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GENETIC VARIABILITY OF CONCENTRATION
OF MICROELEMENTS IN WILD SUNFLOWER
SPECIES AND HYBRIDS*

ABSTRACT: The aim of this work was to investigate genetic specificity of sun-
flower nutrition with microelements. Therefore, concentrations of essential (Zn, B, Mn, Cu,
Fe and Ni) and non-essential (Cr, Al, Cd, As, Pb and Ba) micronutrients were analyzed.
Five sunflower hybrids the most grown in Serbia and different populations of wild sun-
flower species originating from North America: Helianthus neglectus Heiser (3), Helianthus
agrophyllus T&G (3), Helianthus petiolaris Nutt. (2), Helianthus annuus L. (4) were inclu-
ded in the experiment.

Populations of wild sunflower species and hybrids differed significantly with respect
to the concentration of analyzed elements. Manganese concentration was significantly higher
in hybrids than in wild species. In all genotypes Fe, B and Mn had the highest concentra-
tion. Coefficient of variation of microelement concentration depended on genotype and par-
ticular element. In wild populations, for essential microelements, it was between 3.7 and
59.5, whereas in hybrids it varied from 10.0 to 48.8.

Coefficient of variation of concentration of non-essential microelements in wild popu-
lations varied from 7.7 to 73.8, and in hybrids from 15.1 to 48.8.

Average coefficient of variation in both wild species and hybrids was the lowest for
Mn and Pb. It was the highest for Cr, Ni, and Zn in hybrids and for Cd, Ni, and Cr in wild
species.

The results suggest that genetic specificity with respect to uptake of microelements in
wild species and hybrids is highly expressed. Broad genetic variability of concentrations of
microelements in wild species and hybrids indicate that their reactions to deficiency and/or
excess of those elements probably are not the same either. This finding may be used in
breeding process aimed specifically at improvement of tolerance and capacity to accumulate
microelements in sunflower. Phytoremediation technology designed to reduce the amount of
microelements in the soil could thus be advanced by utilization of such plants.

KEY WORDS: wild sunflower species, populations, hybrids, essential, non-essential,
microelement concentration

* The paper presents a part of the results obtained during the researching conducted under the
project The study of the genetic specificity of mineral nutrition of hybrids and wild sunflower species
financed by the Ministry of science and Technological Development of the Republic of Serbia.
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INTRODUCTION

Plants belonging to the genus Helianthus are widely present all over our
planet. Various climatic and edaphic conditions resulted in appearance of spe-
cies that are variable in their morphology and biological characteristics, one of
which is mineral nutrition. Breeding process imposed by human activities sti-
mulated an increase in genetic variability of mineral nutrition of some species
and genotypes of sunflower. The first reports about varietal differences in
plant nutrition were published in the middle of last century (Vose, 1963).
Since then, in many studies the existence of genetic variability in mineral nu-
trition between species and genotypes was confirmed (Epstein, 1972; Kli-
maSevski, 1974; Sarié, 1981). This specificity refers to the temporal
dynamics of nutrient uptake and accumulation, plant sensitivity to nutrient
shortage or excess, nutrient distribution in plants, etc. (Kastori, 1983).

In sunflower, genetic specificity of mineral nutrition was examined preva-
lently in different lines and hybrids (Foy et al.,, 1974; Sfredo et al., 1985;
Kastori and Stankovid, 1985; Vrebalov, 1987; Krsti¢ and Sa-
rié, 1991; Kastori et al., 2008), and to a much lesser extent in wild
sunflower species (Krsti¢ and Sarié, 1987; Seiler and Campbell,
2004; Seiler and Campbell, 2006). The knowledge of specific nutrient
requirements of a crop is important both theoretically and practically. It allows
farmers to optimize plant mineral nutrition, which in turn makes room for
maximum utilization of genetic potential for yield and quality of various crops
and particular genotypes.

Environmental pollution with heavy metals and radionuclides, which re-
sults from human activities, has serious implications on the production of safe
agricultural products. It was found that sunflower could be successfully em-
ployed for decontamination of soils polluted with heavy metals and radionucli-
des (Adler, 1996). In Ukraine, 30 km from Chernobyl, rhizofiltration was
used together with phytoextraction for decontamination, and the best result
was obtained with sunflower (Sorochinsky, 1998). Dushenkov et al.
(1995) found in the laboratory that within 24 h roots of sunflower plants were
able to substantially reduce the levels of Cd, Cr (VI), Cu, Mn, Ni, Pb, Sr, U
(VI), and Zn in water, bringing metal content close to or below the discharge
limits. Sunflower is also able to accumulate 37Cs and °°Sr. Roots of sunflower
accumulated up to eight times more '7Cs than the roots of timothy (Phleum
pratense L.) or foxtail (Alopecurus pratense L.). The ability of sunflower to
accumulate uranium (U) was reported by Salt et al. (1998) and Jovano-
vicé et al. (2001). Apart from the fact that sunflower intensely takes up some
heavy metals and radionuclides, it also has high biomass, enabling it to accu-
mulate and extract significant amounts of pollutants from the rhizosphere.

Cited results suggest that sunflower may be suitable for remediation of
soils and waters polluted with heavy metals and radionuclides. Therefore, the
aim of this study was to assess the capacity of some populations of wild
sunflower species and hybrids to take up microelements important from agro-
nomical point of view, i.e. B, Zn, Mn, Cu, Fe, and Ni, but also of the other,
potentially toxic elements: Pb, Cd, As, Cr, Al, and Ba.
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MATERIAL AND METHODS

Plants were grown on weakly calcareous chernozem of good physical and
chemical properties (Tab. 1). At flowering, completely developed upper leaves,
which are physiologically the most active (Cupina and Sakac¢, 1989),
were taken for the analyses. Micronutrient concentration was analyzed in diffe-
rent populations of wild sunflower species from Northern America (number of
populations per species is given in parenthesis): Helianthus neglectus Heiser
(3), Helianthus petiolaris Nutt. (2), Helianthus agrophyllus T&G (3), Heli-
anthus annuus L. (4) as well as in five sunflower hybrids the most grown in
Serbia. Micronutrient content was determined by ICP. The data were statisti-
cally processed by analysis of variance, calculation of the least significant dif-
ference (LSD), standard deviation, and coefficient of variation using Statistica
8 computer program.

Table 1. Basic soil properties

Depth pH CaCO; Humus Total N _AL-P,Os  AL-K,O
(cm) In KCI  In H,0 %o % (%) mg/100 g
0—30 7.19 8.22 2.76 1.96 0.154 15.0 24.1

30—60 7.37 8.26 4.56 1.95 0.142 6.6 20

RESULTS AND DISCUSSION

Concentration of analyzed essential microelements varied between popu-
lations of wild sunflower species as well as hybrids, suggesting that there is
significant genetic specificity with respect to uptake and accumulation of micro-
elements in analyzed genotypes (Tab. 2). Average values of microelement con-
centrations in wild species and hybrids were the most variable with respect to
Mn concentration, which was significantly higher in hybrids. Comparison
between the results obtained in hybrids with corresponding values for micro-
elements available in the literature, significant discrepancies are noticed. Con-
centrations of Fe, B and Mn were significantly higher in hybrids while Zn
concentration was lower that was found by Robinson (1970, 1973), Pais
(1980), and Bergman (1986). Concentrations of essential microelements
shown here correspond to the results that in similar agroecological conditions
obtained Kovacevic¢ (1986). Higher concentration of essential microele-
ments in hybrids suggests that the soil on which plants were grown was, in
spite of weak alkaline reaction, well supplied with microelements in the forms
available to plants (Ubavi¢ et al.,, 1993). Especially high was B concentra-
tion, which in hybrids was 165 mg/kg DW in average. Sunflower indeed has
high requirements for B (Blamey et al., 1978), which is in accordance with
our results. In hybrids, the highest variation from the average was found in
hybrid NS-H-45, in which concentration of nearly all analyzed elements was
significantly lower as compared to the other hybrids. To the best of our
knowledge, concentration of microelements in different populations of wild
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sunflower species has not been studied thus far. In some populations of Heli-
anthus agrophylus high Fe concentrations were recorded.

Concentration of a microelement in plant tissues signifies the need of a
plant for such an element and therefore such data are of primary biotechnical
significance. The knowledge about the accumulation of non-essential microele-
ments may help to choose the species and genotypes for phytoremediation of
soils polluted with heavy metals. In Tab. 3 are shown concentrations of
non-essential microelements in wild sunflower species and hybrids. In all po-
pulations of wild species and in hybrids Al had higher concentration than Ba,
Cr, Pb, and As whereas concentration of Cd was the least. There was espe-
cially high concentration of Al, Pb, and As in some populations of Helianthus
agrophyllus. Of tested hybrids, the highest concentration of all analyzed ele-
ments was found in NS-H-111, and especially high were concentrations of Cr
and Al. Relatively high As concentration in analyzed genotypes may be ex-
plained by high As concentration in underground waters of South Backa,
where the plants were grown. Accumulation of Pb in plants was most probably
enhanced by the vicinity of highway. Concentration of non-essential microele-
ments in sunflower was studied extensively in the past. Simon (1998) and
Simon et al. (1999) studied the accumulation and distribution of Cd in
sunflower. In leaves of sunflower, grown on calcareous Chernozem, they
found the following concentrations of non-essential microelements (mg/kg): As
0.03, Ba 5.4, Cd 0.2, Cr 0.1, and Pb 0.0. These values were much lower than
values found in hybrids tested in our experiment. Kdddr and Palvolgyi
(2003) found that sunflower accumulated low amounts of tested elements even
when high doses were applied to the soil (810 kg/ha). They concluded that, in
spite of high biomass production, sunflower is not suitable for phytoremedia-
tion of heavy metal-contaminated soils. At the same time, it is necessary to
note that cited authors included only one genotype in their study. The data on
the concentration of non-essential microelements in wild sunflower species are
not known so far.

Results presented here suggest that there is high genetic variability be-
tween populations of wild sunflower species and hybrids in the uptake and tis-
sue concentration of essential and non-essential microelements. This is suppor-
ted by high coefficient of variation of concentration of some microelements in
wild species and in hybrids. Coefficient of variation between populations of
some wild species was element-depended and for essential elements varied
between 3.7 and 59.5. For hybrids it varied from 10.0 to 48.8. Coefficient of
variation depended both on genotype and on the element. Average coefficient
of variation between populations of wild species had the following order:
Cd>Ni>Cr>As>Al>B>Fe>7Zn>Cu>Ba>Pb>Mn, and when hybrids were compa-
red: Cr>Ni>Zn>Al>Fe>As>Cu>B>Ba>Cd>Pb>Mn (Tab. 2, Tab. 3). Although
analyzed populations of wild sunflower species are quite distant as compared
to hybrids, they all have low coefficient of variation for Mn and Pb concentra-
tion, and high for Ni and Cr. Based on presented data, one can speculate that
analyzed genotypes also differ in their tolerance to the deficiency and excess
of microelements. This feature of wild species can be used in breeding pro-
cess. However, genotypes in which concentration of microelement(s) was above
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the average may be suitable for phytoremediation, especially hybrids, because
they produce more biomass.

Tab. 2 — Content of essential microelements in populations of wild sunflower species and
hybrids (mg/kg DM)

Genotypes Zn B Mn Cu Fe Ni
Species Population
1575 27.56 109.0 74.70 14.26 978.2 1.31
1677 16.27 138.8 78.50 12.13 443.7 2.36
Helianthus 1317 22.58 165.7 81.75 17.49 852.8 3.52
agrophylus ~ Average 22.13 137.8 78.31 14.62 751.6 2.93
SD 4.94 24.7 293 2.44 239.7 1.78
Ccv 22.30 17.9 3.75 16.69 31.9 43.85
722 20.82 223.1 68.30 8.88 515.0 1.35
Helianth 2167 22.58 111.3 59.60 8.10 452.3 0.40
;n.’o"lzn.;” Average 21.70 167.2 63.95 8.49 483.6 0.87
P SD 1.32 61.3 4.79 0.77 34.5 0.52
Cv 6.11 36.6 7.50 9.04 7.13 59.51
457 24.63 164.5 77.80 12.79 515.0 1.50
1363 25.53 91.5 87.55 12.65 426.3 1.20
Helianthus 1183 17.53 133.9 73.45 8.16 589.4 3.33
neglectus Average 22.56 131.0 79.50 11.20 510.3 2.01
SD 3.83 30.5 6.85 2.37 73.2 0.98
Ccv 16.97 233 8.60 21.12 14.3 48.31
2144 15.19 100.8 126.20 6.60 379.8 1.10
2156 33.15 90.0 82.80 10.72 413.9 1.61
Helianth 2038 20.75 144.3 60.75 9.08 415.2 1.13
arfn’;;;’ “2162 22.03 1024 10825 8.13 654.7 2.28
Average 22.78 109.4 94.50 8.63 465.9 1.53
SD 6.84 21.9 26.01 1.61 115.7 0.51
Ccv 30.04 9.9 27.53 18.61 24.8 33.60
LSD 0.05 1.30 5.32 3.23 1.12 22.5 0.35
0.01 1.74 7.14 4.34 1.50 36.9 0.47
Hybrids
NS-H-45 8.28 135.0 129.55 9.55 284.6 1.27
NS-H-111 20.99 153.2 152.50 12.72 706.2 3.52
NS-H-Bacvanin 27.55 159.2 127.55 13.98 377.3 1.70
NS-H-Krajisnik 16.42 163.6 162.30 9.59 385.9 1.00
NS-H-Velja 14.06 218.3 135.95 7.10 397.1 1.87
Average 17.46 165.3 141.57 10.59 430.2 1.87
SD 6.74 29.3 14.15 2.56 150.1 0.91
(6\% 38.61 17.7 10.00 24.21 349 48.80
LSD 0.05 1.05 9.63 3.59 0.64 44.2 0.09
0.01 1.46 13.36 4.98 0.88 61.3 0.13
LSD for species and hybrids
0.05 1.21 6.44 3.30 0.96 31.1 0.29
0.01 1.61 8.58 4.41 1.28 41.4 0.39

73



Tab. 3 — Content of non-essential microelements in populations of wild sunflower species and
hybrids (mg/kg DM)

Genotypes Cr Al Cd As Pb Ba
Species Population
1575 0.43 135.80 0.43 1.22 2.84 21.50
1677 0.10 59.25 0.09 1.07 2.27 15.50
Helianthus 1317 0.13 117.70 0.13 1.50 2.33 19.99
agrophylus ~ Average 0.22 104.25 0.22 1.26 2.48 18.99
SD 0.16 34.72 0.16 0.23 0.36 2.72
Cv 69.06 33.30 73.86 18.54 14.45 14.29
722 1.07 48.25 0.32 1.26 1.08 18.70
Helianth 2167 1.57 31.35 0.08 0.98 1.09 15.49
o Average 1.32 39.80 0.20 1.12 1.09 17.09
p SD 0.28 9.31 0.13 0.16 0.08 1.78
CvV 20.99 23.39 65.59 14.19 7.70 10.39
457 1.75 65.65 0.64 1.04 1.47 21.00
1363 1.55 60.35 0.21 0.44 1.40 14.01
Helianthus 1183 1.37 79.20 0.17 1.18 1.68 21.00
neglectus Average 1.89 68.40 0.34 0.88 1.52 18.67
SD 0.37 8.95 0.23 0.35 0.14 3.51
CvV 19.67 13.08 66.00 39.61 9.32 18.78
2144 1.16 48.95 0.27 1.02 1.47 17.03
2156 3.17 55.70 0.35 1.16 1.17 19.36
Helianth 2038 1.87 56.45 0.14 1.06 1.74 12.73
arfnf:s’ U 2162 3.40 92.80 0.11 0.37 2.07 16.77
Average 2.40 63.47 0.22 0.90 1.61 16.47
SD 1.00 18.05 0.10 0.33 0.37 2.54
CvV 41.48 28.44 46.91 36.22 23.24 15.42
LSD 0.05 0.26 4.42 0.01 0.16 0.29 0.67
0.01 0.34 5.93 0.02 0.22 0.39 0.90
Hybrids
NS-H-45 2.30 46.30 0.28 0.50 1.54 24.52
NS-H-111 6.86 105.05 0.34 0.59 1.89 28.14
NS-H-Bacvanin 3.11 53.25 0.26 0.43 1.35 17.17
NS-H-Krajisnik 2.68 47.35 0.34 0.82 1.56 20.34
NS-H-Velja 2.83 60.05 0.28 0.53 1.97 23.04
Average 3.55 62.40 0.30 0.57 1.60 22.64
SD 1.74 22.63 0.05 0.14 0.25 3.81
CV 48.80 36.24 15.54 25.20 15.17 16.82
LSD 0.05 0.26 2.53 0.05 0.05 0.17 0.50
0.01 0.37 3.51 0.08 0.08 0.24 0.70
LSD for species and hybrids
0.05 0.25 3.81 0.05 0.14 0.25 0.60
0.01 0.33 5.09 0.07 0.18 0.34 0.80
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CAIPXAJ MUKPOEJTEMEHATA V TOITYJIAUMJAMA JMBJ/bUX BPCTA
CYHLIOKPETA 1 XWUBPUIA

Pynong P. Kacropu!, MBana B. Makcumosuh!, PagoBan 3. MapunkoBuh?,
Tujana M. 3epemcku-1lIkopuh?, Mapuna WM. Ilytauk-denuh!

I TloswonipuBpentu dakyarer, Hosu Can, Tpr Jlocuteja O6panoBuha 8§,
Hosu Canm, Cpbuja
2 IHCTUTYT 3a patapcTBO W MoBpTapcTBo, Makcuma [opkor 30,
Hosu Canm, Cpbuja

Pesnme

Y uusby npoyyaBarba TeHETCKe CrelM(PUUHOCTU MCXpaHe CYHIIOKpETa MUKpOesie-
MEHTUMa UCIIUTAH je caapxkaj HeonxonHux (Zn, B, Mn, Cu, Fe u Ni) u He Heomnxoj-
Hux MukpoeynemeHara (Cr, Al, Cd, As Pb u Ba) y ner HajpacrpocTparmeHUjuX Xubpu-
Ja cyHuokpera y CpOuju Kao M y pasauyuTUM TOIyJaldjaMa TUBJBUX BPCTa CYHIIO-
kpeta nopekioM u3 CeBepHe Amepuke: Helianthus neglectus Heiser (3), Helianthus
agrophyllus T&G (3), Helianthus petiolaris Nutt. (2), Helianthus annuus L. (4).
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HcnutuBaHe nomynaiuvje IMB/BMX BPCTa CYHIIOKpeTa M XMOpHJa 3HAYajHO Cy ce
Mel)ycoOHO pa3numKoBaje y MOIjiedy caapikKaja MCIIMTUBAHUX MHMKpoejeMeHaTa. HajBe-
ha paznuka n3mel)y roryamuja AMB/BMX BPCTa CyHLIOKpeTa M xubOpuaa yrBpheHa je y
camp:kajy Mn koju je kom xubpumga 0no 3HaudajHo Behu. Kox cBux mcnmTHBaHUX T€HO-
tunoBa Hajeehu je 6uo canpxkaj Fe, B u Mn. KoeduuujeHT Bapujaluje caapkaja Mu-
KpoeJieMeHaTa 3aBUCHO je oJf TeHoTuna u ejemeHTa. Kom momyrnanuja AMB/BMX BpCTa
CYHIIOKpeTa KpeTao ce on 3.7 mo 59.5, a kox xubpuna on 10.0 no 48.8. 3a HeeceHILIM-
jaJTHe MUKpOEJIEeMEHTe KOJ IUB/BUX Momyjiaivja KoedulmjeHT je 6uo usmely 7.7, u
73.8, nok je xox xubpuna Bapupao ox 15.1 mo 48.8. KoeduuujeHT Bapujaluje 6uo je
HajMarbu Koa Mn u Pb kon nuBbux Bpcra n xubpuna. Kox xubpuaa Hajpehu koedu-
uujeHT Bapujauuje umaiau cy Cr, Ni u Zn, a xon auBbux Bpcta Cd, Ni u Cr.

Ha ocHOBy noGujeHMX pesyiaTaTa MOKE Ce€ 3aK/bYUMTH Jla jeé TeHEeTHYKa CIelU-
(buuHOCT Y TIOTIIEy yCcBajalhba HEOMXOMHUX M APYTUX MUKpOeJeMeHaTa KoJ TMOIyIalu-
ja IUBJbMX BPCTa CYHIIOKpeTa M XubOpuaa BeoMa uspaxkeHa. Lllupoka reHercka Bapuja-
OMJIHOCT MCIUTMBAHUX T€HOTUIIOBA Yy IOIVIEAY CaapiKaja MOjeIMHUX MMKpoeJeMeHaTa
ynyhyje Ha MPeTNoCTaBKy O pa3jWyMTOj PeaklUju TpeMa HHUXOBOM HEIOCTaTKy U Cy-
BUILIKY, IITO MOXKe Ja Oyde o 3Hauaja y OILUIeMEIhbMBAYKOM paiy, MOCeOHO IpU CTBa-
pamy TEHOTHMIIOBA TOACCHMUX 3a (hUTOpeMeaujaliijy 3eMibuilTa 3aral)leHuX MUKpoese-
MEHTHMa.
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