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Abstract       Sunflower oil is a valued and healthy vegetable oil and 
sunflower seeds are enjoyed as a healthy, tasty snack and nutritious 
ingredient to many foods. As a means of production, the seeds are a good 
start for the future culture, if they have a rapid germination and high biological 
value, coming from improved varieties with the genetic, physiological and 
morphological index of quality. Generally, a high mitotic activity is directly 
proportional to the viability of the seed.  
In this study have been made some cytogenetic researches to six foreign 
sunflower hybrids (Barolo, Flavia, Fleuret, Fly, Rigasol and Aldaba). The 
mitotic activity analyzed to these genotypes, expressed by mitotic index, was 
variable from 20.0% to 40.0% limits. Analysis of the mitotic activity and the 
mitotic division indexes has revealed the genotypic specificity for the foreign 
sunflower hybrids investigated as well as that the most intense mitotic activity 
of the meristems was observed in the Flavia genotype. 
The determination of the mitotic activity in the sunflower roots could contribute 
to revealing on the cell division particularities to sunflower genotypes and their 
correlation with the heterosis.   
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Sunflower (Helianthus anuus) seeds are an American 

original. It is a native species to North America and 

was used by American Indians for an important, high-

energy food source. Spanish explorers carried it with 

them to Europe and the Russian agronomists were 

responsible for the first agricultural hybrids. 

Conventional breeding has resulted in cultivars with 

improved agronomic characteristics, with wild 

Helianthus species making a significant contribution to 

the introgression of a range of traits into cultivated 

sunflowers (7). Autogamy lines and sunflower hybrids 

is one of the most important characters in breeding 

programs of the species of plants and is a crucial factor 

in the production of seeds, especially in unfavorable 

environmental conditions (6). 

Sunflower is the most important oil-grown plants in 

our country. Offer for private farmers and farms is 

varied, but make sure of high production and consistent 

it is necessary that each area is tested and 

recommended for cultivation those hybrids that have a 

high degree of adaptability to climatic conditions and 

production stability is certified results of testing over 

several production cycles (5). The genetic variability at 

sunflower has a special importance. In recent years, 

many foreign sunflower hybrids have adapted very 

well to the environmental conditions of the culture in 

Romania and have obtained high yields, proving a 

good ecological valence (3). 

In terms of the genetic modification, sunflower is a 

fairly intractable species; there are no genetically 

modified commercial varieties, but some of the 

transgenic traits incorporated in other crops have 

already been subjected to research and experimentation 

in sunflower (1) 

Mitosis occurs exclusively in eukaryotic cells, but 

occurs in different ways in different species. The 

process of mitosis is complex and highly regulated. 

The sequence of events is divided into phases, 

corresponding to the completion of one set of activities 

and the start of the next. These stages are prophase, 

metaphase, anaphase and telophase. These phases can 

be distinguished through microscopic analysis (4). 

During prophase, the chromosomes condense into 

shorter and thicker rodlike structures that can be easily 

seen to consist of two sister chromatids connected by a 

centromere. During metaphase the chromosomes are 

fully aligned end to end at the cell's midline at what is 

known as the metaphase plate. The attachments 

between sister chromatids to each other split during 

anaphase, producing single-chromatid chromosomes. 

During telophase, the nuclear membranes are 

dephosphorylated and begin to reform around the two 

sets of chromosomes at either pole, enclosing and 

separating them from the rest of the cytoplasm. The 

mitotic spindle disappears. The chromosomes 

decondense and become thinner and more difficult to 

distinguish from each other. 

Resistant sunflower genotypes are characterized by 

immediate resumption of photosynthetic activity after 

termination of thermic and hydric stress. Lately was 
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discovered that the tolerance to stress conditions are 

associated with the cellular and subcellular components 

that are linked to the cell membranes (2). 

 

Material and Method 
 

In this study have been made some cytogenetic 

researches to six foreign sunflower hybrids (Barolo, 

Flavia, Fleuret, Fly, Rigasol and Aldaba). To carry out 

the chromosomes view using the optic microscope, 

these were colorized with the basic fuchsine 

decolorized solution (Schiff reactive), prepared in the 

laboratory. The effective colorized operation was the 

introduction to 3-4 cc colorant solution from sunflower 

radicules placed in glass ampoules, at room 

temperature. After maximum 30 minutes, the 

meristematic tissues were colored in purple-red. To 

increase the chromosomes-cytoplasm contrast and the 

optimal microscopic preparation view, before the study 

under the microscope the colored roots were kept in a 

45% acid acetic solution, for 15 minutes, to remove 

colorant excess. 

After the microscopic preparation study, it was 

calculated the next index: 

Mitotic index (Im%), or the cells percentage in division 

to the total number of cells, using this formula: 

Im% = Nm x 100/Nt, where: 

Nm - the total number of cells in mitotic division; 

Nt - the total number of studied cells 

 A high mitotic index value shows that the tissue that 

were in division a large number of cells.  

The mitotic index phases, or the cells percentage in 

different mitosis division phases to the total number of 

cells in mitosis, using these formulas: 

Im prophase% = Nprof.  x 100/Nm, where: Nprof. – 

the number of cells in prophase; Nm - the total number 

of cells in mitosis; 

Im metaphase% = Nmet.  x 100/Nm, where: Nmet. - 

the number of cells in metaphase; Nm - the total 

number of cells in mitosis; 

Im anaphase% = Nanaf.  x 100/Nm, where: Nanaf. - 

the number of cells in anaphase; Nm - the total number 

of cells in mitosis; 

Im telophase% = Ntel.  x 100/Nm, where: Ntel. - the 

number of cells in telophase; Nm - the total number of 

cells in mitosis. 

 

Results  

 
In the cytogenetic studies of the mitosis are used many 

parameters, including the mitotic index, which is an 

important criteria used in the assessment of the plant 

cells multiplication. Estimation of the plant cell 

multiplication particularities, including the cells 

meristematic, contains several aspects in terms of the 

plants response towards the various internal and 

external factors. 

The mitotic activity of the foreign sunflower genotypes 

studied, expressed by mitotic index, was variable from 

20.0% to 40.0% limits.  From this point of view, 

analysis of the cells division highlighted the sunflower 

hybrids variability and their specificity. Thus, the 

hybrid Flavia recorded the highest mitotic activity 

(40.0%), fallowed by the Aldaba (33.3%) Rigasol 

(30.0%), Fleuret (26.6%), Barolo (23.3%) and the 

lowest mitotic activity (20.0%) was found discovered 

to the genotype Fly (table 1 and figure 1).

 

Table 1 

The mitotic activity (Im %) and the mitosis 

Index phases to sunflower* 

Sunflower 

genotypes 

Nt Nm Im  

% 

The mitosis index phases  

Nprof. ImP 

% 

Nmet. ImM 

% 

Nanaf. ImA 

% 

Ntel. ImT 

% 

Barolo 30 7 23.3 3 42.8 2 28.5 1 14.2 1 14.2 

Fleuret 30 8 26.6 3 37.5 2 25.0 1 12.5 2 25.0 

Flavia 30 12 40.0 5 41.6 3 25.0 2 16.6 3 25.0 

Fly 30 6 20.0 2 33.3 2 33.3 1 16.6 1 16.6 

Rigasol 30 9 30.0 4 44.4 3 33.3 1 11.1 2 22.2 

Aldaba 30 10 33.3 3 30.0 2 20.0 2 20.0 3 30.0 

* The average values of 50 determinations under the microscope 

Nt - the total number of studied cells; 

Nm - the total number of cells in mitosis; 

Im% - the mitotic index; 

ImP% - the prophase mitotic index; 

ImM% - the metaphase mitotic index; 

ImA% - the anaphase mitotic index; 

ImT% - the telophase mitotic index. 
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The prophase mitotic index (ImP%) recorded values 

included between 30.0% (Aldaba), 33.3% (Fly), 37.5% 

(Fleuret), 41.6% (Flavia), 42.8% (Barolo) and 44.4% 

(Rigasol) (fig.2). The metaphase mitotic index 

(ImM%) has registered 20.0% value (Aldaba), 25.0% 

(Fleuret and Flavia), 28.5% (Barolo), and 33.3%  value 

(Fly and Rigasol).  

As regards the anaphase mitotic index (ImA%), its 

values ranged by 11.1% (Rigasol), 12.5% (Fleuret), 

14.2% (Barolo), 16.6 (Flavia and Fly) and 20.0% 

(Aldaba). 

The telophase mitotic index (ImT%) has registered 

variable values included between  14.2% (Barolo), 

16.6% (Fly), 22.2% (Rigasol), 25.0 (Fleuret and 

Flavia) and 30.0% (Aldaba).  

In conclusion, the mitotic activity analyzes highlighted 

the sunflower hybrids genotypic specificity and that the 

bigger mitotic activity was registered to the genotype 

Flavia. From this point of view, it was found 

superiority of the mitotic index percentage to Flavia 

hybrid with the 50.0% bigger than Fly hybrid, with the 

41.8% bigger than Barolo, with the 33.5% bigger than 

Fleuret, with the 25.0% bigger than Rigasol hybrid and 

with the 16.8% more than the Aldaba sunflower hybrid 

(fig.3). 

Proportionality intensity cell division to different 

genotypes is kept constant along the different 

ontogenetic phases, therefore, the determination of 

mitotic activity in the sunflower roots could contribute 

to cell division particularities revealing to homozygote 

and heterozygote sunflower genotypes and their 

correlation with the heterosis. 
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Fig.1. The mitotic activity (Im%) to some sunflower genotypes 
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Fig.2. Graphical representation of the mitosis index phases variability (Im % prophase, metaphase, anaphase and 

telophase) to six foreign sunflower genotypes  
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Fig.3. The superiority of the mitotic index percentage to Flavia hybrid with the 50.0% bigger than Fly, with the 41.8% 

bigger than Barolo, with the 33.5% bigger than Fleuret, with the 25.0% bigger than Rigasol and with the 16.8% more 

than the Aldaba hybrid 

 

Conclusions 
 

Analysis of the mitotic activity and the mitotic division 

indexes has revealed the genotypic specificity for the 

foreign sunflower hybrids investigated as well as that 

the most intense mitotic activity of the meristems was 

observed in the Flavia genotype. The mitotic index was 

varied from 20.0% to 40.0% limits.  

The mitotic index indicates the genotype reaction to the 

action of various factors and represents the mechanism 

of the genotype adaptation expressed on the cellular 

level. Therefore, the genotype responses in this study 

were probably genotype-dependent. 

On the other hand, the variability of the mitotic index 

to sunflower could directly indicate the intensity of the 

biochemical reactions in the cells. 
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