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Steady trend of the last salt is an increase in the total concentration of dangerous elements and their compounds in
agricultural soils. The consequence of this process is the growth of requirements for crop quality and the intensification
of research aimed at forming a theoretical basis and finding practical ways to solve this problem.

With the development of industry, Cd pollution becomes more and more serious, which poses a serious threat to agricul-
tural production and human health. Cadmium (Cd) is an important pollutant in farmland soil. Breeding of low Cd accumula-
tion crops can reduce the risk of heavy metal removing into the human food chains and can solve the problem of food safety
production in contaminated soil. Therefore, studies on Cd absorption and accumulation in crops have attracted the attention
of researchers all over the world. The possibility of solving this problem (to create vatieties with low Cd accumulation) by
selection methods in particular, sunflower, rice, wheat, soybean and maize, is considered in the article. From the other hand,
the ability of individual crops and varieties to accumulate of high concentrations of harmful elements in the future can be
realized as a separate selection and technological direction for the remediation of agricultural land.

This paper reviews and summarizes the physiological characteristics of uptake, transport and antioxidant response
of crops to Cd stress. The differences between them indicate that different crop varieties adopt different adaptation strate-
gies to Cd stress. The characteristics of Cd accumulation in several crops such as sunflower are expounded. Methods to
reduce Cd uptake in crops and breeding strategies for low Cd are put forward. Finally, the problems and prospects of low
Cd breeding are put forward. In order to further promote the breeding of Cd low accumulation crops, the breeding utilization
should be strengthened in the future, too. It will provide important theoretical guidance and ideas for reducing Cd uptake in

crops and low Cd breeding in the future.

The relevance of the problem of the cadmium controlling migration along the food chain determines the need
of experimental studies, primarily in countries with the dominance of sunflower in the crops area structure.
Key words: sunflower, breeding, Cd absorption, Cd transport, Cd distribution, Cd stress.
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Introduction. Cadmium (Cd) is a ductile gray heavy
metal, located in 12-th group of the fifth period of the periodic
table, with atomic number 48 and molecular weight
of 112,41 (Morrow, 2010). F. Stromeyer and K.S. Hermann
discovered Cd in 1817 while purifying zinc oxide compounds.
In the natural environment, Cd rarely exists in the form
of elemental. It exits in the soil solution primarily as Cd?* but
also as Cd-chelates. The content of Cd in the earth’s crust
is very low. Throughout the world, the content of Cd in soil
ranges from 0,01 to 2 mg kg™, with an average of 0,35 mg
kg (Yang et al., 2010). Due to its strong mobility and high
phytoavailability in soil, Cd is readily taken up by plant roots
(Chen et al., 2018; Huang et al., 2021; Sahito et al., 2022;
Shahid et al., 2017; Yu et al., 2020).

Sunflower (Helianthus annuus L.) belongs to the family
Asteraceae (Frey et al., 2020). The Helianthus genus
contains 65 different species of which 14 are annual plants.
The sunflower that the most people refer to is H. annuus,
an annual sunflower. The plant has a rough, hairy stem,
broad, coarsely toothed, rough leaves a circular heads
of flowers. The heads consist of many individual flowers
which mature into seeds on a receptacle base. Sunflower
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is the world’s fourth largest oil-seed crop and its seed are
used as food and its dried stalk as fuel. It is already been
used as ornamental plant, too (Benavides et al., 2021; Zhao
et al., 2011). Sunflower has a large biomass and shows
high tolerance to heavy metals and therefore, are used in
phytoremediation studies (Bayat et al., 2021; Benavides et
al., 2021; Chae et al., 2014; De Andrade et al., 2018; Tang
et al., 2003; Watai et al., 2004).

It is helpful for low Cd crop breeding to study the growth,
physiological characteristics of Cd accumulation in plants.
In the paper, referring to a large number of domestic
and foreign literature the research results on the growth
and physiological Cd accumulation in sunflower and other
crops were summarized and analyzed, and two aspects
of external environmental regulation and internal genetic
improvement were proposed to reduce Cd accumulation. It
is expected to provide reference for the prevention of soil
Cd pollution and the breeding of low Cd grains to ensure
the safety of food production and human health.

Cadmium pollution and toxicity. Cd content of 280 mg kg™
was found in contaminated paddy soils in Thailand (Simmons
et al.,, 2005). Cd levels in topsoil in some areas of northern
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France are as high as 300 mg kg™ (Sterckeman et al., 2000).
The total land acreage where soil is above the safety threshold
level was 16,1% in China, with Cd, nickel and arsenic being
the top three inorganic pollutants, with frequencies of soils
above the threshold concentrations being 7,0, 4,8 and 2,7 %,
respectively. Cd pollution is the most serious. Furthermore,
Cd pollution in the soil plough layer in China is increasing
at an average rate of 0,004 mg kg™ per year, which is much
higher than the rate in Europe (Luo et al., 2009).

Cd is a toxic heavy metal, excessive Cd in plants will
affect the normal physiological functions of plants (Cornu et
al., 2020; Dias et al., 2013; He et al., 2017; Jaouani et al.,
2018; Lvetal., 2019; Rabélo et al., 2021). Cd poisons plants
in two ways:

1) large amount of free Cd?* accumulates in plant cells,
which interferes with the original ion balance and redox
potential of the cells, resulting in the obstruction of ion
absorption and transport in plant cells, the imbalance of cell
osmotic pressure, and damaging normal metabolic process;

2) Cd combines with macromolecular substances such
as nucleic acids, proteins, enzymes, etc., or replaces
the central ions of these macromolecules, denaturates
and inactivates them.

Its incorporation in plants has been reported to induce
severe phyto-toxic effects such as it restricts the bio-
synthesis of chlorophyll (Shahabivand et al., 2017), alters
water status (Barcelo & Poschenrieder, 1990), reduces
growth, particularly roots, interrupts mineral uptake
and carbohydrate metabolism (Wang et al, 2008),
encourages stomata closure (Zhu et al., 2020), retards
the photosynthetic mechanism (Rabélo et al., 2021),
impairs the process of transpiration (Lifiero et al., 2016),
respiration and nitrogen assimilation (Wang et al., 2008)
and consequently lowers biomass production (Ahmad et
al., 2015; Fan et al., 2011; Jaouani et al., 2018; Qian et al.,
2009; Wang et al., 2008; Zhou & Qiu, 2005).

Most of the Cd absorbed by the human body comes
from the enrichment of the food chains, and selectively
accumulates in the kidney (Yang et al., 2010) and liver
(Qi et al., 2020). Kidney accumulates up to 1/3 of the total
amount and is the target organ of Cd poisoning. Excessive
Cd enrichment can cause renal function decline (such as
renal tubular cell proliferation, necrosis or atrophy, etc.)
and metabolism obstruction (such as glycosuria, proteinuria,
amino acid urine) (Reyes-Hinojosa et al., 2019; Templeton
& Liu, 2010). Among the Cd poisoning incidents, the most
influential one was the “Itai-Itai disease” in the 1960’s. Local
residents had been eating water and rice polluted by Cd,
Cd entered the human body and not be decomposable
and accumulate for a long time, which leaded to joint pain,
bone deformity and easily broken bones, and finally death
(Aoshima, 2012). Since the toitaka disease incident in
Fukuyama prefecture of Japan was identified as the result
of soil Cd pollution in the 1960s (Qi et al., 2020), cases
of human Cd poisoning caused by Cd pollution have been
reported in other parts of the world (Bakulski et al., 2020;
Genchi et al., 2020; Reyes-Hinojosa et al., 2019). Therefore,
many countries in the world have formulated limit standards
of heavy metals in some fertilizers. How to prevent or mitigate

heavy metal soil pollution of cropland and ensure safe food
production has become an important issue in modern world.

Physiological characteristics of Cd accumulation in crops.
After Cd enters the root cells, part of the Cd is sequestered
in vacuoles in the form of a Cd-plant chelate protein complex
(Miyadate et al., 2011; Ueno et al., 2010), while the rest is
transported to the xylem; separating Cd into vacuoles is
considered to be an effective tolerance mechanism, which
reduces Cd transport to the grains (Gao et al., 2016; Xin et
al., 2018). Plants can also minimize the concentration of free
Cd in the cytosol by forming metal chelates or complexes with
phytochelatins or metallothioneins (Saraswat & Rai, 2011).
J.J. Hart studied the biological processes in durum wheat
of root Cd uptake, xylem Cd translocation to shoots and Cd
accumulation in wheat grains; excessive Cd accumulation in
durum wheat grains was not correlated with either seedling
root influx rates or root-to-shoot translocation, but might be
related to phloem-mediated transport of Cd to the grains (Hart
etal., 1998)

Cadmium accumulation in rice grains was independent
of root uptake time and Cd concentration in soil, but was
strongly positively correlated with the Cd concentration in
the xylem, with the Cd translocation via xylem from root to
shoot being the major physiological process to determine
the Cd concentration accumulated in rice grains (Shimpei
etal., 2009).

T. Kensuke studied the contribution of rice phloem to
the transfer of Cd to grains, and showed that 91-100 %
of Cd in grains was deposited in the phloem (Kensuke et
al., 2007).

During reproductive growth, Cd is absorbed from
the roots and transported to the grains via stems and leaves.
It is deposited in the developing grains (Harris & Taylor,
2013), with the nodes being the central organ where xylem-
to-phloem transfer takes place and which play a key role
in the process by which Cd is transferred from the soil to
the grains at the grain-filling stage.

Plants respond to Cd stress though adjusting their
own physiological and biochemical processes, of which
the accumulation and subsequent detoxification of reactive
oxygen species (ROS) caused by heavy metals is one
of the important aspects (Abbas et al., 2020; Chen et al.,
2010a; Jan et al., 2021; Saidi et al., 2021; Wu et al., 2015a;
Zhang et al., 2020). Cd stress disrupts the dynamic balance
between production and quenching of ROS in plants (Lv et
al., 2017). Excessive ROS accumulation changes enzyme
activity (Hu et al., 2019), disrupts the metabolism of proteins,
lipids and nucleic acids (Christophe et al., 2017), results in
damage to membrane lipids by peroxidation (Dixit et al.,
2001), and inhibits plant growth and development. In order
to reduce the oxidative damage caused by the excessive
ROS induced by Cd stress, plants have evolved antioxidant
enzyme and non-enzyme systems during the long-
term phylogenetic process (Liu et al., 2022). Antioxidant
responses to Cd stress have been studied in many plant
species, such as soybean (Li et al., 2012), wheat (Chen
et al., 2017), barley (Chen et al., 2010b), rice (Singh et al.,
2020), maize (Rehab & Ibrahim, 2020), rapeseed (Wu et al.,
2015b) and millet (Han et al., 2018b).
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Cadmium accumulation in crops. Sunflowers were
subject to six levels of soil contamination (from 2,5 to
15 mg kg Cd in soil) with no Cd control, from the emergence
of the cotyledon leaves until the harvest, when sunflowers
were at the flower bud stage. An overall increase of Cd
concentration was found in all tissues of the plants (roots,
stem, young, mature and old leaves) by increasing
the Cd contamination in the soil. Regardless of treatments,
Cd concentration in roots always exceeded those in
the aboveground dry matter with a low translocation from
roots to shoots (Alaboudi et al., 2018; Hawrylak-Nowak et
al., 2015; Maria et al., 2013; Sadiq et al., 2019). Regarding
Cd accumulation in sunflower seeds, the results indicated
that Cd is translocated to seeds, and the cotyledons
showed the highest concentration (Cd-high group), ranging
from 10 to 20 pg g™'. Considering both total concentration
and the distribution in the seeds, Cd uptake is responsible
to the homeostasis misbalance of micronutrients (Pesséa
et al., 2017). When sunflower was grown hydroponically in
greenhouse, being exposed to low concentrations of Cd,
there were no significant effects on the partitioning of recent
Cd, most of the recent Cd was recovered in roots (60 %)
and only 2,8% were found in seeds (0,8% for the husk
and 2,0 % for the almonds) (Lifiero et al., 2016).

At present, various crops such as rice (Huang et al., 2021;
Pan et al., 2020; Yan et al., 2021), maize (Dakak & Hassan,
2020; El-Hassanin et al., 2020; He et al., 2017), wheat (Ali
et al., 2021; Khanboluki et al., 2018; Wang et al., 2020)
and cotton (Zhu et al., 2020) have been studied for their Cd
tolerance mechanism and low-Cd material screening.

Different crops or cultivars have different Cd accumulation
ability in grains. A study showed that indica was easier to
accumulate Cd than japonica, and the Cd content in grains
of indica rice was 1,84-4,14 times higher than japonica
(Kun et al., 2019). The Cd content of indica varieties may be
higher than the national Cd limit under medium and low Cd
contaminated soil conditions (Huiru et al., 2019).

Cd accumulation capacity is different in different organs
of the same plant. According to the absorption and transport
characteristics of Cd, most of the research results revealed
that the order of Cd distribution in organs was basically root
>stem > leaf > grain (He et al., 2017; Jun et al., 2020; Zhou &
Qiu, 2005). Wen Zhiqi et al. (Wen Zhiqi et al., 2015) studied
the characteristics of Cd accumulation in vegetative organs
of 10 indica varieties, the results showed that the content
of Cd in roots was the highest, was 4-13 times that of leaves,
8-10 times that of cob, and 20-40 times that of grains;
During grain-filling, a large amount of Cd in leaves was
exported to grains, so there was a high correlation between
leaves and grains with a correlation coefficient of 0,769. For
different rice varieties, the difference of Cd accumulation
in grains mainly occurs in the reproductive stage (Kun
et al., 2019), combining with the measures reducing Cd
at the early stage of crop growth, carrying out appropriate
agronomic measures which reduce the Cd availability in
the soil and control the Cd uptake and transport to the grains
can effectively reduce the Cd content in grains at the grain-
filling stage. Yan et al. (2019) studied the allocation of Cd in
wheat organs by isotopic tracer during flowering and grain
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maturation stage, and found that when the Cd concentration
was high, the proportion of Cd transferred from root to stem
and aboveground Cd distributed to grains was also high,
and the Cd migrating at the flowering stage accounted for
40-45 % of Cd accumulation in grains on average.

Measures of reducing crop Cd accumulation.
Appropriate use of traditional agricultural planting methods
in Cd-contaminated farmland can not only make use
of Cd-overaccumulated plants to remediate the soil, but also
produce crops, which meet the national Cd limit standard
(El-Hassanin etal., 2020; Kang et al., 2020; Lietal., 2017; Liu
etal.,, 2016; Song et al., 2013; Yan et al., 2021). By properly
managing soil moisture and nutrients, and by controlling soil
pH and redox potential, farmers can reduce Cd migration
from soil to root, helping to decrease Cd accumulation
in grains (Hussain et al., 2021; Yuan et al., 2020). Water
and fertilizer management has shown some positive effects
in reducing the availability of heavy metals in soils (Belhaj et
al., 2016; Grant et al., 2013; Murtaza et al., 2015; Zhu et al.,
2020); flooding can reduce Cd accumulation in rice, while
adding lime can have a similar effect (Han et al., 2018a),
although it has been reported that flooding may increase
the accumulation of as in crops (Hu et al., 2013; Wang et
al., 2015). Showed that film mulch technology could reduce
Cd content in rice by 50% compared with the control;
when combined with other measures (biochar + silica foliar
fertilizer), Cd content in grains could be reduced even
further. At present, the effects of factors, applied singly or in
combination, on the control of Cd pollution are being studied
(Monu et al., 2008; Tang et al., 2020; Zhou et al., 2020), but
such studies have not been sufficiently systematic. Due to
the complexity and diversity of crop Cd pollution sources,
further research still needs to be carried out.

Low Cd breeding. Sunflower is an important cash crop
in Ukraine, however, for conditions of Ukraine with average
dose of phosphorus fertilizers 60 kg in the soil is introduced
annually 30-35 g hectare of Cd. This is the factor that
determines a rather high average concentration of Cd in
the arable lands of Ukraine, about 0,15 mg kg™ of soil. But
according to EU standards, sunflower Cd accumulation
should not be more than 0,05 mg kg™, therefore, the study
on resistance to Cd and low Cd materials selection for
sunflower is very important.

Cd accumulation in cereal grains is a serious threat
to food safety and human health. Cultivating low-Cd crop
varieties is one of the most effective ways to reduce Cd
toxicity (Grant et al., 2008a, 2008b; Ishikawa, 2020; Liu et
al., 2020; Sun et al., 2015; Zaidlmdad et al., 2018). But there
are few reports on the breeding of varieties with low Cd in
sunflower. Li Yinming et al. (Li et al., 1995) screened 200
germplasm sunflower resources, and selected two varieties
with low Cd accumulation, Primrose and HA290, and two
maintain lines, HA323 and RHA324 with medium content
of Cd. Two new low Cd varieties HA448 and HA449 were
selected by screening the later generation of HA323/HA290.
RHA324/Primrose was selected as RHA450 recovery line.
The average Cd content of HA448/RHA450 and HA449/
RHA450 hybrids was reduced by more than 50% in
the three-year experiment from 2000 to 2002 (Miller JF et
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al., 2005). Then, he investigated variability of grain Cd levels
on sunflower by field experiment, and to seek an efficient
screening method for future breeding. The result showed
the kite there were large variations in leaf Cd concentration
among 200 sunflower lines. The positive correlation
between RS leaf Cd and kernel Cd level was obtained from
nonoil-seed hybrid. Indicates that an efficient and low-cost
screening method can be developed for genotype selection,
but plants must be grown to the R5 stage.

Breeding low Cd accumulation sunflower cultivars is
the fundamental method to solve the problem of low Cd
intakeTthe breeding process is long and complicated. The
breeding process probably includes:

— Finding materials with low Cd genes;

—Finding materials with high yield, stable yield, resistance
to disease and insect pests, wide adaptability and other
high quality materials except low Cd characteristics, this
materials should be the main cultivars, taking into account
other excellent characteristics such as herbicide tolerance,
drought and flood resistance, maturity period and so on;

— to understand the genetic characteristics of Cd gene,
and to formulate the low Cd hybridization breeding strategy
assisted by modern biotechnology;

— evaluate and select hybrid offspring materials,
and select new cultivars (lines) with low Cd, high quality
and good comprehensive characteristics;

— experimental adaptive planting of new cultivars (lines),
observation and evaluation of traits stability.

Except the above problems, there are the following
situations. Are the excellent characteristics of the new
breeding materials, such as low grain Cd concentration,

stable and acceptable in the move from the laboratory
to the test plot and then to the field? Is there an optimal
planting region for the low Cd cultivars identified by trialing
throughout the growing regions? As a consequence, gene
manipulationtechniques (e.g., transformation orgene editing)
and their application to new cultivar development should
be treated with caution and evaluated comprehensively
and systematically. Whether such new low Cd cultivars can
be successfully developed by breeders, and would have
the characteristics allowing them to be widely adopted by
farmers, has yet to be confirmed.

Conclusions. Cd pollution affects the growth
and reduces the yield and quality of crops, and poses a threat
to human health, which have aroused widespread concerns
all over the world. In order to reduce the Cd concentration in
cereal grains and to ensure safe food production and avoid
human health risks, scientists have carried out extensive
and in-depth research into the problem of Cd contamination
of food crops. Researchers have studied the uptake,
transport and accumulation of Cd in crops, analyzed
the physiological and metabolic mechanisms operating
under Cd stress, and proposed a number of measures to
control and prevent Cd accumulation in crops. At present,
although the Cd concentrations in the grains of most crops
produced in most parts of the world are within the safe
tolerable range for human consumption, Cd pollution will
become increasingly serious if steps to control Cd pollution
are not strictly enacted. Therefore, the need to reduce
Cd pollution is urgent, and the basic researches, and its
practical applications, related to reducing Cd accumulation
in the edible parts of crops, need to be undertaken urgently.
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®y KaHbYxu, acnipaHm, CyMcbKuli HayioHanbHUl agpapHul yHieepcumem, M. Cymu, YkpaiHa

TpoueHko Bonodumup leaHoeuY, GOKMOP CinbCbKo20Cn00apchKkux Hayk, npogecop, CymcbKul HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Llinsixu KOHMPOJIH0 HAKOMUYEHHSI KaOMito 8 COHSIWHUKY U iHWUX Ky/bmypax: 027150

Cmitikum mpeHOoMocmaHHbL020 cmonimmsi € 36inbUWeHHs 3a2anbHOIKOHUeHmpauiiHebe3ne4yHux 0r1s1300po8’senemeHmis
ma iX CrosnyK y 3eMJIsIX CiflbCbK020Crmo0apchbko20 8UKopUCMaHHs. Hacriook yb020 npoyecy — 3pocmaHHs aumMoa 00 SKocmi
epoxaro U akmusizauis 00CniOxXeHb, CPSIMO8aHUX Ha (hOPMyBaHHSI Meopemu4yHo20 6asucy ma nowyK npakmuyHUX Wiisixie
supileHHs ujei npobnemu.

Possumok npomucriogocmi ma 30inbWeHHST 8UPObHULUMSea CUHmMemuyHux 0obpus 3yMOBIHHMb 3P0CMaHHs PU3UKIe,
108’a3aHuUX 3 OMPUMAaHHSAM HesIKICHUX NPodyKmie XapHysaHHsi, IXHp020 surusy Ha 300poe s model. Kadmili € 0OHUM 3 OCHOBHUX
enemeHrmis, Wo 8UKITUKatoms 3abpyOHeHHS CirlbCbKko20crodapchbKux yeidb. OOHUM I3 Wiisxie 3MeHWEHHS He2amueHOo20 8riusy
Ub020 BaXKKO20 Memarty y mpogiyHUX STaHUt02ax € CMEOPEHHS COPMIE i3 HU3bKUM PiBHEM HaKoNUYEHHST KaoMmito. LLIupokul cnekmp
docrioxeHb, M08’a3aHUX i3 KOHMPOIEM PO3MOBCIOOKEHHS Memarly, MOSICHIEMbCS CMILKO MeHOEHUiER 00 PO3WUPEHHS MIOW
3abpyOHeHuUX 3eMerlb ma 3p0cmaHHsI cepedHb020 MoKasHuUKa eMmicmy KadMito 8 opHUX rpyHmax. Moxnusicms cenekyitiHo2o
8UPILIEHHS Uiei MpobrieMu HUHI po32arisidaembCsi O Makux Kyrbmyp, K COHSWHUK, pUC, MUWEHUUS, COsl, HU3KU iHWux. Ha
npomusazy UboMy, 30amHicmb OKpemux Kyrbmyp i copmie 00 HaKOMUYEeHHST BUCOKUX KOHUEHmpauit WKionueux enemeHmie
y nepcriekmusi Moxe bymu pearnizogaHa siK OKpeMull cenekuitiHul ma mexHonoaiyHul Harpsm 0r1si pemediauii OpHUX 3eMerTb.

Y cmammi posensHymi ocobnueocmi roanuHaHHs, mpaHcrnopmyeaHHs U iHWUX (hisiofioaidHUX MPOoUECis, Mos’sa3aHux i3
HaKomnu4YeHHsIM KadMito 8 CinbCbko20crodapchkili npodykuyji. MNMpoaHanizosaHo eidMiHHOCMI y cmpameeaii adanmaujii pocnuH Ao
Kadmiego2o0 cmpecy. Ha ripuknadi COHAWHUKY Hage0eHO XapakmepucmuKu Wiisixie HaOXOOKEHHS ma HaKornuyeHHs1 KadMmito
8 OKpeMUX opaaHax pPoC/uH. 3 Memor Modanbwio20 CrPUSIHHS 8UPOLLYBAHHIO KyTbmyp i3 HU3bKOK 30amHicmio 00 noanuHaHHs
memarny 6 malibymHboMy 8apmo MoCcunumU 8UKOPUCMaHHS MOXIugocmel cenekyitiHo2o npouecy. Baxnueo pospobumu
meopemuyHy OCHO8Y U OKpecnumu npakmuyHi Wsxu wWodo 3MeHWeHHS MoanuHaHHS KadMito CiflbCbKo20Cro0apChKumu
Kyribmypamu, ycritHoi cenekyli Ha 30amHicmb 00 HU3bKOI akyMyrsiuii ub020 mMemarty. 3anpornoHo8aHo Memoou 3HUXEHHS
ro2ruHaHHs1 Ub020 enleMeHma Kyrbmypamu, rpoaHarizosaHo cmpamezii cenekyii Ha 30amHicme pocsiuH 00 HU3LKOT akyMynsyji
Kaomito. BucsimineHo cenekuitiHi mepcriekmusu CmeopeHHsl Copmia i3 HUbKUM PIBHEM HaKOMUYEHHS KaOMito.

AKkmyarnbHicmb npobrieMu KOHMPO/TO Migpauji KadMito 3a XapyoeuM JTaHUr20M 3yMOBITIOE HEObXiOHICMb pPOBedeHHs
eKkcriepuMmeHmarbHUX 00CnioxeHb, Hacamrepel y KpaiHax 3 OOMiHY8aHHSIM Kyiibmypu COHSILWHUKY y CmpyKmypi MOCIBHUX oW,

Knroyoei cnoea: COHAWHUK, CEenekyis, noanuHaHHs kaomito, mpaHcrnopm kaomito, po3nodin kadmir, kadmiesuti cmpec.

Date of receipt: 08.12.2021.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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