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Abstract       Sunflower (Helianthus annuus) cultivation is one of the main crops 
used by processors in the production of edible oil. The main factors that 
contribute to the performance of sunflower cultivation are the resistance to 
abiotic factors such as drought and heat tolerance but also to tolerance to one of 
the main pathogen Plasmopara halstedii. Similar protection effect on seeds 
damage was observed in different parasitic fungy as well concluding the benefit 
of using metalaxyl treatment. Metalaxyl (C15H21NO4) registerd with the 
recomandat doze of 2 g a.i./ kg of seeds  is the active chemical component of 
the fungicide with systemic action and is used against the attack of Plasmopara 
halstedii pathogens by early treatment of seeds. In this scientific paper we 
aimed to study the different effect of cytological levels as a result of metalaxyl 
treatments. For the experiment we used untreated seeds,  normal doze, 2 g 
a.i./kg,  4 g a.i./kg and 10 g a.i./kg doze to highlight the effect on mitosis divizion 
in the development in sunflower plants. The values of mitotic, prophase, 
metaphase, telophase and anaphase index were evaluated for 3 comercial 
hybrids that cover the tehnologys availbale today in sunflower culture. The lower 
mitotic index has been reported for our variants for the high concentration of 
metalaxyl. For the metalaxyl dose of 10 g a.i/kg we obtained for hybrid I a mitotic 
index of 12.77, for hybrid II 12.25 and for hybrid III 11.36 compared to the values 
in the absence of treatment of 14.17, 14.98 and 15.25. The reserach aime to 
study the effect of metalaxy treatments on cell divizion effects. The researches 
where held at the Faculty of Horticulture and Forestry from UASMVB Timisioara.   
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The importance of sunflower culture in oil 

production brought numerous researches in order to 
improve and reduce the negative effect caused by pests 
and diseases that improve there virulance could 
significantly decrease yield performance [13]. The 
combination of using proper genetic and non-damaging 
treatment is the key in protection of the crop. 

One of the main diseases in which metalaxyl 
is shown to be effective is Plasmopara halstedii [4]. 
On the other hand, various studies show that there are 
isolated Plasmopara halstedii resistant to metalaxyl [7; 
6; 13]. The combination of using proper genetic and 
non-damaging treatment is the key in protection of the 
crop. Therfore sunflower germplasm were developed in 
order to complete the protection such as inbreds 
sunflower lines RHA271, RHA273 and RHA274 
publiesed by Fick G.N. and Zimmer D.E. (1974), HA-
DM5 and HA-DM6 confectionary sunflower inbred 
registerd by Qi et al. (2020), oil sunflower inbred  HA-
BSR6, HA-BSR7, and HA-BSR8 registerd by Talukder 
et al. (2019) and many othere inbreds like RHA-419, 
RHA420, HA-335, HA-336, RHA-340 where registerd 
in order to offer genetic resourses for the sunflower 
breeding programs around the glob that are highly used 
[8; 3]. 

As a seed treatment with sistemic action 
metalaxyl it is absorbed by germs and roots and 
incorporated into the sap of the plant by controlling the 
patogen infections The sunflower manage to eliminate 
the metalaxyl  in more then 80 days acroding to the 
study of Marucchini and Zadr (2001). In order for a 
proper protection of the seed from the parasitic 
fungicide the balance betewen the dose and the 
effectivnes must be respecte for a durable protection. 
The dose of 2g a.i. kg−1 seed offered protection up to 
50 day in study of Thakur and colab (2011). The 
fungicides with metalaxyl currently used are 
compatible with each other and belong to the groups of 
toxicity III and IV. Both can be used to apply fungicide 
treatments during vegetation ground spraying 
equipment, where the height of the sunflower plants 
allows the entrance of the tractors, as well as the air 
means. Fungicides should not pose difficult problems 
for entomophagous activity. 

The aim of this reserach ist o present the 
different toxcity effect of metalaxyl in comperison with 
conventional cultivation of sunflower on the celular 
level. 
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Material and Method 
 

In this scientific paper we set out to study the 
effects caused by the fungicide with active substance 
metalaxyl used to fight diseases through treatment 
seeds. Monitoring the effects of different concentration 
on the mitotic index. 

 
Genetic material and treatments used 

In order to observe the effect of the metalaxyl 
treatment on the germination percentage and mitotic 
index activity untreated seeds from 3 commercial 
sunflower (Helianthus annuus L., 2n=34) hybrids were 
used which include the main technological groups of 
herbicide: conventional (Hybrid I), imidazolinone-
tolerant (Hybrid II) and sulphonylurea tolerant (Hybrid 
III) groups. The F1 seed was obtained by hybrid 
crossbreeding between the petiolaris androsterile 
(PET1) and fertility restoration inbred lines (Rf1). The 
experiment was performed in the biotechnological 
laboratory of Banat University of Agricultural Sciences 
and Veterinary Medicine of Timișoara. 

The experimental and concentration used for 
the sunflower genotypes treatments of metalaxyl where 
diluted in the fallowing concentration: 

Treatment I (TI) – control water  
Treatment II (TII) – metalaxyl concentration of 

2 g a.i kg of seeds  
Treatment III (TIII)– metalaxyl concentration 

of 4 g a.i /kg of seeds  

Treatment IV (TIV)- – metalaxyl concentration 
of 10 g a.i / kg of seeds. 

 
Evaluating the mitotic effect of the germinated 
sunflower 

In order to highlight the phases of mitosis, we 
used the reagent staining method Carr (Carr, D. H., and 
J. E. Walker, 1961) ( Fig. 1). The roots with a length of 
1-2 cm were collected for cytological analysis. For 
fixation it was used alcohol, 3: 1 glacial acetic acid 
with the addition of carmine and reagent Carr as a dye. 
For the material display a drop of Carr's reagent is 
placed on a microscopic slide, the dorp includes the 
growth tip of the root (1-2 cm). The blade is heated by 
the flame of an alcohol lamp until it boils by removing 
the dye with filter paper and a new drop of Carr's 
reagent is applied and the operation is repeated 2-3 
times. In next faze includes one last drop of Carr's 
reagent is placed over the root coverd with a lamella 
greased with glycerinated albumin. The coverd lamella 
is slightly heated (without boiling) to remove air 
bubbles. The last faze is consist in presing the slide 
with a stick to perform the display, the remove  of the 
excess dye is don with a piece of filter paper by 
pressing. All edges of the slide are glued with paraffin 
and thus the examination of the preparation can be 
extended 2-3. 
 
Mitotic index and statistical calculations  

To study the effects of different concentrations 
of metalaxyl on mitosis in sunflower hybrids we used 
the following calculation. 

 

 
 
Results and Discussions  
  

In the first part of the experiment the seeds 
were treated with the 4 metalaxyl treatments an 
germinated on the filter papare. The second part of the 

experiment consists of preparing microscopic samples 
and determining the mitotic index. 

From our results the mitotic activity differs 
significantly at higher concentrations of metalaxyl in 
the hybrid I as can be senn in tabel 1 the prophase 
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index has a maximum value of 45,89 for the treatment 
I-control. The mitotic index (Im%) is distinguished by 
the following values for T1-control 14,17%, 14,76 for 
T2 and T3 of 13,73. The lowest value of  mitotic index 
is registerd in theT4-treatment with a percentage of 
12,77 %. The metaphysical index differs depending on 
the experimental variant, observing the significant 
difference for T3-treatment with a value of 26,4 

compared to the other experimental treatments: 32,5 
for T3, 29,8 for T4 and 28,1 for T1. The anaphase 
index has the maximum value for the T2 and T3 with 
similar value of 14,29. The telophasic index, unlike the 
other indis, has a maximum value for T3 of 15,7 and a 
minimum value of 11,68 for T2 and control with the 
value of 13,69. 

 
Table 1. The effect of the treatment with metalaxyl in different concentrations on the mitotic index for the hybird I 

Genotype 
Concentration of 

metalaxyl  
NT* ND* IM Ip Im Ia It 

HYBRID 
I 

distilled water-
control (T1) 

1030 
146 ± 
1,71 

14,17 45,89 28,1 12,33 13,699 

  
2 g a.i. / kg of seeds 

(T2),  
1044 

154 ± 
1,41 

14,75 41,558 32,5 14,29 11,688 

  
4 g a.i. / kg of seeds 

(T3),  
1020 

140 ± 
2,38 

13,73 43,571 26,4 14,29 15,714 

  
10 g a.i. / kg of seeds 

(T4),  
1026 

131 ± 
3,68 

12,77 44,275 29,8 11,45 14,504 

NT-Total number o cells        
ND-Total number in cells division        

 
For sunflower hybrid II, the following values 

for the mitotic index (Im%) resulted from the 
cytological analyzes: for control 14,98%, 15,34% for 
treatment II, for treatment III  14,02 and a minimum 
value of 12,25 to treatment IV 

The prophase index differs depending on the 
experimental variant, the lowest value of the 
percentage being present in the variant treatment I  
with a value of 42,01 and a maximum value of 44,76% 

for treatment IV. The metaphase index shows very 
close values between the variants treatment I of 26.6, 
treatment II of 27,5 and 26,1 to tratment III.. The 
maximum value being registered for tratment IV 
namely 29,9. The anaphase index has values in the 
range of 14,38 and 16,56 for T1-T3 and a minimum 
value of 11,19 for TIV. The telophasic index has a close 
value between all treatments ranging from 14,179 and 
15,686.  

 
Table 2. The effect of the treatment with metalaxyl in different concentrations on the mitotic index for the hybird II 

Genotype Concentration of metalaxyl  NT* ND IM Ip Im Ia It 

HYBRID II distilled water-control (T1) 1128 169 ± 1,91 14,98 42,012 26,6 16,57 14,793 

  2 g a.i. / kg of seeds (T2),  1115 171 ± 2,28 15,34 42,69 27,5 15,2 14,62 

  4 g a.i. / kg of seeds (T3),  1091 153 ± 1,70 14,02 43,791 26,1 14,38 15,686 

  10 g a.i. / kg of seeds (T4),  1094 134 ± 3,23 12,25 44,776 29,9 11,19 14,179 

NT-Total number o cells         
ND-Total number in cells division        

  
The mitotic index (Im%) for sunflower hybrid 

III has the highest values recorded in the cytological 
analyzes, was for the control dose and treatment I of 
15,25 and 15,82. The prophase index indicates a 
maximum value for the tratment IV and a minimum 
value to treatment II of 41,95. The lowest anaphase and 
telophase indicate an index of 10,94 annd 11,71 on the 
treatment IV of 10 g a.i/kg of seeds. 

The results indicate no differeance in value 
betewen treatment I and II in the anaphase and 
telophase index with values of 12,42 and 13,22 for 
anaphase and 16,77 and 17,24 for telopahse 

Acording to our results the mitotic index were 
the lowest in the treatment IV where there was 
registerd a significant value of 11,36.  

. 

.
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Table 3. The effect of the treatment with metalaxyl in different concentrations on the mitotic index for the hybird III 

Genotype 
Concentration of 

metalaxyl  
NT* ND IM Ip Im Ia It 

HYBRID 
III 

distilled water-control 
(T1) 

1056 
161 ± 
1,52 

15,25 44,72 26,1 12,42 16,77 

  
2 g a.i. / kg of seeds 

(T2),  
1100 

174 ± 
1,42 

15,82 41,954 27,6 13,22 17,241 

  
4 g a.i. / kg of seeds 

(T3),  
1078 

142 ± 
3,88 

13,17 43,662 28,9 13,38 14,085 

  
10 g a.i. / kg of seeds 

(T4),  
1127 

128 ± 
3,29 

11,36 46,875 30,5 10,94 11,719 

NT-Total number  cells         
ND-Total number in cells division        

 
According to fig 1, all evaluated hybrids have 

the lowest values of the mitotic index for the T4 
treatment of 10 g a.i. concentration of metalaxy with 

values of 12,77, 12,25 and 11,36. Also, values lower 
than the control value and the recommended dose were 
observed for treatment III of 4 g of metalaxyl. 

 

 
Fig. 1. The result of treatment with metalaxyl on the mitotic index for sunflower hybrids. 

 
 

The highest values of the mitotic index for the 
control samples and the recommended dose are present 
in the third hybrid of 15,25 and 15,82. In contrast to the 
high values of the mitotic index in hybrid III, the 
biggest difference is also observed when increasing the 
concentration of metalaxyl. Thus obtaining for the 
tratemnt of 4 g a.i and 10 g a.i. of metalaxyl values of 
13,17 and 11,36. 
 
Conclusions 
 

According to the results of hybrids of 
sunflower-soarleui exposed to the various treatments of 
metalaxyl, no significant values were observed 
between the control samples and the normal dose of 2 g 
a.i / kg of metalaxyl.  

On the other hand, we can notice the major 
difference in the exposure of the treatment of 10 g 
a.i/kg of metalaxyl, observing seminifcative differences 
from the normal dose and the control sample 
registering the lowest value of 12,77, 12,25 and 11,36. 

For the double dose compared to the normal 
dose of 4 g a.i. a significant difference is observed 
indicating the importance of observing the dose in the 
development process of sunflower plants. 

Regarding the prophasic index, we can see 
maximum values for the treatment with 10 g a.i. and 
minimum values for the anaphasis and teleophysical 
index. 

The studies are part of a PhD and will 
continue to experiment on the effect of metalxyl at the 
cellular level as well as of other active substances that 
are used in the cultivation of sunflower hybrids. 
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