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INFLUENCE OF METHODS OF SEED TREATMENT ON THE DYNAMICS OF MORPHOMETRIC CHARACTERISTICS OF ECHINACEA PALE (Echinacea pallida (Nutt.) Nutt.) LEAF IN ONTOGENESIS
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The article investigates the effect of environmentally safe stimulants on the dynamics of morphometric characteristics of the leaf of echinacea pale in the ontogenesis. It has been established that the duration of vegetation, the year and the method of pre-sowing seeds treatment are determine statistically reliable the size of leaves of echinacea in ontogenesis by indicators of width and length. UHF-irradiation had the greatest effect. Other types of processing differ little from each other by efficiency, but statistically differ from control. The increase in the size of the leaves by indicators of width and length is described by the logarithmic dependence. The growth processes was most intensive in the first periods of ontogenesis in 2012, and the least intensive – in 2015. During the vegetative period, the greatest growth rate of leaflets was in 2015, and in 2012 this indicator was the smallest. Preliminary seed treatment affects the dynamics of leaf size changes. “Nanomix” has the positive stimulant effect on the growth rate at the beginning of the vegetation, but UHF-irradiation of the seeds has the greatest effect. There is a strong positive statistically significant correlation (r = 0.83, p = 0.00) between the length and width of the leaves. The correlation between the morphometric characteristics of the leaf, as length and width, can vary by years. Previous seed treatment by the investigated methods doesn’t affect the correlation between the length and width of the leaves.
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Formulation of the problem. Drugs based on Echinacea species are among the most popular herbal supplements in Europe and North America. Thay stimulate the immune system and are used to prevent or treat colds (Barrett et al., 2010; Woelkart et al., 2008). Three species of Echinacea (E. purpurea, E. angustifolia and E. pallida) have a medical significance (Schulthess et al., 1991) and commercially available as medicinal plants. Medicinal plant growing is an important branch of agricultural production in Ukraine. Among many cultures, the species of the Echinacea occupy a prominent position, and their raw materials are used in medicine, agriculture and food industry (Samorodov, Pospelov, 1999). In recent years, E. purpurea has a priority in the field cultivating. This species is also the most studied (National Center for Biotechnology Information, 2011). It can be partly due to the less effort required to cultivate it, which is the result of an insignificant or absent rest period of seed in commercial parties (Qu et al., 2005), relatively rapid growth and adaptation to a wide variety of soil types (Li, 1998). But E. angustifolia was the first species to have established pharmaceutical properties (Volker et al., 2001), which was most often prescribed for treatment from the early 1920s (Foster, 1991). E. pallida is not so common for the preparation of dietary supplements, compared with E. angustifolia or E. purpurea, but E. pallida studies indicate that there are potential medical properties, including cancer (Chicca et al., 2007), antiviral (Schneider et al., 2010), anti-inflammatory (Qu, Widrlechner, 2012) and the ability to accelerate healing of wounds (Cunnick et al., 2009). Significant depression of seed is also characteristic of E. pallida. The effects that are effective in stopping the rest of the E. angustifolia seed are also effective for E. pallida  (Qu et al., 2004; Sari et al., 2001). The study of the impact of environmentally safe stimulants on germination of seeds and the further development of Echinacea pallida (Nutt.) Nutt. in ontogenesis is an important scientific issue.
An analysis of the latest research and publications that initiated the solution to the problem. The form and size of plant organisms are their essential basic characteristics (Zlobin et al., 2009). The analysis of the morphological structure of plants is a means of describing their diversity in evolutionary and ontogenetic aspects (Kaplan, 2001; Berthélémy, Caraglio, 2007). The morphological structure of plants reflects the overall functional integration of the organism as well in qualitative as quantitative estimates (Zlobin et al., 2009). Under the influence of various kinds of stress factors, as well the level of vital activity of an organism as its structural organization changes. These transformations of the structure, due to their exact quantitative assessment, it is became possible to use as an indicator of the state of the plant, and morphometric data of the plants – as an indicator of the quality of the environment (Zakharov et al., 2000). The size is the basic notion of structural morphometry. There is no univocal definition of the plant size. Although many plant properties closely linked to the size: life expectancy, place in the biocenosis, role in the food chain of the ecosystem and other important structural and functional features (Marba et al., 2007). More precisely, total phytomass characterizes the plant size. But other estimates are often used: the magnitude of the aboveground phytomass, the height, the area of ​​the leaf surface, etc. (Zlobin et al., 2009). Plant growth can be characterized by growth curves, which consistently reflects the state of any morphological parameter during ontogenesis. This approach is proposed to provide as a functional growth analysis, which completes the approximation of the growth curve by the logistic function, the exponential polynomials I, II, or III orders (or other mathematical functions) in order to obtain opportunities for predicting the growth process (Zlobin et al., 2009).

The purpose of the study is to investigate the influence of environmentally safe stimulants on the dynamics of morphometric characteristics of Echinacea pale (Echinacea pallida (Nutt.) Nutt.) leaves in the ontogenesis.

Materials and methods of the study. Our researches were devoted to the regulation of the sowing qualities of Echinacea pale (Echinacea pallida (Nutt.) Nutt.) and possible influence on growth processes using pre-sowing seed treatment. To do this, we have been processing the seeds of Echinacea pale and studied the dynamics of growth processes during ontogenesis. For us, when choosing the methods of processing the medicinal raw materials, we have two aspects: environmental cleanliness and availability in use.

For comparison, we took the following options:

- treatment of Echinacea pale seeds by UHF electromagnetic field;

- soaking seeds in 0.001% solution of sodium humate;

- soaking of 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 «Lignohumat»;

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

- dry seeds was a control.
The research was conducted in industrial plantations of Echinacea pale (Echinacea pallida (Nutt.) Nutt.) with the sort Beauty of Prairie in 2012, 2014, and 2015. Soils are represented by black earths with a mean mechanical composition with a humus content of 2.45–2.84%, a pH of 6.4. The winter wheat was a predecessor. The seeds were sown by the sowing machine ССТ-12Б with the seed rate of 8–10 kg/ha. The width of the row spacing is 45 cm. During the growing season, inter-row soil cultivation, fertilizing and manual weeding were carried out. During ontogenesis, 25 plants were taken, which were subjected to morphometric study and weighed for the assessment of the weight of the aboveground and underground phytomass. We measured the length and width of sheet plates. During ontogenesis, 25 plants were taken. In 2012, samples were selected on June 12 and 20, on September 11 and 26, in 2014 – on June 20, on July 14, on August 19 and on September 19, in 2015 – on June 23, on July 14, on September 5 and 19.

Statistical calculations are performed using Statistica 10.0.

Research results. The obtained data indicate that a general linear model with predictors such as the duration of vegetation, year and method of cultivation can explain 82% variation in the width of leaves of Echinacea pale (Table 1).

1. The general linear model of the influence of vegetation duration, year and method of seed cultivation on the width of the leaf (R2 = 0.82, F = 155.29, p = 0.00)
	Predictor
	Sum of squares
	Degrees of freedom
	The average degree 
of freedom
	F-ratio
	p-level

	Constant
	7.49
	1
	7.49
	344.42
	0.00

	Log_Days
	12.20
	1
	12.20
	560.99
	0.00

	Year
	7.46
	2
	3.73
	171.48
	0.00

	Way
	2.74
	4
	0.69
	31.54
	0.00

	Error
	5.04
	232
	0.02
	–
	–


The leaf width is statistically significantly different in years. In 2015, the width of the leaves was the largest, in 2014 it was the smallest (pic. 1).
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Pic. 1. The width of the sheet, depending on the year of research and methods of seeds cultivating 
(based on the results of the general linear model, covariates – the duration of the vegetation)
Preliminary cultivation of seeds is also statistically likely to affect the width of plants leaves. The greatest effect is set for UHF-irradiation. Other types of cultivation in terms of efficiency differ little from one another, but are statistically significantly different from control.

The average leaf width increases during the growing season, which can be described by the logarithmic dependence (pic. 2). The logarithmic nature of the dependence underlines the fact that over time the rate of increase in the width of the leaves dies out. Different years are characterized by certain features of the growth dynamics of leaf width. The regression model has two coefficients, each of which can be given a certain ecological content. The free member indicates to the growth dynamics at the initial stages of plant development. The scale factor indicates the intensity of growth during the main part of the growing season. The obtained results indicate that the most intensive growth processes in the first periods of ontogenesis occurred in 2012, and the least intensive it was in 2015. On the contrary, during the growing season, the greatest growth rate of leaf width was typical for 2015, and in 2012, this indicator was the smallest.
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Pic. 2. Dependence of the letter width from the time of growth in different years
Symbols: axis abscis is the number of days since the beginning of the vegetation (on a logarithmic scale); axis ordinate is the width of the sheet, cm
Preliminary seed treatment affects the dynamics of changes in the leaves width (pic. 3). The starting growth rate varies little among the control variants as well as with «Humat» treatment and «Humat» together with «Nanomix» treatment. «Nanomix» has a positive stimulating effect on the growth rate at the beginning of the vegetation, but the UHF-irradiation of the seeds has the greatest effect.
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Pic. 3. The dependence of the leaf width on the growing time in the conditions of different seed treatment
Symbols: axis abscis is the number of days since the beginning of the vegetation (on a logarithmic scale); axis ordinate – leaf width, cm; A – Control; B – irradiation; C – «Humat»; D – «Humat» + «Nanomix»; 
E – «Nanomix».

Further growth of leaf width is almost unlike control. A slightly higher rate of increase in the leaves width is set for plants from seeds treated with «Gumat», and somewhat lower for plants from seeds treated with «Nanomix».
A general linear model with predictors such as vegetation duration, year, and method of treatment can explain 91% variation in the leaves length of Echinacea pale (Table 2).

2. The general linear model of the effect of vegetation duration, year and method of seeds treatment on the length of the leaf (R2 = 0.91, F = 340.03, p = 0.00)
	Predictor
	Sum of squares
	Degrees of freedom
	The average degree 
of freedom
	F-ratio
	p-level

	Constant
	0.01
	1
	0.01
	0.03
	0.87

	Log_Days
	643.52
	1
	643.52
	2251.34
	0.00

	Year
	14.28
	2
	7.14
	24.97
	0.00

	Way
	6.45
	4
	1.61
	5.64
	0.00

	Error
	66.31
	232
	0.29
	–
	–


The length of the leaves is statistically significantly different in years. In 2015, the length of the leaves was the largest, in 2014 it was the smallest (pic. 4).
One of the indexes of correlations between structural parts of plants is their mutual correlation, which is estimated by the pair coefficient of correlation r. Correlation analysis is quite popular in botanical research (Rostova, 2002). It gives information about the interdependence of different parts of plants and can to some extent indicate the conditions in which the ontogenesis of plants proceeds. It should be borne in mind that the pair correlation coefficients are unstable, varying depending on the age of the plants, habitats, and in time (Zlobin et al., 2009).

A strong positive statistically significant correlation there is between the length and width of the leaves (r = 0.83, p = 0.00) (Table 3).

3. Correlation matrix of Echinacea pale growth rates
	Indexes
	Leaf width, cm
	Ground phytomass, g
	Leaf length, cm
	Underground phytomass, g

	Correlation

	Leaf  width, cm
	1.00
	0.90
	0.84
	0.72

	Ground phytomass, g
	0.90
	1.00
	0.81
	0.94

	Leaf  length, cm
	0.84
	0.81
	1.00
	0.67

	Underground phytomass, g
	0.72
	0.94
	0.67
	1.00

	Partial correlation (control variable is time of vegetation)

	Leaf  width, cm
	1.00
	0.80
	0.78
	0.47

	Ground phytomass, g
	0.80
	1.00
	0.53
	0.89

	Leaf  length, cm
	0.78
	0.53
	1.00
	0.15

	Underground phytomass, g
	0.47
	0.89
	0.15
	1.00

	Difference of correlation coefficients

	Leaf  width, cm
	0.00
	0.10
	0.06
	0.24

	Ground phytomass, g
	0.10
	0.00
	0.28
	0.05

	Leaf  length, cm
	0.06
	0.28
	0.00
	0.52

	Underground phytomass, g
	0.24
	0.05
	0.52
	0.00


The partial correlation with the control change «number of days after sowing» is somewhat lower – r = 0.75, p = 0.00, indicating a external synchronizing component of the coherent dynamics of the length and width of the leaves of the Echinacea pale during the vegetation. In years, the correlation between the length and width of the leaves remains high. In 2012, it is r = 0.91, p = 0.00, in 2014, r = 0.84, p = 0.00, in 2015, r = 0.91, p = 0,00 Differences between correlation coefficients in 2012 and 2015 on the one hand and in 2014 are statistically significant (p = 0.026). Thus, the correlation between the morphometric characteristics of the leaf, as length and width, can vary by years.

Previous seed treatment in the investigated methods doesn’t affect the correlation between the length and width of the leaves. However, preliminary seed treatment is statistically likely to affect the length of leaves of plants (pic. 4).
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Pic. 4. Leaf length depending on the year of the study and the methods of seed treatment 
(based on the results of the general linear model, covariates is the duration of the vegetation)
The largest effect is set for irradiation. Other types of treatment in terms of efficiency differ little from one another, but are statistically significantly different from control.

The average leaves length increases during the growing season, which can be described by logarithmic dependence (pic. 5).
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Pic. 5. Dependence of the leaf length from the vegetation time in different years
Symbols: axis abscis is the number of days since the beginning of the vegetation (on a logarithmic scale); axis ordinate is the width of the sheet, cm
The logarithmic nature of the dependence emphasizes the fact that over time the rate of increase in the length of the leaves dies out. Different years are characterized by certain features of the dynamics of leaf length growth. The obtained results indicate that the most intensive growth processes in the index of leaf length in the first periods of ontogenesis occurred in 2012, and the least intensive – in 2015. Conversely, during the growing season, the greatest growth rate of leaf length was typical for 2015, and in 2012 this indicator was the smallest.

Preliminary seed treatment affects the dynamics of changes in leaf length (pic. 6).
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Pic. 6. Dependence of the leaf width on the vegetation time in the conditions of different seed treatment

Symbols: axis abscis is the number of days since the beginning of the vegetation (on a logarithmic scale); axis ordinate – leaf width, cm; A – Control; B – irradiation; C – «Humat»; D – «Humat» + «Nanomix»; 
E – «Nanomix».

Starting growth dynamics differed considerably among considered variants of seed treatment, except for treatment by «Humat» together with «Nanomix». The treatment by «Humat» together with «Nanomix» promotes acceleration of growth processes (leaf length) in the initial stages of ontogenesis. Further growth of leaf length almost doesn’t differ compared to control, except for treatment by «Humat» together with «Nanomix». In the latter variant, the intensive rate at the beginning of ontogenesis is compensated by the slowing of growth during its main part.

Conclusions:
1. The duration of the vegetation, the year and the method of pre-sowing seed treatment are statistically likely to determine the size of leaves of Echinacea pale in ontogenesis in terms of width and length. The greatest effect is set for UHF-irradiation. Other types of treatment in terms of efficiency differ little from one another, but are statistically significantly different from control.

2. The increase in the size of the leaves in terms of width and length is described by the logarithmic dependence. The most intensive growth processes in the first periods of ontogenesis occurred in 2012, and the least intensive it was in 2015. During the growing season, the greatest growth rate of leaflets was typical for 2015, and in 2012 this indicator was the smallest.

3. Preliminary seed treatment affects the dynamics of leaf size changes. «Nanomix» has a positive stimulating effect on the growth rate at the beginning of the vegetation, but the UHF-irradiation of the seeds has the greatest effect.

4. There is a strong positive statistically significant correlation between the length and width of the leaves 
(r = 0.83, p = 0.00). The correlation between the morphometric characteristics of the leaf, as length and width, can vary by years. Previous seed treatment in the investigated methods doesn’t affect the correlation between the length and width of the leaves.
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