AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online)
2020, V. 55, Ne 3, pp. 588-596

(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print)
ISSN 2313-4836 (Russian ed. Online)

Elementology

UDC 633.88:577.11 doi: 10.15389/agrobiology.2020.3.588eng
doi: 10.15389/agrobiology.2020.3.588rus

ACCUMULATION OF BIOACTIVE SUBSTANCES AND CHEMICAL
ELEMENTS IN Echinacea purpurea (L.) Moench MEDICINAL HERB
AS INFLUENCED BY SOIL APPLICATION OF COPPER, AN ESSENTIAL
MICROELEMENT

N.N. ZHARKOVA, V.V. SUKHOTSKAYA, Yu.I. ERMOKHIN

Stolypin Omsk State Agrarian University, 1, Institutskaya pl., Omsk, 644008 Russia, e-mail nn.zharkova@omgau.org
(P4 corresponding author), suhotskay-1990@mail.ru, yui.ermokhin@omgau.org

ORCID:

Zharkova N.N. orcid.org/0000-0003-2970-328X Ermokhin Yu.l. orcid.org/0000-0002-1727-6447
Sukhotskaya V.V. orcid.org/0000-0001-8807-1062

The authors declare no conflict of interests

Received November 11, 2019

Abstract

Copper, an essential element in human metabolism, is a trace element for plants and animals.
It plays a significant role in physiological processes (i.e. in photosynthesis, respiration, carbohydrate
and protein metabolism), increases productivity, improves plant quality characteristics and increases
resistance to adverse factors. A particular concern is the need to apply copper fertilizers in the bioge-
ochemical provinces with Cu deficit in the soil. Echinacea purpurea (L.) Moench is one of the best-
selling plant-based medicines in many developed countries around the world. It has been widely
used in medicine and veterinary medicine for immunocorrection. However, publications on the
effect of trace elements on the yield and content of biologically active substances in the medicinal
raw materials of the E. purpurea are very few. Our study presents the results confirming the role of
copper fertilizers in increasing the content of biologically active substances in the medicinal raw
materials of E. purpurea, as well as in its enrichment with certain trace elements. The work aimed
to assess the influence of essential microelement (Cu) on the accumulation of certain biologically
active substances (tanning substances, carotene, vitamin C) and chemical elements (zinc and cop-
per) in the medicinal raw material of E. purpurea variety Znakhar. The plot tests were run in the
conditions of the southern forest-steppe of Western Siberia (an experimental field of Omsk Sto-
lypin State Agrarian University, Omsk, May-September 2016-2018). The experiment design was
as follows: absolute control (without fertilizers), N125 (N-based fertilizer), N125 + 0.25MAC Cu
(the maximum allowed concentration) (2.3 kg a.m./ha), Ni125 + 0.5MAC Cu (4.7 kg a.m./ha),
N125 + 0.75MAC Cu (7.0 kg a.m./ha), N125 + IMAC Cu (9.4 kg a.m./ha). The soil of the test site
was meadow chernozem, low-power, low humus, medium loamy with a 5.2 % humus content,
10.0 mg/kg nitrate nitrogen, 394 mg/kg mobile phosphorus, 749 mg/kg exchange potassium; pH
6.5-6.8. The mobile copper level in the soil was 0.3 mg/kg. The experiment was arranged in four
replicates, plots were systematically located in several tiers, with a plot size of 10 m2. Copper acetate
(CH3CO0O0)2Cu (32 %) was used as Cu fertilizer, ammonium nitrate (34.4%) was an N-based ferti-
lizer. The crop was planted at the end of May 2016, 24 plants per plot, with 70X60 cm spacing.
Fertilizers were manually incorporated into the soil to a 10-15 cm depth before planting (at tilling),
and uniformly distributed throughout the entire plot area. Plants were collected in September, during
E. purpurea mass flowering phase. Tannings, carotene, and ascorbic acid were quantified in the
medicinal raw material of E. purpurea. The concentration of trace elements (copper, zinc) in pow-
dered herb samples was determined by atomic absorption spectroscopy. We have found out that a
single application of copper fertilizers contributed to accumulation of tanning substances, ascorbic
acid and carotene in the herb raw material. On average, over three years of our research, the level
of bioactive substances in the raw material (grass) increased reliably (p < 0.05), to 16.6 mg% for
tanning, to 5.8 mg% for ascorbic acid, and to 51.2 mg/kg for carotene. A copper acetate dose of
9.4 kg a.m./ha resulted in maximum concentration of the bioactive substances. Each 1 kg of Cu
fertilizer increased the content of tannins by 0.51 mg%, ascorbic acid by 0.29 mg%, and carotene
by 2.56 mg/kg (p < 0.05). Thus, the use of (CH3COO)2Cu contributes to an improved medicinal
value of E. purpurea. The copper fertilizer dosages correlated tightly with the level of mobile zinc



and copper in medicinal raw materials (» = 0.98, p < 0.05). Each 1 kg of copper added with Ni125
increased the content of mobile copper and zinc in E. purpurea raw material by 0.23 and 1.15 mg/kg,
respectively. These values are b coefficients that evaluate the effects of copper fertilizers and, together
with the regression equations we obtained, allow practitioners to draw up protocols for applying mi-
cronutrient fertilizers in meadow chernozem soils at an early stage of E. purpurea plant development
in specific growing conditions.

Keywords: Echinacea purpurea (L.) Moench, meadow chernozem soil, essential microele-
ments, copper, zinc, bioactive substances, southern forest-steppe, Western Siberia.

The World Health Organization recognizes herbal medicines as a signifi-
cant part of the pharmaceutical industry market. More than 80% of the world’s
population is increasingly using medicinal plants as the main source of medical
care. This is not only the growing population of China and India, but also many
developed countries [1]. About 80% of all modern pharmaceuticals are obtained
directly or indirectly from plant sources [2, 3]. According to forecasts, in the next
10 years, the use of herbal remedies in the world market will grow and reach 60%
[4]. Herbal medicinal products have a number of advantages: no side effects, low
toxicity, availability, complex effects on the body (anti-inflammatory, antimicro-
bial, antispasmodic, analgesic, antitoxic) [5].

In the main agricultural regions of the Russian Federation, the soil area
with a low levels of mobile trace elements (copper, zinc, etc.) reaches 50-90% of
the surveyed territory (6, 7). The critical amount of trace elements in soils leads
to significant losses in crop production. Bioenrichment of agricultural plants [8,
9], including medicinal crops, with various bioelements, for example, copper, may
be a convenient solution.

Copper is an essential chemical element along with iron, zinc, iodine,
and selenium [10]. Cu acts as a cofactor for many enzymes [11]. Copper and its
compounds play a significant role in physiological processes in plant cells, being
involved into respiration, photosynthesis, carbohydrate and phosphorus metab-
olism, protein synthesis, nitrogen fixation and reduction [12, 13]. It has a posi-
tive effect on the water regime of plants, their drought and frost resistance,
increases plant resistance to various diseases. Copper fertilizers increase the con-
tent of sugars, fat, ascorbic acid, vitamin A, and group B vitamins in crop pro-
duction [14, 15].

Application of essential trace elements activates enzymatic processes in
medicinal plants, which leads to biosynthesis and the accumulation of biologically
active substances, improving the valuable qualities of medicinal raw materials [16].
Microelements in plants are in an accessible, organically bound form, which en-
able their better assimilation. In the plant organism, essential trace elements bind
to biologically active substances, which enhances the pharmacological effects [17].

Echinacea purpurea (L.) Moench is one of the best-selling herbal medi-
cines in many developed countries [18]. It is widely used in medicine and veteri-
nary medicine as an immunocorrector. All plant organs contain biologically active
substances — vitamins A and C, tannins, flavonoids, essential oils, anthocyanins
and alcamides [19-21]. Fundamental and clinical studies have proven the antiviral,
anti-inflammatory, antioxidant, antibacterial and antimycotic effects of Echinacea
purpurea [22]. However, scant data are available on the effect of microelements
on the yield and the content of biologically active substances in the medicinal raw
material of F. purpurea [23, 24].

This paper provides the first confirmation of the role of copper fertilizers
in increasing the content of biologically active substances in the medicinal raw
material of Echinacea purpurea and its enrichment with microelements.

Our objective was to assess the effect of an essential trace element (Cu)
on the accumulation of some biologically active substances (tannins, carotene,



vitamin C) and chemical elements (zinc and copper) in the medicinal raw material
of Echinacea purpurea.

Materials and methods. Echinacea purpurea (L.) Moench variety Znakhar
was grown in the conditions of the southern forest-steppe of Western Siberia was
carried out in May-September 2016-2018 (Stolypin Omsk GAU, Omsk). The soil
of the experimental site is meadow chernozem, shallow low-humus, medium
loamy. Agrochemical analysis was performed by conventional methods [25], the
0-30 cm layer contained 5.2% humus (according to Tyurin), 10.0 mg/kg nitrate
nitrogen (according to Kochergin), 394 mg/kg mobile phosphorus and 749 mg/kg
exchangeable potassium (according to Chirikov), absorption capacity of 25.2-
28.2 mg-eq/100 g, 0.3 mg/kg mobile copper; pH values of aqueous extracts ranged
within 6.5-6.8.

The plots were put in test for the following treatments: control without
fertilizers; N125; N125 + 0.25MPC (maximum permissible concentration) Cu (2.3 kg
Cu/ha); Ni25s + 0.5MPC Cu (4,7 kg Cu/ha); Ni2s + 0.75MPC Cu (7.0 kg
Cu/ha); Ni12s + MPC Cu (9.4 kg Cu/ha). Ammonium nitrate (34.4%) was re-
ferred to as a background, and copper acetate (CH3COO)2Cu (32%) was consid-
ered as fertilizer. The N125 dosage was chosen as a baseline due to the low N-NO3
concentration in the soil, as only a balanced macronutrient composition allows
the micronutrients to take full effect. Doses of copper fertilizers were calculated
based on MPC Cu (3 mg/kg) and copper content before planting. The experiment
was repeated four times, the sequence of variants was systematic, in several tiers,
using 10 m? plots.

The approved zonal agrotechnology was applied. E. purpurea planting was
carried out at the end of May 2016, 24 plants per plot with 70X60 cm plant spacing
(70 cm between rows and 60 cm within the row) in order to create an optimal
density of 24 thousand plants per hectare, providing a 0.4 m? space per plant.
Fertilizers were manually incorporated to a depth of 10-15 cm when digging prior
to planting and evenly distributed over each plot.

Plant samples were collected according to the variants in September in the
phase of mass flowering of the culture. The medicinal raw material (grass) was
dried in the shade in well-ventilated rooms. The contents of bioactive substances
were measured and the values were converted to absolutely dry matter basis. Tan-
nins were measured as per GOST 24027.2-80 [26], carotene as per GOST
13496.17-95 [27], ascorbic acid as per Murry [28]. Trace elements (copper, zinc)
were measured according to GOST 30178-96 [29] by the atomic absorption
method (a Varian AA-140 spectrometer, Akvilon, Russia) in the samples ground
to a powder state.

For statistical processing, we used standard software packages Microsoft
Office Excel 2007 and STATISTICA 6.0 (StatSoft, Inc., USA). Mean values
(M) and standard errors of means (=SEM) were calculated, and regression and
correlation were assessed. Differences were considered statistically significant at
p < 0.05. To determine the relationship between the studied parameters, the
correlation coefficients () were calculated. The values of the correlation coeffi-
cients were considered significant at p < 0.05

Results. Microelements can increase the content of vitamins and other
biologically active substances in medicinal plants. In particular, there are evidences
of their positive effect on the synthesis of vitamins C, A, and Bi-12 [30, 31]. In
medicinal raw materials of E. purpurea enriched with copper, we determined the
content of tannins, ascorbic acid, and carotene (Table 1).

Tannins (tannic acids) are important plant secondary metabolites in the



plant organism. They provide astringent, antibacterial, antienzymatic, anti-inflam-
matory effects, and also protect plants from mammals and insects [32]. According
to Zaprometov [33], the leaves of E. purpurea contain up to 7.2-10.2% tannins.
In our experiments, tannins increased from 13.07 to 16.58 mg% on average over
the study years depending on the doses of copper acetate. The maximum concen-
tration of tannins (16.58 mg%) occurred when applying 9.4 kg Cu/ha. Differences
in the amount of tannins for all treatments were significant at p < 0.05 as compared
to both the control and the Ni25 when applied separately.

1. Concentration of bioactive compounds in medicinal raw materials of Echinacea
purpurea (L.) Moench at flowering as influenced by Cu fertilizer dosage (n = 24,
M=ESEM, Omsk, 2016-2018)

Treatments \ Tannins, mg% \Ascorbic acid, mg%\ Carotene, mg/kg
Control (without fertilizers) 10.34+1.82 2.11£1.12 25.6916.48
Background (N125) 11.76£1.02 3.07£0.58 27.65+5.38
Ni125 + 0.25MPC Cu (2.3 kg Cu/haa) 13.07£0.28 3.8510.14 32.31+2.74
Ni25+ 0.5 IAK Cu (4,7 xr 1.B/ra) 14.2310.38 4.54%0.25 40.65+1.97
Ni25+ 0.75IIAK Cu (7,0 xr a.8/Ta) 15.37£1.02 5.184£0.61 45.45+4.69
Ni2s5 + IIAK Cu (9.4 xr a.B/Ta) 16.58+1.71 5.8410.99 51.21£7.95

N ote. All treatments differ form control and N125 background at a statistically significant level (p < 0.05).

Andrade et al. [34] note the ability of tannins to chelate copper, which
determines their antioxidant activity. The positive effect of copper is also due to
its role of a key component of many biological compounds and involvement in
biosynthesis of secondary metabolites, including tannins [35]. Our findings are
consistent with reports about direct dependence of the concentration of tannins
on the amount of nutrients, in particular Cu and Mn, which serve as cofactors of
enzymes involved in phenol decomposition and lignin biosynthesis. Copper defi-
ciency impairs lignification in plants [36].

2. Regression and correlation between concentration of bioactive compounds in me-

dicinal raw materials of Echinacea purpurea (L.) Moench and the dosage fertilizers
(Omsk, 2016-2018)

Content of compounds (x) \ Regression \ Correlation r
Tannins y =0.51x + 11.82 0.99 (p < 0.05)
Ascorbic acid y =0.29x + 3.13 0.99 (p < 0.05)
Carotene y = 2.56x + 27.45 0.99 (p < 0.05)

We revealed a high relationship (» = 0.99 at p < 0.05) between the doses
of copper fertilizers and the content of tannins (Table 2). The regression coefficient
shows that copper acetate applied at 1 kg Cu/ha provides a 0.51 mg% increase in
tannins.

Ascorbic acid (vitamin C) is a micronutrient and an essential chemical
compound that participates in many metabolic processes, performs antitoxic and
antioxidant functions, increases resistance and protective properties of the body.
To compensate for the deficiency of vitamin C, artificial enrichment of plant
products and foodstuffs is currently widely used [37]. Carotene which plays pho-
toprotective, light-harvesting, and structural role in plant photosynthesis, partici-
pates in the process of cell growth and division, promotes activation of immune
system, helps the normal functioning of the gonads, affects growth, participates in
the process of visual perception, and it also is an anticarcinogen. The intake of
provitamin A into the body occurs mainly with plant foods, which are the main
primary source of carotenoids [38].

Ascorbic acid was found in the leaves of E. purpurea [39]. In our research,
the calculated doses of copper had a positive effect on the accumulation of vita-
mins in medicinal raw materials (see Table 1). The content of ascorbic acid and
carotene were becoming significantly higher (p < 0.05) as the copper acetate dosage



increased. The amount of vitamin C varied upon copper application from 3.85 to
5.84 mg%, carotene from 32.31 to 51.21 mg/kg. The maximum content of vita-
mins was noted for Ni2s + MPC Cu. According to Zagumennikov et al. [40],
Echinacea purpurea accumulates small amounts of ascorbic acid, while plant nu-
trition and age have an insignificant effect on the content of vitamin C.

Each 1 kg of the copper fertilizer increased the concentration of ascorbic
acid by 0.29 mg%, carotene by 2.56 mg/kg (see Table 2). Correlation analysis
indicated a very strong correlation between the content of vitamins and the copper
doses (r = 0.99 at p < 0.05).

Copper interacts with various chemical elements, including zinc, iron,
molybdenum, sulfur, and selenium [41]. Therefore, we compared the content of
two microelements, zinc and copper, in the medicinal raw materials of E. purpurea

(Fig.).
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Content of mobile forms of Cu (A) and Zi (B) in medicinal raw materials of Echinacea purpurea (L.)
Moench at flowering as influenced by Cu fertilizer dosage: 1 — control (without fertilizers), 2 — N125
(a background), 3 — Ni12s5s + 0,25MPC Cu (2.3 kg Cu/ha), 4 — Ni25s + 0.5MPCCu (4.7 kg
Cu/ha), 5 — N125 + 0.75MPC Cu (7.0 kg Cu/ha), 5 — Ni125 + MPC Cu (9.4 kg Cu/ha) (n = 24,
M=ESEM, Omsk, 2016-2018).

Many chemical elements can inhibit or enhance the intake of other ele-
ments, that is, their action may be either synergistic or antagonistic [42]. There-
fore, we investigated the effect of copper fertilizers in the soil—plant system.

The copper and zinc concentration in the aboveground mass of E. pur-
purea had a clearly pronounced linear dependence on the doses of copper ferti-
lizers applied. The relationships between different doses of copper acetate and
the amount of Cu and Zn in plants during the flowering period were character-
ized by the equations:

y = 0.23Cu + 1.98 (r = 0.98 at p < 0.05),
y = 1.15Zn + 6.78 (r = 0.98 at p <0.05).

In 2016, the coefficient (b) characterizing the copper effect on the content
of mobile Cu and Zn in the medicinal raw materials was 0.23 and 1.15 mg/kg,
respectively, for each kilogram of copper fertilizers in doses of 2.3, 4.7, 7.0 and
9.4 kg/ha (with N125 as a background). To increase the Cu content in medicinal
raw materials by 1 mg/kg, 4.3 kg of copper fertilizers are required (r = 0.98 at
p < 0.05). The obtained normative b valued (0.23 and 1.15 mg/kg) can be used
to predict how the amount of available nutrients in medicinal raw materials will
increase when micronutrient fertilizers are applied. Many researchers also noted
that the accumulation of copper in plants increased with an increase in the dose
of applied copper fertilizers [43-45].

Thus, incorporation of copper acetate into the soil, together with macro-
fertilizers, allows for an increase in the content of biologically active substances
(tannins, vitamins C and A) in the medicinal raw materials of Echinacea purpurea
(L.) Moench. Our findings provide a significant increase (p <0.05) in tannins to



16.58 mg%, in vitamin C up to 5.84 mg%, and in carotene up to 51.21 mg/kg.
The Cu micro-fertilizer also contributes to the enrichment of raw materials with
microelements (copper and zinc). The concentration of copper in the raw ma-
terial increased by 2.19 mg/kg as compared to Ni25 applied separately (a back-
ground) and amounted to 4.27 mg/kg (p < 0.05). The highest observed zinc con-
centration was 17.06 mg/kg, which is 11.17 mg/kg higher than the value for Ni2s
as a background. The obtained linear regression equations and coefficients b of the
copper effect enable development of practical application of microelements on
meadow chernozem soils in the conditions of the southern forest-steppe of West-
ern Siberia. Our results also expand the databases on the biochemical composi-
tion of medicinal raw materials grown with the use of copper fertilizers.
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