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ABSTRACT. Heavy metals are generally recognized as primary soil pollutants. The most active pollutants are their mobile forms, 
which can migrate from a solid state into soil solutions and become absorbed by plants. The aim of this work was to study the 
features of heavy metal accumulation in the aboveground and underground parts of the Paeonia L. genus representatives in 
the urbanized environment of Ufa. The research considered four species and three varieties of hybrid paeony. The elemental 
composition of the aboveground and underground parts was analyzed using the method «Determination of As, Pb, Cd, Sn, Cr, 
Cu, Fe, Mn and Ni in samples of food products and food raw materials by the atomic absorption method with electrothermal 
atomization». Eight elements were studied for each raw material group and their concentrations were determined in mmol/
kg of air-dry raw material. The minimum concentrations of arsenic, chromium, manganese, and iron were observed in the 
roots; lead, cadmium, and copper − in the leaves; nickel − in the flowers of the studied paeonies. The maximum content of 
arsenic and chromium was found in leaves; lead, nickel, manganese, and iron − in stems; cadmium and copper − in flowers. 
The results of the correlation analysis showed that there is a moderate or strong relationship between the concentrations of 
the studied elements in the considered taxa of paeonies. 
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INTRODUCTION

 Currently, a lot of attention all over the world is paid 
to the protection of the external and internal human 
environment from the increasing influence of chemicals 
(in particular, heavy metals and soluble forms of their 
toxic compounds) of anthropogenic and natural origin 
(Bashmakov and Lukatkin 2009; Kaloev and Kumsiev 2014).
Ufa is the capital of the Republic of Bashkortostan, a city 
of republican significance, and the administrative center of 
Ufa district. The environmental conditions in the city are 
determined not only by natural, but also by man-made 
factors, the role of which increases every year. Ufa ranks 8th 
in terms of pollution among major Russian cities and has 
more than 700 enterprises that operate in the city, polluting 
the natural environment in various ways. The leading 
industrial sectors of the city are oil refining, engineering, and 
chemical industries. The main contribution to emissions 
from stationary sources is made by the oil refining industry 
− 48% (Bashneftekhim) and the electric power industry 
− 21% (Ufa heating networks). Vehicle emissions into the 
atmosphere, such as sulfur dioxide, nitrogen oxide, and ash 

elements, also have a great influence on the environment, 
contributing around 53% to the total emissions in the city. 
On the other hand, it is known that plants have a positive 
effect not only on the ecological conditions due to the 
accumulation of toxic substances, but also serve as a health 
factor for residents of urbanized environments. Many of 
them play a phytomeliorative role in the landscaping of 
many cities in the Altai Territory, Bashkiria, Crimea, the 
Urals, and the European part of Russia (Sedelnikova and 
Tsandekova 2021).
 With the growth in urbanization, a significant 
transformation of the natural environment takes place. A 
common feature of urbanized areas is the contamination 
of soil with heavy metals, which also have a toxic and 
mutagenic effect on plants (Davydova and Tagasov 2002; 
Bityutsky 2005). Heavy metals are particularly important 
compared to other toxic technogenic elements because 
they do not undergo biogenic and physicochemical decay 
processes and thus can concentrate in the fertile soil layer, 
changing its properties (Titov et al. 2011). As a result, 
pollutants remain available for absorption by plant roots 
for a long time, and can subsequently move along the food 
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chain of a biogeocenosis (Sedelnikova and Chankina 2016; 
Mikhalchuk 2017). 
 With an increase in the content of metals in the 
soil, its general biological activity decreases. This has a 
considerable effect on the growth and development of 
plants, which can have a different reaction to the excess 
of metals (Chirkova 2002; Titov et al. 2014). Metals are 
distributed throughout the plant organs unevenly, as they 
are primarily accumulated in leaves (Uzakov 2018).
 Also, it was found that vegetable crops can accumulate 
significantly more heavy metals than tubers and root crops, 
which is particularly important for their cultivation (Ilyinsky 
2020; Dinu et al. 2020). Ornamental flower cultures, 
meanwhile, firmly occupy their ecological niche and are 
almost never considered from this point of view (Mazhaisky 
et al. 2016; Elagina et al. 2016). However, representatives of 
the Paeonia L. genus are widely used in the landscaping 
of cities and towns of the Republic of Bashkortostan and 
can potentially be used as indicators for assessing the 
ecological state of the environment.
 Therefore, the purpose of this research was to 
study the features of heavy metal accumulation in the 
aboveground and underground organs of Paeonia L. genus 
representatives in the urban environment of the city of Ufa.

MATERIALS AND METHODS

 The study was conducted at the South-Ural Botanical 

Garden Institute of Ufa Federal Research Center of the 
Russian Academy of Sciences (hereinafter referred to as 
SUBGI UFRC RAS) during the growing seasons of 2018-2021 
based on the collection of the laboratory of introduction 
and breeding of flowering plants (Abramova et al. 2019).
 A combined soil sample was taken from the 
experimental plot during the same period. It consisted of 
25 point samples, the sampling depth was 1–25 cm and the 
mass of the combined sample was 1 kg. These soil samples 
were later used to determine the content of mobile forms 
of heavy metals.
 The research focused on four species: Paeonia peregrina 
Mill., P. lactiflora Pall., P. lactiflora f. rosea Pall., and P. delavayi 
Franch. (Paeoniaceae family). From P. lactiflora Pall., three 
varieties of paeony, particularly ‘Appassionata’, ‘Mustai 
Karim’, and ‘Jeanne d’Arc’ (Fig. 1), were introduced and 
grown at the SUBGI UFRC RAS facilities (Mironova and Reut 
2017; Reut and Mironova 2018).
 The study of the microelement composition of raw 
plant material (flowers, stems, leaves, and roots) was carried 
out at the analytical laboratory of the Research Institute 
of Agriculture. The phases of the raw material collection 
are defined by pharmacopoeia based on the dynamics of 
the accumulation of biologically active compounds. For 
example, grass should be collected from the regrowth 
phase to fruiting, flowers − in the phase of mass flowering, 
and roots − in the phase of death of aboveground organs 
(Demidenko 2020). For analysis, 10 middle-aged cultivars of 
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Fig. 1. Studied Paeonia L. Species

Paeonia delavayi Franch.

P. lactiflora f. rosea Pall.

P. lactiflora ‘Appassionata’

Paeonia peregrina Mill.

P. lactiflora ‘Mustai Karim’

P. lactiflora ‘Jeanne d’Arc’

P. lactiflora Pall.
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each taxon of the generative stage of development in the 
flowering phase (May−June) were used. The collection of 
aboveground parts (flowers, leaves, stems) of the studied 
plants was carried out in the morning. The roots were dug 
in late September − early October (before the first frosts) 
and were washed first with regular water, and then with 
distilled water. For quantitative analysis, the raw material 
was dried to an air-dry state and then crushed to a particle 
size passing through a 1 mm sieve (Wang et al. 2016; Fotev 
et al. 2021).
 The elemental composition of the samples was 
analyzed using the method «Determination of As, Pb, Cd, 
Sn, Cr, Cu, Fe, Mn and Ni in samples of food products and 
raw food materials by the atomic absorption method with 
electrothermal atomization» (Simonova et al. 2020; Reut et 
al. 2021).
 Mathematical data processing was carried out using the 
general statistical methods implemented in the AgCStat 
Excel add-in and the AGROS 2.09 statistical and biometrical 
genetic analysis software package (Gonchar-Zaikin and 
Chertov 2012; Chekin and Nikiforov 2016; Nesterov et al. 
2016; Budko et al. 2018; Zakharov and Mishenkina 2020).

RESULTS

 The analysis showed that the content of heavy metals 
in the studied soil samples does not exceed the established 
maximum permissible concentrations.
 The study of the trace element content in flowers, 
leaves, stems, and roots was carried out for seven different 
taxa of paeonies (‘Appassionata’, ‘Mustai Karim’, ‘Jeanne d’Arc’, 
P. delavayi, P. lactiflora, P. lactiflora f. rosea, P. peregrina.) and 
eight elements. The obtained quantitative estimates of their 
concentration are given below in mmol/kg of air-dry raw 
material (Fig. 2−5).
 The analysis revealed a relatively high content of copper 
in all types of raw material and all studied plants with 
concentrations 4.15−2520.00 times higher compared to 
other elements. The maximum content of copper was noted 
in the roots, and the minimum − in the leaves of the plants.
 It was also found that the minimum concentrations of 
arsenic, chromium, manganese, and iron correspond to the 
roots; lead, cadmium, and copper − to the leaves; nickel − to 
the flowers of the studied paeonies. The maximum content 
of arsenic and chromium was found in leaves; lead, nickel, 

Fig. 2.  The content of heavy metals in flowers of the Paeonia genus representatives (mmol/kg)

Fig. 3.   The content of heavy metals in leaves of the Paeonia genus representatives (mmol/kg)
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manganese, and iron − in stems; cadmium and copper − in 
flowers. 
 For the convenience of the two-way analysis of variance, 
the concentration values were converted into logarithms. 
The results of this analysis showed significant differences 
in the content of heavy metals in different taxa and plant 
parts. It was revealed that the taxon has the most influence 
on the content of cadmium, chromium, and manganese, 
with an influence share of 56.45−70.83%; the second most 
important factor is the part of the plant, which accounts 
for 2.37−14.87%; the contribution of the taxon – plant part 
interaction is 17.11–29.23% (Table 1). The main contribution 
to the content of arsenic, lead, copper, nickel, and iron is made 

by the taxon − part of the plant interaction (41.16−68.87%); 
the share of the first factor accounts for 14.43−44.19%, while 
the share of the second one is 9.19−33.22% (Table 1).
 As a result of the correlation analysis, relationships 
between the content of the studied elements in different 
plant parts were revealed (Tables 2−5). It was found that 
the amount of lead and cadmium in stems, as well as 
cadmium in flowers is directly dependent on the content 
of arsenic with a correlation in the range of 0.62−0.74. An 
inverse relationship between the amount of arsenic and 
the content of chromium in leaves, lead and manganese in 
flowers, manganese in roots, and chromium in stems was 
also revealed with a correlation in the range of 0.49−0.83.
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Fig. 4.  The content of heavy metals in stems of the Paeonia genus representatives (mmol/kg)

Fig. 5.  The content of heavy metals in roots of the Paeonia genus representatives (mmol/kg)

Element Sources of variation SS Df ms Ffact Share, %

Arsenic (As)

General 34.57 83.00 - - -

Taxon (A) 7.74 6.00 1.29 1605.87 22.39

Part of the plant (B) 11.48 3.00 3.83 4764.83 33.22

Interaction (AB) 15.30 18.00 0.85 1057.89 44.26

Random 0.04 54.00 0.0008 - -

Table 1. Results of the two-way analysis of variance of the elemental composition of paeonies
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Lead (Pb)

General 30.67 83.00 - - -

Taxon (A) 9.21 6.00 1.53 5353.04 30.01

Part of the plant (B) 5.74 3.00 1.91 6678.85 18.72

Interaction (AB) 15.71 18.00 0.87 3044.60 51.21

Random 0.02 54.00 0.0003 - -

Cadmium (Cd)

General 36.95 83.00 - - -

Taxon (A) 21.32 6.00 3.55 51.83 57.71

Part of the plant (B) 5.49 3.00 1.83 26.71 14.87

Interaction (AB) 6.32 18.00 0.35 5.12 17.11

Random 3.70 54.00 0.0686 - -

Chromium (Cr)

General 10.06 83.00 - - -

Taxon (A) 5.68 6.00 0.95 709.62 56.45

Part of the plant (B) 1.36 3.00 0.45 339.60 13.51

Interaction (AB) 2.94 18.00 0.16 122.48 29.23

Random 0.072 54.00 0.00133 - -

Copper (Cu)

General 2.68 83.00 - - -

Taxon (A) 1.18 6.00 0.20 668.02 44.19

Part of the plant (B) 0.25 3.00 0.08 277.82 9.19

Interaction (AB) 1.23 18.00 0.07 231.78 46.00

Random 0.016 54.00 0.00030 - -

Nickel (Ni)

General 5.48 83.00 - - -

Taxon (A) 1.66 6.00 0.28 421.16 30.25

Part of the plant (B) 1.53 3.00 0.51 777.33 27.92

Interaction (AB) 2.25 18.00 0.13 191.00 41.16

Random 0.035 54.00 0.00066 - -

Manganese (Mn)

General 0.50 83.00 - - -

Taxon (A) 0.35 6.00 0.06 836.37 70.83

Part of the plant (B) 0.01 3.00 0.00 55.97 2.37

Interaction (AB) 0.13 18.00 0.01 102.48 26.04

Random 0.004 54.00 0.00007 - -

Iron (Fe)

General 2.95 83.00 - - -

Taxon (A) 0.43 6.00 0.07 21.20 14.43

Part of the plant (B) 0.30 3.00 0.10 30.25 10.30

Interaction (AB) 2.03 18.00 0.11 33.73 68.87

Random 0.181 54.00 0.00335 - -
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Indicators As Pb Cd Cr Cu Ni Mn Fe

As 1.00

Pb -0.49* 1.00

Cd 0.63** -0.03 1.00

Cr -0.05 -0.26 -0.61** 1.00

Cu 0.09 -0.48* -0.41 0.78** 1.00

Ni 0.32 -0.32 0.50* -0.63** -0.66** 1.00

Mn -0.65** 0.15 -0.36 0.33 0.16 -0.29 1.00

Fe 0.21 -0.60** 0.25 -0.34 -0.31 0.84** 0.04 1.00

Indicators As Pb Cd Cr Cu Ni Mn Fe

As 1.00

Pb -0.34 1.00

Cd 0.38 -0.18 1.00

Cr -0.66** 0.65** -0.02 1.00

Cu -0.14 -0.09 -0.14 -0.27 1.00

Ni -0.02 -0.03 -0.10 -0.27 0.17 1.00

Mn -0.39 0.29 0.08 0.40 0.53* -0.01 1.00

Fe 0.30 -0.13 -0.20 0.02 -0.78** -0.14 -0.47* 1.00

Indicators As Pb Cd Cr Cu Ni Mn Fe

As 1.00

Pb 0.74** 1.00

Cd 0.62** 0.77** 1.00

Cr -0.83** -0.60** -0.32 1.00

Cu -0.03 0.27 0.64** 0.12 1.00

Ni -0.13 -0.05 -0.04 -0.00 0.26 1.00

Mn -0.38 -0.22 0.01 0.23 0.66** 0.13 1.00

Fe -0.20 -0.08 -0.20 0.38 -0.08 -0.06 0.10 1.00

Note: * − significant at the 5% level; ** − significant at the 1% level; the absence of * indicates that the correlation is not significant

Note: * − significant at the 5% level; ** − significant at the 1% level; the absence of * indicates that the correlation is not significant 

Note: * − significant at the 5% level; ** − significant at the 1% level; the absence of * indicates that the correlation is not significant 

Table 2. Correlation matrix of the content of elements in flowers of paeony

Table 3. Correlation matrix of the content of elements in leaves of paeony

Table 4. Correlation matrix of the content of elements in stems of paeony
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DISCUSSION

 It is known that heavy metals can migrate between 
different tissues and that their content can also change 
during the growing period of plants (Nan et al. 2019). 
 In previous studies, it was found that the highest 
amounts of arsenic are recorded in the leaves and roots of 
plants (Meshkinova et al. 2006). In this study, however, the 
highest concentration of this element was observed in the 
flowers and stems of P. lactiflora f. rosea.
 Lead in natural populations is present in all plants, while 
its role in metabolism has not been established (Kabata-
Pendias and Pendias 1989). The present research showed 
that the maximum content of lead in most samples 
corresponds to the leaves, while minimum concentrations 
are found in different types of raw materials.
 According to literature data, the highest concentrations 
of cadmium in contaminated plants are always found in 
roots and leaves (Seregin and Ivanov 2001). In this study, 
the stems, leaves, flowers, and roots of P. lactiflora f. rosea 
were characterized by the high content of this element.
 Some plants, mainly from areas near serpentinite or 
chromite deposits, can accumulate chromium up to 0.3% 
of their dry weight (Seregin and Kozhevnikova 2006). The 
highest levels of chromium in this study were found in 
different parts of plants − flowers, leaves, and stems. The 
lowest values were observed in the roots of most of the 
samples.
 As a result of this study, a hypothesis can be made that 
cutting peonies in the autumn before retiring can help 
to avoid the accumulation of heavy metals in the soil. In 
addition, according to other researchers, harvesting plants 
that accumulate heavy metals is a potential method to 
prevent toxic pollutants from entering the food chain and 
conserve biodiversity (Parveen et al. 2022). 

CONCLUSIONS 

 During this study, it was found that the content of mobile 
forms of heavy metals in the soil of the experimental site 
does not exceed the maximum permissible concentrations.
Analysis of the content of eight elements in different 
samples of the Paeonia genus representatives revealed 
that the minimum concentrations of arsenic, cadmium, 

chromium, manganese, and iron are observed in the roots; 
lead and nickel − in flowers; copper − in the leaves of the 
studied paeonies. The maximum content of arsenic, lead, 
and chromium was found in the leaves; cadmium, nickel, 
and manganese − in stems; iron − in flowers. It was shown 
that all studied plants are characterized by relatively high 
concentrations of copper (4.15−2520.00 times higher 
compared to other elements) in all types of raw materials. 
The maximum content of copper was observed in the roots, 
while the minimum values corresponded to the leaves 
of plants. Certain patterns in the content of elements in 
the aboveground and underground plant parts were also 
identified.
 Based on the accumulation in the phytomass of the 
studied cultivars, the metals were ranked in an ascending 
series as follows: Cd < Cr < Pb < As < Fe < Ni < Mn < Cu. 
The highest accumulation of heavy metals among the 
studied cultivars was observed in the species of P. lactiflora 
f. rosea, while the lowest was found in P. lactiflora.
 The obtained data can be used as an indicator 
for monitoring and assessing the state of plants in an 
urbanized environment.
 The results of the correlation analysis showed that 
there is a moderate to strong correlation between the 
concentrations of the studied elements in the considered 
taxa of Paeonia. A strong positive relationship was found 
for the following combinations: chromium and copper 
(0.78), and nickel and iron (0.84) in flowers; arsenic and lead 
(0,74), and lead and cadmium (0.77) in stems; chromium 
and iron in roots (0.80). A strong negative relationship was 
identified between iron and copper (−0.78) in leaves, and 
arsenic and chromium (−0.83) in stems.
 Correlation study makes it possible to reveal the 
presence or absence of synergy in the accumulation of 
elements, which corresponds to the results of other studies.
 In most of the studied samples, the highest 
concentration of heavy metals was found in the 
aboveground phytomass rather than in the roots. This is 
especially pronounced in P. lactiflora f. rosea, P. delavayi, and 
P. peregrina, which makes it possible not only to consider 
them as bioindicators of the pollution of aboveground 
ecosystems but also to use them in the phytoremediation 
method of removing heavy metals from soils.

Indicators As Pb Cd Cr Cu Ni Mn Fe

As 1.00

Pb 0.39 1.00

Cd 0.02 0.48* 1.00

Cr -0.26 -0.64** -0.33 1.00

Cu -0.25 -0.17 -0.28 0.61** 1.00

Ni 0.08 -0.08 -0.13 -0.43* -0.04 1.00

Mn -0.64** -0.19 -0.07 0.35 0.62** -0.04 1.00

Fe -0.19 -0.27 -0.06 0.80** 0.52* -0.35 0.26 1.00

Note: * − significant at the 5% level; ** − significant at the 1% level; the absence of * indicates that the correlation is not significant 

Table 5. Correlation matrix of the content of elements in roots of paeony
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