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Steady trend of recent decades is the rapid growth of soil pollution by heavy metals. Metals that do not play a significant
role in plant life are particularly dangerous, but they can accumulate in plants and migrate along the food chain. Cadmium
is one of such elements, its half-life from the human body is more than 50 years. For breeding programs aimed at creating
varieties with low levels of cadmium accumulation, it is important to understand the role of genotype in the processes
of metal intake to different parts of plants. An experiment was carried out to study the growth and absorption of trace metallic
elements (TMEs) in Sunflower (Helianthus annuus L.) seedlings under Cd stress. The research was done on selection
samples of sunflower selected by the method of vegetation evaluation in Sumy NAU in 2018. According to the evaluation
results, line 62\3 was characterized by low, and line JB231AC — high level of resistance to cadmium accumulation. In
2020, the seeds of the samples were reseeded at the Henan Institute of Science and Technology. Sunflower seedlings
(20-day-old) grown in plastic containers with Hogland’s solution were investigated. From uniformly and well-developed
plants were formed 4 samples which were for 7 days in a solution of CdCl, * 2.5 H,0 with a concentration of 0; 25, 50
and 100 uM. Ashing of the samples was performed in nitric acid. Determination of metal content was performed on an atomic
adsorption spectrophotometer. In all samples there was a steady trend to decrease plant height and total seedling weight
with increasing cadmium concentration. In the case of dried parts of plants, statistically significant, leveling the difference
between the samples, the effect of cadmium was detected at a concentration of 50 um or more for the dry matter of roots
and at a concentration of 100 um for the mass of the aboveground part. It was found that the threshold concentration that
provided a significant difference between the cadmium content in the roots and stems was 100 um. Compared to sample
JB231AC, sample 64\2 had a higher cadmium content in the roots by 23 % and 12 % in the aboveground part. With respect
to Li, Ni, and Sr, a significant difference between the samples was mostly observed at a concentration of 25 and 50 uM.
The accumulation concentration of lithium (Li) and nickel (Ni) in high Cd variety 62\3 was lower than that in low Cd variety
JB231AC. The Li and strontium (Sr) concentration in the root were similar to that in the aboveground part under Cd stress,
while Ni accumulated in root of JB231AC in slightly higher concentrations than that in aboveground part. The presence
of an inverse relationship between the concentration of cadmium and the concentrations of lithium and nickel may indicate
both the genotypic features of their transport and the presence of antagonism between the accumulation of these metals.
However, this statement requires further research.
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Introduction. In recent years, with the rapid development
of mining, industrial and agricultural production in the world,
heavy metal soil pollution has become increasingly serious
problem as a result of human activities, such as industrial
wastewater, waste gas discharge, sewage irrigation
and the abuse of chemical fertilizers and pesticides (Bashir
et al., 2021; Singh & Prasad, 2014; Yan et al., 2021). Heavy
metal cadmium (Cd) is a non-essential element for plants
and animals, which inhibits the growth and development
of plants (Li et al., 2019; Maria Celeste et al., 2013). Cd
in plants interferes with normal metabolism, affecting
photosynthesis and respiration, reducing root activity,

slowing seedling growth, making leaves small and yellow,
and eventually leading to plant death (Ahmad et al.,
2015; Fan et al., 2011; Khadija et al., 2018). Consumption
of Cd-contaminated plant material is one of the main
sources of Cd intake for people, posing a threat to human
health, even at low concentrations (Jaouani et al., 2018;
Reyes-Hinojosa et al., 2019; Templeton and Liu, 2010). Cd
repair and accumulation have been studied in many plant
species, such as soybean (Li et al., 2012), wheat (Chen
et al., 2017), barley (Chen et al., 2010), rice (Prerna et al.,
2020), maize (Dakak & Hassan, 2020), rapeseed (Wu et al.,
2015) and millet (Han et al., 2018), etc.
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Sunflower (Helianthus annuus L.) is among the world’s
most important oilseed crops. As sunflower oil is one
of the healthiest vegetable ones available for cooking, there
is increasing demand due to a health-conscious diet (Ban
et al., 2021). Studies have shown that sunflower has a high
enrichment capacity to accumulate for heavy metals (Cornu
et al., 2020; Zhou et al., 2020).

Trace metallic elements (TMEs) are indispensable
elements in nature, which are lost to land through mining
and production (Robert and Stengel, 1999). Compared to
other pollutants, TMEs are non-biodegradable. Certain heavy
metals are necessary or even essential for living beings,
and this at reasonable concentrations in certain environmental
matrices. On the other hand, at a high threshold, they (Cd,
Pd, Hg) exhibit more or less strong toxicity which harms most
living organisms (Aristide et al., 2021). At present, some
TMEs, such as Cd (Cornu et al., 2016; Silveira et al., 2021),
As (Wang et al., 2020), Hg, Cu (Mahardika et al., 2018)
and Pb (Alaboudi et al., 2018) have been studied in some
crops, however there are little researches about TMEs in
sunflower. Issam et al. (2015) studied the role of selenium
(Se) in regulating oxidative stress of sunflower seed roots
induced by Cd, and the results strongly suggested that
exogenous selenium may improve the tolerance of plants
to oxidative stress induced by Cd. Shoot nutrients uptake
of plants decreased as nickel (Ni) levels increased, and high
level of Ni decreased root colonization in sunflower (Jarrah et
al., 2019). Studies have shown that lithium (Li) and strontium
(Sr) can be absorbed by body and affect human health
(Zaichick&Zaichick,2014; Zaichick et al., 2009), but little
researches have been done about Li or Srin crops.

In this paper, the Cd gradient experiment was carried out
on high and low Cd accumulation sunflower sample varieties.
The growth characteristics of the two varieties under Cd
stress at seedling stage and the accumulation of TMEs Li, Ni
and Sr in the two sunflower samples under Cd stress were
studied. This paper provides a theoretical basis for the safe
production of sunflower on metal contaminated soil.

Materials and methods. Material treatment
and acquisition. Two genotypes accessions of sunflower
62\3 (high Cd accumulation) and JB231AC (low Cd
accumulation), which were identified with different Cd
accumulation capability in our previous study, were carried
out in this study. The two varieties were obtained from Sumy
National Agrarian University (Sumy, Ukraine) where they
were reproducted in October 2020.

The healthy seeds of each accession were sterilized by
15 % H,O, for half an hour, and rinsed by distilled water
for at least three times, and soaked in deionized water
at room temperature for four hours, then sown in germinated
box (32 cm x 25.5 cm x 11 cm) containing vermiculite
and moistened with deionized water. Seeds were incubated
in the culture room with 16 h light (28°C, 5000 Lux) and 8 h
dark (25°C) photoperiod for 6 days. Following germination,
seedlings were transferred to plastic pots filled with 10 L
of 1/4 strength modified Hoagland nutrient solutions for
7 days, then was increased to 1/2 strength for 7 days. After
20 days of Cd-free growth, seedlings with uniformed sizes
were randomly assigned to four different Cd treatments:
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0, 25, 50 and 100 uM CdCl, + 2.5H,0 for 7 days. Finally,
the seedling were harvested, one part was used to measure
morphological indexes and Cd content, and the other part
was quickly isolated and frozen in liquid nitrogen and stored
at— 80 °C and was used to measure physiological indicators
and transcriptome analysis. The 1/2 strength nutrient
solution containing 2.5 mmol/L Ca(NQ,),, Tmmol/L MgSQO,,
0.5 mmol/L NH,H,PO,, 2.5 pmol/L KCL, 2mmol/L NaCl,
0.2umol/L CuSQ,, 1umol/L ZnSO,, 0.1mmol/L EDTA-FeNa,
0.02 mmol/LH,BO,, 5 nmol/L (NH,);M0.,0,, and 1 pmol/L
MnSQ,. All the treatments were replicated three times.

Identification of growth index and Cd content. For showing
and evaluating of Cd treatment results, the plants were
photographed by a digital camera, plant height and fresh
weight were measured. The root and aboveground parts
of seedlings were oven-dried at 80°C until constant weight
and then weighed for dry weight.

For measuring content of Cd and the TMEs,
the root of seedlings were rinsed with deionized water for
at least three times to remove surface ions, and then, root
and aboveground parts were harvested separately. The
samples were dried at 105°C for 30 min, and then at 80°C
in an oven until they were completely dried, then the dry
sample were ground to powders. Dry powder of each sample
was digested in 5 ml HNO, overnight (at least for three 3 h)
at room temperature, then adding 2 ml H,0, and continued
digesting for approximately 3 h at 180°C. (Margui et al.,
2009) The digested solution volumetized to 25 mL, and then
investigated by an atomic absorption spectrophotometer
(ICP-OES, Optima 2100DV, Perkin Elmer).

Statistical analysis. All data were statistically analyzed
using GraphPad Prism 8. Analysis of variance was performed
on data sets, with the mean and SD of each treatment
calculated. Multiple comparisons with Bonferroni t-test
were mainly used to compare the mean values between
treatments (p < 0.05).

Results. 1. Growth of two sunflower varieties under Cd
stress. In this experiment, the seedling height, fresh weight,
aboveground and root dry weight of the two sunflower
varieties decreased with the increase of Cd concentration,
and the high Cd variety 62\3 grew weaker than the low Cd
variety JB231AC under Cd stress (Fig. 1 A-B), and growth
indexes of variety 62\3 were lower than variety JB231AC
(Fig. 1 C-F).

Among them, the seedling height and fresh weight
decreased with the increase of Cd concentration, but
the change was not significant. The root dry weights
of variety 62\3 and JB231AC were significantly difference
when Cd concentration was 25uM, and the aboveground dry
weight was significantly difference when Cd concentration
was 25uM and 50uM.

3. Accumulation of trace metallic elements in two
sunflower varieties under Cd stress. Fig. 2 (A-B) verifies
that variety 62\3 is a high Cd variety and JB231AC is a low
Cd variety, and the Cd concentration in the root is higher
than that in the aboveground part. With the increase of Cd
concentration, the Cd accumulation in root and aboveground
part of the two cultivars increased, and higher Cd
concentrations were accumulated in variety 62\3 under
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Fig. 1. Growth performance of variety 62\3 and JB231AC seedling.
A-B, Growth status under Cd conditions for 7 days. C-F, growth indices of the seedling. For C-F
the statistical analyses were conducted using all the data of the two varieties under Cd conditions.
Data presented are the means (n = 3), and error bars denote the standard deviations. The asterisk
represents the significant difference between two varieties. *: P value < 0.05, **: P < 0.01

different Cd gradients. When the Cd concentration was
100 uM, the Cd accumulation in root and aboveground part
of variety 62\3 showed extremely significant differences.

The Li concentration in the root and aboveground part
of the two varieties was approximately the same under
Cd stress, and the high Cd variety 62\3 accumulated less
Li than the low Cd variety JB231AC (Fig. 2 C-D). In root,
Li accumulation was significantly differences when the Cd
concentration was 50 pM and 100 uM. With the increase
of Cd concentration, the Li concentration in root increased,
the change in the aboveground part was not regular,
and there might be experimental error.

The Ni accumulation in sunflower increased firstly
and then decreased with the increase of Cd concentration,
and the maximum value appeared at 50 puM in the root
and 25 uM in the aboveground part (Fig. 2, E-F). The Li
concentration in root was higher than that in aboveground
part. The Ni concentration in the high CD variety 62\3 was
lower than that in the low Cd variety JB231AC, and there was
a very significant difference in the Cd concentration at 25 uM
and 50 uM in the root and aboveground part, respectively.

With the increase of Cd concentration, the Sraccumulation
in root of the two sunflower varieties varied, but remained
basically flat, which may be caused by experimental error,
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Fig. 2. Accumulation of trace metallic elements
in the root and aboveground part of variety 62\3 and JB231AC seedling.

A-B, Cd accumulation. C-D, Li accumulation. E-F, Ni accumulation. G-H, Sr accumulation. For A-H the
statistical analyses were conducted using all the data of the two varieties under Cd conditions. Data presented
are the means (n = 3), and error bars denote the standard deviations. The asterisk represents the significant
difference between two varieties *: P value < 0.05, **: P < 0.01,***: P < 0.001,****: P < 0.0001
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and basically showed a downward trend in aboveground part
(Fig. 2G—H). Sr accumulates in roughly equal concentration in
root and aboveground part. In aboveground part, the high Cd
variety 62\3 accumulated relatively higher Sr concentration
than the low Cd variety JB231AC.

Discussion. In hydroponics under controlled conditions,
Cd stress (5 uM Cd for 14 days) induced strong phytotoxic
effects, as indicated by a decrease in all growth parameters
(Hawrylak-Nowak et al., 2015). At Cd concentration of 50 yM
the seedling growth of sunflowers was affected significantly
in a short period (< 7 days) in the experiment, and the growth
indexes such as plant height, dry and fresh weight decreased
obviously. Cd accumulation of both varieties was more
in roots than in aboveground parts. Cd accumulation in
sunflower was different in different genotypes. Varieties
62\3 with high Cd accumulation might accumulate more Cd,
causing greater toxicity to themselves, so their plant height,
dry and fresh weight were lower than varieties JB231AC
with low Cd accumulation under different Cd gradient.
The accumulation characteristics of different TMEs in
the two sunflower species under Cd stress were different,
and the accumulation of TMEs in the root and aboveground

part of the same variety might be different. The accumulation
concentration of Li and Ni in high Cd variety 62\3 was low,
so it is speculated whether they have antagonistic effect
with Cd absorption. Accumulation was more in roots than
shoots for most of the heavy metals (Belhaj et al., 2016).
In the paper, the Li and Sr concentration in the root were
similar to that in the aboveground part under Cd stress,
while Ni accumulated in root of JB231AC in slightly higher
concentrations than that in aboveground part.

Conclusions. The accumulation and distribution
of cadmium in plants have a great relationship with species,
varieties, parts and growing environment, and eventually
lead to different accumulation and distribution in different
parts of plants. An inverse relationship between cadmium
concentration and lithium and nickel concentrations has
been established, which may be due to genotypic features,
but the presence of antagonism between the accumulation
of these metals is not excluded. In general, studies have
confirmed the sufficient level of efficiency of vegetative
evaluation of sunflower initial material for resistance to
cadmium accumulation and stability of this traitin subsequent
generations.
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TpoueHko Bonodumup leaHoeuY, GOKMOP CinbCbKo20Cn00apChKkux Hayk, npogecop, CymcbKull HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Hakonu4eHHs1 eakkux Memariie y npopocmkax COHsIWHUKY nid ensiueoM kadmiego2o0 cmecy

Cmilikoro meHOeHUj€eto ocmaHHix 0ecamurnimb € CmpiMKe 3pocmaHHST 3abpyOHEHHST 2pyHMy 8axKuMu memanamu.
Ocobnugy Hebesneky cmaHoensimp Memarsnu, siki He eidigparomb Cymmeegoi posi y XUmmi POCIuH, ane MOXymb
Hakonu4ysamucs y poc/iuHax ma Miepyéamu xap4yosum naHuto2oM. OOHUM i3 makux enemeHmie € kadmil, nepiod
HaniesugedeHHs1 IK020 3 opaaHiamy r0uHU cknadae binbwe 50 pokis.

[ns cenekyitiHux npoepam, CripssMo8aHUX Ha CMBOPEHHS COPMI8 i3 HU3bKUM PIBHEM HaKOMUYEHHS KadMito, 8aX/usuUM
€ PO3YMIHHS1 POsIi 2eHOMUIy 8 npouecax HadXo0XeHHs1 Memary 00 Pi3HUX YacmuH pocruH. [ocnidxeHHs Mposodunuck Ha
cenekyiliHuX 3pa3kax COHSWHUKY, sudineHux 3a MemoOUKOK 8e2emauiliHogo ouyiHtogaHHs1 8 Cymcbkomy HAY e 2018 poui.
3a pesynbmamamu ouyjHto8aHHs iHis 62\3 xapakmepu3sysanacs Hu3bKuM, a fiHis JB231AC — aucokum pigHem cmitikocmi
00 Hakonu4eHHs kadmito. Y 2020 pouyi HaciHHs 3paskie b6yrio nepecisHo 8 ymosax Hayko80-mexHOM02i4Ho20 iHemumymy
M. XeHaHb. [ocnidxysanu 20-0eHHi NpopOCMKU COHSIWHUKY, W0 eezemysaru y N1acmukosux KOHmelHepax 3 pO34UHOM
XoenaHda. 13 pisHOMIPHO pO38UHEHUX pOCUH Byro cghopmosaHo 4 subipku, ski npomsi2om 7 OHie 3Haxo0unucCh y PO3YUHI
CdCl,« 2,5 H,0 3 koHueHmpauieto 0; 25, 50 ma 100 mkM. [nsi aHanisy 3pasku po34uHsiiu y HimpamHid kucriomi. BusHayexHs
emicmy memarnie nposodusnu Ha amomHo-adcopbuitiHomy criekmpogomomempi (ICP-OES, Optima 2100DV, Perkin Elmer).

B obox 3paskig byno giomiueHo cmilikuli mpeHd 00 3MEHWEHHST 8UCOMU POC/IUH ma 3a2asibHoi Macu MpopoCmKie i3
36inbWeHHSM KOHUeHmpauii kadmiro. PisHUUS MixX 3paskamu 3a 3ea0aHUMU MOKa3HUKaMU Hieerosanacs npu KoHyeHmpauii
50 i 6inbwe MKM. Y sunadky i3 ucyweHUMU YacmuHaMu POC/UH CMamucmuyHO Cymmesul 8rnue Kadmito eusisrieHo
npu KoHueHmpauii 50 i binbwe MkM Onsi mokasHUKa Macu Cyxoi pedos8uHU KopeHie ma npu KoHueHmpauii 100 mkM dns
MoKa3HuKa Macu Had3eMHOI YaCmuHU.

BcmaHosneHo, Wo nopo208o KOHUEHmpauieto, sika 3abesrnedygana Cymmesy Pi3HUUi MiX MOKa3HUKaMu emicmy
KaOMmito 8 KopeHsix ma cmebnax, 6yno 100 mkM. NopigHsHO i3 3paskom JB231AC, 3pasok 64\2 mae suwuli emicm Kadmito
y KopeHsix Ha 23 % ma Ha 12 % y Had3emHil yacmuHi. BidHocHo Li, Ni, ma Srcymmesa pisHuus mix 3paskamu 30e6inbLio2o
crocmepieanacs 3a KoHyeHmpauii 25 ma 50 MkM.

HakonuyeHHs1i po3rnodin kadmito 8 pocriuHax Maromb 3Ha4HUU 36’30K 3 sudaMu, copmamu, HacmuHamu ma cepedosuuiem
sUpOWy8aHHs i 8 KiHUesomMy nidcymKy npu3eodsimb 00 Pi3HO20 HaKonu4deHHs ma po3nolifly 8 Pi3HUX YacmuHax pOCIIUH.
BcmaHosneHo 380pOmHy 3anexHicmb MiXX KOHUeHmpaujeto kadMilo ma KOHUeHmpauiamMu fimito ma Hikemo, Wo Moxe
b6ymu 3ymo8nieHo 2eHOMunHUMU 0cobrIu8oCmsaMU, ane He BUKITIYaEMbCS Hass8HICMb aHMAa2oHI3My MiX HaKOMUYEHHSIM
yux memarig. OOHak make meepdxeHHs1 mompebye dodamkosux OOCiOXeHb.

3aeanom docnidxeHHs nidmeepdunu docmamuil pieeHb ehekmueHOCMI 8e2emamueHOi OUiHKU 8UXIOHO20 Mamepiarny
COHAWHUKY Ha cmilikicmb 00 HaKonuyeHHs kadmito ma cmabinbHicmb yjei 03HaKu 8 HacmynHUX MOKOMIHHSIX.

Knroyoei crioea: CoOHSIWHUK, npopocmku, KoHueHmpauis Cd, eaxki memarnu, MikpoenieMeHmu, HaKonuyeHHs, picm.
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