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Cadmium pollution in soil is a long-term and urgent problem, which directly affects the edible value of sunflower and winter
wheat and may cause harm to human health. Breeding new varieties with low cadmium accumulation can effectively reduce the
content of this element in seeds and fundamentally solve the risk of cadmium entering the human body through seeds and oil. In this
paper, the method and significance of breeding sunflower and winter wheat with low cadmium accumulation were discussed.
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Introduction. Cadmium (Cd) is a heavy metal widely | known to be the most toxic in nature, and is listed as the primary



heavy metal pollution source by the US Environmental
Protection Agency (EPA). As an essential element for plants
and animals, cadmium (Cd) naturally exists in the soil during the
development of the parent material of soil, and usually does not
harm the soil ecological environment [1, 2, 3, 4]. With the
continuous development of industry, agriculture and human
activities, soil cadmium pollution may become more and more
serious. The problem of soil Cd pollution caused by the
unreasonable use of pesticides and fertilizers is increasingly
serious. Crops absorb cadmium from the soil and accumulate in
plants, affecting the yield or quality of crops, and further enter
into the human’s body through the food chains, affecting human
health [5, 6, 7]. This has become a very serious environmental
problem.

In order to prevent the accumulation of heavy metals in
the soil, many countries in the world have formulated limit
standards of heavy metals in some fertilizers. The EU countries
do not have uniform heavy metal limits in chemical fertilizers,
and they manage the fertilizers by their own laws and
regulations. [9]. It is of great significance to study the
mechanism of Cd tolerance of crops and select breeding of low
Cd materials.

At present, various crops such as rice, maize, wheat,
and cotton have been studied for their Cd tolerance mechanism
and low-Cd material screening [10, 11, 12] Compared with other
cereals, wheat mainly accumulates Cd through the root system,
and migrates to the above-ground part, and finally accumulates
in the wheat grain [13]. It was reported that Cd is more toxic to
wheat than other toxic metals. Cd toxicity reduces the
absorption and transport of essential elements in wheat. The
root growth and morphology of wheat is seriously affected,
resulting in the decrease of plant growth, biomass and grain
yield [13]

Previous studies have shown that phosphate fertilizers
often contain high amounts of heavy metals such as Cd, and
long-term application of phosphate fertilizers will inevitably lead
to excessive Cd content in soil. But for conditions of Ukraine
with average dose of phosphorus fertilizers 60 kg in the soil it is
introduced annually 30—35 g/hectare of cadmium. 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.

Sunflower and winter wheat are of important economic
crops in Ukraine. According to EU standards, sunflower
cadmium accumulation should not be more than 0,05 mg/k .
However, Cd can be accumulated to a relatively high level with
no disadvantage to its ontogenesis [14].

The problem must be confronted with reducing Cd-
contaminated to be solved urgently. The fact that genetic
variability exists with a species in the tendency to accumulate

Cd provides an opportunity to utilize plant breeding to select for
genetically low-Cd concentration.

Breeding of new sunflower and winter wheat varieties
with low cadmium accumulation genotypes that can grow under
different soil environmental conditions is a very effective
solution. Although the breeding of new varieties resistant to
cadmium is the fundamental method to solve the problem of low
cadmium intake, the breeding process is long and complicated.
The breeding process probably includes: 1) finding materials
with low cadmium genes; 2) finding materials with high yield
capacity, wide adaptability and other high quality materials
besides low cadmium characteristics [15].

It is a practical and feasible way to select new varieties
with low accumulation of Cd to reduce the absorption and
accumulation of Cd in crops and thus reduce the content of Cd
in agricultural products.

Aim of research: to study collection of winter wheat and
sunflower and carried out the screening of samples with low
cadmium accumulation.

Materials and methods. The research was carried out
on the basis of educational research and production complex of
Sumy National Agrarian University, located in the northeastern
part of Forest-Steppe of Ukraine.

Plant sample collection includes 104 genotypes of
sunflower (varieties, lines, hybrids) and 42 varieties of winter
wheat. In green-house they were grown in plastic pots (for
sunflower — 2 liter, for wheat — 1 liter) filled with special
substrate. Mixture soil content was: peat-substrate (80 %) and
sand (20 %), source of Cd — CdSO4, added to the substrate by
spraying. Concentration of Cd in the substrate was 0,88 mg/kg.
In order to improve contact seeds coat with Cd we will add
another part of Cd during sowing (with watering the pots).
Finishing concentration of Cd in substrate was 1 mg/kg. Cd
content in root and shoot (winter wheat) and in stem and leaves
(sunflower) was determined at stages of shooting (wheat) and
flowering (sunflower). Subsamples were dried and then Cd
concentration in them were determined by a spectrometer
(CAS-120).

Results and discussion. The variety collection of 104
sunflower samples was formed. The largest part was the group
of samples from Ukraine, the Russian Federation, the USA,
Cuba, Bulgaria, Kazakhstan, Moldova provided by the National
Centres of Genetic Resourses. The collection were
supplemented by samples provided by the Institute of Oil Crops,
the Institute of Agriculture of North-East of Ukraine and Sumy
National Agrarian University.

It was established that the final phase of growth of



vegetative mass of sunflower plants (more than 90 %) from the
final values of the index (termination of vegetation) in the
conditions of vegetation experiment was the beginning of
flowering phase. The range of plant mass indices in the
experiment ranged from 1,3 to 2.9 g/plant. The duration of the
period of "seedlings-flowering" varied from 55 to 73 days. The
values range of the cadmium content indicator in the above-
ground part varied from 0,66 to 2.62 mg/kg. The average
content of cadmium in the above-ground part of the plants was
1.42.

Within the collection, 4 groups with different level of
cadmium accumulation in the above-ground part of plants were
identified: "low" (less than 0.99 mg/kg); "middle" (1.0 — 1.5
mg/kg); "satisfactory " (1.6 — 2.0 mg/kg); "high" (greater than 2.1
mg/kg). Frequency of each groups in the collection was 14.5;
44.2; 32.7 and 8.7 % respectively.

An additional parameter characterizing the overall ability
of genotypes to absorb heavy metals (phyto-ameliorative
selection direction) was the proportion of cadmium absorbed by
the plants from the substrate. The average for this high-
resistance group was 0.34 %; groups with good, satisfactory
and low resistance respectively 0.49; 0.6 and 0.83 %.

The variety collection of winter wheat, which included 41
varieties, was formed on the basis of crop regional distribution
and its yield in the demonstration grounds. The collection
includes varieties: 17 — ( originator -Selection-Genetic Institute —
National Center for Seed Research and Variety Studies), 6 — (
originator - Institute of Crop Science named after Yuriev), 5 -
Bila Tserkva experimental- breeding station, 5 — Institute of
Agriculture, 5 — Institute of Irrigated Agriculture, 2 — Myronivskyi
Institute of Wheat named after Remeslo, 2 - Ivanivska
experimental breeding station. The working collection was
analyzed for the ability of plants to accumulate cadmium under
the conditions of an analyzing background. The range of values
of the cadmium content in plants varied from 0.94 to 2.02
mg/kg, with an average of 1.42 mg/kg for the experiment. The
average values of the cadmium content depending on the origin
of the varieties were: 1.42; 1.47; 1.27; 1.58; 1.16 and 1.24
mg/kg, respectively (tabl.1).

Table 1

The average values of the cadmium content
depending on the origin of the varieties

Rozkishna 1.4 +0.02
Pryvitna 1.61+0.13
Vidrada 1.34 +0.08
Zdobna 1.47 +0.06

Pryvablyva 1.64 +0.12

Ivanivska experimen

tal - breeding station

Fortova

1.32+0.11

Okhtyrchanka Juvileina

1.16 +0.03

Bila Tserkva experimental- breeding station

Zorepad bilotserkivskyi 1,14+ 0,05
Romantyka 1,61+0,16
Shchedra Nyva 1,02 + 0,01
Tsarivna 1,37+0,12

Lybid 1,24+0,15

Myronivskyi Institute of Wheat named affer Remeslo

Oberig myronivskyi 1.39+0.12
Svitanok myronivskyi 0.94 +0.01
Institute of Agriculture
Kraevyd 1.61+0.03
Rusyava 1.66 +0.05
Osyaina 1.29+0.03
Zaotar 1.57+0.15
Polisyanka 1.51+0.07

Institute of Irrigated Agriculture

Rosinka 1.57+0.10
Konka 1.54 +0.02
Ovidiy 1.11+0.09
Maria 1.21+0.08

Variety Cd content, mglkg

Institute of Crop Science named after Yuriev

Selection-Genetic Institute — Natio
Variety

nal Center for Seed Research and

Studies

Alliance 1.41+0.16

Kantata odesska

1.83 +0.04




Conata odesska 1.53+0.02 Sich 1.76 +0.11
Duma odesska 2.02 +0.07 Khvala 1.42+0.01
Liga odesska 1.29 +0.02 Slaven 1.05+0.01
Oktava odesska 0.91 +0.01 Klad 1.59 +0.09
Optima odesska 1.43+0.01 Krugozir 1.62+0.03
Rodzinka odesska 14+0.04
Melody odesska 095+ 010 . . The largest v§r|at|on |n.cadm|.um contt.ant was gbserved
in varieties of Selection-Genetic Institute. This group included
Pylypivka odesska 143+0.12 three (among four) varieties with a minimum cadmium content
(<1.00 mg/kg), namely the Kubok — 0.96; Melody odeska — 0.95
Hurt 13+0.11 and Octava odeska — 0.95 mg/kg. However, in this group there
were varieties with maximum cadmium accumulation rates
Rozkvit 1.69 +0.02
oz - (>1.75 mglkg): the Duma odeska — 2.02; Cantata odeska —
1.83 and Sich — 1.76 mg/kg.
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Fig. 1. Frequency distribution of the working collection of winter wheat varieties according to the indicator of cadmium content under
conditions of anilizing background, 2019

Among the varieties of other establishments, the low
rate of cadmium content with the minimum level of error was
characterized by the Svitanok mironivsky — 0.94 + 0.01 mg/kg.
The general distribution of frequencies of the working collection
of winter wheat varieties in terms of cadmium content is
presented in Fig. 1.

Conclusions. As a result of the screening, the range of
cadmium content in the samples of winter and sunflower

varieties was determined which enables the formation of
working collections and the introduction of breeding programs

for varietal provision of technologies for obtaining
environmentally — safe  products and  phytomeliorative
technologies.
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t0andxi dy, acnipaHm, Cymcbkull HauioHanbHUl azpapHull yHisepcumem, M. Cymu, YkpaiHa
Jronro By, acnipanm, Cymcbkull HayioHansHUl agpapHull yHisepcumem, M. Cymu, YkpaiHa

B. I. TpoueHko, dokmop cinbcbkozocnodapcbKux Hayk, npoghecop, CyMebKull HauioHanbHUl agpapHull yHisepcumem,
M. Cymu, YkpaiHa

I. 0. XXamoea kaHOudam cinbcbko20cN00apceKux Hayk, npoghecop, CymceKul HauyioHambHUl azpapHull yHisepcumem,
m. Cymu, Ykpaia

CKPUHIHI COPTOBMX KOJIEKLIA COHSLUHMKY TA O3UMOI MWEHWYI LYOJO HU3LKOI AKYMYnAUIl
KAQMIO

Kadwmiti (Cd) — saxkuli meman, sikuli € 00HUM 3 Halibirblu MOKCUYHUX NPUPOOHUX efieMeHMie ma OCHOBHUM OXepesiom
3abpyOHeHHs 8axKumu Memanamu. 3 pO3BUMKOM NPOMUCHIOBOCMI ma CinbCbko2o eocnodapcmea 3abpyOHEHHS rpyHmy
Kkalmiem, Chpu4UHeH020 HeobrpyHMosaHUM 8uKkopucmaHHaM necmuyudie ma dobpus, cmae ece binbw 3a2po3ugum. PociuHu
noenuHatomb kadmili 3 rpyHmy i Hakonuyylomb y 8e2emamusHUX ma 2eHepamusHUX opaaHax, Wo 8niueae Ha epoxalHicms ma

BicHuk CymcbKoOro HauioHanbHOro arpapHoro yHiBepcurteTty
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Akicmb npodykyii. B nodanbwomy kadmili Ha0xo0umb & opeaHisM MoOUHU Yepe3 Xapyosi NnaHyro2u, eniaugakyu Ha cmaH
300pos's.

COHSIWHUK ma 03uMa NWeEHUUs € 8axIUBUMU eKOHOMIYHUMU Kynibmypamu 8 Ykpaiki. 3abpyOHeHHs kaOmiem rpyHmy €
00820CMPOKOBOI Ma HazanbHOK npobnemoro, ska 6e3nocepedHbO 8NNUBaE Ha icmigHy UYiHHICMb COHAWHUKY ma 03uMoi
nweHuyi ma moxe 3agdamu wkodu 30opos’to nwduHu. BidnogidHo do cmaHOapmie €C, Hakonu4yeHHs KadMito 8 HacCiHHi
COHAWHUKY He noguHHo bymu binbwe 0,05 me/ke. O0Hak Cd Moxe Hakonuyysamucs 9o 8i0HOCHO 8UCOKO20 pigHs. Tpobriema,
noe ‘A3aHa 3 3abpyOHEHHsM CiflbCbK020¢Nn00apchbKoi npodykuii kadmiem nompebye mepmiHO8020 BUPILLIEHHS.

Bucokutli pigeHb 2eHemu4Hoi miHnusocmi gudis, cxunbHUXx o HakonudyenHsi Cd, Oae MOXIusicmb 8uUKopuUCmosysamu
memoOu cenekyii pocnuH Ans 8idbopy hopM ma 3paskig, WO Malomb 2eHemu4yHo 0bymosreHy 3damHicmb 00 HU3bKOT
akymynayii ybo2o enemeHmy .

OmpumaHHsi HOBUX COpMIG COHSWHUKY ma O03UMOi NWeHUYi 3 2eHomunamu, WO Malomb HU3bKy 30amHicmb 00
HaKonuU4YeHHs KaOMito i SIKi MOXymb POCMU Y PI3HUX yMOBax rpyHmogoeo cepedosulya, € Oyxe ehekmusHUM piueHHaM. Xoda
gusedeHHs Hogux copmig, cmilikux Ao akymynsauii Kadmiro, € OCHOBHUM WIAXOM 8UPILEHHS — mpusanuM i cknadHum. poyec
cenexuyii, (mogipHo, ekmoqae: 1) nowyk euxiOHo20 Mamepiany 3 8MiCmMOM 2eHig, Wo 8idnogidamb 3a HU3bKY aKyMynsuito
kadmito; 2) nowyk euxiOHoe0 Mamepiany 3 BUCOKOK B8POXaUHICMI, MEXHOM02IYHUMU  SKOCMAMU ma  [HWUMU
xapakmepucmukamu, kpim 30amHocmi 00 HU3bKOI akyMynsiuii KaOMito .

Ue npakmuqHul cnocib cmeopeHHsi HOUX copmig 3 HU3bKUM HazpomadxeHHsM Cd Ons 3MEHWEHHS No2nuHaHHs ma
HakonuyerHs Cd e kynbmypax 3abe3nequms 3HUXeHHs emicmy Cd y cinbcbko2ocnodapcekili npodykuii.

CmeopeHHs1 HOBUX COpMIg i3 HUSLKOKO aKyMmynauieto kadmilo MOXe ehekmugHO 3HU3UMU 8MiCM Ub020 enemMerma 8
HaCiHHI ma NpUHYUNO8O 8UPIWUMU PU3UK NOMPaNIIsHHA KaOMito 8 opaaHiam MOUHU Yepe3 HaciHHs ma ofito.

Y uiti pobomi posenisiHymo cnocib ma 3Ha4YeHHs CMBOPEHHST BUXIOHO20 Mamepiany COHAWHUKY ma 03uMOi NWeHUUi 3
HU3BKUM HaKONUYEHHSIM Kaomito.

Knroyoei cnoea: konekuis, 3pasku, COHAWHUK, 03UMa NWEHUUS, HaKONUYEHHS KaoMiko, CeneKuyis.
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B. U. TpoueHko, Ookmop CenbCcKOX03AUCMeEeHHbIX Hayk, npogeccop, Cymckol HayuoHasbHbIl azpapHbIl
yHugepcumem, 2. Cymbl, YkpauHa

I. A. Xamoea, kaHOudam cenbCKOX03AUCMBEHHbIX Hayk, npogeccop, CymckolU HayuOHasbHbI agpapHbil
yHusepcumem, 2. Cymbl, YKkpauHa

CKPUHUHI COPTOBOM KOJIIEKYMA NMOZCONHEYHUKA U O3UMOM MILEHULbI OTHOCUTENLHO HU3KON
AKKYMYNAUNN KAQMUA

Kadmuti (Cd) — msxensiti Memann, komopbil sensemess 0OHUM U3 Haubonee MOKCUYHbIX NPUPOOHBIX 31eMEHmMo8 U
OCHOBHbIM UCMOYHUKOM 3a2pA3HeHUst msxesbiMu Memasnamu. C pa3gumuem npoMbIWIEHHOCMU U CeflbCKoe0 Xo3silicmea
3aepsA3HeHUe no4gbi KadMueM, 8bi3saHHbIe HEOBOCHOBaHHbIM UCNOMb308aHUeM necmuyudos U ydobpeHuli cmaHo8umcs ece
bonee yepoxatowum. PacmeHus noanowaom kadMull U3 noyeb! U Hakaniusam 8 8e2emamugHbIX U 2eHEPamUBHbIX Op2aHax,
ymo enusem Ha ypoxalHocmb U kayecmeo npodykyuu. B OanbHeliwem kadMmull nocmynaem 6 Op2aHu3M 4esiogeka Yyepes
nuwjesble yenu, 8/1usisi Ha COCMOsHUE €20 300P0BAS.

ModconHeyHuK U 03umMas nuieHuya SeNSMCs 8aXHbIMU KOHOMUYECKUMU Kynbmypamu e YkpauHe. 3agpssHeHue
kaOmueM noyeb! siensemcss 0020CPOYHOU U HacywHol npobnemoll, komopasi HenocpedCMBEHHO 68MUSiem Ha NUWESYH
UEHHOCMb NOACOMHEYHUKA U 03UMOU NWeEHUUb! U Moxem HaHecmu eped 300posbio yenoseka. B coomeemcmeuu co
cmardapmamu EC, HakonneHue kaOmus 8 cemeHax nodconHeyHuka He AomkHo npesbiwams 0,05 me/ke. O0Hako Cd moxem
HakannueambCsi 00 OMHOCUMENbHO 8bICOK020 yposHA. [lpobrema, ces3aHHasi C 3aePA3HEHUEM CeflbCKOX03AlCmBeHHOU
npodykyuu kadmuem, mpebyem CpPOYHO20 PeLeHUSI.

Bbicokuli  yposeHb eeHemuyeckol U3MeHyugocmu 8udos, CKIIOHHbIX K HakonmeHuto Cd, O0aem 803MOXHOCMb
ucnonb308amb MemoOb! cenekyuu pacmeHuli 0na ombopa opm U 06pa3y08, UMEIOWUX 2EHEMUYECKU 0BYCr0BNEHHYH
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CNOCOBHOCMB K HU3KOU akKyMynsiyuu 3moao sieMeHma.

[MonyqeHue HogbIX copmos NOACOMHEYHUKA U 03UMOU NWIEHUUbI C 26HOMUNaMU, UMEIWUMU HU3KYH cnocobHOCMb K
HaKoNMEHUID KaOMUsi U NpOoU3PacmaHul0 8 Pasfu4HbIX YCI0BUSX, S6/Semcsi OYeHb 3(hhEKMUBHLIM NYymeMm PEeLeHUs..
BuigedeHue HOsbIx COpmos, ycmoUuusbiX K akKyMmynsiuuu KaOMusi, siersiemcs OCHOBHbIM NymeM peweHus — doneuM U
croxHbiM. [poyecc cennekyuu, 8eposmHo, gkmtoyaem: 1) nouck ucxodHoeo Mamepuana ¢ co0epXaHUeM 2eHO8, OMBEYatOULUX
3a HUSKYIO aKKyMynsuyul kadMmusi, 2) nouck UCXo0HO20 Mamepuana C 8bICoKOU ypoxalHoCmbto, HEeobX00uMbIMU
MEXHOMo2UYECKUMU Kayecmsamu U Opyeumu xapakmepucmukaMmu, 3a UCKITIOYEeHUEeM CnoCcOBHOCMU K HU3KOU aKKymynayuu
Kaomusi.

Amom npakmu4HbIli cnocob co30aHus HOBbIX COPMOB C HUSKUM HakonsieHuem Cd Onisi yMeHbWEHUS NO2MOWEHUS U
HaKoNIeHUs: 3mo20 Memania 8 Kynbmypax 06ecnequm CHUXeHUe COOepXaHUsi 371eMeHma 8 CeflbCKoX03siicmeeHHoU
npodykyuu. CosdaHue HOBbIX COPMOB C HU3KOU akkymynsiyuel kaOmusi Moxem 3gheheKmusHO CHU3UMb COOepX)aHUe 3mo2o
aneMeHma 8 cemeHax U NPUHYUNUabHO Pewums puck nonadaHus kadmMusi 8 0Op2aHu3M Yeso8eka Yyepe3 cemeHa U Macio.

B smoii pabome paccMompeHbl cnocob u 3HayeHue co30aHus UcXo0HO20 Mamepuana noACOTHEeYHUKa U 03umMoll
nweHuuyb! ¢ HU3KUM HakoniieHuem Kaomusi.

Kntoyesnie cnosa: konnekuyusi, 06pasubl, NOACOITHEYHUK, 03UMast NUEHUYA, HaKONSIEHUE KadMUsi, CENeKyust.
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