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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.

Keywords: collection, samples, sunflower, winter wheat, Cd accumulation, breeding

DOI: https://doi.org/10.32845/agrobio.2019.3.7

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 develop-
ment 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 qual-
ity 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 stand-
ards 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 ce-
reals, 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 de-
crease 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 intro-
duced 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 disad-
vantage to its ontogenesis [14].

The problem must be confronted with reducing Cd-con-
taminated 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 in-
take, 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 adapta-
bility and other high quality materials besides low cadmium char-
acteristics [15].
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It is a practical and feasible way to select new varieties
with low accumulation of Cd to reduce the absorption and accu-
mulation of Cd in crops and thus reduce the content of Cd in ag-
ricultural products.

Aim of research: to study collection of winter wheat and
sunflower and carried out the screening of samples with low cad-
mium 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 sun-
flower (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 - CdSOq4, 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 sub-
strate 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 Qil 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 vege-
tative 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 glplant. 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 mgl/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 cad-
mium accumulation in the above-ground part of plants were iden-
tified: "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 selec-
tion 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 re-
sistance 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 —
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Bila Tserkva experimental- breeding station, 5 — Institute of Agri-
culture, 5 — Institute of Irrigated Agriculture, 2 — Myronivskyi Insti-
tute 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
Variety Cd content, mg/kg
Institute of Crop Science named after Yuriev
Alliance 1.41+0.16
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 experimental - 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 after 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
Selection-Genetic Institute — National Center for Seed Research
and Variety Studies
Kantata odesska 1.83+0.04
Conata odesska 1.53 +0.02
Duma odesska 2.02+0.07
Liga odesska 1.29+0.02
Oktava odesska 0.91+0.01
Optima odesska 1.43+0.01
Rodzinka odesska 14+0.04
Melody odesska 0.95+0.10
Pylypivka odesska 1.43+0.12
Hurt 1.3+0.11
Rozkvit 1.69 +0.02
Sich 1.76 + 0.1
Khvala 1.42 +0.01
Slaven 1.05 +0.01
Klad 1.59 +0.09
Krugozir 1.62 + 0.03
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The largest variation in cadmium content was observed | and Octava odeska — 0.95 mg/kg. However, in this group there
in varieties of Selection-Genetic Institute. This group included | were varieties with maximum cadmium accumulation rates
three (among four) varieties with a minimum cadmium content | (> 1.75 mg/kg): the Duma odeska — 2.02; Cantata odeska — 1.83
(<1.00 mg/kg), namely the Kubok — 0.96; Melody odeska — 0.95 | 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 Conclusions. As a result of the screening, the range of
of cadmium content with the minimum level of error was charac- | cadmium content in the samples of winter and sunflower varieties
terized by the Svitanok mironivsky —0.94 + 0.01 mg/kg. The gen- | was determined which enables the formation of working collec-
eral distribution of frequencies of the working collection of winter | tions and the introduction of breeding programs for varietal provi-
wheat varieties in terms of cadmium content is presented in | sion of technologies for obtaining environmentally safe products
Fig. 1. and phytomeliorative technologies.
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CKPUHIHI COPTOBUX KOJEKLIA COHSILLHUKY TA O3MMOI MLIEHNLI LOO HNU3bKOI AKYMYNALI KAGMIKO

Kadwmit (Cd) — eaxkuli Memar, akuli € 0OHUM 3 HalbifbW MOKCUYHUX NPUPOOHUX eleMeHmig. 3 po38UMKOM NPOMUCIIO8OCM
ma cifbCbko20 eocno0apcmea 3abpyOHEeHHs rpyHmy KaOMieM, CNPUYUHEHO20 HEOBIPYHMOBaHUM 8UKOPUCMaHHAM necmuyudie ma
0obpug, cmae gce bifbLWw 3a2po3nugum. PociiuHu no2uHatoms Kaomili 3 IpyHmMy i HaKONUYYMb Y 662eMamueHUX Ma 2eHepamuBHUX
OpeaaHax, wo ensusae Ha epoxaliHicmb ma sKicmb npodykuii. B nodanbwiomy kadmilti Ha0xo0umb 8 OpaaHi3M IoOUHU YEPe3 Xap4osi
NlaHyto2u, 8Nuealoyu Ha cmaH 300p08 .

COHAWHUK ma 03uMa NWEHUUS € 8aXITUBUMU eKOHOMIYHUMU KyfTbmypamu 6 YkpaiHi. 3abpydHeHHs kadmiem rpyHmy € dos20-
CMPOKO8OI0 Ma HazabHo NPobieMoro, sika 6e3nocepedHbo 8NIUBAE Ha iCMIBHY LiHHICMb COHSWHUKY ma 03UMOi NWEeHUYi ma Moxe
3asdamu wkodu 300poe’to ModuHu. BidnosidHo do cmaHdapmie €C, HaKONUYEHHS KaOMiko 8 HaCiHHI COHSAWHUKY He NOBUHHO bymu
6inbwe 0,05 me/ke. OdHak Cd moxe Hakonuyygamucsi 00 8iOHOCHO 8UCOK020 pisHs. [pobnema, nos s3aHa 3 3abPYOHEHHSM CiflbCb-
koeocnodapcbkoi npodykuii kadmiem nompebye mepmiHO8020 BUPILIEHHS.

Bucokuti piseHb 2eHemuyHoi MiHnueocmi gudis, cxunnbHUX 00 HakonudeHHs Cd, dae Moxugicme gukopucmosysamu memodu
cenekuyii pocnuH dna 8idbopy (hopm ma 3pa3kie, Wo Marmb 2eHeMUYHO 006yMogeHy 30amHicmb A0 HU3BKOT akyMmynsauii ubo2o ene-
MeHmy .

OmpumaHHsi HOBUX COpMig COHAWHUKY Ma 03UMOI NWEHUYi 3 2eHOMUNaMU, WO Malome HU3bKY 30amHicmb 00 HaKONUYEHHS
KadMiko i AKi MOXYmb POCMU y PI3HUX yMOBaX rpyHmMogoeo cepedosuuya, € Oyxe eqhekmusHUM piueHHAM. Xo4ya 8UBEOEHHS HOBUX
copmig, cmilikux 0o akymynsauii kaOmito, € 0CHOBHUM WISXOM 8UPILUEHHS — mpuganum i cknadHum. lpouec cenekuyii, GMOBIpHO, 8Kk~
yae: 1) nowyk suxioHo20 Mamepiany 3 8MIiCMOM 2eHig, Wo 8idnosidatoms 3a HUSBKY akymynsauito kadMmito, 2) nowyk euxioHo20 Mame-
piasy 3 8UCOKOK 8pOXaUHICMI, MEXHOM0IYHUMU AKOCMAMU Ma iHWUMU Xapakmepucmukamu, KpiM 30amHocmi 00 HU3bKOI akymy-
n8uii kaomiro .

Lle npakmuyHuli cnoci6 cmeopeHHs Ho8UX copmig 3 HU3bKUM HagpoMadxeHHaM Cd 071 3MEHWEHHS no2fluHaHHS ma Hako-
nuyerHsi Cd 8 Kynbmypax 3abesneyums 3HuxeHHs smicmy Cd y cinbcbkoeocnodapcskit npodyKuil.

CmeOpeHHs1 HOBUX COPMIg i3 HU3BKOK aKyMynsiuieto kaOMito MOXe eqheKmuUBHO 3HU3UMU 8MiCm Ub020 efleMeHma 8 HacCiHHi
ma npUHYUN0B0 8UPILIUMU PU3UK NOMpPanssHHS KaOMito 8 opaaHi3m MoOUHU Yepe3 HaciHHS ma ofito.

Y uiti po6omi po3ansHymo cnocib ma 3Ha4eHHs CmMBOPEHHS 8UXIOHO20 Mamepiany COHAWHUKY ma 03UMOI NWEHUUi 3 HU3BKUM
HaKoNUYeHHAM Kaomito.

Knroyoei cnoea: konekyis, 3pasku, COHAWHUK, 03UMa NWEHUUS, HaKONUYEHHs KaOMito, Cenekuyis.
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CKPUHUHIT COPTOBOW KONMEKLMNA NOGCOMHEYHUKA Y O3UMOU MLIEHULbI OTHOCUTENIbHO HU3KOU AKKY-
Mynaynn KAQMus

Kadmuli (Cd) — msxensit memann, KomopbIl serisiemesi 00HUM U3 Hauboee moKcUYHbIX npupodHbIX anemeHmos. C pa3su-
mueM NPOMBILIEHHOCMU U CEMbCKO20 X03silicmea 3a2pa3HeHuUe NoYeb! KaOMueM, 8bi38aHHbIE HEOB0CHOBaHHbIM UCNOIb308aHUEM
necmuyudoe u ydobpeHull cmaHosumcs ece b6onee yepoxarwum. PacmeHusi noaniowaom kadmull u3 noyebi U Hakanaugarm
ge2emamugHbIX U 26HepamueHbIX 0p2aHax, Ymo efnusiem Ha ypoxatHocms U kayecmeo npodykyuu. B danbHelwem kadmul nocmy-
naem @ opeaHu3M YerioseKa Yyepes nuWiesbIie Uenu, 8/1Uss Ha COCMosiHUe e20 300p08bS.

[odconHeyHUK U 03uMas nweHuYa S8NSMCs 8aXHbIMU 3KOHOMUYECKUMU Kynbmypamu 8 YkpauHe. 3agpssHeHue kadmuem
nougs! sensiemcs don2ocpo4Holl u HacywHol npobiemol, Komopasi HenocPedCMBEHHO 8/IUSEM Ha NULEBYH UEHHOCMb NOOCOTHe-
YHUKa U 03UMOU NweHuub!l U Moxem HaHecmu eped 300posbio wenogeka. B coomeemcmeauu co cmandOapmamu EC, HakonneHue
kaOmusi 8 cemeHax nodcosiHeqHuka He 0omkHO npegbiwams 0,05 me/ke. OdHako Cd moxem HakannueambCs 00 OMHOCUMENbHO
8bICOK020 yposHs. [pobriema, ces3aHHas C 3a2PA3HEHUEM CebCKoxo3slicmeeHHoU npodykyuu kadmuem, mpebyem cpo4Ho20 pe-
WEHUS.

Bbicokuti yposeHb eeHemu4eckoll uameH4usocmu 8udo8, CKIMOHHbIX K HakonneHuto Cd, 0aem 803MOXHOCMb UCNOb308aMb

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcutety 45

Cepisa «ArpoHowmis i 6ionoris», Bunyck 3 (37), 2019



memodb! cenekyuu pacmeruti dnsi ombopa hopm u 06pa3y08, UMELUX 2eHemuUYeckU 0bYycro8neHHy cnocoBHOCMb K HU3KOU
akKyMynsyuu 3moao aneMeHma.

[NonyyeHue HOBbIX COPMOB NOACOMHEYHUKA U 03UMOU NWEHUYLI C 2eHOMUNAMU, UMEIOWLUMU HU3KYI0 CNOCOBHOCML K HaKon-
JIEHUK0 KaOMUsT U npou3pacmaHuio 8 PasiuYHbIX yYCo8UsX, S68/5emcs 04eHb AhheKmuBHbIM nymem peweHus. BbigedeHue HOBbIX
copmos, ycmoUyusbIX K akkyMynsayuu kaOMusi, 8/1iemcs OCHOBHbIM nymem peuwieHust — 00f1euM U CioxHbIM. [pouecc cennekyuu,
8EpOosIMHO, ekimo4aem: 1) nouck ucxo0Ho20 Mamepuasa ¢ cO0ep)aHUeM 2eH08, OMBEYaloU{UX 3@ HU3KYH akKyMynsayur Kkaomus; 2)
nouck ucxo0Ho20 Mamepuana ¢ 8bICOKOU ypoxaliHoCmbio, He06X00UMbIMU MEXHOMO2UYECKUMU Kayecmeamu U Opyaumu xapakme-
pucmukamu, 3a UCKITIOYeHUEM CNOCOBHOCMU K HUSKOU aKKyMynayuu KaOmusi.

Omom npakmuyHbIli cnocob co30aHuUsT HOBbIX COPMO8 C HU3KUM HakonneHuem Cd 05151 yMeHbWEHUs No2MOWEHUs U Hakon-
JIeHUS1 3MOoe20 Memarina 8 Kynbmypax obecneyum cHuUXeHue codepxaHus aneMeHma 8 cenbekoxossaticmeerHol npodykyuu. Cosda-
HUE HOBbIX COPMO8 C HU3KOU akKymynsayuel Kkadmusi Moxem 3ghheKmuUBHO CHU3UMb codepxaHUe 3mo20 dieMeHma 8 ceMeHax u
NPUHYUNUAbHO Pewums puck nonadaHusi KaOMusi 8 OpaaHU3M Yesiogeka Yepe3 ceMeHa U Macho.

B amoti pabome paccmompeHb! cnocob U 3HayeHue co30aHus UCX00H020 Mamepuana nodCoTHeYHUKa U 03UMOU NUIEHUUbI
C HUBKUM HaKonneHuem Kadmus.

Knrouesnbie cnosa: konnekyus, 06pa3ubl, N0OCOTHEYHUK, 03UMast NWeHUYa, HakonieHue KadMus, CeneKyus.
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