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In article influence of environmentally safe stimulants on the germination and germination energy of pale purple coneflower were investigated. It has been established that the age of the seeds, how to handle it, additional processing gibberellin define 95 % variation in germination and 92 % of the variation in the germination energy of pale purple coneflower seeds. We obtained data indicating that germination energy and germination of new seeds in 4–5 times higher than the old ones. Gibberellin processing significantly stimulates these indicators. We confirmed that among the ways most efficient seed pretreatment effects on germination and germination of seeds carries out UHF electromagnetic field. The influence of other treatments is evident in comparison with control, but less than in the case of the UHF. Ultra-high-frequency electromagnetic field in the investigated range of timing of exposure demonstrates a positive dose-dependent efficacy.
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Formulation of the problem. The growth in demand for raw medical plants is due to global trends in the ecologization of the consumer basket. More and more people prefer natural products. In particular, the population's demand for drugs of natural origin, which stimulate the immune system of the organism. It contributed to the growing popularity of the cultivation of raw medical herbs. Of the many herbs, the Echinacea species are among the ten most popular among manufacturers and consumers in the world. This is due to their natural immunomodulatory, anti-inflammatory and bacteriostatic properties [5, 7, 8].

The increase in demand for Echinacea raw materials is also characterises Ukraine, while the domestic market includes not only fresh and dry rhizomes with roots, but also an overland part that is harvested during flowering. In Ukraine, two types of echinacea are studied and cultivated: Echinacea purpurea and Echinacea pallida (Nutt.). More than 80 % of the echinacea sown area in Ukraine is concentrated in Poltava region. Expansion of production areas requires a seed system for echinacea. Particularly acute this problem arises when growing Echinacea Palllida, whose laboratory similarity does not occur higher than 60–70 %. The similarity of Echinacea seeds varies widely – from 45–56 % [6] to 68 % [10].

An analysis of the latest research and publications that initiated a solution of the problem. Commercial seed lots of E. purpurea show high germination energy (82–97 %) without additional treatments [9]. In contrast, the problem of sprouting E. angustifolia and E. pallida is very relevant, especially for producers of organic products.

Stratification, synchronization techniques (mechanical, chemical), gibberellin, ethophon, sodium nitrate, nitric acid, ethanol, alternation of dark and light time, temperature for interruptions of tranquility are used to stimulate seed germination [9]. Pharmacological orientation of the object of research prompts the search for environmentally safe ways to address this issue [1, 2]. Methods of seed treatment with synthetic chemicals can not be applied in the practice of organic farming. For enterprises specializing in the cultivation of medical plants, the obtaining of a friendly seedlings of echinacea remains an important economic problem, because, despite the rather high laboratory similarity (from 50 to 95 % depending on the species), in field conditions it is much lower and unstable over the years [1–4].

The aim of the study – to investigate the effect of environmentally safe stimulants on the similarity and energy of germination of Echinacea pallida.

     Materials and methods. Our researches were devoted to the regulation of the carnivores of the echinacea pallida with pre-sowing seed treatment. To do this in laboratory conditions we carried out seed treatment and comparative analysis of the similarity and energy of seeds germination. It’s principle for us when choosing the methods of processing the medical raw materials, to have two aspects: environmental cleanliness and  obtainability.

For comparison, the following options were taken:

· treatment of Echinacea pallida seeds by a UHF electromagnetic field;

· seed soaking in 0,001 % solution of sodium humate;

· soaking seeds in 1 % solution of chelating complex fertilizer «Nanomix»;

· soaking seeds in a mixture of 0.001 % solution of humate of sodium and 1 % solution of chelating complex fertilizer «Nanomix»;

· soaking seeds in a mixture of 0,05, 0,1, 0,5, 0,7, 0,8, 1 ml/l solution of high-level humic-fulvic preparation «Lignogumat»;

· soaking the seeds in a mixture of 0.05 % solution of high-level humic-fulvic preparation «Lignogumate» and 0.2 % solution of the complex preparation «Albit» (growth regulator, antistressant, microfertilizer);

· control – dry seeds.

Research results. The obtained data indicate that the energy of germination of Echinacea pallida depends to a large extent on the age of the seeds, the cultivation of gibberellin and other methods of seed treatment (pic. 1). 
The old seed is characterized by germination energy of 12,00 ± 2,46 % (without the gibberellin) and 8,50 ± 2,13 % (with gibberellin treatment). For the young seed, these indicators were 52,50 ± 3,32 and 78,00 ± 1,10 % respectively.
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Pic. 1. Germination energy (%) of Echinacea pallida seed depending on pre-seed treatment of seeds

Symbols: UHF - UHF field processing; Humate – soaking in humate of sodium (0.001 %); G + N – soaking in humate of sodium (0.001 %) + «Nanomix» (1 %); N mix – Soak in «Nanomiksi» (1 %); Lignugum – Soaking in «Lignohumate» (0,05 %) + «Albit» (0,2 %)

The complex nature of the interconnections between the observed environmental factors required the use of a statistical procedure that would distinguish the various impacts and assess their contribution to the formation of overall dynamics separately. The general linear model combines the possibilities of regression and dispersion methods of statistical analysis. As part of this procedure, we have the opportunity to evaluate the role of categorical and continual variables in the variation of the investigated value. In addition, seed quality of seeds is characterized by a set of indicators, which on the one hand are interrelated (correlated), and on the other hand, there may be cause-effect relationships between these indicators. It allows one variable to be considered as a function of the function of the influence of other external factors, and at the next level of analysis, this variable should be considered as included in the set of factors whose influence on another variable can be investigated. To a certain extent, the study procedure has an iterative nature. It is also important that the attraction as a covarian of the characteristics of the seed quality of crops, largely corrects the results obtained by the nature of the importance of external factors as control variables that determine the peculiarities of the dynamics of seed germination.


We have established that the age of the seeds, the methods of its cultivation, additional cultivation of gibberellin determine 95 % variation of the energy of germination of Echinacea pallida (table 1).

1. The general linear model of the influence of age of the seeds, the method of cultivating seeds and additional cultivation of gibberellin on the energy of germination of Echinacea pallida (R2 = 0,95, F = 278,49, p = 0,00)
	Predictor


	The sum of the squares
	Degrees of freedom
	The average sum of squares
	F-ratio
	p-level

	Constant
	226539.5
	1
	226539.46
	5754.00
	0.00

	Age of seed
	118718.0
	1
	118717.99
	3015.38
	0.00

	Processing
	1118.9
	5
	223.78
	5.68
	0.00

	Gibberellin
	1482.0
	1
	1481.97
	37.64
	0.00

	Age * Treatment
	1380.0
	5
	275.99
	7.01
	0.00

	Age * Gibberellin
	4592.5
	1
	4592.50
	116.65
	0.00

	Error
	6929.3
	176
	39.37
	–
	–


All of these predictors are statistically likely. We have found that the energy of germination of the Echinacea pallida seed significantly depends on the age of the seeds (pic. 2). The germination energy of the old seed is 12.14 ± 0.66 %, while the young seed shows the germination energy of 65.13 ± 1.17 %. As will be discussed further in detail, not only the level of energy of germination depends on the age of the seed, but also the features of the response to other influences. The procedure of the general linear model allows «to filter» various aspects of the variation of the feature under consideration, taking into account the fact that the resulting value is the result of a superposition of the effects of different genesis.

Gibberellin treatment greatly stimulates the germination energy (pic. 3). Without cultivation of this phytohormon, the germination energy is 36.97 ± 2.08 %, whereas under the influence of gibberellin the investigated index reaches the level of 43.27 ± 5.09 %.

In the control of the results of the general linear model, the germination energy is 35.18 ± 4.86 % (pic. 4).
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Pic. 2. Influence of age of seeds on characteristics of germination of Echinacea pallida seed by results of general linear model

Among the methods of pretreatment of seeds, the most effective influence on the energy of germination had the UHF electromagnetic field. After such cultivation, the germination energy is 42.49 ± 4.38 %. The influence of other methods of cultivation is tangible in comparison with the control, but smaller than in the case of UHF influence. Soaking seeds in a mixture of 0.05 % solution of high-level humic-fulvic preparation «Lignohumate» and 0.2 % solution of the complex preparation «Albit» allows to achieve the energy of germination of seeds 36.55 ± 3.92 %. A similar effect on the energy of germination is the soaking of seeds in 0.001 % solution of sodium humate and soaking the seeds in 1 % solution of chelated complex fertilizer «Nanomix» (38.76 ± 5.02 and 38.40 ± 5.80 % respectively).
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Pic. 3. Effect of gibberellin seed cultivation on the characteristics of germination of Echinacea pallida  by the results of a general linear model
The effect of seed treatment depends on its age. For old seed, humate and «Nanomix» are not effective. For the reference level of germination energy of the old seed 9.38±1.64 %, this indicator for treated seeds with humate and «Nanomixes» is 7.53±1.45 and 7.42±1.64 % respectively. But the combined effect of these stimulants has a significant effect on the germination energy of 13.30±1.98 %. The most stimulating effect for the old seed was established for a mixture of 0.05 % solution of high-level humic-fulvic preparation «Lignohumat» and 0.2 % solution of the complex preparation «Albit» and for UHF irradiation, which allowed to achieve germination energy 13.36±1.79 % and 15.13±1.46 %.

For a young seed, the mixture of humate and «Nanomix» is the least effective. At control the energy of germination of a new seed is 63.19±1.64 %, this mixture allows reaching only 65.25±1.98 % for this indicator. The greatest effect on the energy of germination of new seeds is carried out by UHF irradiation and treatment with humate – 73.20±1,45 and 73.34±1.45 % respectively. Somewhat less energy of seed germination after the influence of «Nanomix» and the mixture of «Lignohumate» and «Albit» – 71.60±1.64 and 66.40±1.79 % respectively.
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Pic. 4. Influence of different methods of cultivating seeds on the energy of germination of Echinacea pallida  by the results of a general linear model

Applying a mixture of 0.001 % solution of sodium humate and 1 % solution of chelating complex fertilizer «Nanomix» gives a greater effect than each of these stimulants separately – 39.2±6.48 %.

The UHF electromagnetic field in the studied range of exposure demonstrates dose-dependent efficacy. We have found that the regression coefficient, which characterizes the linear effect of UHF cultivation on the germination energy, is 1.74±0.47 (95 % confidence interval – 0.80–2.68).
We have also shown that different levels of Lignohumat solution are characterized by different effects on the energy of germination. In the investigated range of solution levels, the dependence of germination energy on the concentration of Lignohumat is linear, and the corresponding regression coefficient, taking into account the age of the seeds, is 12.42±4.25 (95 % confidence interval – 3.79–21.04). It should be noted, for example, that the comparison of the energy of germination of pine seed common in certain experimental variants indicates that there was no effect on the germination energy of Lignohumatus at all tested concentrations (from 0.05 to 1 ml/l) – the seed germination energy in the experiment did not exceed the control (Taranenko, 2017). However, with the use of Lignohumat with a rate of consumption of 150 g/ton for winter wheat seed, the germination energy was the maximum in the experiment and was 94 %, which is 11 % more compared to the control. The decrease in the rate of growth stimulator consumption up to 100 g/ton resulted in a decrease in germination energy by 1 %, compared with a maximum, while the use of Lignohumat at a rate of 50 g/t – by 6 % (Gordeeva, 2014).

The energy of germination and the similarity of the seeds are strongly correlated with each other (r = 0.99, p = 0.00), which causes a significant synchronization of these indices.

The obtained results indicate that the age of the seed, the methods of its cultivation, additional processing of gibberellin determine 92 % variation of the energy of germination of Echinacea pallida (table 2).

2. The general linear model of the influence of age of the seeds, the method of cultivating seeds and additional processing of gibberellin on the similarity of the seeds of Echinacea pallida
(R2 = 0.92, F = 171.10,  p = 0.00)
	Predictor


	The sum of the squares
	Degrees of freedom
	The average sum of squares
	F-ratio
	p-level

	Constant
	261856.0
	1
	261855.99
	3886.82
	0.00

	Age of seed
	125872.9
	1
	125872.91
	1868.38
	0.00

	Processing
	1297.0
	5
	259.41
	3.85
	0.00

	Gibberellin
	1129.8
	1
	1129.84
	16.77
	0.00

	Age * Treatment
	2240.8
	5
	448.15
	6.65
	0.00

	Age * Gibberellin
	6536.7
	1
	6536.71
	97.03
	0.00

	Error
	11857.2
	176
	67.37
	–
	–


All of these predictors are statistically likely. We have found that the similarity of the echinacea pallida seed significantly depends on the age of the seeds (pic. 1). The similarity of the old seed is 14.96±0.92 %, while the young seed shows a similarity of 68.76±1.36 %. The age of the seeds depends not only on the level of similarity, but also on the characteristics of responding to other influences. Gibberellin treatment greatly stimulates the similarity. Without cultivation of this phytohormon the similarity is 40.44±2.12 %, whereas under the influence of gibberellin the researched index reaches the level of 45.82±5.44 %.

In the control of the study of different methods of seed treatment, according to the results of the general linear model, the similarity is 39.42±5.09 % (pic. 1). Among the methods of pretreatment of seeds, the most effective effect on the similarity is carried out by the UHF electromagnetic field. After such a treatment, the similarity is 46.62±4.56 %. The influence of other methods of cultivation is tangible in comparison with the control, but smaller than in the case of UHF influence. Soaking seeds in a mixture of 0.05 % solution of high-level humic-fulvic preparation «Lignohumate» and 0.2 % solution of the complex preparation «Albit» allows to achieve the similarity of seeds 40.12±3.57 %. A similar effect on seed germination energy had the soaking of seeds in a 0.001 % solution of sodium humate and soaking the seeds in a 1 % solution of chelating complex fertilizer «Nanomix» (40.92±5.35 and 41.41±5.96 % respectively).

The assessment of the effect of seed pretreatment on the similarity significantly changes if the covariates consider the energy of germination. Taking into account this variable indicates that the energy of germination is the main contribution to the formation of the final similarity of the seeds. The stimulating effect of germination energy in the overall performance is greatest in the processing of seeds by humate and slightly less than the use of other stimulants.

Conclusions:

1. Age of seed, methods of its treatment, additional processing with gibberellin determine 95 % variation of germination energy and 92 % variation of similarity of Echinacea pallida.

2. The energy of germination and the similarity of the young seed is 4–5 times higher than the old one. Gibberellin treatment greatly stimulates these indices.

3. Among the methods of preliminary cultivation of seeds, the most effective influence on the energy of germination and similarity is carried out by the UHF electromagnetic field. The influence of other methods of cultivation is tangible in comparison with the control, but smaller than in the case of UHF influence.

4. The UHF electromagnetic field in the studied range of exposure demonstrates positive dose-dependent efficacy.
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