. 

b) the perenialism (Thomas D’Aquino as the main representative author) is 
the philosophy which generated essentialism, being a component part of 
traditionalism. The emphasis is being laid on mental discipline, and school 
disciplines fully contribute to it. According to the authors mentioned above, in 
America, the perenialism is associated to Robert M. Hutchins and Mortimer 
Adler. These authors have promoted the stress on the study of fundamental works, 
as means of education.  

These two philosophies are characterized by the idea according to which the 
student has to operate on contents in order to achieve the instruments necessary to 
rational thinking. 

The traditional approach underlines the role of mind disciplining as a 
fundamental means in obtaining knowledge. From this point of view, according to 
John H. Johansen et all (1986, p.251), we can identify the following estimations 
related to students, teachers, curriculum and education methods associated to 
traditionalism:  

The student = reasoning is learnt with the help of mental exercises. The 
student can learn by conditioning. The mind is capable of realizing links between 
learning sequences. 

The teacher = model of study, example, expert. He realizes demonstrations 
of contents and knowledge; mental discipline, spiritual leader, transmitter of 
knowledge and tradition. 

The curriculum = literature and history as symbol disciplines, mathematics 
and science as disciplines of the physical world, language and logics as 
disciplines of the intellect, fundamental works and doctrines as disciplines of the 
spirit. 

The Methods = operating with facts and information. Stress on exercise and 
memorizing, homework and compulsory reading. Study as means of intellectual 
discipline.  
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2. Progressivism. Appearing in the 1920s in America, it has its roots in 
Charles S. Pierce’s and William James’ works. On the other hand, John Dewey’s 
works have offered “the principles of progressivism as educational philosophy”. 
Dewey opposed the idea according to which school has to exclusively center on 
mental development. In his opinion, school should offer conditions for full, 
complete development of the child. Therefore, the disciplines related to social 
experience are very important. “This experimental method seems to be one of the 
best methods for realizing the continuous unity of disciplines and methods”. This 
philosophy had a very profound impact on elementary school in the States. 
Progressivism remains a viable alternative to traditional approaches of education.   

Another dimension of progressivism appears under the influence of 
existentialism, as a new way of thinking, represented by J. P. Sartre, A. S. Neill, 
S. Kirkegaard, F. Nietzsche. It includes more thinking schools and, often, 
contradictory approaches and is centered on the individual. The idea according to 
which “the reality of the personal existence makes possible freedom and choice” 
becomes, according to John H. Johansen et all (1986, p. 252) the foundation of 
this philosophy. Human personality becomes the foundation on which education 
is being realized, and the educational goals are stated in terms of “awareness, 
dedication and affirmation”. 

As in the case of traditionalism, we can also mention the following 
considerations on student, teacher, curriculum and education methods: 

The student = he is a person who experiments. He has the freedom of 
choice; self-awareness and student’s acceptation are very valuable; human 
experiences are important to the extent to which they are related to change; 
learning by experience becomes the fundamental organization of education and 
curriculum. 

 The teacher = manager of research project; the teacher functions as a guide 
for students’ activities; he is not an obstacle, always respecting everybody’s 
rights; he has a motivational role. 

The curriculum = the content should not be fragmented; students’ interests 
can order what they are to study; group learning and trips are very important; 
disciplines rely on social experiences. 

The methods = choices and personal expression are fully capitalized; 
Frontal instruction is limited in favor of those learning areas attractive for the 
student; problem solving, teaching ways of changes management, participation in 
group activities represent an important part of the socialization process and 
encourage the practice of choice freedom. 

To these philosophies, we can add behaviorism (represented by J. 
Watson, Pavlov, Skinner etc.) as an essential way of thinking and with a strong 
impact on the level of curriculum.  

Therefore, at the level of curriculum projection and organization, there is 
to be sensed the influence of both categories of educational philosophies. As R. 
Tyler’s observed (1949), school philosophy has a tremendous role in setting 
curricular objectives. In this way, at the level of curriculum, we need an 
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“integrative philosophy”, capable of offering a way of curricular structuring, 
representative for all the actors involved. Traditionalism (with its alternatives) and 
progressivism (with its variants) play an important role at the level of curriculum. 
As long as curriculum gravitates around pedagogical finalities, both philosophies 
harmonize at the level of its organization, thus justifying the existence of 
organization and methodological alternatives.  

On the other hand, post modernity contributes to “the consolidation of the 
core epistemic nucleus” of the education sciences. It justifies and capitalizes, at 
the level of curriculum theory and practice, the main ways of theoretical and 
practical foundation of curriculum paradigm. In post modernity, the curriculum 
paradigm validates two perspectives, different at the educational level (cf. S. 
Cristea, 2004, p.8-10): 
- deconstruction perspective which “encourages the detachment of certain 

elements of the whole, considered more important in a certain determined 
social and pedagogical context” (such as the education reform, lesson 
curricular projection, evaluation theory). The tendency manifested also at 
the level of “disintegration of some fundamental pedagogical sciences in 
favor of other research areas, considered prioritary in a certain historical 
stage”, leads to the impossibility of satisfying the essential requests of 
curriculum paradigm, related to “the necessity of unitary approach of the 
education process and the instruction/education activity, at the level of 
interactions between objectives-contents-methodology-evaluation, between 
teaching-learning-evaluation” 

- reconstruction perspective which “provides the permanent construction of 
the whole (education, instruction, education/instruction projection), 
enriched as a consequence of integrating fragmentary analyses in the new 
structure of the reference system”. Such a perspective justifies curriculum 
paradigm which, once with Tyler’s study Basic principles of curriculum 
and instruction, 1949, unifies all the efforts in an axiomatic framework 
with a strong operative role. 

When the subject of curricular projection and organization is brought into 
discussion, Robert M. Gagné (1977, p.12) argues in favor of following some 
fundamental principles. They are based on the learning conditions which have to 
be established at the level of curriculum. The key principles are the following: 

1. Instruction planning has to be made for each individual, being 
individual-oriented (instruction individualization) in the process of his 
development from child to adult, throughout his entire life 

2. Instructive design presents a series of phases with a short or long 
duration. The immediate design refers to what the teacher does when he 
elaborates the lesson plan. The long-term design refers to the set of lessons 
organized on themes, courses and even to the entire educational system. These 
stages must be realized as distinct tasks; they should not be realized together. In 
the former stage, the teacher uses instruments from the latter one. 
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3. The instruction systematically projected can affect to a great extent 
the individual’s development. It is not enough to only provide an educational 
environment in which the student could develop following his own way, because 
“unplanned and unguided learning leads almost always to training individuals 
who are not capable of attaining a meaningful existence in society” (p. 13). 

4. Instruction projection should be based on knowing the way human 
beings learn. An extremely important role in developing individual abilities is 
that of the ways in which they can be formed, in which students are guided to 
learn. Therefore, the instructive design should take into account the learning 
conditions which are to be established depending on the effects we want to 
obtain.  

 Thus, this conception on instruction projection is based on a series of 
principles which fundaments it. From this perspective, the following question 
appears (R. M. Gagné, 1977): What kind of knowledge of learning is necessary in 
order to project instruction? The author argues for taking into consideration those 
aspects of the theory of learning which refer to “controllable events and 
conditions”, such as: contiguity, repetition (Ausubel, 1968, Gagne 1970), 
consolidation (Thorndike 1913). Learning conditions are, therefore, external and 
internal, being dependent on that that learns 

Thus, post modernity remains an important scale of curriculum 
interpretation, which contributes to the expansion of its roles at the level of 
didactic processes.  
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Abstract. In the paper the association Festuco rubrae-Agrostietum 
capillaris Horvat 1951, subassociation nardetosum strictae (Csürös et Resm. 
1960) Oroian 1998 from Molinio-Arrhenatheretea R. Tx. 1937 class, is analyzed 
both from the phytocoenologic viewpoint and from the viewpoint of the bioforms, 
of the floristic elements and of the ecological indices. The aspects of the 
economic (fodder) importance of the species identified in the phytocoenoses of 
the subassociation which is the object of the study are also described in the 
paper. Pursuant to the analysis, it had been ascertained that these 
phytocoenoses are low productive, especially due to the over-grazing. 

Rezumat. În lucrare se analizează asociaţia Festuco rubrae-
Agrostietum capillaris Horvat 1951 subasociaţia nardetosum strictae (Csürös et 
Resm. 1960) Oroian 1998 din clasa Molinio-Arrhenatheretea R. Tx. 1937, atât 
din punct de vedere fitocenologic, cât şi din punct de vedere al bioformelor, 
elementelor floristice şi al indicilor ecologici. De asemenea, în lucrare sunt 
surprinse şi aspecte ale importanţei economice (furajere) ale speciilor 
identificate în fitocenozele subasociaţiei luate în studiu. În urma analizei, s-a 
constatat că aceste fitocenoze sunt slab productive, mai ales din cauza 
suprapăşunatului. 

 
MATERIAL AND METHODS 

 
For the study of the vegetation we used the method of the phytocoenological 

School in Zurich-Montpellier, perfected by J. Braun-Blanquet and J. Pavillard. On 
taking into consideration few phytosociological papers of classification (Sanda, 2002, 
Sanda and collab. 1997, Sanda and collab. 2001), the association was framed in the 
following coenosystem:  

Cls. Molinio-Arrhenatheretea R. Tx. 1937 
Ord. Arrhenatheretalia R. Tx. 1931 

Al. Cynosurion R. Tx. 1947 
As. Festuco rubrae-Agrostietum capillaris Horvat 1951 

sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998. 
 

RESULTS AND DISCUSSIONS 
 

The association Festuco rubrae-Agrostietum capillaris Horvat 1951 
subassociation nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 has not 
been recorded in the area of the Dorna river superior basin (basin which is placed 



 120 

in the South-Western part of Suceava county) so far. The phytocoenoses of this 
association, specific to the montane area meadows, are permanently subjected to 
over-grazing and therefore are degraded. 

From the chorologic point of view, phytocoenoses of this subassociation 
have been identified at Dornişoara; along the Dorna axial path, between Tinovul 
Mare and Dorna; along the Borcut Muncelu forest path. 

As regards the ecology, the phytocoenoses of this subassociation vegetate 
at altitudes which range between 924 and 1050 meters, on fields poor in nutritive 
substances, accomplishing a 100% covering of the vegetation. These 
phytocoenoses, typical of the montane area, are specific to the meadows which 
are exclusively intended for the grazing and therefore they are degraded and low 
productive. 

The phytocoenological characterization. Besides the characteristic and 
edifying species, Festuco rubra and Agrostis capillaris we notice the presence of 
the differential species Nardus stricta, Hypericum maculatum ssp. maculatum, 
Potentilla erecta. Beside these, numerous species specific to Molinio-
Arrhenatheretea class (and implicitly to the phytocoenotaxons which are inferior 
to this class) participate to the extent of 75%, followed by species of the Festuco-
Brometea class (14.58%) and Juncetea trifidi (4.16%) (table I). 

 
Table 1 

Ass. Festuco rubrae-Agrostietum capillaris Horvat 1951 
sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 

 
Relevé number 1 2 3 4 5  
Altitude (m) 924 924 998 1050 1050  
Cover of the vegetation (%) 100 100 100 100 100  
Surface of the relevé (m²) 100 100 100 100 100  
Number of species 34 34 29 21 25 K 
Charact. ass.       
Agrostis capillaris 1 2 1 3 2 V 
Festuca rubra 2 1 2 1 1 V 
Dif. sass.       
Hypericum maculatum ssp. 
maculatum 

- - + - + II 

Nardus stricta 2 3 3 2 3 V 
Potentilla erecta + + + - + IV 
Cynosurion       
Bellis perennis + + - + + IV 
Cynosurus cristatus + + + - + IV 
Leontodon autumnalis ssp. 
autumnalis 

+ + - - - II 

Phleum pratense - + + + - III 
Plantago major ssp. major - - + - + II 
Prunella vulgaris + + + - + IV 
Trifolium repens ssp. repens - + + + - III 
Veronica serpyllifolia ssp. 
serpyllifolia 

- + - - - I 

Arrhenatherion       
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Campanula patula + + + - + IV 
Centaurea phrygia + + - + + IV 
Taraxacum officinale + + + + - IV 
Arrhenatheretalia       
Achillea millefolium ssp. 
millefolium 

+ + - + + IV 

Briza media + + - 1 + IV 
Carum carvi + + - - - II 
Leucanthemum vulgare ssp. 
vulgare 

+ - + + - III 

Luzula campestris + - - - - I 
Thymus pulegioides + - - + - II 
Deschampsion caespitosae       
Carex palescens + - - - + II 
Deschampsia caespitosa 1 + + - + IV 
Molinietalia       
Lychnis flos-cuculi - + - + - II 
Potentillion anserinae       
Potentilla anserina + + - - - II 
Molinio-Arrhenatheretea       
Alchemilla vulgaris 1 1 1 + 1 V 
Anthoxanthum odoratum - + + - + III 
Centaurea jacea + + - - - III 
Cerastium holosteoides + + + - - III 
Euphrasia officinalis ssp. pratensis + + + - - III 
Lotus corniculatus + + - + + IV 
Plantago lanceolata ssp. lanceolata - + + - + III 
Polygala vulgaris ssp. vulgaris + - + - - II 
Ranunculus acris ssp. acris + + - + - III 
Stellaria graminea + - + - - II 
Trifolium pratense ssp. pratense  + + 1 1 + V 
Festuco-Brometea       
Anthyllis vulneraria ssp. vulneraria - + - - + II 
Euphrasia stricta ssp. stricta - - + + + III 
Galium mollugo + - - - - I 
Hieracium pilosella + - + + - III 
Plantago media + + + - + IV 
Ranunculus polyanthemos ssp. 
polyanthemoides 

- - + - - I 

Trifolium pannonicum - - + - + II 
Juncetea trifidi       
Campanula serrata + - + - - II 
Potentilla ternata - + - - - I 
Variae syntaxa       
Cirsium vulgare - + - + + III 
Cruciata glabra + + + + - IV 

Place and date of the relevées: 1, 2 – axial path Dorna, between Tinovul Mare and 
Dorna river (27.07.2006), (19.08.2006); 3 – forest path Borcut Muncelu 
(21.08.2006); 4, 5 – Dornişoara (10.08.2007). 

 
The hemicryptophytes have the highest percentage (87.5%) within the 

bioforms’ spectrum, a situation which is absolutely normal for this type of 
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vegetation. The hemiterrophytes which achieve a percentage of 6.25% and the 
terrophytes which represent 4.16% follow at long distance. The camephytes occur 
in these phytocoenoses to the extent of 2.08% (fig. 1). 

 

H - 87,5%

Ch - 2,08%

Ht - 6,25%

T - 4,16%

 
 

Fig.1 - The bioforms spectrum – as. Festuco rubrae-Agrostietum capillaris Horvat 1951 
sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 

 
Most of the geoelements types are Eurasian (Euras.) and European (Eur.), 

the latter representing together 75% of the total number of species existing in 
these phytocoenoses. The cosmopolite elements (Cosm.) occur to the extent of 
10.42% and the circumpolar ones (Circ.) are represented by 8.33% of the species 
(fig. 2). 

End - 2,08%

Carp. balc. - 
2,08%

Cosm - 
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Pont. - 2,08%

Circ. - 8,33%

Eur. - 22,92%

Euras. - 
52,08%

 
 
Fig.2 - The floristic elements spectrum – as. Festuco rubrae-Agrostietum capillaris Horvat 

1951 sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 
 

The spectre of ecological indices show that 93.75% of the total number of 
species are heliophile plants, 68.75% are eurythermal species; 62.51% are plants 
that prefer the moderate humidity soils, and 29.17% are amphytolerant species 
from this point of view. 64.58% of the vegetal components of these 
phytocoenoses endure large variations of the sublayer’ pH, being euryionic plants. 
The fact that the phytocoenoses of this subassociation grow on soils which are 
less rich in nutritive substances is also reflected by the significant percentage of 
the species with an ecologic optimum represented by the soils poor in mineral 
nitrogen (45.82%); the amphytolerant species represent 27.08%, followed by the 
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species which grow especially on soils with a moderate content of this element 
(16.66%) (fig. 3). 
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Fig.3 - The ecological indices spectrum – as. Festuco rubrae-Agrostietum capillaris Horvat 

1951 sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 
 
As regards the economic value of the species identified in these 

phytocoenoses, we ascertained, taking into account the specialized literature [5, 
6], that more than half (23 species) have a fodder value. Thus from the total 
number of the fodder value species, 11 species have a low fodder value (Nardus 
stricta, Bellis perennis, Anthoxanthum odoratum, Potentilla ternata, Plantago 
major ssp. major, Briza media, Carum carvi, Deschampsia caespitosa, Anthyllis 
vulneraria ssp. vulneraria, Potentilla erecta, Plantago media), 4 species have an 
average fodder value (Achillea millefolium ssp. millefolium, Alchemilla vulgaris, 
Trifolium pannonicum, Plantago lanceolata ssp. lanceolata), 5 species have a 
good fodder value (Agrostis capillaris, Festuca rubra, Cynosurus cristatus, 
Taraxacum officinale, Lotus corniculatus) and only 3 species have a very good 
fodder value (Phleum pratense, Trifolium repens ssp. repens, Trifolium pratense 
ssp. pratense) (fig. 4). 

Fr. 1
48%

Fr. 2
17%Fr. 3

22%

Fr. 4
13%

 
Fig.4 - The spectrum of the fodder value plants: Fr.- fodder plants, Fr. 1 – with low value, 

Fr. 2 - average value, Fr. 3 – with good value, Fr. 4 - very good value 
– as. Festuco rubrae-Agrostietum capillaris Horvat 1951 

sass. nardetosum strictae (Csürös et Resm. 1960) Oroian 1998 
 

Within the economic category the noxious species from the meadows were 
also included, including the weeds that decrease the fodder value of the meadows. 
Among these, only 2 species can be distinguished in the analyzed phytocoenoses: 
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Ranunculus acris ssp. acris and Cirsium vulgare, each of them achieving the 
constant value number III. 

This analysis confirms the fact that these phytocoenoses are low productive 
and always subjected to the grazing. 

CONCLUSIONS 
The floristic composition of the identified phytocenoses is less diversified, 

being represented by 49 species. 
From the phytocoenologic viewpoint, the phytocoenoses of the association 

which is the object of the study are clearly dominated by species which belong to 
the Molinio-Arrhenatheretea R. Tx. 1937 class and to the phytocoenotaxons 
which are inferior to it. 

The phytocoenoses of this association are low productive and are always 
subjected to over-grazing, this aspect being also emphasized by the percentage of 
65% achieved by the species with a low and average fodder value. 
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Abstract. This study analyzes the pollen of Urticaceae in the airplankton 

of Timişoara during the years 2000-2004. Airpollen belonging to Urticaceae  
was sampled using a VPPS 2000 Lanzoni trap. During the studied period, inter-
annual variations, concerning the total annual pollen counts and the beginning, 
peak and ending dates of the Atmospheric Pollen Season, were reported. The 
annual totals of Urticaceae pollen in the air of Timisoara recorded in this study 
show a considerable variation. The yearly sums of pollen noted in Timisoara 
indicate a trend towards an increase in airborne Urticaceae pollen 
concentrations. The presence of this airpollen was considerably long in 
Timişoara. The highest level of pollen emission was recorded in 2003. The 
pollen spectrum in the atmosphere of Timisoara city shows that Urticaceae 
pollen is present in varying amounts and generally never more than 15%. 

 
Rezumat. Acest studiu analizează polenul produs de Urticaceae în 

aeroplanctonul din Timişoara pe parcursul anilor 2000-2004. Aeropolenul 
urticaceelor a fost monitorizat folosind o capcană VPPS 2000 Lanzoni. Pe 
parcursul perioadei studiate se precizează variaţiile interanuale, concentraţiile 
anuale totale, începutul, vârful şi sfârşitul sezonului polic atmosferic. Sumele 
polinice anuale indică o creştere a concentraţiilor de polen aeropurtat. În 
Timişoara, prezenţa acestui tip de aeropolen este de lungă durată.Cel mai înalt 
nivel al emisiei de polen l-am înregistrat în 2003. Spectrul polinic al atmosferei 
oraşului Timişoara arată prezenţa în cantităţi variate a polenului urticaceelor 
dar nu mai mult de 15%. 

 
Urticaceae is cosmopolitan family and consists of around 52 genera and 1,050 

species. The two most important genera are Urtica and Parietaria. The plants of the 
Urtica genus (nettle) are ruderal weeds very common in nitrified places, such as on 
roadsides and between cultivated areas. The Parietaria species (pellitory of the wall) 
are less common and are found mostly on the walls of the old city and other nitrified 
places (Gonzalez Minero et al. 1997; Fornaciari et al. 1992; Corden & Millington 1991; 
Trigo et al. 1996; Galán et al., 2000). All over Europe, the most allergenic weeds are 
plants belonging to Asteraceae and Urticaceae. In Mediterranean area, Urticaceae 
pollen, together with the pollen of olive and grasses, are the aeroallergens with the 
highest incidence in the population. In fact, Parietaria, the most pollinosis-inducing 
plant in the Mediterranean regions, is significant in inducing allergic diseases. These 
plants, are mostly anemophilous. Urticaceae stamens are bent but when temperature 
and humidity conditions are suitable they rise to the upright position and release their 
pollen grains. Hence, the release, transportation and dispersal of Urticaceae pollen in 
the atmosphere are closely linked to atmospheric phenomena. Knowledge of all these 
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relationships is very important because Parietaria pollen grains elicit severe pollinosis 
in Europe, Africa, Asia, Australia, and the United States of America (Bass & Baldo, 
1984; Bousquet et al., 1986; D’Amato & Spieksma, 1990; Vega-Maray et al., 2003).  

Airborne pollen of Urticaceae is very common everywhere (Charpin et al., 
1977). Very little attention has been given to this pollen since the works of the Hyde 
(1952) and Hamilton (1959). This dearth of research has occurred even though species 
in this family are recognized widely as allergens and are known to contribute to allergic 
rhinitis and extrinsic asthma (Emberlin & Norris-Hill 1991). Correlations between 
Urticaceae pollen counts and allergic symptoms have been reported in several papers 
(among others: Giulekas et al., 1991; Negrini et al., 1992a, b; Voltolini et al., 2000; 
Larese et al., 1992). Negrini et al. observed that mild symptoms, probably due to the 
most sensitive share of population, were correlated with levels of 10-15 Parietaria 
PG/m3. According to Viander and Koivikko (1978), 90% of the patients reported 
symptoms with concentrations above 80 PG/m3. Differences in the size, the 
allergenicity and the speed of release of allergens from various pollens could explain the 
differences in the amount of grains required to provoke symptoms in all the sensitized 
subjects (Marsh, 1975). Another source of variance could be the different quantitative 
release of non-pollen particles with allergenic activity coming from various parts of the 
plants. This phenomenon could be responsible of the increase of symptoms recorded 1-
2 days after a pollen peak, even when the daily pollen count was low. In “short 
ragweed” pollinosis a high content of non-pollen allergenic particles has been found in 
the air some days after peak pollen (Agarwal et al., 1983). However, it is possible that 
the delayed symptoms are the results of late reactions, which may occur not only at 
bronchial level, but even in the conjunctival and nasal mucosa (Negrini et al., 1992). 
Sensitizations to the Urticaceae pollen was 27 patients (5.9%) in the Madrid assessed 
by skin prick tests (Belver et al., 2007). 

MATERIALS AND METHODS 
Annual variations in the concentration of pollen in the atmosphere were 

analysed by the volumetric method. Pollen type of Urtica-Parietaria sp. is 3-
zonoporate pollen between 14 and 20 µm in size (Alcázar et al., 1998). To date 
species differentiation of the pollen is not possible.The Urticaceae pollen season for 
each year was defined using the methodology of Nilsson and Persson (1981), 
whereby 90% of the total yearly count is included. The start of the season is taken 
from the day when the cumulative sum reaches 5% of the seasonal total and similarly 
the season ends on the day when the 95% level has been attained. The pollen 
concentrations are expressed as the number of pollen grains/m3

The existence of pollen grains in the atmosphere is a natural phenomenon. 
It is the result of the sexual cycle of anemophilous plants, such as the Urticaceae 
family. Hence, pollen dispersal is a dynamic phenomenon and this fact should be 
reflected in the variables that are used to explain it, such as meteorological 

 of air, the mean daily 
values being used for the elaboration of tables and graphs. 

RESULTS AND DISCUSSIONS 
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parameters. These factors have an influence on the emission, transport, 
permanence, deposition and capture of pollen grains (Vega-Maray et al., 2003).  

 

 

 

 

 

 
Fig. 1. Quantify Urticaceae airpollen evolution during flourishing period of the years 2000-

2004  

 
Fig. 2. The annual concentrations in Timişoara (2000-2004) 
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Table 1. 
 Selected values characterizing Urticaceae pollen seasons in 2000-2004 

 2000 2001 2002 2003 2004 
Days when was 

Urticaceae pollen in 
the air 

124 
(16 V-16 IX) 

123 
(15 V-14 IX) 

139 
(7 V-22 IX) 

146 
(7 V-29 IX) 

145 
(29  IV-20 IX) 

Atmospheric Pollen 
Season  

82 days 
(30 V-19 VIII) 

76 days 
(7 VI-21 VIII) 

97 days 
(23 V-27 VIII) 

91 days 
(25 V-23 VIII) 

98 days 
(30 V-4 IX) 

Pollen Index 11,37% 7,67% 7,87% 11,45% 14,62% 
Urticaceae airpollen on  

the peak days 
42 

10 VIII 
45 

7 VIII 
71 

4 VIII 
231 

27 VII 
47 

3 VIII 
 

Table 2. 
 Monthly pattern of airborne pollen (%), Timisoara, Romania 

  April May June July August September 
2000 - 6,39% 32,06% 35,16% 24,50% 1,89% 
2001 - 4% 14% 41,92% 38,75% 1,33% 
2002 - 12,20% 15,90% 19% 49,50% 3,40% 
2003 - 10,13% 18,33% 32,03% 38,24% 1,27% 
2004 0,04% 5,85% 27,30% 22,31% 37,46% 7,04% 

 
Urtica dioica flowers from June to September. Urtica urens flowers from 

May to September and Parietaria sp. from June until October (Ciocarlan, 2000). 
The aerobiological behaviour of Urticaceae and seasonal variations for Timisoara 
during 2000-2004 are shown and discussed. The results of pollen count for all 
years are shown in table 1. The course and intensity of the season for Urticaceae 
is shown in Figure 1. Monthly variations of total pollen grains recorded in the 
atmosphere of Timişoara during the years 2000-2004 are shown in table 2. The 
months in which maximum pollen concentrations were recorded were the same in 
all five years: July and August. The longest Atmospheric Pollen Season was 
observed in the year 2004 (94 days according to Nilsson & Persson, 1981). Five 
year average pollen season duration were 88,8 days. The Urticaceae pollen 
season is very long. In 2001 pollen season in Timisoara lasted a shorter time. The 
starts of these APS were uniform, finishing in August (ocassionaly in September 
– 2004). The annual totals of Urticaceae pollen in the air of Timisoara recorded in 
this study show a considerable variation. As to the interannual variation (figure 
2), the linear regression model shows the increasing trend in the annual 
concentrations for Timişoara. The mean annual pollen count obtained during the 
period studied was 1912,4 PG, the lowest value being recorded in 2001 with 1200 
pollen grains. The highest level of pollen emission was recorded in 2003 with 
2832 PG. The peak count of each season fluctuated between 42-231 PG/m3. 
Urticaceae airpollen constitutes between 7,8% and 14,62% of the annual total of 
pollen grains. Only few days (in 2003) the concentration of Urticaceae exceed the 
80 PG/m3

In aerobiological studies, it is important to take into account the release of 
particles from their source and their transportation and dispersal in air. In respect 
of pollen release, most plants have a passive mechanism of pollen liberation and 
the pollen grains are liberated by the energy of external agents, usually wind or 
falling raindrops. In the case of the Urticaceae family, pollen liberation involves 
an explosive mechanism. Urticaceae stamens are normally bent, but when 

 established by Negrini et al. as the critical value for symptomatology. 
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temperature and humidity conditions are suitable, they rise to the upright position 
and release their pollen grains. The pollen release, transportation and dispersal in 
the air, are closely linked with atmospheric phenomena. There have been several 
studies of the influence of meteorological parameters on the pollen concentration 
of the Urticaceae family. Most of these studies have indicated that the most 
influential parameters are temperature, humidity and rain (Corden & Millington, 
1991; Emberlin & Norris-Hill, 1991; Fornaciari et al, 1992; Trigo et al, 1996; 
González Minero et al, 1997; Galán et al, 2000; Vega-Maray et al, 2003). 

CONCLUSIONS 
The length of the seasons and the cumulative counts varied greatly over the 

five years. Similarly the timing of peak abundance differed. These patterns may 
be explained partly by the contemporary weather during the seasons and partly by 
the influence of weather conditions during the pollen formative period which, in 
the case of Urticaceae in Romania, occurs during May and September. The time 
of maximum counts for Urticaceae pollen in Timisoara occurs between July and 
August months. The average duration of the pollen season of Urticaceae in 
Timisoara was 88,8 days. Interannual differences can be seen in the seasonal 
behaviour of the pollen, 2003 being the year in which the highest levels of 
airborne pollen were reached. 
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Abstract. We report here the results of the monitoring of airborne pollen 

concentrations throughout 2000 to 2002 from Timişoara (România). A total of 
21 allergenic pollen types were identified of which Ambrosia artemisiifolia 
pollen showed maximum concentration. Utilizing data on the aerobiological 
characteristics of allergophytes in urban ecosystem of Timisoara and taking 
into consideration some allergologic characteristics of their pollens, an 
allergen index (A.I.) is proposed. On the basis of this index, plants are grouped 
into strongly allergenic, moderately allergenic, slightly allergenic or of 
uncertain effect. The index can be used to conduct a rapid survey of a city’s 
phytoallergenic potential. Further studies are needed to correlate climatic, 
phenological and aerobiological observations in our area. 

 
Rezumat. Prezentăm în această lucrare rezultatele monitorizării 

concentraţiilor de polen aeropurtat din Timişoara, între anii 2000 şi 2002. Am 
identificat un total de 21 de tipuri de polen alergenic, între care cel provenind 
de la Ambrosia artemisiifolia a avut cele mai mari concentraţii. Utilizând datele 
aerobiologice ale alergofitelor din ecosistemul urban al Timişoarei şi unele 
caracteristici alergologice ale tipurilor polinice, propunem un index alergen. 
Pe baza acestuia, am grupat plantele în puternic alergenice, moderat 
alergenice, slab alergenice şi fără efect cert. Studii viitoare vor necesita 
corelaţii cu observaţii climatice, fenologice şi aerobiologice în arealul studiat. 

 
Aeroallergens are present as a natural part of the atmosphere, where they occur 

in the form of dust, aerosols, cellular material, particles as small as 0.01 µm, and can be 
deposited on the mucous membranes of the eyes, nasal and oral cavity and airways. 
Aeroallergens include reproductive structures of many seed plants and fungi, as well as 
certain algae, bacteria and protozoa, which regularly undergo atmospheric 
transportation. In addition, biogenic debris, including mammalian danders and 
arthropod emanations, are also aeroallergens (Solomon & Mathews, 1988). 
Aeroallergens of plants can be derived from pollen of conifers and flowering plants, 
seeds, leaf and stem detritus and proteolytic enzymes. These allergens are a natural 
component of the atmosphere either through their biological activity or human activity 
(Ong et al., 1995).  

Pollinosis is the most common allergic disorder. As is well known, the clinical 
manifestations of pollinosis are determined by a specific hypersensitivity to pollen, 
especially anemophilous pollens of certain plants, among genetically susceptible 
individuals (Pacini, 1990). A person can only develop pollinosis when he is exposed to 
pollen with allergenic properties. The severity of the symptoms depends in part on the 
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frequency of exposures and on the amount of pollen per exposure. Most exposures will 
be to pollen present in the air in relatively high concentrations (Driessen & Derksen, 
1989). In practice this means that pollinosis is mostly caused by plants that depend on 
the wind for cross-fertilization: the wind-pollinating species. Due to the progressive 
increase in the human population of allergic manifestations brought on by pollen 
allergens, the need to study the phenomenon of pollinosis is becoming increasingly 
more urgent. In order to improve the quality of life of persons affected by these 
manifestations, it is useful to assess allergophyte presence and distribution directly in 
the city and to identify the urban areas particularly dangerous for the onset of pollinosis 
(Hruska, 2003). 

 The spectrum of air particles causing allergic rhinitis and asthma is rather well 
known. There are regional differences both in occurrence and allergenicity of pollen 
and spores. Due to human activities, we must await slight floral changes within a 
decade. Therefore, changes of the allergen content of the air should be observed, to 
react early enough with changes in diagnostic and therapy means whenever a new 
allergen should appear. If one or the other well known aeroallergen would show a 
significant trend to disappear, the obvious things will be easily done, but new allergens 
demand some time for organization of tests and therapeutical solutions (Jager, 1989). 
With up to 25% of the populations in industrialized countries suffering these diseases, 
the impact of allergy on society is significant. Of the diseases, allergic rhinitis (hay fever 
or pollinosis) has the highest incidence with 10–20% of the population suffering from 
this disorder; 5–10% exhibit asthmatic symptoms while 1–3% experience food allergies 
(Durham & Church, 2001). Whilst food allergy and eczema are often predominant in 
infancy, asthma and rhinitis often may not develop until late in childhood or early 
adulthood. Pollen allergy is also typically a seasonal disease often dependent upon the 
flowering season of the plant to which an individual is pollen-sensitive (Weerd et al., 
2002). The knowledge of the presence, distribution, length and modality of flowering 
time of spontaneous and cultivated allergenic plants, compared with airborne pollen 
monitoring in a specific area is necessary for an etiologic diagnosis of pollinosis (Platt-
Mills & Solomon, 1993). On a restrictive definition, plant species which are known to 
cause pollinosis in a substantial part of the population in a large area can be considered 
as allergenic (Lorenzoni et al., 1998). Plants considered dangerous in terms of the onset 
of allergies in the human population are those perennials with a phenantesic period 
lasting over a month or those that flower repeatedly during the same vegetative season. 
In addition, species considered strongly allergenic for man are those whose pollen 
provokes allergic reactions that are aggravated by food-related allergic reactions, 
particularly those from fruits or vegetables, through the phenomenon of cross reactivity 
(Eriksson 1993; Hruska, 2003). 

MATERIALS AND METHODS 
In order to calculate the allergen index of a single species, the following 

parameters were taken into consideration: length of the phenantesic period (after 
Ciocârlan, 2000), presence of phenomena of cross reactivity and species abundance 
utilizing data on the aerobiological characteristics. These parameters were assigned 
numeric values in ascending order which express the potential of a plant species, 



 133 

through its pollen, to cause allergic manifestations in man. Pollen count was carried 
out using a volumetric pollen trap (VPPS 2000 Lanzoni). Pollen was sampled during a 
3-year (2000-2002) atmospheric pollen-monitoring programme in Timişoara, Romania. 
Measurements were performed mainly by the volumetric method in order to establish 
the spatial distribution of pollen in aeroplankton. Daily values expressed as pollen 
grains/m3

These allergophytes are prevalently species of the Poaceae and Asteraceae 
families, which are becoming ever more abundant in the cities, especially because 
of the particular urban climate (Palmieri & Siani, 2000; Hruska, 2003). The 
allergenic flora in Timişoara can be roughly subdivided into two groups of plant 
species. One includes arboreal and shrub-like exotic species, growing and 
cultivated in private gardens and public parks. The second group includes 
perennial or annual spontaneous, mostly herbaceous species, growing anywhere 
in the urban environment provided where soil characteristics are favourable. 
Some agrarian species cultivated in peripheral areas are also present. All plants 
are spread in the urban environment according to their ecological characteristics 
and grow in the habitats most suited to them. They are mainly synanthropic weeds 
or ruderal species, whose propagation has been increasing according to the 

 of air per 24 h (Mandrioli et al., 1998). Airborne pollen concentration was 
expressed as a Pollen Index (PI = this index is expressed in percentage from annual 
sum pollen types during sampling period 2000-2002).  

RESULTS AND DISCUSSIONS 
Monitoring of the pollen counts in the aeroplankton of cities is of relevant 

medical importance. The number of people allergic to plant aeroallergens has 
substantially increased in big cities and industrial areas (Nilsson & Persson, 
1981). The allergen index value (A.I.) is the sum of the pre-chosen values for 
each of the partial characteristics outlined above. The parameters adopted were 
assigned values on an appropriate numeric scale. Table 2 presents calculation of 
the allergen index for the most common allergophytes in the western Romanian 
urban ecosystems, utilizing the scales of the proposed parameters from Table 1. 
Pollen grains of allergenic taxa occur in the atmosphere of Timişoara in large 
quantities from early February untill late October. It is clear that the Romanian 
pollen seasons show 3 main parts: tree season (February–April), grass season 
(May–July), weed season (July–October). Classification of the plant species into 
groups of trees, grasses and weeds reveals exclusively tree airborne pollen to be 
found in March and April then in May and June the grass and weed pollen 
occurred, whereas an absolute predominance of weed pollen was recorded in July, 
August and September. The generally accepted conclusion is that the participation 
of arboreal pollen in the pollen fall reflects regional conditions, while the content 
of pollen of herbaceous plants reflects local ones (Ianovici, 2007). Comparing the 
allergenic indices obtained with the allergic manifestations of pollinosic patients, 
the numeric values were subdivided into the following four groups: A.I.up to 2 - 
uncertain effect; A.I. from 2,5 to 4,5 - species with slightly allergenic pollen; A.I. 
from 5 to 6 - species with moderately allergenic pollen; A.I. from 6,5 to 7 - 
species with strongly allergenic pollen. 
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continual expansion of waste areas. Other species grow in grassed areas, in traffic 
islands, along rivers and on channel banks, roadsides, and among hedges. The 
highly allergenic Ambrosia artemisiifolia is widely encountered. This leads to the 
necessity of individual testing with Ambrosia pollen and the complete study of 
this plant, in expansion in our country.   
 

Table 1. 
Values of the parameters used in evaluating the allergenicity of plants  

Phenanthesic period Cross reactivity Abundance - Pollen index 
less than one month = 0.5 
more than one month = 2 

none present = 0 
present = 1 

rare = 0.5 (0 – 0,99%) 
present = 1 (1 - 1,99%) 

rather common = 2 (2 - 4,99%) 
abundant = 3 (5-10%) 

very abundant = 4 (>10%) 

 
Table 2. 

A.I. calculation for some plants frequently present in urban ecosystem 
Pollen type 

 
Phenanthesic 

Period 
Abundance 

(Pollen index) 
Cross 

reactivity 
Allergen 

index value 
strongly allergenic     

Ambrosia 2 4 (19,99%) 1 7 
Poaceae 2 4 (16,46%) 1 7 

moderately allergenic     
Urtica 2 3 (8,97%) 1 6 

Artemisia 2 3 (8,66%) 1 6 
Chenopodiaceae/Amaranthaceae 2 2 (4,02%) 1 5 

Rumex 2 2 (3,83%) 1 5 
Carpinus 2 2 (3,48%) 1 5 

Betula 2 2 (3,41%) 1 5 
Alnus 2 2 (2,03%) 1 5 

slightly allergenic     
Populus 2 2 (4,19%) 0,5 4,5 

Taxaceae/Cupressaceae 2 2 (3,26%) 0,5 4,5 
Pinaceae 2 2 (3,1%) 0,5 4,5 

Salix 2 2 (2,76%) 0,5 4,5 
Acer 2 2 (2,73%) 0,5 4,5 

Corylus 2 1 (1,08%) 1 4 
Ulmus 2 1 (1,04%) 0,5 3,5 

Quercus 2 1 (1,17%) 0,5 3,5 
Fraxinus 2 1 (1,26%) 0,5 3,5 

Tilia 2 1 (1,84%) 0,5 3,5 
Morus 0,5 2 (2,06%) 0,5 3 

Plantago 2 1 (1,98%) 1 2,5 
uncertain effect     

Juglans 0,5 1 (1,91%) 0,5 2 
Platanus 0,5 0,5  (0,59%) 0,5 1,5 

 
The flowering time demonstrates the presence of two different floral 

groups. Most cultivated phanerophytes are flowering at the beginning of spring, 
whereas the spontaneous plants delay their anthesis in late spring. The anthesis of 
spontaneous flora, however, can continue later and recur. In some cases there is 
no temporal overlap between flowering time and aerobiological data of the 
families. Pollens of Corylaceae, Betulaceae, Chenopodiaceae/Amaranthaceae, 
Fagaceae and Polygonaceae are detectable in the air for a period longer than the 
flowering time of the same species. In cultivated species, anthesis can be 
influenced by phytopathological treatment and by regular light (Lorenzoni et al., 
1998).The numeric increase in pollinosis patients is especially accentuated in 
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large towns and cities, where studies of allergenic flora are fairly demanding. 
Selective floristic cartography has helped reduce money and monitoring time 
employed for study of urban allergophytes. Allergophyte distribution is assessed 
and urban areas particularly invaded by these species are identified, thus 
indicating residential zones unsuitable for pollinosic patients. Since the 
symtomatology of these illnesses varies considerably over the course of a year, it 
is very useful to indicate the periods of a given pollen’s maximum production. 
Utilizing this data, one can define prevention and treatment measures for people 
who suffer from allergenic manifestations caused by urban pollens in order to 
ease the symptomatology of the illness (Hruska, 2003). 

The geographic position of an urban ecosystem influences the presence and 
abundance of allergophytes. A species is usually more abundant in the central part 
of its areal and thus can be strongly allergenic in the center of its area of 
distribution and moderately dangerous on the edges of this area. A similar 
observation can be made about the species capable of occupying different 
habitats. In fact, a species develops most abundantly in its optimal habitat, and 
here, as well, the allergenic effects provoked by its pollen will also be most 
evident. The urban ecosystem hosts a rich reservoir of strongly allergogenic 
plants. The presence of the latter is continually increasing, as various species are 
brought into the city accidentally or deliberately by man. As already established, 
the period of time spent in contact with allergogenic taxa can influence the 
pathogenesis of pollinosis in people already sensitized to pollens (Ricci et al., 
1993). Take, for example, the allergy suffered by urban children, caused by the 
pollen of Aesculus hippocastanum, an ornamental tree often used in urban parks 
(Popp et al., 1992). City park management can influence the allergic responses of 
inhabitants, as has been noted in Switzerland (Frei & Leuschner, 2000). 

CONCLUSIONS 
Airpalynologic values recorded during the years 2000- 2002 show huge 

differences for our geographic area concerning the incidence of the pollen of 
some plants with airborne allergen pollen. We notice the abundance of the pollen 
coming from a species which is adventives in our country’s flora: the Ambrosia 
artemisiifolia. Allergenic pollen taxa identified in Timişoara during monitoring 
throughout 2000–2002 was: Acer, Alnus, Ambrosia, Artemisia, Betula, Carpinus, 
Corylus, Chenopodiaceae/Amaranthaceae, Fraxinus,Morus, Quercus, Pinaceae, 
Plantago, Poaceae, Populus, Rumex, Salix, Taxaceae/Cupressaceae, Tilia, 
Ulmus, Urtica. More attention must be paid to these taxa, especially in managing 
of allergy problems in urban areas. The study of the concentrations of airborne 
pollen at the beginning of and during the season, the knowledge of peak 
concentrations and of the year to year variations, together with the phenological 
data regarding the frequency, distribution in the urban area and course of 
flowering of the allergenic plants, contribute to the understanding of allergic 
phenomena. 
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CONTRIBUTIONS TO THE PHYTOSOCIOLOGICAL 
STUDY OF THE MOUNTAIN MEADOWS OF 

ARRHENATHERETALIA R. TX. 1931 FROM NEAGRA 
BROŞTENILOR HYDROGRAPHIC BASIN 

 
CONTRIBUŢII LA STUDIUL FITOSOCIOLOGIC AL PAJIŞTILOR 

MONTANE DIN ORDINUL ARRHENATHERETALIA R. TX. 1931 DIN 
BAZINUL HIDROGRAFIC AL NEGREI BROŞTENILOR 

 
MARDARI C. 

”Anastasie Fatu” Botanical Garden of Iaşi 
 

Abstract. The hydrographic basin of Neagra Broşteni river presents 
approximately 350 km2 area and occupies, in its larger part, the central zone of 
Bistriţa Mountains, a reduced portion of the eastern slope of Călimani 
Mountains and the Drăgoiasa – Glodu depression (Eastern Carpathians). 
Geological, pedological and climate characteristics have determined the 
individualization of meadows depending on vegetation levels: mountain, sub-
alpine and alpine meadows. Vegetal associations from the mountain meadows, 
included in Arrhenatheretalia R. Tx. 1931 order, identified in 2006 – 2007 
period in this territory are: Festuco rubrae – Agrostietum capillaris Horvatic 
1951, Lolio – Cynosuretum Br.-Bl. et de Leeuw 1936 and Pastinaco – 
Arrhenatheretum elatioris Passarge 1964. These are analyzed from the floristic 
elements, bio-forms, ecological and caryological indices perspectives. 

Rezumat. Bazinul hidrografic al râului Neagra Broşteni prezintă o 
suprafaţă de aproximativ 350 km2

MATERIAL AND METHOD 

 şi ocupă, în cea mai mare parte a sa, zona 
centrală a Munţilor Bistriţei, o mică porţiune din flancul estic al Munţilor 
Călimani şi ulucul depresiunar Drăgoiasa - Glodu (Carpaţii Orientali). 
Condiţiile geologice, pedologice şi climatice au determinat individualizarea 
pajiştilor pe etaje de vegetaţie: etajul montan, subalpin şi alpin. Asociaţiile 
vegetale de pajişti montane aparţinând ordinului Arrhenatheretalia R. Tx. 1931 
identificate in perioada 2006 – 2007 în acest teritoriu sunt următoarele: Festuco 
rubrae – Agrostietum capillaris Horvatic 1951, Lolio – Cynosuretum Br.-Bl. et 
de Leeuw 1936 şi Pastinaco – Arrhenatheretum elatioris Passarge 1964. Ele 
sunt analizate din punct de vedere al geoelementelor, bioformelor, al indicilor 
ecologici şi cariologici. 

 

The phytosociological study has been realized using the classic methods 
specific to Central Europe Phytosociological School. Meadows vegetation has been 
characterized through phytocoenological relevées used as sampling method. Each 
vegetal species has been quantified in field (using Braun – Blanquet scale presenting 
the abundance – dominance indices from + to 5). Phytosociological relevées have 
been ordered and grouped in vegetal associations on the basis of characteristic, 
dominant and differential species [1], [3]. The biological forms and floristic elements 
for each species are those that have been given by V. Ciocarlan [2] and the values for 
ecological indices (T–temperature, U–humidity, R–soil pH) have been established by 
V. Sanda et al. [6] and Popescu et al. [5]. Information regarding the genetic type of 
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each species have been published by V. Ciocarlan [2] and the diploidy index has been 
calculated using the formula elaborated by S. Pignatti [4]. 
 

RESULTS AND DISCUSSIONS 
 

According to speciality literature [1], [3] these plant communities are subordinated 
to: MOLINIO – ARRHENATHERETEA R. Tx. 1937, ARRHENATHERETALIA 
R. Tx. 1931, Cynosurion R. Tx. 1947: Festuco rubrae – Agrostietum capillaris 
Horvatic 1951, Lolio – Cynosuretum Br.-Bl. et de Leeuw 1936; Arrhenatherion Koch 
1926: Pastinaco – Arrhenatheretum elatioris Passarge 1964.  

Festuco rubrae – Agrostietum capillaris Horvatic 1951 (Table 1, rel. 1-4) 
includes the red fescue meadows, wide spread in the researched area, covering 
mountains versants with varied slopes and expositions, between 750 and 1100 m 
altitude. It is characterized by the dominance of the edifying species Festuca rubra and 
Agrostis capillaris that are realizing an average covering degree up to 75 – 80%. In 
some phytocoenosis, Holcus lanatus, Trifolium pratense, Nardus stricta are 
characterized by significant abundance – dominance indices (without becoming co-
dominant or sub-dominant). 57% of the component species are characteristic to the 
superior coenotaxa. In the studied areas are also present representative species to 
Juncetea trifidi, Festuco – Brometea and Trifolio – Geranietea. The floristic elements 
spectrum points out the fact that in this vegetal association structure prevails the 
eurasiatic (52%) and european (20%) elements. The life-forms spectrum presents the 
preponderance of the hemicryptophytes species (82%) followed by geophytes and 
therophytes (4%) species. Ecological indices spectrum reveals the preponderance of 
mesophilous, (63%), mesothermophilous (35%) and microthermophilous (25%) 
species. Most of the component species (55%) are indifferent to soil pH. The 
caryological spectrum presents the increased proportion of the diploid species (42%). 
The diploidy index (D.I. = ΣD / ΣP

Most of the component species (60%) are indifferent to soil pH and approximate 
32% are specific to weak acid to neutral soils. The caryological spectrum presents the 
increased proportion of the diploid species (43%). The diploidy index (D.I. = Σ

) presents a value of 1,07.  
Pastinaco – Arrhenatheretum elatioris Passarge 1964 (Table 1, rel. 5-8) 

includes the tall oat-grass meadows, sporadically spread in the researched area, covering 
small areas on Neagra Brosteni valley in places characterized by decresed slopes (3-5º) 
and varied expositions, up to 800 m altitude. It is characterized by the dominance of the 
edifying species Arrhenatherum elatius that are realizing an average covering degree up 
to 75%. The floristic composition includes preponderantly species characteristic to 
superior coenotaxa (63%). In the studied areas are also present representative species to 
Juncetea trifidi and Trifolio – Geranietea. The floristic elements spectrum points out the 
fact that in this vegetal association structure prevails the eurasiatic (54%), european 
(20%) and cosmopolite (13%) species. The bio-forms spectrum presents the 
preponderance of the hemicryptophytes species (76%) followed by geophytes (5%) and 
hemitherophytes (4%) species. Ecological indices spectrum reveals the preponderance 
of mesophilous (70%), and meso (29%) or microthermophilous (25%) species. 

D / ΣP) 
presents a value of 1,33. 
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Table 1 
Vegetal associations from ARRHENATHERETALIA R. Tx. 1931 in Neagra Brostenilor river basin 

 
 
 

U 

 
 
 

T 

 
 
 

R 

Association  a b c  
 
 

K 

No. of relevé 1 2 3 4 5 6 7 8 9 10 11 12 
Plot area (m2 100 ) 100 100 100 100 100 100 100 25 25 25 25 
Altitude (m) 875 900 980 1100 700 750 800 800 1080 680 700  
Aspect  SE E NV SV SE NE SV SE V SE - S 
Slope (º) 10 4-5 15 10 5 3-4 1-2 5 4-5 10 - 7-8 
Vegetation covering 
(%) 

100 100 100 90 95 90 95 95 95 100 100 100 

Car. ass. 
3 0 0 Festuca rubra  3 3 2 3 + - 1 1 + - + + V 
0 0 0 Agrostis capillaris  2 3 3 1 + + + + + 1 + + V 
3 3 3 Cynosurus cristatus  + + - + + + + - 1 2 2 + V 
3 3 4 Arrhenatherum elatius  + + + - 3 4 3 3 - - - - III 

2,5 4 4,5 Lolium perenne  - - - - - - - - 3 2 2 4 II 
Cynosurion  

3,5 0 0 Phleum pratense  + + + - - + - + - - - + III 
3 0 0 Leontodon autumnalis  + + + + + - + - + + + - IV 
3 2,5 0 Bellis perennis  - - - - + + - + + + + - III 

Arrhenatherion et Arrhenatheretalia  
3 2,5 3 Centaurea phrygia  + 1 + + - + + - - - + - III 
0 3 0 Briza media  + + + + + - - + - + - - III 

3,5 3 0 Holcus lanatus  + - 1 - + - + + - - - - III 
3 0 0 Leucanthemum 

vulgare 
+ + + + + - - + + + - + IV 

3 0 0 Achillea millefolium  + + - + + + - - + + + + IV 
2 3 3 Thymus pulegioides  + + + + - + - + + - + - IV 

2,5 3 0 Knautia arvensis  + - - - - + + - - - - - II 
2,5 2 3 Stellaria graminea  + + + + 1 + - + + - - - IV 
3 0 4 Dactylis glomerata  + + + - + + + - + - - + IV 

3,5 3 3 Carum carvi  - + - - + - - - - + + - II 
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3 0 0 Taraxacum officinale  - + + - + + - - + + - - III 
3 2,5 3 Campanula patula  - + + - + + - + - - + - III 
0 0 0 Plantago lanceolata  - - - + + - - + + + - - III 

Deschampsion  
3 3 0 Stachys officinalis  + + + - - + + - - - - + III 
4 0 0 Deschampsia 

caespitosa  
+ + + - + + - - + - - - III 

Calthion  
4 3 3 Angelica sylvestris  + - + - - - - + - - - - II 

Alopecurion  
3,5 0 0 Festuca pratensis  + + + - + + - + - - - - III 

Molinietalia caeruleae  
4 0 4,5 Gymnadenia 

conopsea  
+ - + + - - - - - - - - II 

3,5 2,5 0 Lychnis flos - cuculi - - + + - + + + - - - - III 
3,5 3 4 Colchicum autumnale  - - - - + + + - - - - - III 
3 2 4 Linum catharticum  - - - - + + + - - - - - III 

Molinio – Arrhenatheretea  
3 0 0 Trifolium pratense  1 + + + + - + - - - + + IV 

4,5 3 3,5 Trollius europaeus  + - + - - - - - - + - - II 
3,5 0 0 Ranunculus acris  + - - - - + - - + + - - II 
0 0 0 Rhinanthus 

angustifolius  
+ - 1 + - - - - - - - - II 

0 0 0 Anthoxanthum 
odoratum  

+ + - + + + - + - - - - III 

3 0 0 Centaurea jacea  + + + - 1 + - + - - - - III 
3 0 0 Rumex acetosa  + - - - + + - - - - - - II 

2,5 0 0 Lotus corniculatus  + + + - + + + - - - - + III 
3,5 2 2 Alchemilla 

xanthochlora 
1 + - - - - - - - + - - II 

3 3 0 Prunella vulgaris  + - + - + + + - - + + + IV 
3 3 3 Polygala vulgaris  + + - + + + - - - - - - IV 
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3,5 0 0 Trifolium repens  - 1 + - + + - + + + + + IV 
3 2 0 Viola tricolor  - + - - - + - - - + + + III 
3 0 3 Vicia cracca  - + + - - + - - - - - - II 
3 0 0 Poa pratensis  - + + - + - - - 1 1 + + III 

Juncetea trifidi  
0 0 1,5 Nardus stricta  + + - 1 - + + - - - + - III 
0 2,5 0 Campanula serrata  + + + - - + - - - - - - II 
3 1 2,5 Arnica montana  + - + + - - - - - - - - II 
4 3 2 Hypericum maculatum  + + + - - - - + - - - - II 

2,5 0 0 Carlina acaulis  +  - + - - + - - - + - - II 
3,5 2 4 Hieracium 

aurantiacum  
- + + - + - - - - - - - II 

Trifolio – Geranietea s. l. 
2 3 3 Trifolium ochroleucon  + + + - - - - - - - - - II 
3 0 0 Veronica chamaedrys  - + - + + - - - - - - - II 

Variae syntaxa  
3 2 2 Cruciata glabra  + + + + - - - + - + - - III 
3 3 0 Pteridium aquilinum  + - + - - + - - - - - - II 

 
Species met in 1-2 relevés: Carex pallescens +, I (rel. 1) U3,5T3R3; Succisa pratensis +, I (rel. 1) U4T2,5R0; Potentilla recta +, I (rel. 1) U1,5T3,5R4; 
Trifolium montanum +, I (rel. 1) U2,5T2R4; Gentianella austriaca +, I (rel. 1) U3T2R4; Digitalis grandiflora +,I (rel. 1) U3T3R3; Trifolium medium +, I (rel. 
1) U3T3R0; Gentiana cruciata +, I (rel. 1, 3) U3T3R4; Pimpinella saxifraga +, I (rel. 1, 3) U2,5T0R3; Achillea stricta +, I (rel. 1, 4) U2,5T2R3; Thalictrum 
aquilegiifolium +, I (rel. 1, 6) U2,5T2,5R4; Astrantia major +, I (rel. 1, 8) U3,5T2,5R4,5; Myosotis scorpioides +, I (rel. 2) U5T3R0; Cirsium arvense +, I (rel. 
2) U0T0R0; Fragaria vesca +, I (rel. 2) U3T2,5R0; Geum rivale +, I (rel. 2) U4,5T0R4,5; Trifolium campestre +, I (rel. 2, 4) U3T3R0; Luzula campestris +, I 
(rel. 3) U3T0R3; Hypochoeris uniflora +, I (rel. 3, 4) U3T2,5R2; Lathyrus pratensis +, I (rel. 3, 5) U3,5T3R4; Trisetum flavescens +, I (rel. 5, 8) U0T2R0; 
Equisetum arvense +, I (rel. 5, 9) U3T3R0; Heracleum sphondylium +, I (rel. 5, 11) U3T2,5R5; Euphrasia stricta +, I (rel. 4) U3T3R0; Convolvulus 
arvensis +, I (rel. 6) U0T0R0; Pastinaca sativa +, I (rel. 6,8) U3T4R4; Filipendula vulgaris +, I (rel. 9, 10) U2,5T3R0; Hieracium pilosella +, I (rel. 10) 
U2T0R2; Urtica dioica +, I (re. 10) U3T3R4; Stellaria media +, I (rel. 10, 11) U3T0R0; Juncus effusus +, I (rel. 11) U4,5T3R3; Potentilla anserina +, I (rel. 
11) U4T3R4; Plantago media +, I (rel. 9, 11) U2,5T0R4,5; Echium vulgare +, I (rel. 11) U2T3R4; Lysimachia nummularia +,I (rel. 12) U4T3R0; Cirsium 
vulgare +, I (rel. 12) U3T3R0; Lamium maculatum +, I (rel. 12) U3,5T0R4

 

. 
Place and date of relevées: Neagra Broşteni (rel. 1, 2, 6, 11): 9.07.2007; Drăgoiasa (rel. 3, 9): 10.07.2007; Păltiniş (rel. 4):11.07.2007; Broşteni (rel. 5, 
10): 9.07.2007; Budacu (rel. 7, 8): 2.09.2007; Arsurii rivulet (rel. 12): 3.09.2007. 
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Lolio – Cynosuretum Br.-Bl. et de Leeuw 1936 (Table 1, rel. 9-12) includes the 

perennial ryegrass and crested dogstail grass meadows, sporadically spread in the 
researched area, covering flat to weak inclined terrains, between 680 and 1100 m altitude. 
It is characterized by the dominance of the edifying species Lolium perenne and 
Cynosurus cristatus that are realizing an average covering degree up to 80%. The floristic 
composition includes numerous species characteristic to superior coenotaxa (62%). In the 
studied areas are also present representative species to Festuco – Brometea. The floristic 
elements spectrum points out the fact that in this vegetal association structure prevails the 
eurasiatic (58%) and cosmopolite (16%) elements. The life-forms spectrum presents the 
preponderance of the hemicryptophytes (74%). Ecological indices spectrum reveals the 
presence and preponderance of mesophilous (63%), indifferent to temperature (46%) and 
mesothermophilous (33%) species. Most of the component species (63%) are indifferent 
to soil pH. The caryological spectrum presents the approximate equal proportions 
between diploid (42%) and polyploid species (38%). The diploidy index (D.I. = ΣD / ΣP

CONCLUSIONS 

) 
presents a value of 1,11.  

- Floristic composition of the analyzed vegetal associations is characterized by an 
increased similarity degree. 

- Phytogeographical analysis points out the fact that these phytocoenosis are 
specific to Eurasiatic region. The European character is suggested by the significant 
proportion of European and central European elements.  

- Bioforms spectrum analysis reveals the preponderance of hemicryptophytes 
species, these semi-natural grasslands being edified by perennial gramineae.  

- Ecological analysis presents the mesophilous and mesothermophilous character 
of these meadows.  

- Genetic types analysis reveals reduced differences between the number of diploid 
and polyploid species. The diploidy index (in all three cases) is supraunitary suggesting 
the middle altitude and the relative stabile ecological conditions background of these 
phytocoenosis development.  
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VEGETATIVE ORGANS OF HEDERA L. (ARALIACEAE) 
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Abstract. The researches conducted on the anatomy of the vegetative 

organs of Hedera helix, H. helix var. tres coupe and H. canariensis have 
revealed the existence of a number of characteristic peculiarities, among which 
mention should be made of those of the stem epidermis, of the subepidermic 
cortical collenchyma, and of the assimilatory tissue of the leaf. These 
peculiarities represent the expression of the adaptations to the different life 
environment of the species analysed.  

Rezumat. Cercetările efectuate asupra anatomiei organelor vegetative 
la Hedera helix, H. helix var. tres coupe şi H. canariensis au relevat existenţa 
unor particularităţi caracteristice, dintre care le menţionăm pe cele ale 
epidermei tulpinii, colenchimului cortical subepidermic şi ale ţesutului  
asimilator al frunzei. Aceste particularităţi constituie expresia adaptării la 
mediul de viaţă diferit al speciilor analizate.  

The Araliaceae family, including some 700 species belonging to 55 genera, 
consists mostly of trees and shrubs. Hedera is a genus made up of 15 species of 
climbing, or ground-creeping evergreen woody plants in the family Araliaceae, 
native to the Atlantic Islands, western, central and southern Europe, northwestern 
Africa and across central-southern Asia east to Japan. Hedera helix L., the ivy 
(Araliaceae, Araliales, Asteridae, Rosopsida, Angiospermae, Spermatophyta) 
(Ehrendorfer, 1999) is the best-known temperate species. The species included in 
the genus Hedera are important as ornamental, medicinal, ecological plants, 
while, in some cases, Hedera helix can become an invasise species. 

MATERIAL AND METHODS 
The vegetable material used consisted of vegetative organs sampled from the 

spontaneous species Hedera helix and from H. helix. var. tres coupe and H. 
canariensis, all plants cultivated for ornamental purposes. Hedera canariensis is 
native to the Canary Islands, Portugal, the Azores, and North Africa. The material was 
analysed in cross-sections made across the young stems and leaves. The sections 
were treated with Javel water and coloured with Geneva reagent, analysed under the 
optical microscope, and microphotographed with a Canon digital camera. 
 

RESULTS AND DISCUSSIONS 
The anatomy of the stem. On the outside, the young stem is delimited by a 

one-layer epidermis, made up of small cells. The cuticle covering the epidermis is 
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thick in H. helix (fig. 2), and thinner in the ornamental species (fig. 6, 8), a 
peculiarity determined by the different environment of the species under analysis. 
In all the species, the cuticle displays transverse crests. The epidermis exhibits 
multi-cell tectorial hairs (fig.1). The multi-layered cortex is differentiated into the 
external and the internal cortex. The outer cortex is collenchymatous, and made 
up of 3 to 5 strata of cells, in H. helix having more evident thickening of the cell 
walls (fig. 2). In H. helix. var. tres coupe, the collenchima is reduced, being made 
up of 2 to 3 strata of cells (fig. 5, 6). In H. helix, the collenchyma becomes 
sclerous, a process that can also be noticed in the stem and petiole of other 
dicotyledonous (Duchaigne, 1955). The inner cortex, made up of bigger cells than 
those in the outer cortex (fig. 1, 5, 7), has thickened cell walls in H. helix, and thin 
walls in H. helix. var. tres coupe and H. canariensis. Within that area, druses can 
be noticed, more frequently in H. helix and H. helix. var. tres coupe. In all species 
near the central cylinder of the inner cortex can be found secretory ducts with a 
polygonal lumen, delimited by secretory cells (fig. 4); secretory ducts are formed 
in a schizogeneous manner (Carr & Carr, 1970; Fahn, 1979) and are characteristic of 
the Araliaceae (Metcalfe & Chalk, 1950; Carlquist,1988, Kolalite and all., 2003). These 
structures are traditionally regarded as a character of great diagnostic importance 
for this family (Takhtajan 1987). The central cylinder is delimited by a fragmented 
sclerenchymatous pericycle (fig. 3, 4, 5), which does not occur in H. canariensis 
(fig. 7). The vascular bundles belong to the open collateral type, and have various 
sizes. The intrafascicular cambium is roundly linked to the interfascicular one, 
and differentiated in the parenchyma of the primary medullar radii, thus 
constituting a continuous cambial ring, which will generate secondary vascular 
tissues. In the internal and lateral regions, the vascular bundles are accompanied 
by a sclerenchymatous tissue (fig. 1, 3, 5, 7). The cell walls of the sclerenchyma 
are more thickened in H. helix and H. helix. var. tres coupe, and thinner in H. 
canariensis. Certain vascular bundle of H. canariensis lack the xylem (Fig. 7). 
The pith of the stem is made up of isodiametric cells, which have slightly thicker 
walls in H. helix. In the medulla, secretory canals can be noticed in H. helix. var. 
tres coupe and in H. canariensis (fig. 9, 10) and, sometimes, druses. 

The petiole. It is of a polystellic type, each vascular bundle being 
surrounded by its own endodermis (fig. 12). The one-layered epidermis, which 
lies outside, has a structure similar to that of the stem. Under the epidermis there 
is a three-to five-layered collenchyma, the walls of which are heavily thickened. 
Very much as in the case of the stem, the collenchyma is better developed in H. 
helix and H. canariensis. Under the collenchyma there lies a parenchyma that 
contains oxaliferous cells (fig. 12). The vascular bundles lie in the shape of a 
circle (fig. 11). On the outside of the vascular bundles, in the parenchyma, there 
are the secretory ducts (fig. 13), as in the phloem (fig. 13, 14). 
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Hedera helix – cross section through the stem. Fig. 1. (Oc. 10x, ob.10, orig.). Fig. 2. Detail from 

epidermis and outer cortex: col-collenchym, ct-cuticle, ep-epidermis (oc. 10x, ob 40, orig.). Fig. 3. 
Detail from stel: ph-phloem, per-pericycle, scl-sclerenchym x-xylem, (oc. 10x, ob. 20, orig.). Fig. 4. 

Secretory duct from cortex (arrow): sc-secretory cels (oc. 10x, ob.40). 
The lamina. Facing the median nervure, on both the adaxial and abaxial sides, 

all the species display a protuberance. In that region, under the epidermis, there lies a 
collenchymatous tissue. On the outside, the leaf exhibits a one-layer epidermis, covered 
by the cuticle, with stomata on the lower one. The mesophyll is differentiated into a 
palisadic, and a lacunous parenchyma. The cells of the palisadic parenchyma are longer 
in H. helix, and more of less isodiametric in H. helix. var. tres coupe and in H. 
canariensis (fig. 17, 18). The mesophyll contains numerous oxaliferous cells. The 
median nervure is made up of a larger collateral fascicle, arc-shaped, which has a xylem 
oriented towards the adaxial face and the phloem going towards the abaxial face, and, 
above it, a smaller collateral fascicle, with a reverse orientation of the vascular tissues. 
Both fascicles exhibit sclerenchyma on the outside region of the phloem (fig. 15), 
stunted in H. canariensis.  
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Under the vascular bundle, there are secretory ducts. 

  
Hedera helix var. tres coupe - cross section through the stem. Fig. 5. (oc.10x, ob. 20, 
orig.). Fig. 6. Detail from epidermis and outer cortex: col-collenchyma, ct-cuticle, ep-

epidermis (oc. 10x, ob 40, orig.). 
 

  
Hedera canariensis - cross section through the stem. Fig. 7. Vascular bundle lack the 
xylem (arrow) (Oc.10x, ob. 10,orig). Fig. 8. Detail from epidermis and outer cortex: cl-

collenchyma, ct-cuticle, ep-epidermis (oc. 10x, ob 40, orig.). 

  
Fig. 9, 10. Hedera canariensis - cross section through the stem. Detail from pith:  

secretory ducts (arrow) (oc. 10x, ob. 40, orig.). 
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Hedera helix – cross section through the petiole. Fig. 11. The vascular bundles (oc. 10x, 
ob. 10, orig.). Fig. 12. Details of vascular bundle:  end-endodermis, ox- oxaliferous cells, 

(oc. 10x, ob. 20, orig.). 

   
Hedera canariensis – cross section through the petiole. Fig. 13. sd-secretory duct 

(oc. 10x, ob. 40, orig.), Fig. 14. Secretory duct in phloem (arrow)(oc. 10x, ob. 20, orig.). 
 

  
Hedera helix – cross section through the leaf. Fig. 15. Median vein: ph-phloem, x-xylem, 

scl-sclerenchyma (oc. 10x, ob. 10, orig.), Fig. 16. Lamina: pp-palisadic parenchyma  
(oc. 10x, ob. 10, orig.). 
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Fig. 17. Hedera helix var. tres coupe – cross section through the lamina: pp-palisadic 

parenchyma (oc. 10x, ob. 20, orig.). Fig. 18. Hedera canariensis  – cross section through 
the lamina: pp-palisadic parenchyma (oc. 10x, ob. 20, orig.). 

 
CONCLUSIONS 

The general structure design of the two species and of the variety tres 
coupe, which has been analysed, is similar, and the structural differences are the 
expression of their adjustment to different environments. Thus, H. helix, a 
spontaneous species as well as a species cultivated outside as an ornamental plant, 
displays a thicker cuticle and a more developed subepidermal collenchyma, in 
both the stem, and the petiole and lamina. The sclerenchyma lying on the internal 
and lateral sides of the vascular bundles in the stem is more developed in H. helix, 
as well as in its variety, representing a species-defining characteristic. The 
structure of the assimilatory parenchyma also represents the result of the 
adjustment to a different environment; the palisadic parenchyma is made up of 
prosenchymatic cells only in the species that vegetates in the outer environment, 
while the vegetable material cultivated indoors has a palisadic parenchyma made 
up of shorter cells in H. helix var. tres coupe, and nearly isodiametric cells in H. 
canariensis.  
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SECRETORY GLANDS DIVERSITY OF SOME 
CARNIVOROUS PLANTS 

 
DIVERSITATEA GLANDELOR SECRETOARE DE LA UNELE PLANTE 

CARNIVORE 
 

STĂNESCU IRINA-ELENA 
”Anastasie Fatu” Botanical Garden of Iaşi 

 
Abstract. The secretory glands of the carnivorous plants show a great 

variety of structures and shapes, being very small (consisting of few cells, in the 
species belonging to Utricularia genus) or bigger, multilayered (in the species 
belonging to Drosera, Nepenthes and Pinguicula genus). From structural point 
of view, the secretory glands are classified in three categories: glands buried in 
the wall of the pitcher, sessile glands and pedicelate glands of various 
structures. 

 
Rezumat. Glandele secretoare ale plantelor carnivore au o structură şi 

formă foarte variată, fiind de dimensiuni foarte mici (formate din câteva celule 
la speciile genului Utricularia) sau mai mari, pluristratificate (la speciile 
genurilor Drosera, Nepenthes şi Pinguicula). Din punct de vedere structural, ele 
se împart în 3 categorii: glande cufundate în peretele capcanei, glande sesile şi 
glande pedicelate cu structuri diferite. 
 

Carnivorous plants posses both attraction and retaining elements on one 
hand and formations which digest the prey, in order to let the plant beneficiate the 
resulted compounds, on the other hand. The process we are talking about is 
controlled by the digestive glands. 

 
MATERIAL AND METHOD 

 
The material under study is represented by 27 carnivorous plant species, as 

follows: Aldrovanda vesiculosa L. leaves (collected from Ceamurlia, Danube Delta,, 
Tulcea District), Dionaea muscipula Ellis leaves (from a flower shop), leaves of 
various Drosera species (D. aliciae Hamlet, D. binata Labill, D. brevifolia Pursh, D. 
burkeana Planch, D. capensis L. With three forms: D. capensis ”Alba” L., D. capensis 
”Narrow Leaf” L., D. capensis ”Rubra” L., D. capillaris Poir, D. cuneifolia Thunb, D. 
dielsiana Exell et Laundon, D. intermedia Hayne, D. lovella T. N. Bailey, D. montana 
St. Hill and D. spatulata Labill) (coming from the collection of “Alexandru Borza” 
Botanical Gardens of Cluj-Napoca), Drosera rotundifolia L. leaves (collected from 
Natural Park Gradinita Meadow, Suceava district), metamorphosed leaves of various 
Nepenthes species: N. x coccinea Mast., N. distillatoria L., N. maxima  Reinw ex Nees 
and N. northiana Hook f. (from the collection of the “Alexandru Borza” Botanical 
Gardens of Cluj-Napoca), Pinguicula alpina L. leaves (collected from Ceahlau 
Mountain, Neamt District), Pinguicula moranensis H. B. K. leaves (coming from the 
collection of „Anastasie Fătu” Botanical Gardens of Iasi), Sarracenia flava L. and 
Sarracenia purpurea L. metamorphosed leaves (from a flower shop), Utricularia 
vulgaris metamorphosed leaves (collected from Poienita Lake, Vaslui District). 
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The material subjected to analysis has been fixed and preserved in 70% ethylic 
alcohol. The sections were cut with a microtome, then coloured with iodine green and 
alaun-carmine, mounted in gel and analyzed on a Novex (Holland) light microscope. 
The light micrographs were performed by means of a Novex (Holland) microscope, 
using a Canon A95 camera. 

 
RESULTS AND DISCUTIONS 

 
The efficiency of the carnivorous plants is helped by special attraction 

mechanisms which guide the insects to the region where they are captured. There 
are various traps producing visual, olfactory, tactile stimulus and offering nectar 
to the prey. The presence of these attraction mechanisms represents an advantage 
for the carnivorous plants. 

The carnivorous plants presents four capture appliances: adhesive traps, 
closing traps, pitchers and aspiration traps. 

The adhesive traps are represented by pedicelate glands, each of them 
bearing a mucilage droplet on its top. The pedicel may be unicelled (in Pinguicula 
species- Fig. 1) or multicelled (in Drosera species- Fig. 2). Usually, multicelled 
pedicels are endowed with conductive vessels. 

In all Drosera species, the upper side of the leaf is covered with pedicelate 
glands, called tentacles; they have different lengths, the ones positioned at the 
periphery are long and become shorter and shorter as soon as they occupy the 
center of the foliar blade. This length difference is associated with another 
difference regarding the ability of movement: the longer they are, the faster they 
move. The peripheral tentacles enlarge the capturing area. 

In Pinguicula species, sessile glands cover both sides of the foliar blade, 
while pedicelate glands cover only the upper one. Each type bears a glandular 
head, consisting of 16 cells (in the pedicelate hairs) or fewer (in the sessile hairs) 
radially disposed. Fenner (1904) considers that, in Pinguicula species, the 
pedicelate glands born from successive divisions of a single epidermal cell, which 
becomes the reservoir that is connected with other 4-8 cells by plasmodesmatas. 
Only an elongated cell represents the pedicel, the only cito-histological character 
that differentiates the pedicelate hairs from the sessile ones. 

Following the prey captured by the sticky mucilage secreted by the 
pedicelate glands, the borders of the foliar blade, adjacent to the capturing region 
incurve, covering the prey and limiting the space around it; this is a very slowly 
movement, as a result of the small pressure of the prey or due to the nutritive 
compounds absorption. Ones the digestive activity completes, the borders of the 
foliar blade come back to their normal position. This process may take from 
several hours to several days. By rolling the borders of the foliar blade, the prey 
touches more and more glands. 

Aldrovanda vesiculosa and Dionaea muscipula present closing traps, their 
bilobed foliar blade. In Aldrovanda vesiculosa each lobe presents two regions: an 
external one and an internal (central) one (Ashida, 1934, 1935). The external region 
consists of two layers of cells, while the internal one is thicker- of three layers. 
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This former constitutes the digestive cavity when the trap closes. The central 
region presents small glands in the upper epidermis and almost 15 sensitive hairs 
(on each lobe). 

In Dionaea muscipula while the external epidermis presents numerous 
stomata, the internal one presents different histological structures which act for 
attracting, retaining and digesting elements. The trap of Dionaea muscipula is 
divided into three regions (Juniper şi colab., 1989): The marginal bristles, situated at 
the border of the lobes. They intercross when the trap closes. The peripheral band 
bears a few sessile, colourless glands which secrete carbohydrates; each 
peripheral gland is sheltered in a small concavity, that is why it is not squashed 
when the trap closes.  

The digestive region is represented by the central part of the trap, bordered 
by the peripheral band. This region is covered by numerous coloured digestive 
glands (Figs. 3 and 4), bigger than those belonging to the peripheral band. When 
the trap closes, this region becomes the wall of the new born digestive cavity. 
Dionaea muscipula presents only three sensitive hairs on each foliar lobe. 

The pitchers are known as passive traps, based on gravitation, the force 
that determines the prey to fall into the digestive cavity. Some of the mechanisms 
which retain the preys into the cavity are, as follows: smooth, slippery superficies, 
vertical tubes, with narrowed neck that forces the flying insects to descend into 
the cavity, various structures that do not let the insect to escape. 

The pitchers of the plants are divided into the following regions: 
- The first region, represented by the lid and the peristome. The nectaries 
that cover this region form „the attractive area” (Hooker, 1859). 
- The second region abounds in digestive glands (Figs. 5 and 6). In 
Nepenthes species the glands are protected by semilune epidermal 
prolongations, with downward cavity. The prolongations protect the glands 
from the feet of the insects. In Sarracenia species, the epidermal cell bear 
thick and curved external wall; sometimes, the wall forms downward 
prominences, which make easier the slippage of the prey. The glands 
secrete (Figs. 7 and 8) a liquid poor in enzymes, which accumulates in the 
inferior part of the trap, where the preys are digested.  
- The third region has slimy superficies, due to the protheolitical 
secretions come from the glands belonging to the second region. 
- The fourth region is the proper digestive region, where the 
protheolitical liquid accumulates. 
There are active traps, too: aspiration traps belonging to Utricularia 

species. The shape, the dimenssion, the position of the aperture vary from one 
species to another, being used as diagnosis elements which help us to determine 
correctly the species. 
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Fig. 1. Pedicelate glands and sessile glands in the leaf of Pinguicula alpina 

                         
 
 
 
 

 
 

Fig. 4. Sessile gland in the leaf of Dionaea muscipula (cross section) 

Fig. 2. Pedicelate (tentacular) gland in the 
leaf of Drosera Montana (s.c.=secretory 

cells; trh=tracheid) 
 

Fig. 3. Sessile gland in the leaf of Dionaea 
muscipula (front side view); dg.gl.=digestive 

gland 
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The trap of Utricularia, a bladder full of water, known as utriculus, is one 
of the most sophisticated structures in the vegetal kingdom. The internal 
epidermis is covered with typical branched glands. These glands eliminate the 
water from the bladder and retain the small organisms captured, secrete 
protheolitical enzymes and absorb the compounds resulted in the digestion.  

The digestive cavity of the pitchers always contains digestive liquid, in its 
inferior part; it comes from the multicelled glands situated in the wall of the 
pitcher. 

The digestive cavity of the closing traps is a temporary cavity, where all the 
glands are implicated in the digestive process. Adhesive traps do not have a 
permanent accumulation of digestive liquid; only a few glands are implicated in 

Fig. 5. Sessile gland in the pitcher of 
Nepenthes coccinea (front side view) 

 

Fig. 6. Sessile gland in the pitcher of 
Nepenthes northiana (cross section); 

dg.gl.=digestive gland 
 

Fig. 7. Sessile gland in the pitcher of 
Sarracenia flava (front side view); 

dg.gl.=digestive gland 
 

Fig. 8. Sessile gland in the pitcher of 
Sarracenia purpurea (cross section) 
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the digestion of the prey. The pedicelate glands secrete a slimy liquid which 
attracts the preys and digest them. 

 
CONCLUSIONS 

 
In carnivorous plants, the secretory glands show a great variety of structures 

and shapes.  
They are classified in three categories: glands buried in the wall of the 

pitcher, sessile glands and pedicelate glands of various structures. 
They are receivers for chemical stimulus, they secrete a liquid rich in 

protheolitic enzymes and absorb nutritive compounds from the prey’s body. 
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BIOCHEMICAL AND PHYSIOLOGIC STUDIES ON 
SALVIA (SALVIA OFFICINALIS L) 
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Abstract. In order to observe the concrete way in which the physiologic 
and biochemical processes vary in slavia plants, different peculiar and detailed 
studies were accomplished. Thus, different determinations (the content in 
chlorophyll and carotene pigments in leaves, in dry substance, water and 
mineral elements, soluble proteins and glucids) were accomplished in the 
leaves and shoots of different ages. The sampling of probes was realized in the 
following manner: the plants were in year II of cultivation in biologic culture. 
The studies were accomplished in plants form a local population of  Salvia 
officinalis L with Italian origin, that is maintained in collection at VRDS 
Bacau.  

Rezumat. Pentru a observa concret modul în care variază procesele 
fiziologice şi biochimice din plantele de salvia s-a efectuat un studiu amănunţit 
asupra plantei. Astfel, au fost realizate o serie de determinări (conţinut de 
clorofilă şi pigmenţi carotenoizi ai frunzelor, conţinutul în substanţă uscată, 
apă şi elemente minerale, proteine şi glucide solubile, ) la frunze şi lăstarii de 
diferite vârste. Prelevarea probelor s-a realizat astfel: plantele la care au fost 
realizate aceste determinări se aflau în cultură biologică în anul II. Studiile au 
fost efectuate pe plante din populaţia locală de Salvia officinalis L de 
provenienţă italiana ce se afla în colecţie la SCDL BACĂU. 

 
MATERIAL AND METHODS 

- The content in water and total dried substance was determined by drying the 
plants in dry oven, for 24 hours, at a temperature of 105 oC. 

- The titrable acidity was determined by titrating 25 ml of extract with Na OH 0.1 
N and was expressed in % of malic acid.   

- The carotene pigments were extracted in petrol ether and were 
spectrophotometrically determined, at a ripple length of 451 nm. 

- The anthocianic pigments were extracted in methyl alcohol + 1 % HCl and 
were spectrophotometrically determined, at a ripple length 540 nm.  

- The ascorbic acid was determined in the extract obtained in the oxalic acid 1 
%, at a spectrometer in infrared with transformance Fourier. 

- The content in soluble glucose was determined according with Fehling 
methods. 

 - The content in mineral elements was determined through tissues calcinations 
at a temperature of 560 oC and the mineral elements were determined at a  
spectrometer with plasma inductively coupled, IRIS INTREPRIED, in the solution 
obtained after dissolving the mineral substances.  
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- The phonologic observations and the biometrical measurements were realized 
in the experimental parcels.  

RESULTS AND DISCUSSIONS 

The variation of chlorophyll contents from salvia leaves, depending on their 
position on plant 

 
From the data presented in figure 1 result that the chlorophyll pigments 

quantitatively increased at the leaves situated in the lower part of plants towards the 
superior ones. So, the content in total chlorophyll varied between 51,65 mg/100g at 
basal leaves and 128,58 mg/100g at the apical ones, thus realizing an increase of 2,49 
times bigger of chlorophyll content. The leaves from the inferior part of plants had a 
content in chlorophyll 99,19 mg/100g, and the leaves from the superior part a content 
of 111,79 mg/100g. The content in chlorophyll a vary between 35,56 mg/100g in 
leaves from basal part of plant and 92,02 mg/100g in the superior one, with an 
increase of 2,59 times. The content in chlorophyll b vary similarly, the smallest 
values were registered in basal leaves: 16,09 mg/100g, of 2,28 times smaller when 
comparing with the one determined in young leaves. 

The variation of carotene pigments content was similar with the one 
determined in the case of chlorophyll. The content in carotene pigments register an 
increase at leaves from the basal part of plants (10,90 mg/100g) towards the apical 
ones (23,56 mg/100g) that represents an increase of 2,17 times. 
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Figure 1 – The variation of content in total a, b chlorophyll and in carotene 
content at leaves of different ages. 
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The ratio between the content in chlorophyll a and chlorophyll b from salvia 

leaves salvia (fig. 2) had the biggest value in case of leaves from superior third (2,68) 
and the smallest value at the basal ones (2,21). The superior leaves and the one from 
the inferior third had values almost equal 2,52 respectively 2,55. 
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Figure 2 – The variation of ratio chlorophyll a/ chlorophyll b in leaves situated 

on different locations 
 

The variation of content in total dry substance, water and mineral 
substances from salvia plants. 

 
 The researches proved that the shoots are the organs with the highest 
content in water 93,3%, 1,05 times bigger than in root and 1,09 times bigger in 
leaves.  

Table 1 
The variation of content in total dry substance, water and mineral from 

leaves and shoots located at different stories of plants and from roots of salvia (%) 

Specification 
Total dry 

substance Water 
Mineral 

elements 
Superior leaves 13,68 86,32 1,76 
Leaves from the superior third 11,40 88,60 2,57 
Leaves from the inferior third 12,35 87,65 2,77 
Basal leaves 17,70 82,30 5,35 
Superior shoot 6,77 93,23 1,33 
Middle superior shoot 6,16 93,84 1,44 
Middle inferior shoot 6,85 93,15 1,73 
Basal shoot 7,02 92,98 2,02 
Root  10,49 89,51 2,60 
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In what concern the total dry substance the highest content was 
determined in leaves (13,78 %) and roots (10,49 %), and the smallest content in 
shoots  (6,70 %).  
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Figure 3 – Comparation between the content in water and total dry 
substance from leaves, shoots and roots of salvia plants. 

 
The analysis of total dry substance content from leaves of salvia, (figure 

3) showed that it vary between 11,40% in the one from superior third and 17,70% 
at the basal one. 

The trend of accumulation of total dry substance followed a descendent 
curve, from the basal leaves teal the one from the superior third, than it registered 
an increase toward the younger leaves, situated in top of plants. 

The content in water from salvia leaves was in reverse proportion with 
the one of total dry substance (figure 4). 
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Figure 4 – The variation of content in water and total dry substance in 

leaves of salvia from different stories of plants. 
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Thus the content in water vary between 82,30% in case of basal leaves 
and 88,60% at the one from the superior third. 

In the case of leaves, the variation of content in mineral substances 
presented semnificativ differences, depending on their maturation degree. Thus, 
the highest content in mineral substances was determined in basal leaves (5,35%), 
in which their proportion was 1.92 times bigger when comparing with the leaves 
from the inferior thirds, 2.08 times comparing with the superior thirds, and 3,04 
times higher comparting with leaves from apical parts of plants  (figure 5). 
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Figure 5- The variation of content in mineral substances in leaves of 

salvia depending on their position on plant. 
 

Like in case of leaves, the highest accumulations of mineral substances 
were determined in older shoots situated in the basal part of plants. The variation 
of content mineral substances vary between 1,33 % at superior shoots and 2,02%.  

The intensity of respiration of these leaves was of 323,25 mg 
CO2
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/kg/hour, 1,28 times higher comparing with the leaves from the superior 
third, 1,30 times higher comparing with the basal leaves and 1,66 times higher 
comparing with the leaves from the inferior third. 

 
Figure 6 – The variation of respiration in leaves of salvia 

 
Similary results were obtained also in case of intensity of respiration 
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process of shoots (figure 7). The most intense respiration was observed at shoots 
from the superior parts of plants: 175,68 mgCO2
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process decreased of 5,32 times at shoots from the superior third, 5,59 times at 
those from the inferior third and of 2,63 times when comparing with the one from 
basal area. 

 
Figure 7- The variation of respiration process of salvia shoots from different 

stories of Salvia officinalis L. 
 

The variation of content in soluble glucose in leaves of salvia depending on 
their position on plant 

The content in soluble glucose from salvia leaves had the smallest values 
in leaves from the superior and inferior third of plants (0,42 respectively 0,44 %) 
and the highest value in basal leaves (1,12 %). The content in soluble glucoses 
from the apical leaves was 1,20 times smaller comparing with the one from basal 
leaves but still registered an increase of 2,21 times comparing with leaves from 
the superior third and 2,22 times comparing with the one from the inferior third  
(figure 8) 
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Figure 8 – The variation of soluble glucose content in leaves from different 

stories of Salvia officinalis L plants 
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The variation of content in soluble protein depending on the age of 
salvia leaves. 

The soluble proteins from leaves of salvia registered a variation relatively 
small in leaves from different stories of plants. These variations were comprised 
between 5,68 % in leaves from the inferior third and 7,13 % at the ones from 
basal part (figure 9.).  
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Figure 9. – The variation of content in soluble proteins in leaves from 

different stories of Salvia officinalis L plants. 
 
The differences were even smaller, if we compare the content of soluble 

proteins from leaves in inferior, superior third and the apical ones. In this case, 
the content in soluble proteins vary between 5,68 % and 6,09 %. 

 

CONCLUSIONS 
1. The ratio between the content in chlorophyll a and chlorophyll b from 

salvia leaves (figure 2) had the highest value in leaves from the superior third 
(2,68) and the smallest value at the basal one (2,21). The superior leaves and the 
one from the inferior third had almost equal values, 2,52 respectively 2,55. 

 2. The highest content in total dry substance was determined in leaves 
(13,78 %) and in roots (10,49 %), and the smallest content was determined in 
shoots (6,70 %). 

3. The content in water from salvia leaves were in reverse proportion with 
the one in total dry substance  

4. The highest content in mineral substance was determined in basal leaves 
(5,35 %), in which their proportion was 1.92 times bigger when comparing with 
the leaves from the inferior thirds, 2.08 times comparing with the superior thirds, 
and 3,04 times higher comparing with leaves from apical parts of plants. 
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5. The intensity of the respiration process of leaves was 3,32 times higher 
than the respiration of shoots and 1,16 times higher comparing with the roots.  

6. The content in soluble glucose from apical leaves was 1,20 times smaller 
comparing with the one from basal leaves but still registered an increase of 2,21 
times comparing with leaves from the superior  third and 2,22 times comparing 
with the one from the inferior third  . 

7. The content in soluble proteins vary between 5,68 % and 6,09 %. 
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VARIATION OF SOME PHYSIOLOGIC PARTICULARITIES 
OF FICUS SORT 

 
VARIAŢIA UNOR PARTICULARITĂŢI FIZIOLOGICE  

ALE GENULUI FICUS 
 

 
CHELARIU ELENA-LILIANA, DRAGHIA LUCIA  

University of Agricultural Sciences and Veterinary Medicine Iasi 
 

Abstract. The floral species cultivated in pots gave harmony, soul and 
beauty to the closed spaces, inducing a pleasant atmosphere. Our studies were 
carried out at two species with very near properties face to the ecologic factors 
(Ficus benjamina and Ficus pumilla). Having in view this aim, the researches 
were focused on the observation of some important eco-physiological aspects for 
unfolding the vital processes of the plants such as: total content in assimilated 
pigments, intensity of the photosynthesis and respiration. After the done 
researches and observations was find out that between the total content of 
assimilated pigments and retain capacity of water in leave exists a direct 
correlation and also an indirect correlation with the apparent photosynthesis 
intensity. 

 
Rezumat. Speciile floricole cultivate în ghivece dau armonie, suflet şi 

frumuseţe spaţiilor închise, contribuind la creearea unei atmosfere plăcute. 
Studiile noastre au fost efectuate pe două specii cu proprietăţi apropiate de 
factorii ecologici (Ficus benjamina şi Ficus pumilla). Având în vedere acest 
obiectiv, cercetările au urmărit observarea unor importante aspecte eco-
fiziologice pentru desfăşurarea proceselor vitale ale plantelor cum ar fi: 
conţinutul total în pigmenţi asimilatori, intensitatea fotosintezei şi a respiraţiei. În 
urma cercetărilor şi observaţiilor efectuate s-a stabilit că între conţinutul total de 
pigmenţi asimilatori şi capacitatea de reţinere a apei în frunze există o corelaţie 
directă şi deasemenea o corelaţie indirectă cu intensitatea fotosintezei aparente. 

 
 
Ficus sort have numerous species which assures the décor of the inner 

spaces, due to the leave aspect but also due to port, providing a clear atmosphere 
enriched with oxygen. 

The main groups of assimilated pigments from superior plants are 
chlorophyll pigments and carotene pigments. 

The researches done till now on those pigments shown a great variability of 
them, quantitative and even qualitative, induced by their sensibility face to 
numerous inner factors or from environment. 

Photosynthesis and respiration are two vital processes for plants. The 
intensity of them varies function of the floral species particularities. 
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MATERIAL AND METHODS 

In the present paper we study two species of Ficus sort (Ficus benjamina, 
Ficus pumilla), cultivated in pots, in the conditions of didactical greenhouse belonging 
to U.Ş.A.M.V. Iaşi 

Were made two harvestings: June 2007 and July 2007, when plants were in the 
vegetative grow phase. 

From the fresh harvest material was determine the content in assimilated 
pigments, intensity of apparent photosynthesis and respiration. 

Determination of the assimilated pigments content was made with the help of 
spectro-photometric method, and determination of photosynthesis and respiration 
intensity was made by Ivanov - Kosivici method. 

 
RESULTS AND DISCUSSIONS 

 
Content in assimilated pigments  
 
Chlorophyll pigments are different as regarding composition and quantity. 

Chlorophylls are in a quantity of 0.05 – 0.3 g at 100 g fresh leave. This quantity 
varies due to the soils content in fertilizer substances, environment conditions and 
due to vegetation stage. 

Carotene pigments present a yellow – red colour and could be found 
together with green pigments. In plants were found a number of 60 carotene 
pigments from which a role in photosynthesis have carotene and xantophile. The 
content in carotene and xantophile is different regarding specie and vegetal 
conditions. 

The quantity of assimilated pigments determinate for each specie, in the 
stage of intense vegetative growth, presents differences between species. 

The most important assimilated pigments are “a” chlorophyll, “b” 
chlorophyll and carotene pigments. Chlorophyll, as the main receiver of sun 
energy, react by an according adaptation at different conditions of light receiving 
function of leaf exposure, adaptation showed by differences between the two 
types (“a” and “b”). The dates from literature show that the ratio between the two 
chlorophylls is, usually, 3:1. 

After the done observations and researches we observe that, the content in 
total assimilated pigments show differences connected with specie and leaf age 
(fig. 1). 

Analysing the obtained results (fig. 1), we observe that at Ficus pumilla the 
total quantity of assimilated pigments reported at fresh weight unit had greater 
values (1.4256 mg/g s. pr.) that at Ficus benjamina (1.0310 mg/g s. pr.). 

At the studied floral species, the ratio between the two types of chlorophyll 
is respected, so the quantity of “a” chlorophyll is 2 - 3 times higher that the 
quantity of “b” chlorophyll. In these situations, a/b and (a + b)/c ratios, present 
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different values. So, the value of a/b ratio at Ficus pumilla (1.65) is higher that at 
Ficus benjamina (0.96). (fig. 2) 

 

Figure 1. -  Variation of assimilated pigments content in leave
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The decreasing of the carotene pigments quantity makes that 

photosynthesis activity to be reduced, due to the decreasing of water quantity in 
leave (in the stage of relative repose, when wettings are reduced or even 
interrupted). 

The content in assimilated pigments record higher intensities in July at the 
studied species, due the increased quantity of water from leave, which provide 
optimal conditions for unfolding of biochemical and physiologic processes in 
plants (66 – 76 %). 

The plants’ photosynthesis capacity, is showed by the quantity of 
chlorophyll pigments, and varies function of intensity of light, temperature and 
water regime modification. In this way, at Ficus pumilla specie (1.1837 mg/g s. 
pr.) are recorded high quantities of assimilated pigments, which decrease in 
autumn, due to the decrease of photosynthesis, together with decreasing of light 
and temperature intensity. 

The differences between “a” and “b” chlorophyll are also found in the case 
of carotene pigments, which play an important role in the protecting system of 
chlorophyll against photo-oxidation. In those conditions chlorophyll/carotene 
ratio reaches maximal value at Ficus benjamina (5.67) and the minimal value at 
Ficus pumilla (4.89) (fig. 2), being well-known the fact that the theoretical ration 
between green pigments/yellow pigments is 4/1. 

Taking in account the role of assimilated pigments in photosynthesis 
process could tell that if are assured specific ecologic conditions (in protected 
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spaces), the higher photosynthetic activity is recorded at Ficus pumilla specie 
followed by Ficus benjamina specie. 
 

Figure 2. -  Variation of ratio betw een "a" and "b" chlorophyll 
(a/b) and betw een chlorophyll and carotene (a+b)/c
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Variation of photosynthesis and respiration intensity 
 
Photosynthesis and respiration are two vital processes for plants. Their 

intensity varies function of the particularities of each floral specie. 
From the total quantity of sun energy which fall down at a certain moment 

on a surface covered with a vegetal cover, only a part of it is adsorbed by plants. 
Also only a part from the energy adsorbed by plants became active in chloro-
plasm and only another part is fixed under the form of potential chemical energy. 
This energy leads to an accumulation of a 5,0 x 1016 g quantity of carbon 
hydrates. 

The global photosynthetic efficiency depends by vegetal cover covering 
degree and photosynthetic action of each plant. Almost half of the energy is in the 
400 – 700 nm spectral domain, photosynthetic active. Appreciating that to create a 
CO2 molecule is necessary the energy from 8 photons quanta, the photosynthetic 
fixed energy is theoretical situated at the half of 34 % value. But from this 
incident light interferes deflexion and re-adsorbed of un-photosynthetic 
components. So, in ideal conditions for photosynthesis, the value is not greater 
than 10 %. 

Photosynthesis is strongly influenced by the genetic fund of a 
photosynthesised specie and also by the en-lighting conditions in the period in 
which the chlorophyll apparatus is formed. Photosynthesis is an unidirectional 
process, with well known stages, generally characterized as a irreversible process. 
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In the conditions from the glasshouse in 2007 we observed the intensity 
variation of apparent photosynthesis and respiration at the end of the annual 
vegetation cycle of the studied floral species (fig. 3). 

Generally speaking, the apparent photosynthesis increase rapidly during 
leaf development and reaches maximum level before ending the entire growth of 
foliar surface. 

From the obtained dates, by us, regarding the variations of the apparent 
photosynthesis intensity (fig. 3), was observed that at the both studied species the 
recorded values was the same, 0.32 CO2/g s. pr./h. 

The low value of apparent photosynthesis intensity could be explain with 
the help of assimilated pigments content on foliar mass unit. 

The period of photosynthetic maturity of foliar apparatus and maximum of 
net photosynthetic intensity are characterized by a stable concentration of 
compensation. 

The values of real photosynthesis (apparent photosynthesis + respiration) 
differs from specie to specie (fig. 3). The greatest value was recorded at Ficus 
pumilla (4.59 CO2/g s. pr./h), and the lowest one at Ficus benjamina (2.22 CO2

Figure 3. - Variation of intenstity of aparent photosynthesis 
and respiration    
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Could be observed that Ficus pumilla specie have a much more intensity of 
respiration in comparison with Ficus benjamina, but the ratio apparent 
intensity/respiration is the lowest one (0.07). So, the apparent photosynthesis 
tends to be negative, and respiration increase. 

Because photosynthesis is one of the most sensitive processes, at lack of 
water all the damages provoked by these are reflected in the activity of 
photosynthetic apparatus. 
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CONCLUSIONS 

 
The total content in assimilated pigments of the studied species have a 

positive correlation with maintain capacity of high quantities of water in leave, 
which will be able to satisfy in an optimal way the unfolding of physiologic 
processes. 

The value of “a” chlorophyll/”b” chlorophyll ratio at Ficus pumilla (1.65) 
is greater that at Ficus benjamina (0.96). 

The chlorophylls/carotenes ratio reaches the maximal value at Ficus 
benjamina (5.67) and the minimal one at Ficus pumilla (4.89). 

The two studied species of Ficus had the same value of the apparent 
photosynthesis intensity, 0.32 CO2/g s. pr./h. 

The values of the real photosynthesis differs from specie to specie, the 
highest value being recorded at Ficus pumilla (4.59 CO2/g s. pr./h). 

At Ficus pumilla respiration intensity is much higher in comparison with 
Ficus benjamina, but the ratio apparent photosynthesis/respiration is lower (0.07 
mg CO2/g s. pr./h). 
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EFFECT OF GROWTH MEDIA ON SOME LEAF GAS EXCHANGE 
PARAMETERS OF HIGHBUSH ’BLUERAY’ GROWN IN POTS 
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Abstract: An experiment was carried out in 2007 with two-year-old 

blueberry (Vaccinium corymbosum L.) plants cv. Blueray. One year before the trial 
was started plants were propagated by wood cuttings and in the second year five 
plants were selected presenting the same leaves number and similar height, size of 
leaves and were planted in pots on different substrata. Sixteen experimental variants 
were organized with different percent of peat, waste, sawdust, green manure and 
distillation residues. Experiments were conducted to elucidate the relationship 
between different ingredients of the pot substrate on some gas exchange parameters 
(photosynthesis, transpiration and respiration rate) in dynamic, during the 
vegetation period, as a means to characterize the best conditions for rapidly and 
efficiently young plants stabilizing. Photosynthesis rate varied across substrata 
variants and measurement dates, between -0.52 μmol m-2s-1 (October beginning) and 
3.82 μmol m-2s-1 (July beginning) Transpiration rate generally presented low values 
with a decreasing dynamic starting from 0.59 mmol H2O m-2s-1 (June beginning). 
The same trend was noticed for the apparent quantum yield, with higher values for 
the first decade of July, thereafter values were generally decreased in relation with 
the used substrate. A significantly decreasing was registered for variant V4 (50% 
peat + 50% sawdust) at the end of July. At the opposite site there were variants V6 
(50% peat+50% green manure), V8 (50% peat+50% distillation residues). In the 
case of V6 it was registered even a slightly quantum yield increase.  Respiration rate 
values were generally low for the young leaves (around 100 mg CO2 kg-1h-1), 
excepting V8 possible related at a high metabolic activity, thereafter the values 
surpassed 200 mg CO2 kg-1h-1

Rezumat. Au fost organizate şaisprezece variante folosind plante de afin 
Vaccinium corymbosum L.) cv. Blueray, în vărstă de doi ani, în vase cu diferite 
procente de turbă, gunoi de grajd, rumeguş, litieră şi reziduuri de distilarie, cu 
scopul elucidării relaţiilor dintre diferitele ingrediente ale substratului asupra 
dinamicii parametrilor schimbului de gaze, ca mijloc de a caracteriza cele mai 
eficiente condiţii pentru stabilizarea plantelor tinere. Rata fotosintezei a variat în 
funcţie de substrat şi data determinării: între -0.52 μmol CO

 and for the first October decade (leaves less or more 
senescent) there were noticed significantly differences between variants, with lower 
values especially at V4 leaves with the cell almost collapsed. 

2 m-2s-1 (octombrie) şi 
3,82 μmol CO2 m-2s-1 (iulie). Rata transpiraţiei a prezentat valori mici, cu o 
dinamică în scădere începând de la 0.59 mmol H2O m-2s-1 (iunie). Acelaşi trend s-a 
înregistrat şi pentru “quantum yield”, cu valori mari pentru prima decadă a lunii 
iulie, apoi valorile au scăzut în general, în relaţie cu substratul utilizat. O scădere 
semnificativă s-a înregistrat pentru varianta V4 (50% turbă, 50% rumeguş), 
comparativ cu V6 (50% turbă, 50% litieră), V8 (50% turbă, 50% reziduuri de 
distilărie). Valorile ratei respiraţiei au fost în general mici pentru frunzele tinere (in 
jur de 100 mg CO2 kg-1h-1), cu excepţia V8 posibil relativ la o activitate metabolică 
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mai intensă, apoi valorile au depăşit 200 mg CO2 kg-1h-1. Pentru prima decadă a 
lunii octombrie (frunze mai mult sau mai puţin senescente) s-au înregistrat diferenţe 
semnificative în privinţa comportamentului plantelor din diferite variante, cu rate 
mai mici ale respiraţiei, în special la frunzele V4 cu celulele aproape în colaps. 

 
INTRODUCTION 

In Romania, highbush blueberry has been introduced at Bilcesti Research Station and first 
German and American originated cultivars have been planted in 1968 (Bădescu, 1985). As 
members of the Rhododendron family blueberries are distinguished from other crops, they are 
calcifuge (lime-avoiding) plants, which show optimum growth in the pH range 4.5 -5.5. There 
are several reasons for this requirement: the efficiency with which blueberries take Fe is low; 
consequently, acid conditions are required to increase the quantity of Fe available in soil solution. 
Additionally, acid conditions also ensure that N is able to exist in the form of ammonium (NH4

+) 
which is more readily utilised by blueberries than other N sources, such as nitrate (NO3

-

Variants 

) (Burzo 
et al., 2005). Some areas as for instance those on mine spoils soils are mineral soil types, which 
need to be modified. The nursery industry is searching for methods to decrease the content of 
nutrients times in effluent from production areas, reduced fertiliser consumption and costs, and 
maintain a level of available nutrients that does not limit productivity (Scagel, 2005). So, there are 
preoccupations to study soil characteristics and others treatments effects on different blueberry 
plant indicators (Sutton and Dick, 1987; Claussen and Lenz, 1999; Szwonek, 2004; Scagel, 2005; 
Li et al., 2006; Heiberg and Lunde, 2006; Lee et al., 2006; Bryla et.al., 2007). However, little 
research has been reported on the production of horticultural crops. The aim of the present study 
was to evaluate effects of different substrata on some blueberry leaves gas exchange parameters, 
as a potential means of rehabilitation of abandoned surface mine soils, for highbush blueberry 
culture. 
 

MATERIAL AND METHODS 
Two-year-old "Bluecrop" highbush blueberry plants have been planted in 4 -L pots and 

growth in the outdoor growing area at the Experimentally Tree Fruit Growing Field of the Faculty 
of Horticulture, U.S.A.M.V.Bucharest starting in June of 2007. Sixteen experimental variants 
were organized with different percent of peat, waste, sawdust, green manure, and distillation 
residues (Table 1), with five replicates per variant.  

Table 1. 
Experimental variants 

Substrata composition 
1 50.00 % peat, 50.00 % waste 
2 66.70 % peat, 33.30 %  waste 
3 75.00 % peat, 25.00 % waste 
4 50.00 % peat, 50.00 %  sawdust 
5 50.00 % peat; 25.00 % waste; 25.00 % sawdust 
6 50.00 % peat, 50.00 %  green manure 
7 50.00 % peat; 25.00 % waste; 25.00 % green manure 
8 50.00 % peat; 50.00 % distillation residues 
9 50.00 % peat; 25.00 % waste; 25.00 % distillation residues 
10 50.00 % peat; 12.50 % waste; 12.50 % sawdust;  12.50 % green manure; 12.50 % 

distillation residues 
11 50.00 % peat; 12.50 % waste; 25.00 % sawdust; 12.50 %  green manure;  
12 50.00 % peat; 12.50 % waste; 12.50 % sawdust; 25.00 % green manure; 
13 57.10 % peat; 14.30 % waste; 14.30 % sawdust;14.30 % distillation residues 
14 57,10 % peat; 14.30 % waste; 28.60 % sawdust 
15 57.10 % peat; 14.30 % waste; 14.30 % green manure; 14.30 % distillation residues 
16 50.00 % peat; 12.50 % waste; 25.00 % green manure; 12,50 % distillation residues 

Gas exchange variables:  photosynthesis (A: μmol m-2s-1), transpiration (E: mmol H2O 
m-2s-1), respiration rate (mg CO2 kg-1h-1), water use efficiency (WUE) (A/E) and quantum yield 
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(A/PPFD ratio) have been determined. Photosynthesis and transpiration rate were recorded in 
dynamics using an infrared gas analyzer (IRGA; LCA-4, Analytical development Company -
ADC- Ltd. U.K.), a portable photosynthesis system. Water use efficiency (WUE) was calculated 
by dividing the photosynthetic rate (A) by the transpiration rate (E) of the leaf portions (Sinclair et 
al., 1984). The first determination period of gas exchange was recorded on July 2, at 32 days 
after transplantation on different substrata (32 DAT), the second one on July 30 (60 DAT), the 
third on September 10 (112 DAT) and the last one on October 2 (124 DAT). Measurements 
were taken between 0900 and 1100 h, chamber air temperature was not controlled during the 
measurements, so generally ranged between 28 and 33 o C and photosynthetic photon flux 
density (PPFD) was corresponding with naturally conditions. Values presented are the means of 
five leaves from five plants per sampling period. Respiration rate has been measured three 
times, July 2 (32 DAT), September 7 (99 DAT) and October 11 (133 DAT) using a CO2 analyzer 
(Ricken) taking mean leaves samples from the mid portion of the one-year old branches and 
results were expressed as mg CO2 kg-1h-1. 

 

RESULTS AND DISCUSSIONS 
As regard as photosynthesis rate it can observe that values are generally low 

(ranging between 3.82 μmol m-2s-1 June beginning and -0.52 μmol m-2s-1 at the senescent 
phase) (Fig.1) and it has to be considered that plants grown in the experiment carried out 
were only two years old, the obtained data being first of all in relation with plants age and 
especially leaves age. Also, it can be noticed a large variability from one to another 
variant in function of the substrata.  

There will be mentioned that in the case of our experiment the limiting factors such 
as high temperatures, and high light especially during July induced decreases of 
photosynthesis mainly due to stomata closure, rather than to the direct effect on the 
capacity of the photosynthetic apparatus as earlier Genty et.al. (1987) showed. Such 
sudden increase in light intensity, to which the plant is not acclimated (as is the blueberry 
case), results in an increase in excitation energy in excess (EEE) of that required for 
photosynthetic metabolism and between typical abiotic stresses conditions that promote an 
increase in EEE are extremes temperatures (Guidi et al., 2002).  Lee et al. (2006) noticed 
that in the case of water stressed "Rancocas" blueberry leaves photosynthesis rate was 3-5 
μmol m-2s-1 depending on photosynthetic photon flux density (PPFD) ranged from 0 to 
2000 μmol m-2s-1, as compared with well watered plants with a maximum CO2 
assimilation rate of 8.8 μmol m-2s-1

-1

-0,5

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Experimentaly variants

um
ol

 c
ar

bo
n 

di
ox

id
 /s

m
/s

02.iul

30.iul

10 Sept.

2 Oct.

. At the same cultivar, apparent quantum yields 
appeared to be similar in well watered and water stressed plants, while dark respiration 
rate were higher in the case of stressed plants (Kim et.al., 2004) 

 
Fig.1. Dynamics of blueberry leaves photosynthesis rate (μmol m-2s-1) 
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Transpiration rate generally presented low values with a decreasing dynamic 
starting from 0.59 mmol H2O m-2s-1

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

02.iul 30.iul 10 Sept. 02.oct
Determinations moment

m
m

o
l a

p
ă

/m
p

/s

Series2
Series3
Series4
Series5
Series6
Series7
Series8
Series9
Series10
Series11
Series12
Series13
Series14
Series15
Series16

 (June beginning) in the case of younger leaves 
without waxes, following a values decreasing as leaves became nature (Fig.2.).   

 
Fig.2. Dinamics of the blueberry leaves transpiration rate (mmol H2O m-2 s-1) 

 
The same trend was noticed for the apparent quantum yield and water use 

efficiency, with higher values for the first decade on July, thereafter values were generally 
decreased in relation with leaves age and the used substrate. A significantly decreasing of 
QY was registered for variant V4 (of about tree times) at the end of July. At the opposite 
site there were variants V6 and V8 where values are almost the same (Table 2). 
Thereafter, QY values decreased significantly for the majority of the variants, excepting 
V3, V8 (for instance 124 DAT), corresponding with higher values of water use efficiency 
too. Respiration rate values were generally low for the young leaves (around 100 mg CO2 
kg-1h-1), excepting V8 possible related at a high metabolic activity, thereafter the values 
surpassed 200 mg CO2 kg-1h-1 and for the first October decade (leaves less or more 
senescent) there were noticed significantly differences between variants, with lower 
values especially at V4 leaves with the cell almost collapsed (Fig. 3). 

 
Fig.3. Dynamics of blueberry leaves respiration rate 

 
Recently, Li et al.(2006) also confirmed earlier research, which showed that 

Vaccinium spp. planted in mineral soil of pH above 5.5 typically respond to the addition 
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of elemental S and organic material with increased growth and yield. On the other hand, 
Heiberd and Lunde (2006) concluded that highbush blueberry plants are not very sensitive 
to ingredients in the growth substrate and the plants grow well in containers. Scagel 
(2005) showed that colonization with ericoid mycorrhizal fungi was typically higher when 
plants were grown with organic fertilizers and inoculation with EMF may not only 
improve productivity and quality of nursery plants, it also may reduce the amount of 
fertilizer used during nursery production.  

Table 2.  
Dynamics of some blueberry leaves physiological indicators (Quantum yield - QY – A/PPFD; 
Water use efficiency – WUE- A/E) at different days number  after trnsplantation on different 

substrata (DAT)  
Det. Date 
Variant 32 DAT 60 DAT 112 DAT 124 DAT 

Indicator QY WUE QY WUE QY WUE QY WUE 

1 0.0027 11,7827 0,0020 15,2857 0,0008 5,7778 -0,0029 -3,4667 
2 0,0028 16,8125 0,0013 6,2105 0,0007 10,2222 -0,0002 -1,5714 
3 0.0018 24,375 0,0007 6,2727 0,0008 8,6667 0,0005 5,2727 

4 0.0029 12,7727 0,0009 7,9167 0,0017 18,75 -8,4E-
05 -0,6667 

5 0.0022 8,1111 0,0014 11,5 0,0009 7,8667 -0,0002 -1,7333 

6 0.0032 6,8043 0,0028 13,6875 0,0004 4,5386 7,16E-
05 1 

7 0.0014 10,2 0,0024 16,5833 0,0018 18,3846 0,0002 2,6364 
8 0.0023 9,1538 0,0021 25,125 0,0008 6,6 0,0006 9,4444 
9 0.0023 11,55 0,0028 46 0,0010 9 0,0004 4,9 

10 0.0027 7,9394 0,0019 22 0,0016 11,7143 4,25E-
05 0,5556 

11 0.0026 8,6786 0,0023 34,8333 0,0007 3,1923 -8,4E-
05 -0,6667 

12 0.0036 13,3077 0,0021 40,5 0,0003 0,9459 -7,8E-
05 -0,75 

13 0.0017 9,6842 0,0014 23,8333 0,0005 5,5 0,0002 2,0909 
14 0.0020 11 0,0007 8,1 0,0014 5,9143 -0,0003 -2,2143 
15 0.0035 17 0,0014 16,2222 0,0005 1,8718 0,0002 2,3333 
16 0.0037 23,875 0,0022 62 0,0007 2,8286 0,0005 9 

 
CONCLUSIONS 

 
1. Blueberry leaves photosynthesis rate varied across substrata variants and 

measurement dates, between -0.52 μmol m-2s-1 (124 DAT) and 3,82 μmol m-2s-1 (32 DAT). 
2. Transpiration rate generally presented low values related to this specie leaves 

specifically characteristics, with a decreasing dynamic starting from 0.59 mmol H2O m-2s-

1

3. The same trend was noticed for the apparent quantum yield and water use 
efficiency, with higher values for the first decade of July, thereafter values were generally 
decreased in relation with leaves age, the used substrate and the summer 2007 specifically 
climatic conditions. High values have been registered for V3, V8 (50% peat + 50% green 

 on June beginning ( young leaves without waxes). 
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manure or distillation residues), as compared with lower values for V4 (50% peat+50% 
sawdust). 

4. Respiration rate values were generally low for the young leaves (around 100 mg 
CO2 kg-1h-1), excepting V8 (possible related at a high metabolic activity). Thereafter 
values surpassed 200 mg CO2 kg-1h-1 and for the first October decade there were noticed 
significantly differences between variants, with lower values especially at V4 leaves with 
the cell almost collapsed.  
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STUDY OF ASSIMILATORY PIGMENTS FROM APPLE 
TREE LEAVES 

 
STUDIUL PIGMENŢILOR ASIMILATORI DIN 

FRUNZELE DE MĂR 
 

FLEANCU MONICA, POPESCU C., GIOSANU DANIELA 
University of Pitesti, Romania 

 
Abstract. In this paper are presented results of determination of 

assimilation pigments in apple leaves, in seasonal dynamic. We also calculated 
the correlation between rate of photosynthesis and chlorophyll a and b. The 
researches were carried out at I.C.D.P. Pitesti-Maracineni between 2001-2005, 
with the following types of apple trees Idared, Golden Delicious and Jonathan. 

 
Rezumat. În lucrarea noastră sunt prezentate rezultate ale determinării 

cantităţii de pigmenţi asimilatori din frunze, în dinamică sezonieră. Am calculat 
corelaţiile dintre intensitatea fotosintezei şi cantitatea de clorofilă a şi b. 
Cercetările au fost efectuate la ICDP Pitesti Mărăcineni între anii 2001-2006, 
al următoarele soiuri de măr: Idared, Golden Delicious şi Jonathan. 

 
The chlorophyll content in leaves and intensity of photosynthesis wasn’t 

correlated in all described cases in profile literature. Hoza (1995) observed to 
plums, Stanley cultivar, a positive correlation for these parameters (r=0,84). The 
chlorophyll content in leaves differ with phenophase, specie, cultivar, intensity of 
the light etc (Burzo et all, 1999). Dynamic determinations to vegetative period 
show that the high value of chlorophyll content is in end of growth leaf period. 
Hoza’s researches (1995) specify the high chlorophyll content from plums tree is 
in the middle of July: 295,69 mg/100 g fresh weight, to Stanley cultivar.  

To plum tree, Paul-Badescu (1996) shows that dynamics of assimilatory 
pigments record in interval May-beginning of the June a great rise, the 
chlorophyll a and b content doubling, after that moment these values are bee-
keeper for entire summer until beginning of September. The carotenoids pigments 
generally present a parallel dynamic with green pigments, but with smaller values.  

 
MATERIAL AND METHODS 

 
Physiological researches have taken to I.C.D.P. Piteşti-Mărăcineni between 

2001-2006 with following types of apple trees Idared, Golden Delicious and Jonathan. 
The investigations of chlorophyll and carotenoids pigments were performed 
spectrophotometrically, in 80% acetone, to 663 nm, 645 nm and 440 nm wavelength. 
The results are expressed in mg/g dry matter. The statistic interpretation was made 
with SPSS 13,0 for Windows programme. We used Duncan test for variance analyse 
and Pearson correlation coefficient for establish the correlation between rate of 
photosynthesis and chlorophyll content. 
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RESULTS AND DISCUSSIONS 

 
In figure 1 are represented seasonal dynamic of assimilatory pigments to 

Idared, Golden Delicious and Jonathan apple cultivars. In July registered the 
higher value of chlorophyll a content for all apple cultivars. The quantity of 
chlorophyll b vary between 1,2 mg/g d.m. in August and 1,5 mg/g d.m. in 
September. The carotenoid pigments present following seasonal dynamic: the 
value increase in July, and next months the quantity of carotenoid pigments is all 
around the same mean value. 
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Fig. 1. Determination of assimilatory pigments from leaves (mg/g d.m.) to Idared, Goden 

Delicious and Jonathan apple cultivars 
 
In figure 2, 3 and 4 are represented correlation coefficients, trendline and 

the equation for these lines between rate of photosynthesis and quantity of 
pigments.  

 

b     b      a        c     b     a       a      b     a        a     c     b       a      c    b       

b     c      a        b     c     a       a      b     c        a     b     a       b      c    a       

b     c      a        b     c     a       a      b     a        a     c     b       b      c    a       
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Fig. 2. Correlation between rate of photosynthesis and quantity of chlorophyll a and b to 

Idared apple cultivar (**. Correlation is significant for p<0,01)  

 
 

Fig. 3. Correlation between rate of photosynthesis and quantity of chlorophyll a and b to 
Golden Delicious apple cultivar (**. Correlation is significant for p<0,01) 
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Fig. 4. Correlation between rate of photosynthesis and quantity of chlorophyll a and b to 

Jonathan apple cultivar (**. Correlation is significant for p<0,01) 
 

CONCLUSIONS 
The major value for chlorophyll a content registered in July; the quantity of 

chlorophyll b increase in spring, became maxim in summer months and these 
values easily decrease; the carotenoid pigments present following seasonal 
dynamic: the value increase in July, and next months the quantity of carotenoid 
pigments are constant.  

Between rate of photosynthesis and quantity of chlorophyll are establish 
positive significant correlations for all apple cultivars; chlorophyll b are 
significant correlated with photosynthesis only for Idared cultivar. 
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Abstract. The present paper has as main objective testing the influence of 
some complex compounds of cobalt with monoetanolamina, obtained at the 
Chemistry Department of State University in the Republic of Moldova, on 
the seed germination capacity, biomass accumulation and biosynthesis 
capacity of assimilating pigments in Phaseolus vulgaris. These could 
eventually demonstrate their positive effects on physiological processes in 
plants. 16 complex compounds were tested, the results proved that a same 
stimulating effect on the studied indexes exists.  
 
Rezumat. Lucrarea de fata a avut ca scop testarea influentei unor compusi 
complecsi ai cobaltului cu monoetanolamina, obtinuti la Facultatea de 
Chimie a Universitatii se Stat din Moldova, asupra capacitatii de germinare 
a semintelor, acumularii de biomasa si capacitatii de biosinteza a 
pigmentilor asimilatori la Phaseolus vulgaris pentru evidentierea 
eventualelor efecte benefice ale acestora asupra proceselor fiziologice la 
plante. Au fost testati 16 compusi complecsi iar rezultatele au demonstrat 
un efect stimulator a acestora asupra indicatorilor studiati. 

 
Cobalt, a transition element, is an essential component of several enzymes 

and co-enzymes. It has been shown to affect growth and metabolism of plants, in 
different degrees, depending on the concentration and status of cobalt in 
rhizosphere and soil. The distribution of cobalt in plants is entirely species-
dependent. The uptake is controlled by different mechanisms in different species.  
In higher plants, absorption of Co2+ by roots involves active transport. Transport 
through the cortical cells is operated by both passive diffusion and active process. 
In the xylem, the metal is mainly transported by the transpirational flow. 
Distribution through the sieve tubes is acropetal by complexing with organic 
compounds. The lower mobility of Co2+

Cobalt is not found at the active site of any respiratory chain enzymes. Two 
sites of action of Co

 in plants restricts its transport to leaves 
from stems.  

2+ are found in mitochondrial respiration since it induces 
different responses toward different substrates like α-keto glutarate and succinate. 
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Exogenously added metal causes morphological damage in plastids and changes 
in the chlorophyll contents. It also inhibits starch grain differentiation and alters 
the structure and number of chloroplasts per unit area of leaf. CoP

2+
P reduces the 

export of photoassimilates and dark fixation of COR2R. Low concentration of CoP

2+
P 

in medium stimulates growth from simple algae to complex higher plants. 
Relatively higher concentrations are toxic. A similar relationship is seen with crop 
yield when the metal is used in the form of fertilizer, pre-seeding, and pre-sowing 
chemicals. Toxic effect of cobalt on morphology includes leaf fall, inhibition of 
greening, discolored veins, premature leaf closure, and reduced shoot weight.  

Being a component of vitamin BR12R and cobamide coenzyme, CoP

2+
P helps in 

the fixation of molecular nitrogen in root nodules of leguminous plants.  
The beneficial effects of cobalt include retardation of senescence of leaf, 

increase in drought resistance in seeds, regulation of alkaloid accumulation in 
medicinal plants, and inhibition of ethylene biosynthesis. The aim of this paper is 
testing the biological effect of some coordinative compounds of cobalt with 
monoetanolamina, obtained at the Chemistry departament of State University in 
the Republic of Moldova, on Phaseolus vulgaris specie. 

 
MATERIAL AND METHODS 

 
Phaseolus vulgaris L. seeds were cultivated on filter paper dampened by 0.1 % 

coordinative compound solution. Control samples were cultivated on demineralisated 
dampened filter paper. The germination capacity was evaluated at 11 days and was 
determined in percentage according to the control. This one is considered to be 100%. 
Vegetative mass was determined at 21 day–old plants by weighing 10 random selected 
plants. Dry material was determined using the same material as vegetative mass by 
repetitive drying at 105 C for two hours until a constant weight was obtain, calculated with 
the formula   

S.U. ((m4-m1) / (m3-m2) ) x 100% 
where:       m1- empty capsule mass at 105 C;m2 – empty capsule mass at 

room temperature; m3- capsule mass with fresh material at room temperature ,m4- capsule 
mass after drying at 105 C. 

Assimilatory pigments were determined using a spectrophotometrical method. The 
vegetal samples extract was obtained by extraction with 85% acetone and filtered. The 
readings was made with UV-VIS spectrophotometer using ER662R, ER664R and ER440,5R.  

The quantity of assimilatory pigments was calculated by using the following 
formula:  

chlorophyll a ( mg) = (ER662R · 9,78) – (ER664R · 0,99); 
chlorophyll b ( mg) = (ER664 R· 21,4) – (ER662R · 4,65); 
carotenoids ( mg) = (ER440,5R · 4,69) – (clorofilele a + b · 0,267). 
The results were related to dry substance  

RESULTS AND DISCUTIONS 
 

The seed germination is a complex process starting when exogenous 
factors like humidity, light, temperature are favorable and endogenous 
dormancies factors are eliminated. In our experiments the seeds was 
cultivated in the climatic room at constant temperature (25°C) and dark 
conditions, therefore the only variable factor was humidity. The optimal 
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hydration degree of seeds tissue is determined by the absorption capacity 
and water retention by tissue biocoloids and this process depends on nature 
of storage substances of seeds endosperm.  The bean seeds have a high 
protein content of endosperm and require plenty of water for hydration. 

In table no.1 experimental data are related. We can observe a weak 
diminution of germination seed capacity at almost all experimental 
variants. The water availability decrease cut out for osmotic pressure 
increasing and ionic concentration of solution. This fact can elongate the 
germination period. Exceptions were variants 1, 2 and 4. Nevertheless, the 
obtained value does not suggest a toxic or cytostatic action of studied 
substances bat rather a slowing of the germination process, by their action 
on the unleashing factors of germination. This conclusion was confirmed 
by the fact that, on some variants with a lower germination percent the 
biomass accumulation was bigger than the witness sample’s.  

Table no. 1.  
The germination capacity of  Phaseolus vulgaris L.seeds  in presence of 

coordinative compounds of cobalt with monoethanolamine 
 

Coordinative compound 
Germ
seed 
(%) 

Biomas
s (g) 

Dray 
subst 

% 

Chl a 
(mg/g 
d.s.) 

Chl b 
(mg/g 
d. s. ) 

Caroteno
ids 

(mg/g d. 
s.) 

1,2,3-[Co(etm)3]⋅3H2 105 O (1) 38.82 7.3726 2.41 0.75 0.56 

1,2,3-[Co(etm)3]⋅5H2 103 O (2) 37.25 7.1836 2.16 0.70 0.56 

1,2,6-[Co(etm)3]⋅5H2 100 O (3) 34.29 7.1799 1.96 0.62 0.48 

1,2,6-[Co(etm)3]⋅3H2 102 O (4) 35.87 7.2018 2.04 0.66 0.51 
[Co(Hetm)3](HSO4)(SO4)⋅H2 94 O 

(5) 31.68 7.7391 2.25 0.77 0.61 

[Co(Hetm)3][Co(etm)3](NO3)3 98  (6) 38.54 6.4283 2.26 0.78 0.55 
[Co(Hetm)3][Co(etm)3](CH3COO

)3⋅7H2
95 O (7) 27.39 8.2831 1.98 0.56 0.36 

{[Co(Hetm)3][Co(etm)3]}2(SO4)3⋅
8H2

99 O (8) 36.65 8.9837 2.32 0.76 0.66 

[CoII{CoIII(etm)3}2]Cl3⋅H3N(CH2)
2OH⋅2H2

97 O (9) 35.28 5.9364 2.11 0.66 0.42 

[CoII{CoIII(etm)3}2]Br3⋅H3N(CH2)
2OH⋅4H2

98 O (10) 35.22 6.8926 2.02 0.79 0.48 

[CoII{CoIII(etm)3}2]I2⋅4H2 97 O (11) 36.01 7.2162 2.13 0.84 0.38 
[Co(Hetm)3]2(SO4)3 ⋅ 4H2 100 O (12) 37.01 8.8394 2.24 0.69 0.64 

[Co(Hetm)(etm)2]NO3 96  (13) 41.53 3.2116 2.29 0.72 0.54 
[Co(Hetm)2(etm)](NO3)2 96  (14) 40.09 3.9114 2.33 0.69 0.52 

[Co(Hetm)3](NO3)3 98  (15) 39.42 4.2861 2.31 0.71 0.51 

[Co(Hetm)3]Cl3⋅2H2 96 O (18) 37.28 6.1162 2.19 0.72 0.41 
Control 100 36.02 7.0127 2.18 0.72 0.54 
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1 3 5 7 9 11 13 15 ControlFig.1. Germination capacity of Phaseolus vulgaris  seeds cultivated in the presence 
of coordinative compounds of cobalt with monoethanolamine 

Germ. seeds nr (%)

 
The biomass accumulation is a complex process when it is determined by 

tissues growth (accomplished by cell division) and development processes 
(represented by qualitative modification and differentiation of new tissue from 
meristematice cells). If germination process is carried out by storage substances of 
endosperm, the following growing and development processes are realized based 
on exogenous mater and energy. Mineral elements necessary for plant nutrition 
after metabolisation remain in the organism for the rest oh its life. Therefore, dry 
mater determination of plant tissue offers the possibility to estimate the 
quantitative implication of mineral element in different metabolic processes. 
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Fig.  2 The biomass variation of Phaseolus vulgaris  plants growing in the presence 
of coordinative compounds of cobalt with monoethanolamine Biomass (g)

 
In the case of our experiments, it was measured for ten 21-days old bean 

seedlings, the biomass and the dry substance content (expressed in %). Regarding 
the results presented in the table, it can be noted that biomass accumulation took 
place differently due to outer added substances. Comparing with the Control 
variant, in the case of variants 6, 13, 14, 15, 18, an increased biomass 
accumulation could be noticed, but a decrease of dry substance. The highest 
biomass increase (41.53 g comparing with c 36,02 g for Control) was noticed for 
[Co(Hetm)(etm)2]NO3 (13), but, at the same time for this compound, the lowest 
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content of dry substance- 3,2116% was noticed comparing to  7.0127%  for 
Control. For experimental variants 1, 2, 8 and 12 the biomass accumulation was 
accompanied by the increase of dry substance content, and for variants 3, 4, 5, 7, 
11, even if biomass accumulation was lower than for Control, at the same time an 
increase of dry substance content in tissues was noticed. These differences can be 
explained by the complex structure of the used substances, by its having different 
functions in cellular processes. After all, it can be generally noted that a 
stimulating action at the level of growth and development of vegetal tissues 
exists. The only variants for which stimulation of any parameters were observed 
were 9 and 10. 

NO3
-

0
1
2
3
4
5
6
7
8
9

1 3 5 7 9 11 13 15 Control

Fig. 3 The dry biomass content of Phaseolus vulgaris plants growing in the presence of 
coordinative compounds of cobalt with monoethanolamine Dray subst.

 is the principal form of plant nitrogenous absorption. The nitrogenous 
need is increased during growing processes, based on cell division and which are 
not associated with important dry matter accumulation. In variants 6, 13, 14 and 
15 we observed a higher value of biomass comparing with control variant which 
means a bigger availability of this anion in plants growing processes.  

As much as nitrogenous, sulfur is a plastic element witch is a component part of 
some amino acids, proteins and vitamins. It plays an important role in cells 
differentiation processes and it is associated with dry matter accumulation. 

In our experiments we observed a variation of assimilating pigments 
quantity in function of the experimental variant used. 

The highest value of chlorophyll a was observed at compound no. 8 (2,32 
mg/g s.u. compared with  2,18 mg/g d. s. in the control case), and for chlorophyll 
b – on compound no. 11 (0,84 mg/g s.u. compared with 0,72 mg/g s.u. . in the 
witness case). It is notable the fact that substances which have in their 
composition SO4

2-  have a stronger stimulating effect upon the assimilator 
pigments biosynthesis then the compounds with NO3

-, even if in scientific 
literature there are many references of the role of nitrogen in the biosynthesis role 
of chlorophylls. The stimulating effect of treatment variants 5, 8, 12 on carotenoid 
biosynthesis is very important, because they have a protector role against UV 
radiations therefore their utilization like anti-mutagenic compounds form could be 
of perspective. 
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Fig. 4  The assimilatory pigments content of Phaseolus vulgaris plants growing in 
the presence of coordinative compounds of cobalt with monoethanolamine 

Chl a (mg/g d.s.) Chl b (mg/g d. s. u.) Carotenoids (mg/g d. s.)
 

CONCLUSIONS 
 

1. We can observe a weak diminution of germination seed capacity at 
almost all experimental variants. An exception were variants 1, 2 and 4. The 
obtained data showed a slowing of germination process, by their action on the 
unleashing factors of germination. 

2. The majority of the studied substances contributed to the growing of 
biomass and accumulated dry substance.  

3. The biggest increase of biomass (41.53 g according to 36,02 g for the 
witness sample) was registered at [Co(Hetm)(etm)2]NO3

4. Substances with SO

 compound (13). At the 
same time, the same compound registered the lowest content of dry substance.  

4
2- anion, had a more powerful stimulating effect on 

assimilating pigments’ synthesis that compounds with NO3
- anion.

5. [Co(Hetm)

  
3](HSO4)(SO4)⋅H2O, 

{[Co(Hetm)3][Co(etm)3]}2(SO4)3⋅8H2O, [Co(Hetm)3]2(SO4)3 ⋅ 4H2
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contributed to an increase of the carotenoids content, thus a better protection 
effect against UV radiations.  
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THE INFLUENCE OF SOME HEAVY METALS ON SEED 
GERMINATION AND SEEDLING GROWTH AT RAPHANUS 

SATIVUS L. 
 

INFLUENŢA UNOR METALE GRELE ASUPRA GERMINAŢIEI 
SEMINŢELOR ŞI CREŞTERII PLANTULELOR  LA RAPHANUS 

SATIVUS L. 
 

STRATU ANIŞOARA, FRENŢOAIE LAURA, MURARIU 
ALEXANDRINA 

“Alexandru Ioan Cuza” University of Iaşi  
 

Abstract.The paper presents the results of a study concerning the 
influence of different concentrations of Pb and Cd on some physiological 
indicators in the dynamics of the process of seed  germination and in the 
incipient phases of seedling growth.The results underline the specific  
variations of the analysed indicators (water and dry substance content, content 
of total mineral elements, content of assimilating pigments, cellular liquid 
concentration, respiration intensity), depending on the nature of metals and 
their concentrations used for the seed treatments.Regardless to  the 
concentration, Pb, and Cd determine the decrease of respiration intensity,- 
indicator for metabolic activities - , and  water content as well as  the increase 
of the content of assimilating  pigments (exception for Cd in concentration of 
10ppm). 

 
Rezumat. Lucrarea prezintă rezultatele unui studiu referitor la 

influenţa concentraţiilor diferite de Pb şi Cd asupra unor indicatori fiziologici 
în dinamica procesului de germinaţie a seminţelor şi în primele faze de creştere 
a plantulelor. Rezultatele evidenţiază variaţii specifice ale indicatorilor 
analizaţi (conţinut de apă şi substanţă uscată, conţinut în elemente minerale 
totale, conţinut în pigmenţi asimilatori, concentraţia sucului vacuolar, 
intensitate respiratorie) în funcţie de natura metalelor şi de concentraţiile 
acestora utilizate pentru tratarea seminţelor. Indiferent de concentraţie, Pb şi 
Cd determină scăderea intensităţii respiraţiei, indicator pentru evidenţierea 
activităţii metabolice şi a conţinutului de apă precum şi creşterea conţinutului 
de pigmenţi asimilatori (excepţie face Cd în concentraţie de 10ppm). 

 
 The influence of heavy metals on plants is presented in the specialty 
literature by several authors (1, 2, 4, 6, 7, 8, 10, 12). The paper continues the 
research regarding the effect of the treatment with heavy metals carried out in the 
previous years at species with phyto-remediation potential from the Fabaceae and 
Poaceae families (9, 11).The paper presents the results of a study concerning the 
influence of the different concentrations of Pb and Cd on some physiological 
indicators in the dynamics of the process of seed germination and in the incipient 
phases of seedling growth in Raphanus sativus. 
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MATERIAL AND METHODS 

 
 As vegetal material, we used seeds of Raphanus sativus. We had five 
experimental variants: 1 - control – M (with distilled water) and 4 variants of treatment 
with heavy metals. They were used in form of acetate in the following concentrations: 
Pb (50ppm – Pb1, 200ppm – Pb2 ); Cd (1ppm – Cd1 ;10 ppm – Cd2 ). The duration of 
the treatment was 3 hours. After the treatment, the seeds were put for germination in 
Petri plates, on filter paper, in laboratory conditions.  
 We analysed the following physiological indicators: at intervals of 1 - 10 days: 
the content of water and dry substance (gravimetrical method) and intensity of the 
respiration (Warburg method); at intervals of 4 - 10 days: cellular liquid concentration 
(refractometrical method) and the content of total mineral elements (dry calcination at 
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 C method). Moreover, at 1o days after the germination we determined the 
content of assimilating pigments (spectro-photometrical method).   

 
 

RESULTS AND DISCUSSIONS 
The Brassicaceae family comprises numerous representatives mentioned 

in the specialty literature (3,5,8) as plants hyperaccumulator of heavy metals. 
Among the representatives of this family we chose for study the species 
Raphanus sativus. This species has the facile germination. Marchiol and collab. 
2004 find that the Raphanus sativus cultivated on the polluted soils with Cd, Cu, 
Ni and Zn presents the foliar symptoms of toxicity (chlorosis), and the decrease of 
biomass with 52% comparing to the witness.  

The results obtained are presented in figure 1-5. 
The water and dry matter content (fig.1). At every investigated 

experimental variant, the water content has an ascendant evolution during the 
analyzed period. This fact is according to the cytophysiological and biochemical 
changes specific to the germination and seedling growth process.  

Fig. 1 - The dynamics of the content of water and dry matter 
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After the first day from the experiment’s installing, we ascertain that the 
water content of the variants treated with Cd 10 ppm and Pb 50 and 200 ppm has 
the lowest values. This emphasizes the fact that Pb and Cd in the used 
concentrations slow down the water uptake by the seeds. Within a period of 2-10 
days, we ascertain small value differences between the treatment variants. 

By comparison with the witness, at the treatment variants, the water 
content values are generally lower but close to it. 

At every experimental variant, the dry matter content decreases from the 
first day to the 10th day. This reality is due to the fact that the spare substances 
from the endosperm and cotyledons are hydrolysate, mobilized and used as 
respiratory sublayer and for the synthesis of new substances necessary for the 
embryo’s nutrition and growth. 

The cellular liquid concentration (fig. 2) 
At the witness as well as at the treatment variants, the cellular liquid 

concentration values are smaller on the 4th day and lower on the 10th day. The 
osmotically active substances from the endosperm and cotyledons’ cells also take 
part in the attainment of the cellular liquid concentration at the first determination. 
During the germination process and in the incipient stage of the seedling growth, 
the soluble glucide content decreases, the tissue hydration degree increases and 
the cellular liquid is diluted. 

By comparison with the witness, at the treatment variants the cellular 
liquid concentration values are inferior to it (1.5-1.65 times smaller than it) on the 
4th day and superior (except Cd1) but close to it on the 10th
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an inverted correlation between the cellular liquid concentration and the water 
content.  

 
Fig. 2  The dynamics of the concentration of cellular liquid 

   
The total mineral elements contents (fig.3) has values that range 

between: 4.56 g % and 5.99 g % for the witness and 4.30 g % and 6.69 g % for 
the treatment variants.  



 188 

At every experimental variant, the values of the total mineral elements 
content are lower on the 4th day by comparison with the 10th

0

1

2

3

4

5

6

7

8

M Cd 1 Cd2 Pb1 Pb2

experimental variants

g 
%   4 day 

10 day

 day. We can ascertain 
small value variations between the witness and the treatment variants.  

 
Fig. 3 The dynamics of the content of total mineral elements 

 
From among the forms of analyzed assimilated pigments there prevails 

in the quantitative aspect in all experimental variants, chlorophyll a, followed in 
decreasing order by chlorophyll b and by carotenoidic pigments. An aspect to be 
noticed is the fact that the treatments with Cd 10 ppm determined the decrease of 
the content of total assimilating pigments, in comparison with the witness, while 
the treatments with Cd 1ppm and Pb (50ppm and 200ppm) have opposite effects 
(fig. 4).  
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Fig. 4  The content of the assimilating pigments 

 
We can ascertain an increase of the a chlorophyll content - which is more 

resistant to oxidative stress conditions – at all the experimental variants, more 
obvious at the Cd2, perhaps as a defence mechanism.Our results for the 
treatments with Pb and Cd 10 ppm confirm some of the literature data in the field 



 189 

regarding the positive or negative effects of the two heavy metals used. According 
to Hernandez and collab. (2000) Pb in a concentration of 200 ppm caused the 
growth of the chlorophyllian pigment content. 

Authors cited by Linger and collab. (2005), find that the Cd interferes 
with chlorophyll synthesis, assembly of pigment protein complexes and 
thylakoids, the electron transport chain, Calvin cycle enzymes, sugar transport 
and consumption, chloroplast replication and oxidative stress. 

The respiration process generally has a dynamics which is similar at all 
the experimental variants and its intensity is higher in the first period of time 
analyzed and diminishes in the second. By comparison with the witness, at the 
treatment variants, the respiration intensity has (with some exceptions) lower 
values in the period of time analyzed. These results confirm the ones presented in 
the specialty literature consulted (2,6,7).Cd is highly reactive, inactivates different 
enzymatic processes and modifies the cellular redox balance (Jonak şi collab., 
2004; Schutzendubel and Polle, 2002) and plants respiration (authors cited by 
Linger and collab., 2005).  

At the Cd 1 variant, the respiration intensity constantly remains at values 
close to the witness; this emphasizes the fact that Cd in a concentration of 1 ppm 
does not affect this process. 
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Fig. 5. The dynamics of the intensity of respiration 

 
 

CONCLUSIONS 
 

We underlined specific variations of the indicators analysed according to 
the nature of the metals and their concentrations used for the treatment.  
 The concentration of Pb and Cd used in the treatment determine a easy 
decrease of respiration intensity - indicator for metabolic activities - and water 
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content as well as the increase of the content of assimilating pigments (exception 
for Cd in concentration of 10 ppm). 
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RESEARCHES ON THE ECO-PHYSIOLOGICAL REACTION 
IN GRAPE VINE IN THE 2007 SUMMER 
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MUSTEA M., SLABU CRISTINA, RADU MIRELA 
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Abstract. The 2007 summer was characterized by very high 

temperatures in Iassy county, that can modify the eco-physiological reaction in 
grape vine. The work studies the dynamics of the photosynthetic and flavonoid 
pigment content in leaves in some vine grape cvs: Feteasca neagra, Feteasca 
alba, Feteasca regala and Cabernet Sauvignon in order to adapt them to the 
global warming. 

 
Rezumat. Vara anului 2007 a fost caracterizată prin temperaturi foarte 

înalte în zona Iaşi, care pot modifica reacţia eco-fiziologică la viţa de vie. 
Lucrarea studiază dinamica pigmenţilor fotosintetici şi flavonoizi în frunze la 
unele soiuri de viţă de vie: Fetească neagră, Fetească albă, Fetească regală şi 
Cabernet Sauvignon, în scopul adaptării acestora la încălzirea globală. 

 
At present, the Earth planet is confronted with the global warming 

phenomenon, that determines the appearance of extreme climatic conditions (2). 
The variability of the climatic conditions produces catastrophal ecological 
consequences, but negativelly influences the normal vegetation cycle of cultivated 
plants (1). Different specialists show that extreme climatic conditions affect grape-
vine, determining the movement of this culture to the colder zones, but the 
decrease of the wine quality, too (3,4). There have been elaborated principles and 
technological procedures for the consequencence decreasing the climatic 
modifications on the grape-vine plantations (7). Cultivar choice and acclimation 
have an important role in the war against the dryness (5). 

The work studied eco-physiological reaction of some grape-vine cvs. 
against the climatic conditions induced by global warming in the Viticol Center 
Iassy, appreciated by the dynamics of the pigment content in leaves, like 
indicators of the photosynthesis and plant resistance against stress conditions. 
 

MATERIAL AND METHODS 
 

The experiences were made with four grape-vine cvs.: Feteasca neagra, 
Feteasca alba, Feteasca regala - autochtone cvs. and Cabernet Sauvignon -alochtone 
cv., cultivated in the Viticol Center Iassy, in the Didactical - Experimental Farm of the 
University of Agriculture and Veterinary Medicine Iassy, in climatic conditions of 2007 
spring-summer seasons. The temperature and precipitations were registered 



 192 

decadally, but the mean values were refered to the mean values of many years. The 
pigment analysis in leaves were made in June and July - during grape growth and at 
the beginning of September - during grape ripening, on the leave under cluster in 
fertile shoot and on the leave of the same level in sterile shoot. The pigment content in 
leaves was analysed spectrophotometrically, being appreciated by the capacity of light 
absorption in acetone pigment extract (1%) in visible (400-700 nm) and UV-A 
spectrum (370 nm). 

 
RESULTS AND DISCUSSIONS 

 
The analysis of the climatic conditions of temperature and precipitations 

(tab. 1 and 2) reveals that the 2007 spring and summer had temperatures 
progressively increasing from March to August, with values higher that the mean 
value for many years with +4,60C in July. The monthly precipitations registered a 
deficit in comparison with the mean value for many years, of - 44,2 mm in July 
and - 63,4 mm in June. These values created conditions of thermic and hydric 
stress for grape-vine plants. 

Table 1 
Values of temperature in 2007 (0

 
C) 

March April May June July August 
Minimum -2.4 1.0 2.8 12.6 11.5 11.0 
Maximum 21.8 25.2 33.6 37.4 40.1 38.1 
Mean monthly temperature 7.5 11.0 18.6 23.2 25.4 22.4 
Mean of 1971-2000 temperature 3.5 10.3 16.1 19.5 20.8 20.0 
Difference +4.0 +0.7 +2.5 +3.7 +4.6 +2.4 

 
Table 2 

Values of precipitations in 2007 (mm) 
 March April May June July August 
Monthly preciptations 33.4 30.6 35.5 34.2 37.6 79.6 
Mean precipitations for many 
years 

30.7 50.7 62.7 97.6 81.8 58.0 

Difference +2.7 -20.1 -27.2 -64.3 -44.2 +21.6 
 

 
The eco-physiological reaction of the four grape-vine cvs was appreciated 

by pigment content (photosynthetic and flavonoid) in leaves. Chlorophyll a 683 
can express phothosynthesis intensity in reaction center, but chlorophyll a 435 
and chlorophyll b 453 can express light absorption capacity in photosynthetic 
systems; flavonoid pigments that absorbe in UV-A (370 nm) can express plant 
reaction against different stress factors (6). 

Mean pigment content analysis in leaves, appreciated by the capacity of 
light absorption of acetone extract (1%) in visible and UV-A spectrums reveals 
that in June, the alochtone cv. Cabernet Sauvignon has a photosynthesis intensity 
and a light absorption capacity higher that the studied autochtone cvs. (fig. 1). 
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Fig. 1 - Mean pigment content in leaves, appreciated by light absorbtion capacity of 

acetone extract (1%) in visible and UV-A spectrums, in June 
 
In July it is revealed the increasing capacity of the autochtone cvs. to react 

against climatic stess conditions, expressed by the very high content of the 
flavonoid pigments (fig. 2). In September, the very high values of photosynthesis 
intensity and light absorption in Cabernet Sauvignon cv. and autochtone Feteasca 
neagra cv. are expressed (fig. 3). 

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

A
bs

or
ba

nc
e 

un
it.

662 453 435 370
Wave length (nm)

Fetesca neagra
Feteasca alba
Feteasca regala
Carbernet Sauvignon

 
Fig. 2 - Mean pigment content in leaves, appreciated by light absorbtion  capacity of 

acetone extract (1%) in visible and UV-A spectrums, in July 



 194 

0

0,5

1

1,5

2

2,5

3

3,5

A
bs

or
ba

nc
e 

un
it.

663 453 435 370
Wave length (nm)

Fetesca neagra
Feteasca alba
Feteasca regala
Carbernet Sauvignon

 
Fig. 3 - Mean pigment content in leaves, appreciated by light absorbtion  capacity 

of acetone extract (1%) in visible and UV-A spectrums, in September 
 

The dynamics of the clorophyll content in the four cvs. ones presents high 
values in Cabernet Sauvignon and Feteasca neagra cvs. during grape ripening  
(fig. 4 and 5), but the flavonoid pigment content presents high values in July in 
autochtone cvs. and in September in Cabernet Sauvignon cv. (fig. 6). 
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Fig. 4 - Dynamics of the chlorophyll a 663 in leaves  of the grape-vine cvs. 

 
The results reveal that the four grape-vine cvs. present complex 

physiolgical mechanisms that assure the reaction to the environmental climatic 
conditions. The changes of the climatic conditions, induced by global warming 
need to study these mechanisms in order to cultivation the most adapted cvs. The 
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Feteasca Neagra cv. present the best photosynthesis and resistance characteristics 
in the conditions of climate warming in Iassy zone. 
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Fig. 5 - Dynamics of the chlorophyll a 435 in leaves  of the grape-vine cvs. 
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Fig. 6 - Dynamics of the flavonoid pigments in leaves  of the grape-vine cvs. 

 
Comparative analysis of the pigment content in leaves of the sterile and 

fertile shoots reveals that in June and July, photosynthetic pigment content in the 
autochtone cvs. generally, is higher in fertile shoot leaves than in sterile ones, but 
Cabernet Sauvignon cv. has an inverse behaviour. These results confirme the role 
of the under cluster leave, analysed in our study, in the grape and cluster growth 
in grape-vine, a behaviour manifested in the autochtone cvs., but also reveals 
other mechanisms, dictated by the different climatic conditions, in Cabernet 



 196 

Sauvignon cv. In September, the higher pigment content in fertile shoot leaves is 
maintained only in Feteasca neagra cv., but in all other cvs. the pigment content 
generally, is higher in the sterile shoot leaves . 

 
CONCLUSIONS 

 
1. Climatic condition in the 2007 spring and summer are characterized by a 

thermic and hydric stress for grape-vine plant. 
2. The physiological reaction in different cvs. is dictated by the ecological 

conditions from the origine zone. 
3. Between autochtone cvs., Feteasca neagra cv. is the most adapted in 

stress conditions induced by the global warming. 
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THE VARIABILITY OF THE CAPACITY IN ACTIVE 
ORIGINS OF SUBTERANEUS ORGANS IN SELECTED 

FAMILYS BY GENTIANA LUTEA L. 
 

VARIABILITATEA CONŢINUTULUI DE PRINCIPII ACTIVE ALE 
ORGANELOR SUBTERANE ALE FAMILIILOR DE GENTIANA LUTEA 

L. SELECŢIONATE 
 

POP M. R., CAMELIA SAND, C.H. BARBU 

“Lucian Blaga” University of Sibiu 
 

Abstract. Gentiana lutea L is a specie protected by the Romanian laws. 
The main objective of this study is a research for identifying valuable 
genotypes and their multiplication for amelioration. Characteristic features of 
Gentiana lutea L highly influences the amelioration methion and also the saw 
and seeds production technology (Savatti et al., 2004). That is way we decided 
to study the phonotypical and genetic variability of the selected families, and in 
the same time to outline the correlations between the  analyzed characters for 
the improvement of amelioration methods. For herbs it is highly important that 
all the researches to be based on photochemical studies, so to have a solid 
ground for the steps done. For this reason this article presents the way we 
establish the concentration of active principles in ground organs of the 
selected families. 

 
Rezumat. Gentiana lutea L. este o plantă monument al naturii, ocrotită 

de legile române. Obiectivul principal propus în acest sens este iniţierea unor 
cercetări privind identificarea genotipurilor valoroase şi înmulţirea lor în 
scopul ameliorării. Particularităţile biologice ale speciei Gentiana lutea L., au 
influenţe majore atât asupra metodei de ameliorare cât şi asupra tehnologiei 
de cultură şi de producere de sămânţă (Savatti et al., 2004). Din această 
cauză ne-am propus studierea variabilităţii fenotipice şi genetice a familiilor 
selecţionate, precum şi evidenţierea unor corelaţii între caracterele supuse 
analizei în vederea îmbunătăţirii metodelor de ameliorare.La plantele 
medicinale este imperios necesar ca toate cercetările efectuate să aibă la bază 
studii fitochimice, pentru a avea o fundamentare solidă a demersurilor 
intreprinse. Din acest motiv în articolul de faţă prezentăm stabilirea gradului 
de variabilitate a conţinutului de principii active din organele subterane la 
familiile selcţionate din cadrul speciei luată în studiu.  

 
Gentiana grow better and faster in places with cool climate, with enough 

humidity. Gentiana lutea L habitat is characterized by humid summers, rainy 
springs and not that frosty winters (Huxley, 1992). 

The roots and the rhizomes are cylindrical, sometimes longitudinal cloven, 
with an external area longitudinal striated (roots) and transverse striated 
(rhizome). The fracture is granulated, not fibrous, and not mealy. The taste is at 
the beginning sweetish, and then becomes very bitter (Pârvu, 2003). 
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After some authors (Kohlein, 1991), the specialized products of metabolism, 
with a phototherapeutic importance are: 

 Bitners glicozides 
 Flavons glicozides 
 alcoloids 
 sugars 
 volatile oil 

Some studies outline the fact that the accumulation of gentiopicrin, bitter 
principles and fenoli is influences by the light intensity, but results are obtained 
on dark areas as well.  
 

MATERIALS AND METHODS 
Thought the period of research, the climate was characterized by a 

pluviometrical regime, really low and temperatures really high, atmospherical humidity, 
below  30-35 0 C, thing that determined a drying of plants in proportion of 20%. This 
unfavorable conditions affected also the results of our experiment, but they 
demonstrated that the most important role is played by the climatic and soil conditions. 

The extraction was realized with alcohol at warm (Ciulei et al., 1995). After the 
removal of the solvent, the residue recommenced several times with warm water, after 
this the solution was detected with Saturn salt. The plumb surfeit was removed with 
calcium carbon, after this the aqueous solution was concentrated at low pressure. 

0,20 g roots of powdery gentian was vanquish macro sublimate at 120-140ºC. 
It was formed a micro sublimate of acicular crystals, yellow and colorless. After we 
added 1-2 drops of sodium hydroxide 10% (R) we obtained a golden yellow solution. If 
the gentian micro sublimate (Ciulei et al., 1995). 

0,20g root of powdery gentian macerate with 2ml acetate of ethyl and 0,5 ml of 
water for 30 min, shaking at interval; 5-6 drops evaporated on a watch glass, and the 
residue was treted with 1-2 drops of concentrated sulfuric acid and some mg of 
ammonia. The result is a radish solution which goes to indigo (Ciulei et al., 1995). 
 

RESLUTS AND DISCUSSIONS 
 

For determining the variability of the active principles in ground organs of 
the plant, from the 10th selected families, there were done chemical analysis in the 
phase of fruits maturation. The analysis reflected the following results: 

The results of the analysis showed values more that media, the values being 
between 0,01-0,03mg and 100g dried texture. The highest values were obtained at 
G1 and G5 families with 0,03mg at 100g dried texture and 0,027m at 100g dried 
texture. The variability coefficient is s% = 34,12 (see table 2).  

The analysis of bitter parameters outline 6 genotypes with high values then 
the media of experience. The values are situated in the interval between 7700 and 
13780, the best performance are met at G5 and G9 families, with values between 
13780 and 12700. 

In table 2 we can see that this character varies, the value of the variability 
coefficient being s% = 20,17 (table 2), value that give the possibility to select the 
direction of this character. 
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Table 1 

Variation of the chemical characteristics in subteraneus organs from the 10 studied 
families of Gentiana lutea L. species 

 

Nr. 
Crt. 

Selected 
Family 

Conţinut principii active 
 

Gentianin 
(%) 

Gentiopicrozide 
(%) 

Bitterness 
Index 

Volatile oil 
(%) 

Sugars 
(%) 

1. G-1 0,03 2 11400 0,03 27 
2. G-2 0,01 1,9 8520 0,025 35 
3. G-3 0,015 3,5 10350 0,027 29 
4. G4 0,02 3 12450 0,028 31 
5. G-5 0,027 2,8 13780 0,035 37 
6. G- 6 0,026 2,3 7700 0,025 32 
7. G- 7 0,023 2,7 9170 0,027 34 
8. G-8 0,022 2,1 11790 0,029 29 
9. G- 9 0,01 2,6 12700 

0,032 33 
10. G-10 0,027 2,2 8100 0,02 22 
11. MEDIA 0,021 2,51 10596 0,0278 30,9 

 
 

Table 2 
The direct genetically parameters (the variation, the standard swerwe) and derived 

genetically parameters (variety coefficient) calculated for the morphological 
characters 

 

The Character 
 

The variation 
s

The standard 
swerve 

s 
2 

The 
average 

x  

Variety 
coefficient 

s% 

Gentianin 5,1 × 10 0,007 -5 0,021 34,12 

Gentiopicrozid 
0,25 0,51 2,51 

20,09 

Bitterness Index 4566071 2136,83 10596 20,17 

Volatil oil 1,7× 10 0,004 -5 0,028 14,86 

Sugars 18,99 4,36 30,9 14,11 
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The values for volatile oil was between 0,035ml at 100g vegetal texture and 

0,02ml at 100g vegetal texture. Table 2 presents also the value of the variation of 
this character s² =1,7× 10-5  

and a variability coefficient s% = 14,86, which is a middle level of 
variability.  

Sugars were identified in the concentration of the Gentiana lutea L. texture 
and are shown in table 1, with values between 37g and 100g of vegetal texture 
and 22g at 100g of vegetal texture. The variability coefficient of this character 
was s% = 14,11 (table 2). 
 

CONCLUSIONS 
 

From the dates presented in table 2 column 4 we can draw the conclusion 
that the Gentiana lutea L. selected families presented a high value of the 
variability coefficient (table 2). This gives the image of an interval of variation, 
that gives the possibility of development of this character. 

The concentration of gentiopicrozida in high limits, the value of the 
variability coefficient is s% = 20,17 (see table 2). This value outlines a big 
variability, thing that helps us to write a successful study about the selection 
under the aspect of growing the concentration of gentiopicrozida 

The volatile oil has a variability coefficient of s% = 14,86 (see table 2), 
from which we can draw the conclusion that the character can be influenced by 
the selection. 

For sugars the variability coefficient s%, is 14,11 (see table 2), being a 
middle value and in this case being possible of an efficient selection.  
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THE VARIATION OF THE VOLATILE OIL CONTENT IN 
THE PLANTS ORGANS AT THE ARNICA MONTANA L. 

GENOTYPES 
 

VARIAŢIA CONŢINUTULUI DE ULEI VOLATIL ÎN ORGANELE 
PLANTEI LA GENOTIPURILE DE ARNICA MONTANA L. 

 
POP M. R.,CAMELIA SAND, C.H. BARBU 

“Lucian Blaga” University of Sibiu 
 

Abstract. Arnica montana L. is spread into Europe and Siberia. In our 
country, it’s common in the whole Carpatian succesion, through hay fields, 
postures, glades, shrubs, beginning with the mountainous region, throughtout 
the subalpine region, but rarely in the alpine zone. In this paper, we present a 
variety analysis of the isolated volatile oil in some selected genotypes of this 
species. The calculation of the variety coefficient can ffer usefull information 
about the efficiency of some selection works in case you wish the improvement of 
some natures. Also, we present throught synthetic tables, the direct genetic 
parameters: the variation, the standard deviation, the average and the derived 
genetic parameters as the variety coefficient (Ardelean and Sestraş, 1996). 

 
Rezumat. Arnica montana L. este răspândită în Europa şi Siberia. La 

noi în ţară este comună în tot lanţul Carpaţilor, prin fâneţe, păşuni, poieni, 
tufărişuri, din regiunea montană pînă în cea subalpină, mai rar în zona 
alpină.În lucrarea de faţă se prezintă o analiză a variabilităţii conţinutului de 
ulei volatil izolat în câteva genotipuri selecţionate din această specie. Calculul 
coeficientului de variabilitate poate oferi informatii utile privind eficienţa unor 
lucrări de selecţie în cazul în care se doreşte îmbunataţirea unor caractere. 
Deasemenea este prezentată în tabele sintetice parametri genetici direcţi: 
varianţa, abaterea standard, media şi parametri genetici derivaţi cum este 
coeficientul de variabilitate (Ardelean and Sestras, 1996). 

 
 Regarding Arnica montana L., named populary arnica, it’s a plant, 
natures monument, defended by the european laws. Inspide of all this, because of 
her curative properties, previously described, in this moment the biggest quantity 
used for therapeutic purpose in our country originates in the spontaneous flora, 
being picked up by unauthorized people, without any instruction for the 
conservation of the species. The cultivation of this plant is inexistent because 
there wasn’t yet been studies a cultivation tehnology (Sand et al., 2007). 
 The flowers contain volatile oil (0,04 – 3,8%), arnidiol, arnisterine, 
faradiol, astragaline, izocvereitine, carnaubilic alchool, o paraffin, cafeic acid, 
carotenoizi (xantofil, xantofilepoxidul, zeaxantină). The roats contain volatile oil 
(0,5-1,5%) cafeic acid, fumaric acid, succinic acid, inulin, timol, 
timohidrochinonics compunds and metilesteri, 3-etilfenol, sugars etc. (Crăciun  
et al .,  1976). 
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MATERIAL AND METHODS 

 The Arnicae flos flowers are harvest in june-july, at the beginning of the 
blissoming, through cuting or breaking the blossom (Pârvu, 1991). The tedding is 
made at shadow, throught thin layers. The artificial tedding at 40-50ºC. 
 For this analysis there were used dry blossom of the Arnica montana L.. 
species after the harvest. There was prepared a mixture of flowers, predominating the 
bulky . 
 At the end of the vegetation period, there were brought out analysis of this 
mixture about the content of volatile oil in the generative organs, the flowers. 
 The byological material used, was the one identified in the two locations, 
Valea Frumoasei (Alba district) and Masivul Cindrelu (Sibiu district), there were 
chosen three genotypes of each, for which there have been worked out quantitative 
analysis towards the extracted volatile oil. The genotypes have been noted this way: 
G1, G2 and G3 the ones proceeded from Valea Frumoasei (Alba district) and G4, G5 
and G6 the ones proceeded from Masivul Cindre (Sibiu district). 
After the harvesting, the flowers have been passed through a water flow and layed out 
to dry at the sun; then, they have been weighed on the ellectronical balance, minced, 
and then they have been liable to the outdrawing.  
At the base of the volatile oil extraction method principle has been the watery vapours 
technical training helped by a laboratory autfit of type Neo-Clavenger (Ciulei et al., 
1995). 
 There have been weigh 50g of vegetable arnica material that has been put in 
the distillation baloon, togheter with 700ml water. The balloon has been fit to a 
distilation gear. The oil purveyance tube, graded in divisions of 0,01ml, just like the 
inferior part of the separator have filled out with water through the deviation on top of 
the separator, which, after all closes with a stopper crossed by a drain. Carrying on, 
there has been left the water flow into the refrigerator and the balloon has been 
warmed out so that the water, during the boiling, was cracking, there has been 
stopped the water circulation out of the refrigerator and the vapours have been left to 
circulate a couple of minutes for washing the refrigerator of the adhesive oil spots. 
When the refrigerator has warmed out his whole lenght, the water has been left to 
circulate again, but this time has been turned out the heat source. After about 30 min., 
the oil coat has glide down into the graded tube, after turning on the emptying tap. 
The outdrawing took about 4-5 hours for each sample. After the training, the obtained 
volatile oil has been measured in millilitres and ascribed to 100g of vegetable tissue. 
Upon the obtained oil there has been added about 1 ml benzene. The oil togheter with 
the benzene have been caught carrefully into glassbottle there has been a spatulatop 
of sodium sulphate anhydrous, used to remove the possible water stamps. With the 
help of a Pasteur dropper ther has been drown out the volatile oil out of the 
glassbottle, the benzene has evaporate and the oil has been closed into a vial so that 
it could be keeped in best conditions until the analysis, without changing properties. 

 
RESULTS AND DISCUSSIONS 

 
 The volatile oil drawn out of the blossom samples has got an orange 
colour, of middle solid consistent and flavoured smell. This one has been related 
to millilitres oil for 100g vegetable product.  
The performed analysis for the content of the flowers species Arnica montana L. 
have noticed a volatile oil content between 1,7-3,5 at 100g of dry tissue. 
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Table 1 
The rezults about the content amount of volatile oil drawn out of the Arnica montana 

L. genotype flowers under investigation 
 

Nr. 
crt. 

Genotype 
 

Content of volatile oïl (ml / 100g 
vegetable tissue) 

Subterranean organs 
1. G 2,8 l 
2. G 3,2 2 
3. G 2,6 3 
4. G 3,5 4 
5. G 3,1 5 
6. G 1,7 6 

 
 At the genotypes of Valea Frumoasei (Alba district) the content is 
between 2,6 and 3,2 ml oil for 100g vegetables product while that of Masivul 
Cindrelul (Sibiu district) is between 1,7 and 3,5 ml oil for 100g vegetables 
product. Out of the pasted results on the first table can be noticed that the chosen 
genotypes of Masivul Cindrelul (Sibiu district) presents a more pronounced 
variability. The extreme value has been obtained ot the G-4

The Character 
 

 genotype. 
 

Table 2 
The direct genetically parameters (the variation, the standard swerwe) and derived 

genetically parameters (variety coefficient) calculated for the morphological 
characters 

 

The variation 
s

The standard 
swerve 

s 
2 

The 
average 

x  

Variety 
coefficient 

s% 

The volatile oil 
content 0,39 0,63 2,81 22,39 

 
 Out of the synthetiyed information analysis in the second table, we can 
observ that the values of the direct genetical parameters are: the variation = 0,39, 
the standard swervw = 0,63 and he average = 2,81. 
 In case of the derived genetical parameters there has been calculated the 
variety coefficient which is equal to 22,36. 
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CONCLUSIONS 
 

 The results of the chemical analysis for the measure of the volatile oil 
content, have put forward the value of the analysis material and the fact that the 
moment of the flower harvest was most favourable. 
 It’s distinguished for the volatile oil content the genotype G4 with 
3,5ml/100g plant, content which is determined in the flower. Out of the analysed 
characters, the volatile oil content of the root has got a high coefficient valve of 
variety, which proves that there can be succesfully accomplished selection works 
of this nature. 
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APRECIERI PRIVIND ACTIVITATEA CATALAZEI IN 
INFLORESCENTELE DE CALENDULA OFICINALIS L. IN URMA 

TRATAMENTELOR CU SUBSTANŢE CHIMICE MUTAGENE 
 

VǍTAVU ROXANA, PASCAL-SLABU CǍTALINA,  
ROBU T. 
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Abstract. The catalase is an endoenzyme present in the chloroplasts and 

she is involved in the breathing and photosynthesis process. She has the role to 
decompose the peroxide and it is sensitive to the action of mutagen agents. The 
catalases activity in Calendula officinalis L. inflorescences can have different 
values depending on the chemical substances used. 

 
Rezumat. Catalaza este o endoenzima, prezentă în cloroplaste şi este 

implicată in procesele de fotosinteză şi respiraţie. Are rolul de a descompune 
apa oxigenată şi este sensibilă la acţiunea agenţilor chimici. Activitatea 
catalazei în inflorescentele de Calendula officinalis L. poate avea  valori diferite 
în funcţie de substanţele chimice utilizate. 
 

METHOD AND MATERIAL 
 
Excessive accumulation of substances causes many metabolic disturbances 

to the plant (Levitt, 1980). There is some evidence that the stress induces the 
productions of active oxygen species (AOS) (Shalota and Tal., 1998). Active oxygen 
species include superoxide (O2

-), hydrogen peroxide (H2O2) and hydroxil radical. 
Thease AOS can seriously disrupt normal metabolism through oxidative damage of 
lipids, proteins and nucleic acids. The AOS are controlled by an anti oxidative sistem 
including antioxidants (ascorbate, glutathione etc.) and enzimes such superoxide 
dismutase (SOD), ascorbate peroxidase (APx), glutatione reductaze (GR) and 
catalase (CAT). 

Despite the pivotal role of catalases in controlling H2O2 levels within the cell, 
little is known of their function during stress condition. In part, this may due to their 
peroxisomal location, because most studies on oxidative stress in plant are focused 
an cloroplastic events. Nonetheless the participation of catalase in photorespiration 
would suggest that catalase activity is a determining factor for the protection of 
photosynthesizing cell against oxidative stress (Willekens, H., 1995). This is supported 
by the observations that a barley mutant whit reduced catalase activity is impaired in 
growth under photorespiratori conditions (Keppler LD.,1987).  

The material used in the experiments it was represented by the Calendula 
officinalis L. inflorescences. The chemical substances used in the experiment are: 
colchicines, 2-4 D acid and ethidium bromide each of them being used in a 
concentration of 0.01, 0.02, 0.03 and 0.04%. The treatment was made on the top of 
the vegetation and at the seeds having two different times of action (3 and 6 hours). 
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The catalases activity in the Calendula officinalis L. inflorescences it was 
determined when the flower was completely opened, and the results were represented 
in the charts (the readings were made to intervals of a minute for nine minutes). The 
graphic representations were maked depending on last reading.  

For experimentation purpose two grams of vegetable material and 10 
milliliters of peroxide were used, each test being done in 3 repetitions, the results 
being the average of them. The determination of the catalases activity was done 
through the gasometrical method by means of an appliance of its own modified and 
improved. The fresh vegetable material has been pestled then it has been placed in 
the reaction recipient. Some water is poured in the separator funnel and after the 
liquid is brought into zero position, in the reading device by means of the tap, the 
pressure unification tap is closed. The separator funnel is closed in a tight way, and 
the tap is being open in order to put into contact the vegetable material with H2O2. In 
this way, the catalases form of the vegetable material decomposes H2O2, 

 

setting the 
oxygen free that pushes the liquid from the reading device.  

 
RESULTS AND DISCUSSIONS 

 
The investigations confirm that, in the case of the treatments made on the 

top of the vegetation, all the variants have an raised activity relative to the 
witness. In the colchicines case, the greatest catalytic activity is met at 0,03% 
concentration and slightly lowed at the 0,02% concentration. 

The treatments with etidium bromide show that the catalases activity 
increased at the same time with the concentration. If we observe the catalytic 
activity in the case of the 2,4 D acid we can easily notice the fact that she has 
approach values at 0,02% and 0,04% concentration, and the maximum was 
recorded at the 0,01%. 

Analyzing the catalytic activity (figure 1) in the case of the experiment 
which the treatment was made on the seeds, we can see that the both methods of 
treatments (3 and 6 hours) registered smaller values than the case of treatments 
made on the top of the vegetation. Although, we can notice some differences in 
the case of colchicines, which on 0,01% concentration and 3 hours treatment 
catalase activity increased relative to the witness, but the process decreased in 
response to increased  concentrations. 

In the case of 6 hours treatments, colchicines induces intense activity at 
the 0,01% concentrations, decreases at 0,02% and then raise again but don’t excel 
the witness and neither the activity observed at 0,01% concentration. 

The treatments with etidium bromide registered ascending values at 
0,01% and 0,03% overreaching the witness and the treatments made whit 
colchicines at three hour time of action. If will shall follow the results obtained in 
the case of 6 hours time of action treatments, we notice that the etidium bromide 
induces at the same time with the concentration growth an decreasing activity of 
this enzyme. In the both cases of treatments made on seeds, 2,4 D acid releases an  
low activity up to 0,02% and after this the values the catalases activity raise in the 
same time whit the concentrations. 
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