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PROSPECTS FOR THE USE OF TREE CROPS
IN THE PHYTOREMEDIATION OF SOILS CONTAMINATED
WITH HEAVY METALS AND PESTICIDES (review)

Abstract. The article presents a review of the literature on the problem of soil contamination with heavy metals
and pesticides, natural and anthropogenic factors affecting their bioavailability, plant resistance mechanisms to these
pollutants, and prospects for using tree crops in soil phytoremediation technology.

Heavy metals (HM) and pesticides are the most highly toxic environmental pollutants. Currently, the volumes
of pollutants containing HM and pesticides are increasing annually. This situation undermines the existing ecological
balance and adversely affects people's health. However, some plant species have developed tolerance or resistance to
these metals naturally. Some species are able to accumulate high concentrations of HM, but tolerate them; others -
reduce their flow due to their barrier functions. The most effective and cost-effective technologies for disinfecting
soil and water resources are biological methods, in particular, phytoremediation. Phytoremediation is based on using
the ability of plants to accumulate pollutants in aboveground and underground organs and to cause the degradation
of xenobiotics in the rhizosphere zone. The primary task in the development of phytoremediation technology is to
search for plants capable of accumulating environmental pollutants in the root system, and then translocate them into
the aerial part. For this process, fast growing plants are ideal, creating a large biomass in a short period. The most
promising species for these studies are tree cultures of the genus Polus, Salix and Paulownia. The use of these plant
species in the technology of phytoremediation of HM and pesticides will reduce the level of pollution and increase
the productive value of contaminated soils. Phytoremediation with the use of tree species is a modern, promising
environmentally safe and cost-effective technology that can be implemented in large areas.

Key words: heavy metals, pesticides, phytoremediation, tree crops.

Introduction. Nowadays, the problem of contamination with heavy metals and pesticides has a
global importance, and recently has acquired particular relevance for Kazakhstan. A preliminary study of
the ecological status and rational use of the land funds of the republic showed that there is a strong
pollution of the soil with various pesticides, heavy metals and an intensive decrease in its fertility.
According to the land balance data, as of November 1, 2017, there are 245.4 thousand hectares of
disturbed land in the republic, about 100 thousand hectares of which are subject to radical revegetation.
The largest number of disturbed land is located in Karaganda, Kostanay, Mangystau, Akmola, East
Kazakhstan, Aktobe, Pavlodar regions.

In all industrial regions, there are environmentally hazardous exposure zones, the total area of which
is more than 60 thousand hectares [1]. In addition, in almost every region of our republic there are
numerous foci of pollution with obsolete unsuitable for use pesticides - the territory of the former
repositories of plant protection products and the surrounding land. More than 1.500 tons of such pesticides
and their mixtures are located in warehouses and repositories of the republic, some of which are stored in
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unsuitable, dilapidated premises. About 10% of them belong to pesticides with POPs properties. Inventory
of pesticides with POPs properties covers only 20% of the country [2].

One of the most serious aspects is that the HM, pesticides and their transformation products that have
entered into the soil, are absorbed by plants and accumulate in them in concentrations that are dangerous
to human and animal health. Discharges of industrial wastes that contain cadmium, lead, copper and
chromium pose a potential risk to the aquatic environment, animals and people due to pollution of air, soil
deposits, vegetation and water. Contamination with heavy metals causes a number of environmental
problems, including a reduction in microbial activity, soil fertility and crop yields. The pollution with
heavy metals usually coincides with the growth of industrialization of a given region and becomes more
serious when there is neither control nor adequate environmental standards [3]. More than 55.000
different chemical compounds have been found in the environment, many of which can pose a certain
hazard to various types of living organisms. Pesticides account for about 3% of this number, but they
occupy one of the first places due to their harmful effects on the environment. Excessive use of these
agrochemicals, as well as violation of sanitary and environmental requirements of their use, transportation
and storage, leads to their sustainable accumulation in environmental objects and creates serious
environmental problems [4].

Regarding to this, in order to reduce the environmental risk associated with the accumulation of
polluting substances resistant to degradation in the environment, it is necessary to search for new, safe and
often unconventional methods to control pollution and to develop a technology for the restoration of
polluted soils. For example, phytoremediation using tree species, which is the most economically and
environmentally promising, practical and successful technology. Woody species of phytoremediators with
high biomass production, deep root system, high growth rate, high ability to grow in poor soils and high
ability to accumulate pollutants in aboveground organs, can be an alternative for restoring soil conta-
minated with HM and pesticides.

The main objectives of this review are to describe the resistance of plants to HM and pesticides, the
main methods of bioremediation, to demonstrate the importance of searching tree species as hyperaccu-
mulators of these pollutants and the possibility of their potential use in the process of phytoremediation of
soils with high levels of pollution.

The natural and anthropogenic factors affecting bioavailability of heavy metals and pesticides.
In the structure of the chemical pollutants of the environment that able to render a significant impact on
the health of the population, heavy metals and pesticides occupy a special place. This is due to their
persistence in the environmental objects (soil, water, plants), pronounced by biological activity and the
ability to migrate and in some cases circulate in natural biocenoses. Heavy metals are a natural component
of the lithosphere whose geochemical cycles and biochemical processes have been radically altered by
anthropological activity [5].

More than 40 chemical elements of the Periodic system of Mendeleev D.I., whose mass of atoms is
higher than 50 atomic units, are heavy metals. The migration of the heavy metals in the agroecosystems is
determined by their chemical properties, soil conditions and the biological characteristics of plants. In
recent decades, the anthropogenic activity has been intensively involved in the processes of HM migration
in the environment. The number of the chemical elements entering the environment as result of techno-
genesis, in some cases, significantly exceeds the level of their natural intake. For instant, global release of
lead from the natural sources is 12 thousand tons per year, and anthropogenic emissions is 332 thousand
tons [6]. By engaging in natural migration cycles, anthropogenic flows lead to the rapid spread of
pollutants in the natural components of the urban landscape, where their interaction with humans is una-
voidable. Volumes of pollutants containing HM annually increase and damage the natural environment,
undermine the existing ecological balance and adversely reflects on the human health.

The size of the anthropogenic activity can be judged according to the data below: the contribution of
the technogenic lead is 94-97% (the rest is from natural sources), cadmium — 84-89%, copper - 56-87%,
nickel - 66-75 %, mercury - 58%, etc. At the same time, 26-44% of the global anthropogenic flow of these
elements falls on Europe, and the share of the European territory of the former USSR is 28-42% of all
emissions in Europe [7]. The level of technogenic fallout of HM from the atmosphere in different regions
of the world is not the same and depends on the availability of production fields, the degree of the mining
and concentrating and industrial fields, transport, urbanization of territories, etc.
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The application of huge amounts of chemical fertilizers, pesticides, industrial wastes into the soil
contributes to the formation of territories with altered soil composition and properties. Micronutrient
pollution of the environment poses the greatest danger to industrialized countries. About industrial
enterprises form technogenic regions with a high content of lead, arsenic, fluorine, mercury, cadmium,
manganese, nickel and other elements in the biosphere, which represent a real danger of direct and
indirect effects on the human body.

The processes and phenomena that reduce soil fertility, destroying the land resources of a country,
can be divided into 4 groups: natural processes whose adverse effects on the soil surface cannot be
prevented; natural processes that a person can to a certain extent prevent or reduce the negative impact on
the soil, the treatment of the fields of crop rotation; natural processes, the intensive manifestation of which
is due to unreasonable economic activities, such as desertification of territories, and deforestation;
phenomena fully associated with human economic activity [8].

Release of heavy metals into the environment has reached a large size. This problem is particularly
relevant for Kazakhstan. Metal-mining industrial complexes were built in regions with fertile soils and
open water sources for irrigation. As a result, high concentrations of solid metals are found in wastewater,
soil, abandoned mines, city dumps and septic tanks. A significant area of land suitable for use in agricul-
ture is also contaminated with metals to an extreme degree and their exploitation is unsafe.

The general source of the pesticide distribution is the processed agricultural lands. In the process of
pesticide application, their significant part (until 70%) gets into the soil surface that creates the prere-
quisites for their migration on soil-water-air and food chains, since soil is the surrounding of the basic
accumulation and initial step of the movement of pesticides [9].

Mechanisms of plant resistance to HMs and pesticides. Mechanisms of plant resistance to an
abundance of HM can manifest in different directions: some species able to accumulate high concentra-
tions of HMs, but be tolerant to them; others seeks to reduce intake by maximizing their barrier functions.

For most plants, the first barrier level is the roots, where the greatest amount of HMs is retained, the
next is the stems and leaves, and finally, the last is the organs and parts of plants responsible for repro-
ductive functions.

One of the reasons for plant resistance to technogenic factors is the transport of HMs and pesticides
from the root system to the aboveground part through the xylem [10]. Therefore, when developing the
technology of soil phytoremediation, the paramount task is to search for plants capable of accumulating
environmental pollutants in the root system, and then translocate them into the aboveground part, i.e.
plants with a high coefficient of translocation. Nurzhanova A.A. and co-authors showed in their resear-
ches that in species Artemisia annua and Xanthium strumarium the coefficient of biological absorption of
the underground part of plants is an order of magnitude higher than aboveground, and concluded that the
root system is an active accumulator of various kind of harmful substances. Reducing the amount of
pesticides in the soil also depends on the plant species. For example, some high-accumulating species
(Artemisia annua, Kochia scoparia n K. sieversiana, Rumex confertus, Erigeron canadensis) ability to
accumulate of pesticides in the rhizosphere zone after the experiment was higher than in the experiment
without plants, the species Xanthium strumarium, Solanum dulcamara and Aegilops cylindrical, on the
contrary, was much lower [11].

Despite substantial variability of different plants to the accumulation HMs, bioaccumulation of
elements has a definite tendency, allowing them to be ordered in several groups: 1) Cd, Cs, Rb — intensive
absorption elements; 2) Zn, Mo, Cu, Pb, As, Co — elements of moderate absorption; 3) Mn, Ni, Cr — weak
absorption elements and 4) Se, Fe, Ba, Te — elements hard-to-reach for plants.

Another way for HMs to enter plants is non-root (foliar) absorption from airflows. It occurs when
significant precipitation of metals from the atmosphere on the foliar apparatus, most often near the large
industrial enterprises. The entry of elements into plants through leaves (or foliar absorption) occurs
mainly by non-metabolic penetration through the cuticle. HMs absorbed by the leaves can be transferred
to other organs and tissues and be included in the metabolism. Metals that are deposited with dust
emissions on the leaves and stems do not pose a danger for human if the plants are thoroughly washed
before eating. However, animals eating such vegetation may receive a large amount of HMs.

Heavy metals entering the soil undergo various types of transformation depending on the soil pro-
perties and the biological characteristics of the plants. The main factors affecting on the mobility of HMs
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in the soil, their transformation and availability for plants are the solubility of heavy metal salts, the pH of
the soil environment, the content of organic matter in the soil, the particle size distribution and cation
exchange capacity, the type of HMs and level of soil pollution by them, species and biological features of
cultivated crops. For soils contaminated by HMs, methods that reduce their translocation into plants are
based on the translation of heavy metal cations into forms that are not easily available to plants or to
mobile compounds, followed by leaching. The most common methods are based on the conversion of
metal cations into sedentary forms using high doses of organic fertilizers, liming, phosphate rocking and
claying, as well as the use of zeolites [12, 13].

One of the most effective diagnostic indicators of soil pollution is its biological state, which can be
assessed by the viability of soil microorganisms inhabiting it. It should also be borne in mind that micro-
organisms play a large role in the migration of HMs in the soil. In the process of life, they act as produ-
cers, consumers and transporting agents in the soil ecosystem. Many soil fungi exhibit the ability to im-
mobilize HMs, fixing them in the mycelium and temporarily excluding from circulation. Studying the
peculiarities of Pb, Cd, As and P migration in the soil-plant system under the influence of biological
preparations of azotobacterin, phosphobacterin and silicon bacterin allowed to establish patterns of the
influence of rhizosphere bacteria on the mobilization and immobilization of HMs and arsenic in the soil-
plant system under technogenic conditions, and to identify the main factors affecting their migration,
determine their ability to biosorbtion of HMs and arsenic from polluted soils [14].

This has a great practical importance for new biotechnologies in crop production and for phytore-
mediation of soils.

The interactions that occur in the soil-plant system are complex. The uptake of trace elements by
plants varies greatly depending on the condition of the soil. At the same time, high concentrations of
metals in the soil do not always indicate a correspondingly high level of these metals in plants. Toxic
metal ions penetrate cells using the same processes of absorption of essential trace elements. The amount
absorbed by the plant depends on the concentration and speciation of the metal in the soil solution, as well
as on its successive movement from the soil to the root surface and from the root to the aboveground part
[15]. The movement of metal ions to the aerial part depends on the plant species, metal, and environ-
mental conditions [16]. Their genotoxic effects depend on the oxidation state of the metal, their con-
centration and the duration of exposure, and they are more pronounced at high concentrations and after a
long exposure time [17].

The problem of soil pollution by pesticides is also very relevant for our republic, since in Kazakhstan
almost every district has old storage facilities for chemical plant protection products. Tolerant plant
species have been identified that are capable to accumulate and degrade the pesticides in the territories of
former pesticide storage facilities located in the Talgar district of the Almaty region [18]. The degree of
pesticide accumulation by the studied species of annual and perennial plants was different and was their
specific feature. It was established that due to phytostabilization and phytoaccumulation, wild-growing
species reduced the content of chlorine-containing pesticides to 28%. According to their ability to reduce
or increase the concentration of pesticides in the pericheral zone, phytoaccumulators or herbal stabilizers
were identified. Common phytoaccumulator plants were the common cocklebur (Xanthium strumarium),
the sweet wormwood (Artemisia annua) and the common ragweed (Ambrosia artemisifolia). The root
system of these species is able to extract pesticides from contaminated soils and accumulate them in
aboveground organs. Such plants as the upland cress (Barbarea vulgaris), the ruderal hemp (Cannabis
ruderalis) and amaranth (Amaranthus retroflexus) kept the content of pollutants in the soil at a low level
and are phyto-stabilizers.

The main methods of bioremediation of pollutants. Physical, chemical and biological methods can
be used for revegetation of contaminated regions. There are technologies that can eliminate and / or
reduce the presence of HMs in industrial effluents, such as precipitation and coprecipitation, galvanization
and electrocoagulation, membrane separation, solvent extraction, ion exchange, adsorption and biosorp-
tion [19].

However, these methods are expensive and have a large negative impact on the environment. The
most effective and environmentally friendly are biological methods for cleaning contaminated areas, i.e.
bioremediation, which is characterized by low cost, does not include soil removal, and also does not
violate the biological and functional integrity of the soil [20].
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. The advantages of bioremediation technologies are related to the capabilities of living systems,
especially microorganisms, to metabolize a large number of various organic substances, to the softness of
impact on the environment being cleaned, which does not lead to significant changes in the basic soil
indicators. The disadvantages of soil bioremediation include the low rate of biodegradation of toxicants
and the need for a thorough preliminary survey of the contaminated area to clarify the modes of biotech-
nological work. Bioremediation technologies are divided into different types depending on:

— whether they are carried out directly at the site of pollution or beyond;

— whether or not microorganisms are introduced into the polluted environment.

There are three main approach to bioremediation: biostimulation, bioaugmentation and phytoreme-
diation.

Biostimulation allows the natural accumulation of microbial destructors in freshly polluted soil to be
accelerated by the addition of microorganisms. Inserted cells are better adapted to the conditions of a
particular habitat and the characteristics of a decomposable hydrocarbon substrate. In this case, samples of
natural microbiota are extracted from the soil, which are then cultivated in fermenters to increase their
remediation characteristics by adding the necessary growth factors and compounds that induce the
biodegradation of the target pollutant. Then such microbiota is brought to the place of pollution.

Bioaugmentation (or bio-enhancement) is a process in which specialized microorganisms hetero-
genous to a given habitat that have been previously isolated from natural sources or specially genetically
modified are introduced into contaminated soil. By such a method, biodegradation of hydrocarbons in the
natural environment can be accomplished by stimulating the natural oil-oxidizing microflora by creating
optimal conditions for its development (introduction of nitrogen-phosphorus fertilizers, aeration, etc.) or
introduction of hydrocarbon-oxidizing microorganisms (introduction of active strains) along with
additions of nitrogen, phosphorus, lime, etc.

Phytoremediation based on using the ability of plants to accumulate pollutants in aboveground and
underground organs and cause degradation of xenobiotics in the rhizosphere zone is one of the widely
used methods of bioremediation. Phytoremediation has long been recognized as a cost-effective method
of disinfecting soil and water resources. From an economic point of view, phytoremediation has advan-
tages over the "chemical" and "mechanical"” methods of soil remediation, since its implementation does
not involve large investments, and operating costs for the implementation of this technology are not large.
Most importantly, after phytoremediation, the soil does not lose its fertility. Therefore, this technology is
environmentally friendly and cost-effective. In the past few decades, studies of phytoremediation to
remove various pollutants from the soil show promising prospects [21, 22].

Phytoremediation can occur by phytoextraction, phytostabilization, phyto-volatilization, phytode-
gradation, risodegradation, or phyto-degradation [23, 24]. This leads to the absorption of pollutants from
the soil or water by the roots of plants, translocation and their accumulation in the aboveground organs.
These methods are complementary. Plants can also directly degrade organic pollutants with their enzymes
to inorganic compounds that accumulate in the plant. The technology of using plants for the degradation
of pollutants is called phytodegradation. It is effective against organic pollutants with good mobility in the
plant (herbicides, TNT, trichlorethylene).

Nowadays, about 400 plant species have been identified as accumulators of toxic metals. Some plant
species have evolutionarily developed resistant forms that can survive on soils with a high concentration
of HMs. Existing natural battery plants, which can accumulate large amounts of HMs, most often grow
slowly and have little biomass. For the development and application of technology phytoremediation of
great importance is the study of various plant species and the selection of the most promising to clean the
soil from pollution.

Currently, studies in this direction have been conducted on fodder, vegetable, leguminous, herba-
ceous plants. For example, the cultivation of such vegetable crops as summer squash, pumpkin and spi-
nach contributed to a decrease in the concentration of dichlorodiphenyltrichloethane (DDT) in the root
zone and the rhizosphere is 10 times compared to the soil contaminated by it [25]. DDT can accumulate in
large quantities in the leaves of plants and in small quantities in fruits, as well as in humus with pine
needles, where it dissolves in the wax substance of pine needles [26]. The effect of the pH of the root
medium on the absorption of the sulfanthrazone herbicide was studied on cotton plants. As a result of the
experiments, it was found that neutral pH values contributed to an increase in the absorption of herbicide
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by plant roots [27]. A comparative analysis of the accumulating ability of various pesticides to cereal and
herbaceous plants showed that sunflower and Indian mustard contributed to improving the degradation of
pyrene and 2,4DDT in soil along with accumulation of metals. This demonstrates the potential of sun-
flower and Indian mustard for the simultaneous recultivation of metals, PAHs and organochlorine
pesticides in mixed contaminated soils [28].

Chirakkara and Reddy [29] conducted a study on the choice of plants suitable for the simultaneous
absorption of phenanthrene, lead, copper and chromium by studying the phytoremediation effectiveness
of 9 species of plants. It was found that on soils where sunflower, oats, raigrass, fescue and mung were
grown, a significant decrease in phenanthrene was observed, although the plants were distinguished by
low survival and biomass. Huang et al. studied 23 Ricinus communis genotypes (palmchrist) to restore
contaminated soil with cadmium and DDT and found simultaneous accumulation of metal and pesticides
with some genotypes, even at higher concentrations than previously reported for other plants [30].

The use of tree crops in phytoremediation technology. The choice of plants for this technology is
determined by their ability to transport the groundwater to the surface, to break down polluting com-
pounds with the help of their enzymes and to accumulate these compounds in biomass. For plants that can
be used for phytoremediation, it is required to rapidly increase their biomass with simultaneous absorption
of large amounts of metals (at least 1-3% of their dry weight).

One of the main risks associated with phytoremediation is the ingress of recovered pollutants into the
food chain due to the consumption of plants used for phytoremediation. Therefore, one of the promising
areas in phytoremediation programs is the use of tree crops, which can be used in phytoremediation as a
barrier to water, preventing leakage of contamination into the depths, and the horizontal distribution of
polluted groundwater. As many researchers have noted, fast-growing plants are ideal for this process,
creating a large biomass in a short period [31].

Studies to determine the mechanisms of translocation and detoxification mechanisms of herbicides in
woody plants are insignificant, although many of them may be of great interest for phytoremediation.
Matt A. Limmer [32], in studying the effect of perchlorate on willow (Salix nigra Marsh), found that
perchlorate concentrations in tree sap were proportional to perchlorate concentrations in groundwater.
This will allow further use of this plant species for screening of groundwater contaminated with per-
chlorate. Chard B.K., et al. [33] conducted a research on the accumulation of trichlorethylene and its
transformation products in various organs of apple and peach trees. It was established that the greatest
accumulation of these substances was observed in the leaves, then in the branches and fruits. At the end of
the study, TCE was found only in the roots. Research has been conducted to better understand the poten-
tial transfer of organic compounds to edible fruits. Tyshchenko E.L. and Yakub Yu.F. [34] conducted a
research of the royal paulownia as a bioindicator of the degree of soil contamination in the growing areas.
It has been established that royal paulownia plants are capable to concentrate heavy and rare-earth metal
ions in large quantities in wood. The accumulation of these elements in the plant depends on their content
in the soil and the biological availability. The results of the research indicate that royal paulownia is a
promising tree crop for inclusion in phytoremediation programs on soils containing both inorganic (HMs)
and organic (for example, pesticides) pollutants.

Studies have been conducted on the use of eucalyptus trees for the accumulation of volatile organic
compounds [35], studied the mechanisms of absorption and loss of trichlorethylene in growing cypress
trees [36], investigated the toxicity of PAH on various types of willows [37].

It should be noted that most studies on the use of tree crops for phytoremediation are carried out on
poplars. Apparently, this is due to the fact that they have an extensive dense root system, a high level of
transpiration, and a high level of synthesis of degradation enzymes.

Extensive atrazine metabolism studies for phytoremediation, conducted by Burken J.G. and co-
authors on hybrid poplars (Populus deltoides x Populus nigra), showed that poplars are able to absorb,
hydrolyze, and dealkylate atrazine to less toxic metabolites. These studies prove the possibility of
vegetative detoxification of pollutants and suggests that hybrid poplars are a very promising type of plant
for the phytoremediation of atrazine-contaminated soils [38]. Laboratory studies have shown that fast-
growing and deep-rooted poplars also contribute to the successful restoration of groundwater [39].
Contaminated groundwater is absorbed by plants and the contaminants are then converted into organic
molecules used for plant growth. This method has already successfully proven itself to restore soil
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contaminated with atrazine and groundwater. In a number of studies, the potential of phytoremediation
using hybrid poplars of such pesticides as 1,4-dioxane, TCE, chloroacetanilide tetrachlorobiphenyl was
studied [40-42].

Currently, a significant amount of research is being conducted on the interaction of microorganisms
with plants in the rhizosphere and the possibility of using this to eliminate the environment polluted by
pesticides. According to preliminary studies, increased degradation of atrazine, metolachlor and trifluralin
was observed in polluted soils, where Kochia sp. species grew. Increased degradation occurred in the
rhizosphere of this herbicide-resistant plant, which indicates the interaction between plants and micro-
organisms contribute to increased degradation in the presence of pesticides [43]. Jordahl J.L., et al. proved
that poplar rhizosphere is capable of enhancing the growth of microbial populations that are involved in
natural bioremediation [44]. In the root zone of Pinus nigra and Salix caprea, there were detected a
polychlorinated biphenyl degrading bacteria which contribute to the decomposition of this organic
pollutant [45]. All of these studies suggest that biostimulation through rizoremediation is a promising
strategy to increase the degradation of various pollutants.

Plant species that are unintentionally exposed by pesticides are considered to be untargeted plants.
The separation of plants into target and non-target is very important for the development of effective
phytoremediation technologies, since the so-called “non-target” plants may not have a high pesticide
storage capacity. At the same time, carrying out the phytoremediation technology on non-target plants
will increase the efficiency of cleaning contaminated areas.

Non-target effects of plants are any direct or indirect effects that affect the survival, health or repro-
duction of non-target plant species. Non-targeted plants can have either one or a combination of reactions
to the detoxification of a pesticide. The development of a detoxification mechanism depends on such
factors as the concentration and type of pesticide present, environmental conditions and plant
characteristics. Comparison of metabolic pathways, detoxification mechanisms and tolerance of various
plants to pesticides will contribute to the development of a vegetative processing system for disinfecting
soil and water contaminated with pesticides.

The successful application of phytoremediation technology is based on the use of various models to
predict the absorption, translocation and elimination of organic contamination by plants [46]. Gopalak-
rishnan G. et al. [47] proposed a method for estimating the distribution of chlorinated solvents in soil and
groundwater using willow and poplar tree branches. Twigs are potentially more economical and easier
than mature trees. This approach is used as a quantitative means of monitoring soil and groundwater for
the presence of tetrachlorethylene, trichlorethylene and carbon tetrachloride. A study of the accumulation
of polychlorinated biphenyls by hybrid poplars under hydroponic conditions has shown that most PCBs
are sorbed by the root system [48]. In the article of Ma X.M. and Burken J.G., the sorption and desorption
separation of chlorinated solvents of trichlorethylene, 1,1,2,2-tetrachloroethane and carbon tetrachloride
between the air and wood biomass of hybrid poplars was investigated. It has established that the distri-
bution coefficients of compounds between air, water and biomass of wood cores and trunks were
associated with the physico-chemical characteristics of pollutants. Tissue analysis and determination of
separation factors can provide an effective way to assess the concentration of compounds in a trans-
piration flow in soil or groundwater in an extremely fast and cost-effective way [49].

Conclusion. Thus, the analysis of literature data showed that tree cultures are a very promising
object for carrying out phytoremediation of areas contaminated with HMs and pesticides. Firstly, this is
due to the fact that, unlike grass and vegetable crops, woody plants are less eaten by animals and thus
reduce the risk of ingress of pesticides into animal products. Secondly, tree crops can be widely used for
landscaping polluted areas. Thirdly, they are more useful in detoxifying the drains of various pesticides in
order to prevent their penetration into reservoirs. In the fourth, trees prevent soil erosion, improve the
appearance of contaminated sites, reduce noise and improve air quality. The most promising species for
these studies are tree cultures of the genus Polus, Salix and Paulownia, which have a high phytoreme-
diation potential of pesticides and HM. The use of these types of tree crops, on the one hand, will reduce
pollution and, on the other, increase the productive value of polluted soils.

Currently, in the framework of the program-targeted financing of the Ministry of Education and
Science of the Republic of Kazakhstan «Comprehensive assessment of unutilized and banned pesticides
impact on genetics status and health of population of Almaty region» (BR05236379), we conduct research
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on the microclonal reproduction of valuable genotypes of poplars and royal paulownia in vitro culture, the
study of their phytoaccumulative capacity and the possibility of using for cleaning the soils polluted by
HMs and pesticides of Talgar district of Almaty region.

3. 1. Ilmanra.nnnal’z, 9. A. l.l.laz[eHOBal, M. A. KaﬁrepMasonal,
A. A. Mamupoa'?, B. A. Kymabaesa’

!YKaJIre! reHeTHKa JKOHE [IUTOIOTHS nactuTyTel FK BFM KP, Anmatsl, Kazakcran,
2en—®apa614 ateraaarel Kazak ¥nrreik yausepcuteri BEM KP, Anmarsl, Kazakcran

AYBIP METAJIJAPMEH KOHE IECTULHUATEPMEH JIACTAHFAH
TONBIPAK ®PUTOPEMEJUAIIUSACBIHIA AFAII OCIMJAIKTEPIH
KOJIAAHY KETICTIKTEPI (1no.ay)

AHHOTanmsi. Makasasia TONBIPaKTHIH ayblp METaJIapMEH JKoHE NMECTUIMATEPMEH JlacTaHy IpoliemMaliapsl,
ONapIBIH OMOJIOTHSUIBIK KOJAMIBUIBIFEIHA OCep €TEeTiH TaOWFW KOHE aHTPOIOTEHIIK (pakTopiap, JacTaymisiapra
eciMIiKTepre TO3IMILTIK MEXaHM3MIEpi >KOHE TOMBIPAKTHIH (UTOpPEMEIHalis TEXHOJOTHSACHIHAAFBI aFaIiTap
JAKBUIAAPHIH MMaiiIaany JKeTICTIKTepi Typabl 9geOueTTep IOy JKacay KapacThIPBLUTFaH.

Aysip Metannap (AM) KoHE MEeCTHIUATEp KOpIIaFraH OPTAHBI aHAFYPIIBIM YIIBI JacTaylisuiap OoibIn TaObI-
nanel. Kazipri yakeitra, Kypambeiaga AM sxoHe mecTHIHATEP] Oap JacTayIubl 3aTTapAbIH KeJeMi )KbUT CaliblH apThIIl
keneni. by xarmadmap Kasipri Kes3meri 3KOJOTHSAJIBIK TEMe-TeHMIKTI Oy3aapl JKOHE XaNbIKTBHIH JCHCAYJIBIFbIHA
3USIHBIH THTI3€/I1.

JlerenmeH, keiOip e©CIMIIKTEpiH Typiepi TaOWFH OJIMEH OChl METajjapFa TOJICPAHTTHI HEMEcCe Te3iMIi
exeHJiri anpIKTanabl. Keibip Typiepi e3iHiH OolibiHa AM-/IbIH JKOFapbl KOHIEGHTPALMSCHIH KUHAMIBI, Oipak onapra
TOJIEpAHTTHI €KEHJIrHi, an 0acka TypJsiepi - e3/epiHiH Keaepri >kacall ajaThlH KbI3METi eceOiHAe a3asThIHABIFBIH
kepceteni. TombIpak ®oHE CY PecypCTapbliH 3aJIAICHI3TaHIBIPYABIH €H THIMII )KOHE YHEM/II TEXHOJIOTHSUIAPHI 0ipi o
OMOJIOTHSIIBIK 9JIicTep, aTal alTKaHaa, GUTOpeMEaNaIHs 9J1iCi OOJIBIN TaObUIa/IBL.

duropeMenuanus 6CIMIIKTEPAiH JKEP YCTi )KOHE Kep acThl OPraHAapbIHBIH JIACTAYBIIITAPBIH KUHAY IKOHE
pusochepanblk aitMakTa KCEHOOHMOTHKTEPHIH ©3TepicKe YINBIpayblH OOJIBIPATHIH MYMKIHIIKTEpIi MaiamaHyra
Herizaenred. GuropeMeananys TeXHOJIOTUSICHIHBIH JaMybIHIAFbl AJFBIIIKbI MIHIETTEP - TAMBIP XKYHeciHIe Koplia-
FaH OpTaHBIH JIACTAYBIIITAPHIH XKUHAKTAayFa KabiJeTTi oCIMIIKTEpAl 131eCTipy, COCBIH OJIapb )KEp YCTiHE aybICTHIPY
OO0JIBIN TaObIIAIbL.

Byn ynepic yuriH Kpicka Mep3iM ilIiHAe YJIKeH OMOMaccaHbl KYPaHThIH JKbIIJIaM ©CETIH OCIMAIKTED ajIbIHAJIbI.
Ocsr 3eprreynep yurid — Populus, Salix xone Paulownia opmaH makpuigapbl Oouibil TaObutagsl. OChl aTayFaH
ecimaiktepai TM »xoHe meCTUIUATEPIH (GUTOpeMeauanus TEXHOJIOTUAChIHIAA KOJIJAHBUTY JacTaHy JCHTCHIH Te-
MEHJIeTe/1l )KOHE JIACTaHFaH TOIBIPAKTHIH OHIMIUTIK KYHABUIBIFBIH apTTHIPAIbL.

Aran1 copTTapblH KOJJAHBII XYPri3uireH (puTopemMenuanys KenTereH aiiMakrapra eHTriziayl MYMKIH Kasipri
3aMaH¥bl, NEPCIIEKTHUBAJIBIK SKOJIOTHAJIBIK Kayilci3 )koHEe IKOHOMHKAJIBIK THIM/II TEXHOJIOTHs OOJIBI TaObLIa bl

Tyiiin ce3aep: ayplp MeTaUIAAP, IECTHOUATAD, (GUTOPEMEINAINs, aFall OCIMIIKTEPi.

3. 1. Ilmaﬂrannna"z, . A. [Haneﬂona', M. A. KaﬁrepMamBa',
A. A. Mamuposa'?, B. A. ’Kymabaesa’

1I/IHCTMTyT o6wei reneruxu U murTogoru KH MOH PK, Anmarel, Kazaxcran,
’Kazaxckuii HarmonanbHbiit yaupepcuter um. anp-Dapabu MOH PK, Anmarsr, Kasaxcrau

IEPCIIEKTHUBbBI NUCITIOJIB30BAHUSA JIPEBECHBIX KYJIBTYP
B ®PUTOPEME/IUALINHA ITIOYB,
SATPA3ZHEHHBIX TAXEJBIMA METAJIJIAMUA U IIECTULUJIAMM (00630p)

AnHoTanus. B crathe mpencTaBiieH 0030p JIHTEPATYpHI MO MPOOIIEMe 3arpsI3HCHUS [TOYB TSHKEIBIMU METal-
JAMH U TICCTUIMIAMH, PaCCMOTPEHBI €CTECTBEHHBIC M aHTPOIOTCHHBIC (haKTOPHI, BIUSIOIINE HAa WX OHOIOCTYII-
HOCTb, MEXaHU3MbI YCTOMYMBOCTH PACTEHHUM K JAHHBIM 3arpsS3HUTENSIM U MEPCIEKTUBBI UCIIOIb30BaHUS IPEBECHBIX
KYJBTYp B TEXHOJIOTHH (PUTOpEMETUAIINN TIOYB.

Tsoxensie Metamutel (TM) U eCTHIUABI SBISIOTCS HarmOoJee BEICOKOTOKCHYHBIME 3aTPsS3HUATEISIMU OKpPYKaro-
e cpensl. B HacTosmmee BpeMst 00BEMBI MOJLTFOTAHTOB, coAepykammx TM ¥ MeCTHIUABI, €XKETOTHO BO3PACTAOT.
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JlanHas cuTyars IOJphIBaeT CYIMIECTBYIOIIEE SKOJIOTHIECKOE pABHOBECHE U HETATHBHO CKa3hIBAIOTCSA HA 3I0POBHE
moned. TeM He MeHee, HEKOTOpbIE BUJIbI PACTEHUM pa3BUJIM TOJEPAHTHOCTb WM YCTOMYMBOCTb K 3TUM MeTajjlaM
€CTeCTBEHHBIM ITyTeM. OIHU BHUIBI CIIOCOOHBI HAKAIUIMBATh BBHICOKHE KOHIICHTpauu TM, HO MPOSBIATH K HUM TO-
JIEPAHTHOCTD; APYTHe — CHIDKAIOT WX MOCTYIUICHHE 3 CUeT CBOMX OaphepHbIX (yHkumit. Hanbonee addexTuBHBIMU
U SKOHOMHYECKH BBITOJHBIMH TEXHOJIOTHSIMH 00€33apaKMBAHMS ITOYBEHHBIX M BOJHBIX PECYPCOB SBISIOTCA OMO-
JIOTHUYECKUE METO/Ibl, B YaCTHOCTH, (putopemenuanus. PurtopeMenuaiusi OCHOBaHa Ha MCIOJIBb30BAHUHM CIIOCOOHOCTH
paCTeHl/Iﬁ HaKaIllJIMBAaTh 3arpsA3HAIOIINE BEIICCTBA B HAA3CMHBIX U MOA3EMHBIX OpraHax W BbI3bIBATH A€Trpaialivuio
KCEHOOMOTHKOB B pusocthepHoi 30He. [lepBocTeneHHol 3anaueil npu pa3pabdoOTKe TEXHOJOTHH (DUTOpEeMeqHaliu
SIBJISIETCSI TIOMCK PAcTeHUH CIIOCOOHBIX aKKyMYJIMPOBATh 3arpsi3HUTEH CPEbl B KOPHEBOI CHCTEME, a 3aTeM TpaHC-
JIOLIPOBATh UX B HAIA3EMHYIO 4acTb. J{ys 3TOro nporecca uieanbHbl OBICTPOpACcTYIINE PAacTeHHUS, CO3/IAI0IIUE OOJIb-
mryro Oromaccy 3a KopoTkuil nepuoz. Hanbosee nepcrieKTUBHBIMU BHIAMU JUIsl IAHHBIX MCCIICIOBAHUH SIBIISIOTCS
IpeBecHbIC KyIbTypbl pona Populus, Salix u Paulownia. [lpuMeHeHHE TaHHBIX BHUJIOB PACTCHUH, B TCXHOJOTHH
turopemenuanm TM © MECTUIHIOB ITO3BOJIUT CHHU3HUTH YPOBEHH 3arpsA3HEHHS W IOBBICUTH IPOTYKTHBHYIO ICH-
HOCTB 3arps3HEHHBIX T04YB. DUTOpEMeqranus ¢ UCIOIh30BAHUEM APEBECHBIX MTOPO/T SBISETCS COBPEMEHHOM, TIepc-
MEKTUBHOHN KOJIOTHYECKH Oe30MacHON M SKOHOMHYECKH BBITOJHON TEXHOJIOTHEH, KOTOpas MOKET OBITh BHEIpeHa
Ha OOJIBIINX TEPPUTOPHSIX.
KaroueBble ci10Ba: TshKeENble METAIUIBL, TIECTHIMIBI, puTOpEMeuanus, APEBECHbBIC KyIbTYPBI.
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