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RESUMO 
 
Introdução: A diversidade das sementes manifesta-se na sua heterogeneidade de acordo com as 
características morfológicas e qualidades de semeadura, que dependem do genótipo e das condições de 
cultivo. Um dos principais indicadores das diferentes qualidades das sementes de beterraba é a energia 
germinativa e a capacidade de germinação, que dependem do genótipo. A influência de fatores agrotécnicos 
na diversidade de sementes supera a genética. Objetivos: o objetivo do estudo é identificar os efeitos do 
tratamento de pré-semeadura do composto químico inorgânico na diversidade de sementes de beterraba 
sacarina (Beta vulgaris L.) para linhagens e híbridos. Métodos: Como os sinais da diversidade de sementes 
são compreendidos, energia germinativa, comprimento da muda, massa da muda. Foi apresentado um método 
para identificação da diversidade genética de sementes de híbridos e linhagens de Beta vulgaris, incluindo o 
tratamento de sementes com solução aquosa da substância química inorgânica na concentração de 10% com 
exposição de 15 s, cálculo de critérios para a diversidade de sementes: energia germinativa, comprimento da 
muda, massa da muda. Resultados e Discussão: Foram utilizadas altas concentrações do composto químico 
inorgânico para revelar a diversidade genética das sementes. As reações dos genótipos da beterraba sacarina 
no fator provocativo (a substância química inorgânica) foram diferentes umas das outras. O composto químico 
inorgânico foi utilizado como fator provocativo e o método agrotécnico, e as características de comprimento da 
muda e massa da muda foram levadas em consideração como indicadores da heterogeneidade de híbridos e 
linhagens nos estágios iniciais de desenvolvimento da planta. Conclusões: O estudo permitiu revelar a 
diversidade genética de sementes de beterraba sacarina segundo os critérios energia de germinação e avaliar 
a heterogeneidade de híbridos e linhagens em estágios iniciais de desenvolvimento vegetal de acordo com as 
características de comprimento da muda e massa da muda. 
 
Palavras-chave: diversidade de sementes, energia germinativa, comprimento da muda, massa da muda. 
 
ABSTRACT 
 
Background: Seeds diversity manifests in their heterogeneity according to morphological characteristics and 
sowing qualities, depending on the genotype and growing conditions. One of the main indicators of the different 
qualities of beet seeds is the germinative energy and germination capacity, which depend on the genotype. The 
influence of agrotechnical factors on the diversity of seeds exceeds genetic. Aim: The purpose of the study is to 
identify the effects of the pre-sowing treatment of the inorganic chemical compound on the diversity of sugar 
beet (Beta vulgaris L.) seeds for lines and hybrids. Methods: As the signs of the seeds diversity is understood, 
germinative energy, seedling length, seedling mass. It is presented a method for identifying the genetic diversity 
of seeds of hybrids and lines of Beta vulgaris, including the treatment of seeds with an aqueous solution of the 
inorganic chemical substance at a concentration of 10 % with an exposure of 15 s, calculation of criteria for the 
diversity of seeds: germinative energy, seedling length, seedling mass. Results and Discussion: It was used 
high concentrations of the inorganic chemical compound for revealing the genetic diversity of seeds. Reactions 
of genotypes of sugar beet on the provocative factor (the inorganic chemical substance) were different from 
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each other. The inorganic chemical compound is used as a provocative factor and agrotechnical method, and 
the characteristics of seedling length and seedling mass are taken into account as indicators of the 
heterogeneity of hybrids and lines in the early stages of plant development. Conclusions:  The study allows to 
reveal the genetic diversity of sugar beet seeds according to the criteria "germination energy" and to assess the 
heterogeneity of hybrids and lines at early stages of plant development according to the characteristics of 
seedling length, and seedling mass. 
 
 
Keywords: seeds diversity, germinative energy, seedling length, seedling mass.  

 

АННОТАЦИЯ 

 
Предпосылки: Разнокачественность семян проявляется в их неоднородности по 

морфологическим признакам и посевным качествам, которые зависят от генотипа и условий 
выращивания. Одним из главных показателей разнокачественности семян свеклы является энергия 
прорастания и всхожесть, зависящие от генотипа. Влияние агротехнических факторов на 
разнокачественность семян превышает генетические. Цель: Целью исследования являлось выявить 
действие предпосевной обработки неорганическим химическим соединением на разнокачественность 
семян гибридов и линий сахарной свеклы (Beta vulgaris L.). Методы: Под показателями 
разнокачественности семян понимались энергия прорастания, длина проростка, масса проростка. 
Представлен способ выявления генетической разнокачественности семян гибридов и линий Beta 
vulgaris, включающий обработку семян водным раствором неорганического химического вещества в 
концентрации 10 % с экспозицией 15 с, подсчет критериев разнокачественности семян: энергии 
прорастания, длины проростка, массы проростка. Результаты и Обсуждение: Для выявления 
генетического разнообразия семян используются высокие концентрации неорганического химического 
соединения. Реакции генотипов сахарной свеклы на провокационный фактор (неорганическое 
химическое вещество) отличались друг от друга. Неорганическое химическое соединение используется 
в качестве провоцирующего фактора и агротехнического приема, а признаки «длина проростка», «масса 
проростка» учитываются как индикаторы разнородности гибридов и линий на ранних стадиях развития 
растения. Выводы: Исследование позволяет выявить генетическую разнокачественность семян 
сахарной свеклы по критерию «энергия прорастания» и произвести оценку разнородности гибридов и 
линий на ранних стадиях развития растения по признакам «длина проростка», «масса проростка». 

 
Ключевые слова: разнокачественность семян, энергия прорастания, длина проростка, масса 

проростка 
  
 
1. INTRODUCTION  
   

 In connection with climate changes and 
environmental conditions, the introduction into 
production of a new generation of hybrids, soil 
cultivation methods, and fertilization systems, the 
emergence of preparative forms of chemical and 
bacteriological agents for the fight against the 
pathogenic microflora, researches in this direction 
is an urgent task. Every year, scientific 
achievements that promote a significant increase 
in yield of agricultural crops and reduce their 
cultivation technology expenses are more and 
more introduced into agricultural production 
practice. When cultivating sugar beet, many 
disease agents can affect plants even at initial 
growth, and development stages accumulate in 
soil of crop rotations. Long-term practice of sugar 
beet cultivation has shown that control of 
pathogenic microflora is one of the major tasks of 
the crop yield and technological qualities’ 
increase. 

It is known that the use of various 
chemicals, growth regulators, natural stimulants 
significantly accelerates the flowering of plants, 
and some agents also facilitate their adaptation to 
fluctuations in weather conditions, protect against 
various diseases (Bashmakov et al., 2012; 
Denisov et al., 2014 b). The use of some 
biological growth regulators makes it possible to 
obtain a crop with a lower content of lead and 
cadmium ions (Titov et al., 2011). Attempts are 
being made to apply the effect of "pre-adaptation" 
to increase plant resistance based on species-
specific and non-specific reactions (Oudalova 
and Geras’kin, 2012; Pozolotina et al., 2010a, b). 
One example of species-specific reactions to 
external environmental factors (and internal 
factors of the organism) is the diversity of seeds. 

The diversity of seeds manifests in their 
heterogeneity according to morphological 
characteristics and sowing qualities (Vostrikova, 
2011), depending on the genotype and growing 
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conditions. The influence of agrotechnical factors 
on the diversity of seeds exceeds genetic 
(Balagura and Levshakov, 2013). Seeds diversity 
can be tested by cytogenetic (Kalaev et al., 2006; 
Yakymchuk, 2015; Baranova and Kalaev, 2017; 
Burmenko et al., 2018a,b) molecular-genetic 
(Popov et al., 2011; Baranova et al., 2018; Fachi 
et al., 2019) and functional: physiological 
(Welbaum, 1998; Ivanov, 2011; Lyanguzova, 
2011; Opalko and Opalko, 2015; Kuzemko, 2016; 
Bome et al., 2015), biochemical (Neverova, 2004; 
Vetchinnikova, 2004; Bukharina, 2011; Gar'kova 
et al., 2011; Lapshina, 2016) characteristics. 

A direct relationship was found between 
the yield of root crops and the size of seeds, only 
when comparing the extreme fractions (2.5-3.0 
and 4.5-5.5 mm). However, when sowing with 
seeds of fractions of 3.25-3.5 mm, the 
productivity of male-sterile hybrids was practically 
the same as when sowing with seeds of fractions 
3.5-4.5 mm (Balagura, Levshakov, 2013). A 
similar pattern was obtained for sugar content 
(Balan, 2000). One of the leading indicators of 
the different quality of beet seeds is the 
germinative energy and the germinating capacity, 
which depend on the genotype (Balagura, 
Levshakov, 2013). 

The effect of different planting schemes for 
the male-sterile maternal component and the 
pollinator in the production of hybrid sugar beet 
seeds on the seed yield, as well as the 
germinating capacity, the germinative energy, 
and the yield properties of the obtained seeds, 
has been established (Tsareva, 2010, 2013).  

The results of studying the effect of low 
temperatures on the germinative energy and the 
germinating capacity of seeds of O-type sugar 
beet lines, which are directly dependent on 
temperature, are presented (Polishchuk, 2013). 
However, it is noted that in breeding work, when 
creating hybrids that are adapted to growing 
conditions using intensive technologies, an 
important feature of the initial breeding material is 
the provision of the high germinative energy and 
the seed germinating capacity at low 
temperatures, which makes it possible to sow 
heterotic sugar beet hybrids in earlier terms 
(Polishchuk, 2013).  

Thus, the main criteria for determining the 
different quality of beet seeds are the size of 
seeds, germinative energy, germinating capacity, 
and indicators of the growth activity of early 
stages of the development (seedling) are not 
taken into account. Also, as provocative 
backgrounds for the study of the reaction of the 

sugar beet as a field crop to external influences, 
meteorological conditions, and agrotechnical 
methods, other than the use of chemical 
compounds, are often used. Preparations based 
on the colloidal silver, surface modified with 
various biologically active surfactants and 
polymers, are created and studied by specialists 
of Chemistry and Biology Faculties of Moscow 
State University named after M. V. Lomonosov, 
with the support of AgroKhimProm Group of 
Companies. They are suitable for use in 
agriculture as plant growth stimulators, effective 
contact fungicides and bactericides for leaf 
treatments, dressing agents for grain and tubers 
both before planting and before storage. The 
preparation "Zerox" is based on chemically 
modified highly dispersed silver as an element of 
the effective fight against bacterial and fungal 
epiphytoties of agriculturally significant plants 
(Zherebin et al., 2014). Colloidal silver has an 
eliciting effect that belongs to immunizing 
fungicides. It affects metabolism, increases the 
concentration of reactive oxygen forms in plant 
tissues (Zherebin et al., 2014, 2015).  

A promising active ingredient for such 
preparations is the colloidal silver, which 
combines the high bactericidal and fungicidal 
activity against a wide range of phytopathogenic 
microorganisms with low toxicity in relation to 
humans, animals, and higher plants (Jo et al., 
2009; Kim et al., 2012). 

Pure silver is slightly soluble in water. The 
toxicity of soluble silver compounds is a well-
known fact. At the same time, all types of silver 
nanoparticles are characterized by low or zero 
toxicity. Silver nanoparticles have a large specific 
surface area that increases the area of contact of 
the element with pathogenic organisms and 
improves its bactericidal effect (Krutyakov et al., 
2008; Zherebin et al., 2014, 2015). Silver 
nanoparticles of 2-4 nm in the high-colloidal 
solution contain 6%, 4-6 nm – 15 %, 6-8 nm – 19 
%, 8-10 nm – 18 %, 10-12 nm – 7 %, 12-14 nm– 
4 %, 14-16 nm – 2 %, 16-18 nm – 1 % (Denisov 
et al., 2014 b; Elansky et al., 2014). Silver 
nanoparticles contained in the preparation are 
fixed and retained on the cell walls of 
phytopathogenic microorganisms. Silver 
nanoparticles oxidize and release silver ions, 
which disrupt the function of membrane proteins, 
especially transport proteins, that lead to the 
death of the pathogen. The gradual oxidation of 
silver nanoparticles provides a prolonged action 
of the preparation (Krutyakov et al., 2008; 
Elansky et al., 2014). Synthesis, biosynthesis, 
and properties of silver nanoparticles are 



Periódico Tchê Química.  ISSN 2179-0302. (2021); vol.18 (n°37) 
Downloaded from www.periodico.tchequimica.com 

  182 

described previously in other studies (Krutyakov 
et al., 2008). An effective agent against bacterial 
burns of fruit and vegetable crops, Zerox® is in 
the registration process (Lisichkin, 2019). The 
silver surface in the preparation was modified by 
amphoteric surfactant – ampholac – natrium 
amphopolycarboxyglycinate (Lisichkin, 2019). In 
order to produce the preparation, an aqueous 
solution of a silver salt (silver nitrate, acetate, 
citrate, chloride, bromide, iodide and sulfate) was 
mixed under rapid agitation with a solution of 
amphoteric surfactant and a solution of a reducing 
agent (sodium borohydride NaBH4) (Denisov et al., 
2014 a). 

It is known the fungicidal and bactericidal 
preparation with a wide spectrum of action 
against phytopathogenic fungi, oomycetes, and 
bacteria, the active substance of which are 
nanosized particles of silver, the surface-modified 
with the ecologically safe biodegradable 
amphoteric surfactant. In vitro studies have 
shown the high efficiency of the preparation 
"Zerox®" (high-colloidal solution) in 
concentrations from 3 to 30 mg/l for silver against 
a wide range of fungal pathogens of potatoes 
(Zherebin et al., 2015). This is the inorganic 
chemical compound. 

The purpose of the study is to identify the 
effects of the pre-sowing treatment of the 
inorganic chemical compound on the diversity of 
sugar beet (Beta vulgaris L.) seeds for lines and 
hybrids. As the signs of the seeds, diversity is 
understood germinative energy, seedling length, 
seedling mass. 

  

2. MATERIALS AND METHODS  

The object of the studies were non-pelleted 
seeds of 8 sugar beet hybrids and lines from the 
collection of the A. L. Mazlumov All-Russian 
Research Institute of Sugar Beet and Sugar: O-
type 709, MS 709, Karioka, Mitika, Michelle, 
Granate, Zephyr, Murray, Portland, Tinker, and 
Veitura. They were soaked in 10 %, 20 %, and 30 
% aqueous solution of the silver preparation 
(high-colloidal solution) for 15 seconds.  

To obtain a silver solution, tap water was 
used. In order to obtain a 10% aqueous solution 
of the preparation, 10 ml of it was diluted with 90 
ml of water. In a 20% aqueous solution, the 
proportion of components was 20 ml of it and 80 
ml of water, in 30 % aqueous solution – 30 ml 
and 70 ml accordingly.   

Seeds sprouted on a filter paper in plastic 
containers in four replications with 100 seeds per 

replication. The containers were kept under 
laboratory conditions at a constant temperature 
range of 22-25 °С. As a control, seeds of the 
same hybrid were used. They were soaked in tap 
water. Analysis of the solution influence on sugar 
beet seed sowing qualities – germinative energy, 
seedling length, seedling mass – were carried 
out. To study the emergence rate of seeds, 
seedlings were counted four days after the 
beginning of seed sprouting according to Russian 
Standards of seed germination (GOST 22617.2-
94). The germinative energy of seeds is the 
germination speed expressed as the percent of 
emerged seeds (the ones that have formed roots 
that length is half of the seed length and 
seedlings) within the period determined by 
preliminary seed sprouting experiments. For field 
crops, it varies in the range from 3 to 15 days 
(Geister, 1934). A seedling is a plant at one of the 
initial ontogenesis stages, in the period from the 
moment of seed germination (that is, the moment 
when the developing embryo breaks through 
seed coat) till the moment when the leaf of the 
main shoot (the shoot developed from embryo 
bud) appears (Korovkin, 2007). The seedling 
length was measured with the help of a ruler four 
days after the experiment starts. The seedling 
mass was determined at four days using an 
electronic balance. 

Statistical processing of the results was 
conducted using the Stadia software package. 
The procedure of data grouping and processing 
is stated in A. P. Kulaichev (2006) work. Average 
values of seedling lengths and seedling mass 
were compared using Student’s t-test. The 
emergence rate of seeds in control and 
experimental variants were compared using Z-
test for equality of frequencies. An increase in 
sugar beet emergence rate, length of seedlings, 
and mass of seedlings in the experiment as 
compared to the control (%) were calculated. The 
influence of the factor “treatment with the 
chemical compound” in different concentrations 
upon the listed traits was determined using a 
one-way analysis of variance. Power of influence 
was calculated according to Snedecor (%). 

 

3. RESULTS AND DISCUSSION:  

The influence of the preparation on the 
germinative energy, seedling length, and seedling 
mass is presented in Tables 1 and 2. Analyzing 
Table 1, it was noted an increase in the 
germinative energy after the treatment of sugar 
beet seeds with a 10% aqueous solution of the 
chemical compound in the studied hybrids 
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compared to the control (P<0.05). The exceptions 
were Karioka, Mitika, Michelle, Veitura, 
characterized by high (93-100%) germinative 
energy in the control variant and lower in the 
experiment, Portland (81%), and Tinker (92 %). 
20 and 30 % concentration of the solution in 
some variants inhibited seed germination (Table 
2). In general, the increase of the germinative 
energy in the experimental variant of 10 % 
concentration was 4-12% concerning the control. 

Table 1 shows an increase of the seedling 
length in hybrids, including Carioca and Portland, 
compared to the control (P<0.05, P<0.01), after 
seed treatment with a 10% nanosilver solution, 
except such as Mitika, Michelle, Veitura. The 
increase in the average length of the seedling in 
the O-type 709 hybrid was 37.8%; for MS 709 – 
67.5%; Karioka – 38.1%; from Granate and 
Zephyr – 22.2%; Portland – 22.4% and Tinker – 
16.1% concerning the control. 

However, a decrease in the seedling length 
was revealed in comparison with the control 
variant (P<0.05) in the Murray hybrid, which 
showed an increase in germinative energy. This 
indicates a different reaction of the embryo of 
hybrids to the treatment factor with the 
preparation: positive in seeds with lower 
germinative energy and, conversely, negative – in 
seeds with high sowing qualities, which is 
evidence of the genetic diversity of seeds. 

Seedling mass was not in all cases 
associated with length. For example, an increase 
of the seedling length in the experimental variant 
(P<0.05) did not cause a corresponding increase 
of the mass in hybrids Pomegranate, Zephyr, 
Tinker (Tables 1 and 2). This indicates the 
heterogeneity of the hybrids in their properties. 
The seedling mass change corresponded to the 
length in the remaining hybrids after seed 
treatment with a 10% solution, which is not typical 
in cases of 20 and 30% concentration for the 
same variants (Table 2). The increase of the 
average seedling mass in the experimental 
variant of 10% concentration in the O-type 709 
hybrid was 23.1%; for MS 709 - 60%; Karioka – 
28.6% concerning the control. The seed 
treatment with 20 and 30% solution of the 
preparation more often had a depressing effect 
on the seedling length and the seedling mass. 

Power of influence of the factor “sugar beet 
seed treatment with an aqueous solution of the 
chemical compound” on the germinative energy, 
the seedling length, and weight were evaluated 
according to the results of one-way analysis of 
variance (Tables 3, 4, 5). The power of influence 

of the factor “sugar beet seed treatment with an 
aqueous solution of the chemical compound” on 
emergence rate was lower than on seedling 
length and mass. 

Thus, the different reaction of the embryo to 
the factor of seed treatment with the chemical 
substance of the same solution concentration to 
different hybrids indicates the genetic diversity of 
seeds. This is manifested in unequal changes of 
the studied traits: germinative energy, seedling 
length, seedling mass. Treatment of seeds of 
sugar beet hybrids with germinative energy below 
92% by an aqueous solution of the preparation in 
10% concentration allows to reveal their 
variability and improve sowing qualities. 

Previously conducted experiments have 
shown suppression of radial growth of colonies of 
all the fungi species investigated when adding the 
modified colloidal silver in concentration (active 
substance) more than 10 ppm (1 ppm = 1 mkg/ml 
= 1 mg/l) (Mitsa et al., 2014). Fungicidal 
properties have been evaluated on agar pea 
medium with the addition of Zerox in the 
concentrations of 0.1, 1, 10, and 100 mg/l (active 
substance). The fungicide effectiveness 
evaluation on the nutrient medium under 
laboratory conditions has shown that the 
stabilized colloidal silver is effective against 
strains of all the investigated species of fungi and 
oomycetes (ЕС50 <19 ppm) (Elansky et al., 2014).  

The colloidal silver fungicidal effect 
evaluation results were similar to the data 
obtained during the evaluation of fungicidal 
effectiveness of silver nanoparticles in other 
laboratories of the world (Elansky et al., 2014; 
Mitsa et al., 2014). In works of other authors, 
similar ЕС50 values for unmodified silver 
nanoparticles were presented: Alternaria 
alternata (ЕС50=38 mg/l), A. solani (about 10 
mg/l), Fusarium (from 9 to 55 mg/l in different 
species), Pithium (about 2 mg/l), Colletotrichum 
(from 8 to 100 mg/l in different species) (Lamsal 
et al., 2011; Kim et al., 2012). Effective 
concentrations (ЕС50) for silver nanoparticles 
concerning sclerotium-forming species (6-7 mg/l) 
(Min et al., 2009) exceed the ЕС50 for the 
preparation regarding the same species (0.4-3.9 
mg/l, accordingly) (Elansky et al., 2014; Lamsal 
et al., 2011; Kim et al., 2012; Min et al., 2009). 
Synergism of antibiotics and the silver 
preparation effect concerning the strains resistant 
to antibiotics has been revealed, though, with the 
addition of the silver preparation, no 
intensification of effective antibiotics’ influence 
has been registered (Khodykina et al., 2014). 
There are used more concentrations: 300-900 
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mg/l (active substance) for revealing the genetic 
diversity of seeds in our experiments. Reactions 
of genotypes of sugar beet on the provocative 
factor (chemical compound) were different from 
each other.  

A method of pre-sowing treatment for 
seeds of agricultural plants by spraying the seeds 
with a solution of the biologically-active 
substance in which a source of silver ions was 
the colloidal solution of silver nanoparticles 
AgBion-2 before sowing is known; the 
concentration of the substance in the working 
solution is 0.0047 %, and the rate of its 
application is 10 l/ton of seeds (Usanova et al., 
2012). However, the method of treatment by 
spraying seeds with a solution of the biologically-
active substance has a disadvantage: an uneven 
distribution of the compound over the seed 
surface is possible. To avoid it, an additional 
device (generator) for even distribution of the 
compound is necessary (Pshechenkov et al., 
2016). Soaking of seeds in an aqueous solution 
of the silver preparation promotes even 
distribution of the compound over seed surface 
and allows the entire use of its potentialities with 
minimal material inputs. 

 

4. CONCLUSIONS:   

 Thus, the direction of the research on the 
effect of the pre-sowing seed treatment with a 
silver solution is to study the response of 
genotypes of different lines and hybrids of sugar 
beet seeds and the systemic formation of a 
biologically active nutrient and fungicidal 
environment on the seed surface with a complex 
effect on growth processes in the embryo, 
suppression of pathogenic principles on the 
surface of seeds that enter the soil. All of the 
above leads to an increase in the field 
germination, the activation of seedlings in the 
early stages of growth and the development, as a 
result, to an increase in yield. In this regard, it is 
relevant to study compounds that can be used as 
pesticides and growth regulators and provoking 
factors to identify genetic heterogeneity at the 
early stages of plant development. 
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Table 1. Qualities of seeds and seedlings from sugar beet treated with 10 % aqueous solution of the 
inorganic chemical compound 

No Line/ 
hybrid 

Control 
(tap water)

10 % solution  

GE,  
%

length,
cm

mass,
g

GE, 
%

length, 
cm 

mass,
g

1 O-type 
709 

83 3,7±0,1 1,3±0,02 95* 5,1±0,1** 1,6±0,02*

2 MS 709 81 4,0±0,1 1,0±0,01 85* 6,7±0,2** 1,6±0,02**
3 Karioka 93 4,2±0,1 1,4±0,02 87* 5,8±0,2** 1,8±0,02*
4 Mitika 98 5,4±0,2 2,0±0,03 96 3,8±0,1** 1,4±0,02**
5 Michelle 100 7,1±0,3 2,4±0,03 96 6,8±0,3 1,8±0,03*
6 Granate 81 5,4±0,1 1,9±0,02 92* 6,6±0,2* 1,5±0,02*
7 Zephyr 92 5,4±0,2 1,6±0,02 97* 6,6±0,3* 1,5±0,02
8 Murray 90 6,8±0,3 2,0±0,03 98* 6,0±0,2* 1,9±0,03
9 Portland 81 4,9±0,1 1,8±0,02 81 6,0±0,3* 2,0±0,03

10 Tinker 92 5,6±0,2 2,4±0,03 93 6,5±0,3* 2,3±0,03
11 Veitura 97 6,3±0,3 2,0±0,02 87* 3,5±0,2** 1,4±0,02**

Note: GE – seed germinative energy; length – seedling length; mass – seedling mass; * –differences with 
the control are reliable (Р<0.05); ** – differences with the control are reliable (Р<0.01). 
 
Table 2. Qualities of seeds and seedlings from sugar beet treated with 20 and 30 % aqueous solution 
of the inorganic chemical compound 

No Line/ 
hybrid 

Control  
(tap water) 

20 % solution  30 % solution  

GE,  
% 

length, 
cm

mass, 
g 

GE,  
%

length, 
cm

mass, 
g

GE,  
%

length, 
cm 

mass, 
g

1 O-type 
709 

83 3,7±0,1 1,3±0,02 79 4,7±0,1* 1,2±0,01 84 3,6±0,1 1,4±0,02 

2 MS 709 81 4,0±0,1 1,0±0,01 72* 4,7±0,1* 1,0±0,01 85* 4,1±0,1 1,2±0,01 
3 Karioka 93 4,2±0,1 1,4±0,02 95 4,9±0,1* 1,5±0,02 90 4,4±0,2 1,2±0,01
4 Mitika 98 5,4±0,2 2,0±0,03 90* 4,1±0,1* 1,4±0,02** 96 3,6±0,1** 1,5±0,02*
5 Michelle 100 7,1±0,3 2,4±0,03 92* 6,0±0,3* 1,8±0,03* 86* 5,1±0,2** 1,4±0,02**
6 Granate 81 5,4±0,1 1,9±0,02 91* 4,2±0,1* 1,5±0,02* 84 4,2±0,2* 1,2±0,02** 
7 Zephyr 92 5,4±0,2 1,6±0,02 96* 5,6±0,2 1,4±0,02 95 4,0±0,1* 1,2±0,02* 
8 Murray 90 6,8±0,3 2,0±0,03 90 5,0±0,2* 1,4±0,02** 80* 4,7±0,2* 1,2±0,01**
9 Portland 81 4,9±0,1 1,8±0,02 81 4,8±0,2 1,3±0,02* 82 5,8±0,3* 1,3±0,02*

10 Tinker 92 5,6±0,2 2,4±0,03 92 3,3±0,1** 1,3±0,01** 76* 4,1±0,1* 1,1±0,01**
11 Veitura 97 6,3±0,3 2,0±0,02 90* 4,2±0,2** 1,3±0,02** 68* 3,0±0,1** 1,0±0,01** 

Note: GE – seed germinative energy; length – seedling length; mass – seedling mass; * –differences with 
the control are reliable (Р<0.05); ** – differences with the control are reliable (Р<0.01). 
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Table 3. Power of influence of the factor “sugar beet seed treatment with an aqueous solution of the  
chemical compound” on germinative energy (%) 

No. Line / hybrid With control Without control 

1 O-type 709 4.0** 4.5** 
2 MS 709 3.0** 3.7** 
3 Karioka 2.9** 3.2** 
4 Mitika 3.4** 3.1** 
5 Michelle 3.8** 3.3** 
6 Granate 3.6** 3.4** 
7 Zephyr 2.7** - 
8 Murray 3.1** 3.5** 
9 Portland - - 

10 Tinker 3.0** 3.3** 
11 Veitura 4.7** 4.4** 

Note: ** – the influence of factor is reliable (Р<0.01). 
 

Table 4. Power of influence of the factor “sugar beet seed treatment with an aqueous solution of the  
chemical compound” on seedling length (%) 

No. Line / hybrid With control Without control 

1 O-type 709 6.0** 6.5** 
2 MS 709 7.3** 7.1** 
3 Karioka 6.5** 6.3** 
4 Mitika 6.7** 6.1** 
5 Michelle 5.8** 4.3** 
6 Granate 6.5** 6.8** 
7 Zephyr 6.4** 6.9** 
8 Murray 5.7** 5.2** 
9 Portland 6.1** 6.3** 

10 Tinker 5.0** 6.3** 
11 Veitura 6.8** 4.4** 

Note: ** – influence of factor is reliable (Р<0.01). 
 

Table 5. Power of influence of the factor “sugar beet seed treatment with an aqueous solution of the 
chemical compound” on seedling mass (%) 

No. Line / hybrid With control Without control 

1 O-type 709 4.0** 4.5** 
2 MS 709 6.3** 6.0** 
3 Karioka 5.5** 5.2** 
4 Mitika 5.7** 5.1** 
5 Michelle 6.8** 5.3** 
6 Granate 5.5** 5.8** 
7 Zephyr 5.4** 5.9** 
8 Murray 4.7** 3.2** 
9 Portland 4.5* 4.8** 

10 Tinker 6.0** 7.3** 
11 Veitura 7.8** 5.4** 

Note: ** – influence of factor is reliable (Р<0.01). 
 
 
 

 
 


