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I.      INTRODUCTION 

 In our work [1] it was shown that dispersed solutions 

of silver nano-particles of silver (Np-Ag) exert a 

stimulating influence on seeds of grain and vegetable 

crops and affect their resistance to fungoid diseases. The 

effect depended on concentration of Np-Ag, duration of 

the impact and on the genotype of the bio-object. In some 

embodiments of the experiment the effect was even 

manifested at very low concentration of Np-Ag (   

         ). In this regard we found it expedient to test 

how the same objects react to the action of dispersed 

solutions containing nano-particles of copper (Np-Cu) at 

the same concentrations as well as at lower 

concentrations. With that, it should be noted, using LD50 

values as an indicator, that dispersed solutions of Np-Cu 

are more toxic than dispersed solutions Np-Ag but are 7.5 

times less toxic than copper sulfate solution that is 

commonly used as a fungicide [2]. Copper nano-particles, 

as well as silver nano-particles have a stimulating and 

antifungal effect on a vegetable object. It is known that 

the less is the size of nano-particles the more biologically 

effective is the dispersed solution containing them [3]. In 

our experiment with Np-Ag [1] the size of nano-particles 

of silver was 35-60 nanometers in diameter. In this work 

we used copper nano-particles of even smaller sizes: 2-3 

nanometers. 

MATERIALS AND METHODS 

     Objects of research: seeds of grain crops: winter 

triticale (Ingen-93 variety), winter wheat (H335 variety) 

and spring wheat (Arnautka-7 variety).  

 Factors of impact on the seeds: dispersed solutions of 

Np-Cu at concentrations:           ,             ,  
                        ,             ,     
        ,            ,                 ,       
          (6-hour exposure duration); water suspension 

of fungi culture: Helminthosporium avenae,  the fungoid 

pathogen for seeds of cereals causes root rots at sprouts 

(18-hour exposure duration); 1% solution of potassium 

permanganate (1-hour exposure duration). After an 

impact of the factors (separate or combined) the seeds 

were sprouted in distilled water in Petri dishes at the 

temperature of 18-25° C in a thermostat. In each 

embodiment of the experiments we used 100-200. We 

accounted the number of sprouted seeds on the second 

day, seed viability on the seventh day and later the length 

of stems and of main roots, the number of the right 

sprouts. We define as “right sprouts”, the sprouts with the 

leaves centered around the stem clockwise and “left 

sprouts” those with the leaves centered around the stem 

counterclockwise. Right sprouts of grain crops are 

characterized by more active growth than the left ones [4].  
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   The nano-particles of copper were obtained from CuCl2 

[5]. In order to avoid fast oxidation of the obtained Np-Cu 

(2-3 nanometers in size) we covered them with 

polypyrrole thin films. Due to it, Np-Cu are oxidizing 

gradually in proportion as the film dissolves that provides 

a durable action of the nano-factor on seeds and needed 

exposure duration (6 hours). 

II. RESULTS AND DISCUSSION 

Assessment of the impact of dispersed solutions of Np-

Ag at different concentrations on seeds of one genotype 

associated with growth activity and resistance of the bio-

object to the fungoid disease 

  After the impact of the factors seeds of winter triticale 

variety Ingen-93 were sprouted at the temperature 25
о
С. It 

was revealed a general stimulation of germination energy 

of seeds at the impact of the dispersed solutions of Np-Cu 

(fig. 1). The greatest effect emerged at concentration of 

            (the increase compared with the control 

was 39.7%). At the same concentration the number of the 

right sprouts was maximal (an increase by 32%). The 

separate influence of fungus and of potassium 

permanganate caused an essential inhibition of 

germinating energy of the seeds (by 51.5%). At the same 

time the combined influence of Np-Cu and fungus turned 

out to be stimulating compared with the separate fungus 

impact practically at all exposure concentrations, in 

particular at             concentration (an increase by 

67.4%). The combined influence of KMnO4  and the 

fungus brought to an essential decrease (several times) in 

seed germinating energy in comparison with the variants 

of the combined influence of Np-Cu and fungus. 

      Thus, we determined that the optimum stimulating 

concentration of the dispersed solution of nano-copper as  

           . At the same time, the variant with lower 

concentration of                had also a stimulating 

effect (the increase in germinating energy and in number 

Fig. 2 Root length and stem length of triticale (Ingen-93 variety) sprout at separate and combined influence on their seeds 

of dispersed solutions of Np-Cu, of potassium permanganate and of water suspensions of fungi culture, % 

  

 
 

К - control, Г- Helminthosporium avenale,  KMnO4 - potassium permanganate, (1-9) - concentrations of Np-Cu: 

 1-(          ), 2-(           ),  3-(          )  4-(           ), 5-(           ), 6-(           ),  

7-(           ), 8-(              ), 9-(             )  
 

Fig. 1 Germinating energy of triticale seeds (Ingen-93 variety) at separate and combined influence on them of the 

dispersed solutions of Np-Cu, of potassium permanganate and of the water suspensions of fungi culture, % 

  

 
 

К - control, Г- Helminthosporium avenale,  KMnO4 - potassium permanganate, (1-9) - concentrations of Np-Cu: 

 1-(          ), 2-(           ),  3-(          )  4-(           ), 5-(           ), 6-(           ),  

7-(           ), 8-(              ), 9-(             )  
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of the right sprouts was 13.8% and 12.1%, respectively). 

 It has been shown the ability of Np-Cu to reduce the 

harmful effect of the fungoid pathogen on seeds, i.e. the 

ability of nano-copper to raise the seed resistance to 

fungoid diseases and this effect was superior to that of 

potassium permanganate traditionally used for these 

purposes.  

In the same experience two more parameters: length of 

the main root and length of the stem (fig. 2) were taken 

into account. By the root length parameter in most 

variants it was revealed some stimulation. The greatest 

stimulating effect was obtained at concentration of 

              (an increase by 20.3%). At this 

concentration of the dispersed nano-copper solution an 

addition of the water suspension  of fungi culture  not 

only does not reduce the  root length, but even increases it 

compared with the control (by 10.8%) and with the 

variant of separate influence of the fungus (by 18.7%). By 

the stem length parameter               concentration 

shows again the greatest stimulating activity (an increase 

by 21.6%).  The combined influence of the Np-Cu 

dispersed solution at this concentration and the fungus 

also lead to a significant stimulation in the stem length of 

sprout in comparison with the separate influence of the 

fungus (an increase by 9.3%).  

 Thus, the greatest positive effect on growth activity of 

sprouts at the action of nano-Cu with the fungus 

(separately and combined) was revealed at the lowest 

concentration of the dispersed solution of nano-particles 

used in experience (             ). 

 

Assessment of the impact of dispersed solutions of Np-

Ag at ultralow concentrations on seeds of three genotypes 

associated with growth activity and resistance of the bio-

object to the fungoid disease 

In this series of experiences the seeds, after the impact 

of the factors, were sprouted at the temperature 20
о
С. 

Here we tested the reaction of the seeds of three grain 

crops: winter triticale variety Ingen-93, winter wheat 

variety H335 and spring wheat variety Arnautka-7 on the 

impact of dispersed Np-Cu solutions at three 

concentrations:             ,                 ,       

         , the water suspension of Helminthosporium 

avenae  and the solution of potassium permanganate 

(table). 

The seed viability of triticale in all the embodiments of 

the experiment was lower than in the control variant. At 

the same time the variant with the combined influence of 

the nano-factor with the concentration of                

and the fungus showed an increase in seed viability 

compared with the separate fungus influence by 31.1%. 

Almost all variants with the H335 wheat seeds were 

approximately close to the control variant. At the 

combined action of the nano-factor at the concentration of 

               and the fungus seed viability appeared to 

be by 14.3% higher than in the control but in the variant 

with the separate fungus influence by 31.1%. In the 

experiment with the Arnautka-7 seeds the variant with the 

concentration of             has exceeded control by 

27.0%. The combined influence of the nano-factor at the 

concentration of                with the fungus led to 

viability stimulation in comparison with control by 14.3% 

and with the variant of separate influence of the fungus by 

24.1%. 

Thus, the stimulating effect of the dispersed solution of 

nano-Cu on seed viability depends on the genotype of the 

object (it has emerged only at Arnautka-7 seeds) and on 

the concentration of the nano-particles. Increase of a 

genotype resistance to the fungoid disease under the 

influence of the nano-factor also depends on the 

Table.  Morphological parameters of sprouts of grain crops at the influence on the seeds of dispersed Np-Cu solutions 

and of water suspensions of Helminthosporium avenae  
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Winter triticale 

 (Ingen-93 variety) 

Winter wheat 

(H335 variety)  

Spring wheat  

(Arnautka-7 variety) 

Seed 

viability

% 

Stem 

length, 

mm 

Number 

of the 

right 

sprouts,% 

Seed 

viability 

% 

Stem 

length,

mm 

Number 

of the 

right 

sprouts,% 

Seed 

viability

% 

Stem 

length, 

mm 

Number of 

the right 

sprouts, % 

1 Control 

 

65 66,5 47,2 38 44,0 57,1 63 52,9 40,5 

2 64 х10-9 

 

60 61,6* 56,4* 36 47,9* 31,0* 80* 56,2 54,5* 

3 128 х10-10 

 

63 60,2* 42,9* 38 49,4* 54,3 64 56,3 63,9* 

4 256 х10-11 

 

62 63,3 33,3* 35 47,1 35,7* 69* 54,8 54,8* 

5 Fungus 

 

45* 50,9* 63,8* 29* 40,2* 58,3 58* 54,8 58,6* 

6 64 х10-9 

+ fungus 

51* 66,7 46,7 40 44,4 56,3 62 54,1 58,1* 

7 128 х10-10 

+ fungus 

51* 60,2 50,9 32 39,4* 46,2* 72* 54,2 60,6* 

8 256 х10-11 

+ fungus 

59* 59,1* 56,8* 29* 50,7* 53,8 52* 54,4 51,7* 

 

Note: * - distinctions are essential in comparison with control 
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genotype; thus the triticale seeds resistance increases at 

              concentration but H335 and Arnautka-7 

wheat at the concentration of                . 

The assessment of the bio-effect by the parameter stem 

length showed that a considerable stimulation of the stem 

length of triticale sprout occurs at separate and combined 

influence on the triticale seeds of the dispersed Np-Cu 

solutions at three concentrations (by 31.0 %, 18.3 % and 

16.1%, respectively, compared with the variant of the 

separate fungus action). In the variant with the H335 

seeds the Np-Cu concentration of                

showed to be stimulating in comparison with the control 

(by 12.9%). The combined influence (Np-Cu + fungus) 

had a stimulating effect at the concentration of     

           compared with the control (by 15.3%) and 

with the separate influence of the fungus (by 16.1%). The 

impact on the stem length of the Arnautka-7 sprouts was 

insignificant (at concentrations of             and 

               up to 6%). Protective influence of the 

nano-factor upon seeds subjected to the fungous infection 

was not revealed. Therefore, according the stem length 

parameter the protective effect of the nano-factor was 

most pronounced on the triticale seeds, was less evident 

on the Н335 wheat seeds and did not manifest itself on 

the Arnautka-7 wheat seeds.    

The behavior of the parameter number of the right 

sprouts was rather specific. Some stimulation of this 

parameter for Arnautka-7 wheat was in all the variants of 

the experiment having the maximum increase (by 49.6%) 

at the concentration of                . For triticale 

Ingen-93 it was also revealed the stimulation in all the 

variants, including the one with the lowest concentration 

(by 20.3%).  But for the H335 wheat the stimulation was 

absent by this parameter in all the embodiments of the 

experiment. And for the Arnautka-7 wheat the stimulation 

of seed viability was also observed in all the variants of 

the experiment.  

Thus, in conditions of lower germinating temperature 

(20
о
С) the distinctions in the reaction of triticale seeds on 

the impact of the nano-factor and the fungus were not so 

pronounced in comparison with the previous experience 

held at higher temperature (25
о
С). At the same time, we 

would note the evident antifungal impact of nano-copper 

on the parameters: seed viability and stem length. The 

reaction of the winter wheat seeds was also characterized 

by a noticeable antifungal influence of the nano-factor. 

The seeds of spring wheat are more responsive to the Np-

Cu impact, here the stimulation effect is well noticeable 

by the seed viability and the number of the right sprouts. 

The fungus caused an inhibiting effect in all the 

genotypes. The combined influence of the dispersed nano-

copper solutions and water suspension of fungi culture 

induced an antifungal effect, particularly evident on 

triticale seeds. 

As you can see, that presented in these work 

stimulating and antifungal effects on seeds caused by 

disperse solutions of copper nano-particles at extremely 

low concentrations are not less pronounced than the same 

effects on the same objects but with use of nano-particles 

of silver [1].  

 It is rather problematic to draw conclusions on the 

specificity of biological function of these two factors. The 

comparative analysis is complicated by discrepancies of 

techniques, exposure durations and sizes of nano-

particles.  The nano-particles in the experiment with 

copper were of much smaller sizes (2-3 nm) than nano-

particles that we used in our experiment with silver (35-

60 nm) [1]; so the former had a larger specific surface 

area and perhaps for that reason, induced a more 

pronounced biological effect. It is therefore possible that 

the certain antifungal advantages of Np-Ag over Np-Cu 

were substantially leveled. 

IV. CONCLUSION 

1.  At action of the dispersed Np-Cp solutions on seeds 

of winter triticale (Ingen-93 variety) at the temperature of 

25
о
С and at the concentration up to                it 

was revealed a stimulating effect in all the morphological 

parameters of the bio-object. The more significant impact 

on seed germinating energy was observed at the exposure 

concentration of             (an increase by 39.7%); in 

the same variant there was also the largest number of the 

right sprouts (by 32.0%). The maximum increase in the 

root length and in the stem length was revealed at the 

exposure concentration of               (by 20.3 and 

21.5%, respectively).  After the treatment of triticale 

seeds with the water suspension of fungi culture (causing 

root rots at sprouts) and the solution of potassium 

permanganate (an antifungal factor) it has been revealed 

an inhibition of the germinating energy of the seeds.  

2.  Processing triticale seeds with the nano-factor at the 

same concentrations before their infection by the fungus 

led to relieving of the inhibiting action of the fungus in 

most variants, i.e. it has been observed a clearly marked 

antifungal effect of the copper nano-particles. In the 

variant with the lowest concentration of               

the root length and the number of the right sprouts has 

increased even compared with the control (by 10.8-

12.8%).  At the combined influence on the seeds of the 

solution of KMgO4  and the fungi culture it was obtained  

an essential decrease (several times) in germinating 

energy of the seeds.   

3.  Winter triticale (Ingen-93 variety), winter wheat 

(H335 variety) and spring wheat (Arnautka-7 variety) had 

responded in different ways to the exposure to nano-Cu at 

the temperature of 20
о
С. The seeds of the spring wheat 

appeared to be the most susceptible to the impact: their 

viability increased by 14.3% at the exposure 

concentration of                and the number of the 

right sprouts and the root length increased at all the 

exposure concentrations. The more evident effect on the 

number of the right sprouts parameter was obtained in the 

variant with the nano-copper concentration of     

           (an increase by 49.7%).  The results showed 

that the exposure to nano-Cu did not cause any significant 

changes on the seeds of winter wheat:  the stimulation 

was revealed only in the root length at the concentration 

of                (by 12.3%).  The number of the right 

sprouts of triticale has increased at the exposure 

concentration of             (by 19.5%).  Pre-sowing 

seed treatment by the fungus led to inhibition of seed 

viability of all the genotypes.  

4.  Soaking of the seeds in the dispersed nano-copper  

solutions before infecting them by the fungus caused an 

antifungal effect which manifested in each genotype in a 

special way.  So, for the triticale seeds it was observed in  
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the viability and the number of the right sprouts, at the 

concentration of                 stimulation of the seed 

viability increased by 24.1% in comparison with the 

variant of the separate influence of the fungus. The 

exposure to nano-Cu at concentration of                

caused some changes to the winter wheat: the root length 

has increased by 26.1%. Some stimulation of seed 

viability (by 31.0%) and of the main root length of spring 

wheat was revealed at the concentration of     
         .  

5. The obtained data can be used in development of an 

economical and effective method of pre-sowing treatment 

of seeds of agricultural plants by the dispersed solutions 

of copper nano-particles at ultralow concentrations.  
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