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COMPARATIVE ANALYSIS OF THE CORRELATIONS OF
MAIN PARAMETERS AND PRODUCTIVITY OF HIGH OLEIC
SUNFLOWER HYBRIDS IN THE FOREST-STEPPE OF UKRAINE

This study shows that under the conditions of the Forest-steppe of Ukraine,
productivity of sunflower plants depend on morphological and seed quality parameters
and in the context of high oleic hybrids has its own peculiarities. In particular, for the
PR64H32 hybrid, a strong dependence (r = 0.77-0.89) was found between the mass of
seeds and quantity of seeds as well as stem diameter while average connection (r=0.76)
was established for 1000-seed weight. Oplot and Ballistic showed average to very strong
relationship (r=0.66-0.95) for the following morphological and seed quality parameters:
length of 7th leaf, leaf surface area, width of 7th leaf, stem diameter, head diameter,
quantity of seeds and 1000-seed weight. Precisely, the strongest correlations were noted
in Oplot hybrid for quantity of seeds (r=0.95) and 1000-seed weight (r=0.95). Generally,
SPAD-502 plus readings (relative chlorophyll content), number of leaves and plant height
had weak correlation with mass of seeds. Higher correlation coefficient (r) value suggests
stronger/greater dependence of the measured parameter on productivity. Hence, for higher
seed yield and quality in new hybrids, Breeders should focus on improving these
morphological and quality parameters: length of 7th leaf, width of 7th leaf, leaf surface
area, stem diameter, head diameter, quantity of seeds and 1000-seed weight.

Keywords: Productivity, high oleic sunflower, hybrid, correlation, morphological
parameters, quality, SPAD-502 plus

Introduction. Sunflower is an industrial crop that is predominantly
cultivated for oil, and for a long period, research largely focused on the
increase and expression of genetic potential for high seed yield and oil
content in seed of new hybrids. Just recently, it became necessary for
scientists to tackle oil quality as one of the significant challenges in the
vegetable oil market (Joci¢ et al., 2015), [1, p. 34]. Regarding diet, higher
oleic acid (70 %) and lower linoleic acids (20 %) are desired. Hence,
breeding for oil quality in sunflower has mostly concentrated on changing
the comparative amount of fatty acids by raising oleic acid to have stable and
healthy oil and increasing stearic acid for a stable and healthy fat (Zambelli
et al., 2015), [10, p. 51].

Currently, standard linoleic type and high oleic or mid oleic type are
two major sunflower types in the world market. Standard sunflower oil
correspondingly comprises on average about 70 % and 20 % polyunsaturated
linoleic acid and monounsaturated oleic acid. High oleic sunflower oil has
the highest oleic acid content (above 90 %) compared to all vegetable oils
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existing in the global market (Joci¢ et al., 2015), [1, p. 36], and it has
superior oil resistance to auto-oxidation, which prevents the accumulation of
poisonous products during oil processing, storage, and direct consumptions
(Kaya et al., 2015), [2, p. 652]. Additionally, it is very suitable for food
purposes such as, oil for spraying of snacks, crackers, and dry breakfast
cereals; frying oil; food products for toddlers and aged; and for enhancing
oxidation stability. Still, high oleic sunflower produces high yields and is
besides tolerant to the main diseases, weeds, and broomrape, which are
limiting factors on high oleic sunflower field [1, p. 36; 2, p. 652].

According to the Ukrainian State Register for Plant Varieties (SRPV),
in 2017, there are presently 740 varieties and hybrids of sunflower
registered, of which 51 are categorized as high oleic [8]. Recently, Melnyk et
al., (2016) investigated the relationship between productivity (mass of seeds)
and morphological parameters of three confectionery sunflower in the forest
steppe of Ukraine [4, p. 120]. types based on their genetics and hence may
possess unique correlation between productivity and morphological
parameters along with seed quality parameters that are yet to be discovered.

Objective. The present study therefore investigates the correlation
between productivity (mass of seeds) and morphological parameters in
addition to seed quality parameters of three high oleic sunflower hybrids in
the forest steppe of Ukraine. We also correlated mass of seeds with SPAD-
502 plus chlorophyll meter readings. Briefly, the SPAD-502 Plus
chlorophyll meter is a hand-held device that is used for accurate, quick and
non-destructive in situ measurements of chlorophyll concentrations for
several plant species (Richardson et al. 2002). The numerical SPAD value
(reading) indicates the relative content of chlorophyll within the sample leaf
[6, p. 185, 186].

Materials and methods. A two-year (2016 and 2017) field research
was conducted in Poltava (Ukraine) on black soil, characteristic for coarse-
medium loam. Three hybrids of high oleic sunflower (PR64H32, Oplot, and
Ballistic) were sown on May 12 and May 20 and respectively harvested on
September 14 and September 27 in 2016 and 2017. Seeds were sown at a
plant density of 60,000 plants/ha with 4 rows in each plot and 70 cm
between rows. Fertilizer was applied at the rate of N3yP3Ksq Harvesting was
done manually at maturity by harvesting two inner rows in each plot. Data
on the following morphological and seed quality parameters were collected
and/or determined from 30 typical tagged plants in each of the three hybrids:
Plant Height (PH), Stem Diameter (SD), Number of leaves (NL), Width of
7th leaf (WL), Length of 7th leaf, Surface Area of leaf (SA), Head Diameter
(HD), Quantity of Seeds (QS), Mass of Seeds (MS), 1000-Seed Weight
(TSW). An estimate of the chlorophyll content (Chl) was also determined
with SPAD-502 plus chlorophyll meter (Spectrum Technologies, 2011) [7].
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Parameters of the experiment: 1,=3, n=3, accounting area of 50.0 m?2.
Option—randomized. Accounting, measurement, and related observations
were carried out in accordance with the "Field Experiments Method" (1983)
[3], using the following techniques:

-The leaf surface area - in accordance with the method described by L.
S. Osipova, P. P. Litun, (1988) [5];

- Humidity, weight of 1000 seeds - according to SSTS-4138-2002
(State Standard of Ukraine, 2003) [9].

Analysis of weather conditions, particularly Hydrothermal coefficient
(HTC) as described by (G. T. Selyaninov), revealed that the vegetative
period of 2016 had a normal moisture (HTC =1.00), while the year 2017 was
dry (HTC=0.45). Hydrothermal coefficient (HTC) (G. T. Selyaninov) were
determined by the formula: HTC= K/ T x 10, where YK is the amount
of precipitation, mm, for a period with an average daily air temperature
above 10 ° C; YT is the sum of the temperatures, °© C, for the period with the
average daily air temperature above 10 ° C. Correlation analysis was
performed at 5% level of probability with the statistical software
STATISTICA (version 12).

Results and Discussion. For a detailed study of the nature of
connections of plant productivity with morphological and seed quality
parameters as well as relative chlorophyll content, a correlation analysis was
performed within each sample hybrid. For clarity of presentation of the
results obtained, we constructed graphs for the correlation coefficients (r)
between the main productivity indicator (mass of seeds) and other
parameters under investigation, namely, Plant Height (PH); Stem Diameter
(SD); Number of leaves (NL); Width of 7th leaf (WL); Length of 7th leaf;
Surface Area of leaf (SA); Head Diameter (HD); Quantity of Seeds (QS);
1000-Seed Weight (TSW); Chlorophyll content (Chl) (Figure 1). To
determine the strength of the influence of the studied parameters on the mass
of seeds, we used a five-point scale proposed by E. L. Lyubarsky (1974).
Firstly, the hybrid PR64H32, revealed a very strong/close dependence (5
points) on the quantity of seeds (r = 0.89); strong dependence (4 points) on
stem diameter (r = 0.77), and average connection (3 points) on 1000-seed
weight (r=0.76).
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Figure 1. Structure of correlation of productivity with morphological
parameters and relative chlorophyll content of the investigated hybrids:
a—PR64H32, b—Oplot, c—Ballistic

Additionally, there was a weak dependence (2 points) on head
diameter (r=0.60), surface area of leaf (r=0.56), width of 7th leaf (r=0.54),
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length of 7th leaf (r=0.42), number of leaves (r=0.30), relative chlorophyll
content (r=0.37).

The peculiarities in the structure of correlation between morphological
parameters, seed quality parameters, relative chlorophyll content and
productivity of plants of the second hybrid, Oplot, are revealed. Thus
productivity depended very strongly (5 points) on quantity of seeds (r=0.95)
and 1000-seed weight (r=0.95). In addition, there was a strong dependence
on stem diameter (r=0.80) and head diameter (r=0.80). However, for this
hybrid, average dependence were discovered for width of 7th leaf (r=0.68)
and surface area of leaf (r=0.67), while weak dependence were exhibited by
length of 7th leaf (r=0.53), relative chlorophyll content (r=0.45) and number
of leaves (r=0.33). Like PR64H32, Oplot also shown very weak link with
productivity with respect to plant height (r=0.06).

Finally, Ballistic, the third hybrid, displayed a very strong correlation
(5 points) between productivity and 1000-seed weight (r=0.89), while a
strong connection (4 points) was observed in stem diameter (r=0.83) and leaf
surface area (r=0.81). Going forward, quantity of seeds (r=0.76), width of
7th leaf (r=0.74), head diameter (r=0.71) and length of 7th leaf (r=0.66)
demonstrated average (3 points) dependence. Furthermore, a weak
relationship was observed for both number of leaves (r=0.50) and relative
chlorophyll content (r=0.48). Generally, among the three hybrids
investigated, Oplot and Ballistic showed greater correlation between
morphological parameters, SPAD-502 plus readings (relative chlorophyll
content) and productivity than PR64H32, except for quantity of seeds where
PR64H32 displayed very strong (5 points) correlation (r=0.89) compared
with strong (4 points) connection in ballistic (r=0.76).

The greatest correlation was observed in Oplot for seed quality
parameters; quantity of seeds (r=0.95) and 1000-seed weight (r=0.95).
Recently, similar observations were noted in three confectionery sunflower
varieties with the greatest correlation (Lakomka, r=0.89; Konfeta, r=0.77;
Oniks, r=0.69) observed for quantity of seeds (Melnyk et al., 2016) [4, p.
120]

Largely, weak correlation between productivity (mass of seeds) and
number of leaves, relative chlorophyll content, and plant height were evident
among the three hybrids. Thus, for number of leaves, the following weak
links were uncovered: PR64H32 (r=0.30); Oplot (r=0.33); Ballistic (r=0.50).
Earlier, similar weak correlations were observed in three confectionery
sunflower varieties (Konfeta, r=0.17; Oniks, r=0.24; Lakomka, r=0.52).
Regarding relative chlorophyll content, weak correlations were as follows:
PR64H32 (r=0.37); Oplot (r=0.45); Ballistic (r=0.48). Clearly, the weakest
connection among the parameters studied is plant height. Both Oplot and
PR64H32 respectively had very weak correlations, r=0.06 and r=0.13.
However, for Ballistic, a very weak negative correlation (r=-0.08) is
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noticed between plant height and productivity. This was not surprising
because earlier, Melnyk et al., (2016) [4, p. 120] also reported similar
relationship for two confectionery sunflower varieties, oniks (r=-0.4) and
konfeta (r=-0.04), though a positive correlation was shown in the third
variety, lakomka (r=0.48).

Conclusion. This study shows that under the conditions of the Forest-
steppe of Ukraine, productivity of sunflower plants depend on morphological
and seed quality parameters and in the context of high oleic hybrids has its
own peculiarities. In particular, for the PR64H32 hybrid, a strong
dependence (r = 0.77-0.89) was found between the mass of seeds and
quantity of seeds as well as stem diameter while average connection (r=0.76)
was established for 1000-seed weight. Oplot and Ballistic showed average to
very strong relationship (r=0.66-0.95) for the following morphological and
seed quality parameters: length of 7th leaf, leaf surface area, width of 7th
leaf, stem diameter, head diameter, quantity of seeds and 1000-seed weight.
Precisely, the strongest correlations were noted in Oplot hybrid for quantity
of seeds (r=0.95) and 1000-seed weight (r=0.95). Generally, SPAD-502 plus
readings (relative chlorophyll content), number of leaves and plant height
had weak correlation with mass of seeds. Higher correlation coefficient (r)
value suggests stronger/greater dependence of the measured parameter on
productivity. Hence, for higher seed yield and quality, Breeders should focus
on improving these morphological and quality parameters: length of 7th leaf,
width of 7th leaf, leaf surface area, stem diameter, head diameter, quantity of
seeds and 1000-seed weight.
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CyMcKoil HallMOHAJIBHBIN arpapHblii YHUBEPCUTET
Cympl, Ykpauna

CpaBHUTEIbHBIN AHATN3 KOPPEISINA OCHOBHBIX IAPAMETPOB PACTEeHUH
U NPOAYKTUBHOCTH BHCOKOO0JEMHOBBIX THOPHU/I0B MOACOTHEYHUKA
B JIECOCTEITHOM 30He YKPaUHbI
HccnenoBanusiMu ycTaHoBiIEHO, uTo B Jlecoctenu VYkpauHbl NPOJyKTUBHOCTH
pacTeHuil MOJACOJHEYHHUKA 3aBHCUT OT MOP(OIOTHYECKHX MapaMeTpoB M IOKa3arenei
KauecTBa ceMsH. B wyactHoctH, s rubpuna PR64H32 ycraHoBineHa cuiibHas
3aBUCHMOCTh MAacChl M KOJMYECTBAa CEMsH, a Takxke aAuamerpoMm kop3uskd, (r = 0,77-
0,89). V rubpumos Omiot u banrucTuk BISIBICHA CPEHSS M OUYCHD CHIIbHASI 3aBUCHMOCTh
(r=0,66-0,95) mo cnexyromm Mopdomapamerpam: JIMHA W IIUPUHA 7-TO JIUCTA,
IJIOU[alb JIMCTOBOM MOBEPXHOCTH, IUAMETp CTeOJsA, AMAMETP KOP3UHKHU, KOJIUYECTBO
cemsiH 1 Macca 1000 . cemsiH. CunpHasi KOppESIMOHHAS 3aBUCUMOCTh HaOII0AaNnach y
ruopuna Omror mo konuyecTBY cemsiH (1=0.95) m macce 1000 mr. cemsH (r=0.95).
CnenoBarenbHO, [UIsl MOBBILIEHWS YPOXKaWHOCTH M KauyecTBAa CEMSH CEJIEKIIMOHEPHI
JOJDKHBI  YUHTHIBaTh HEOOXOJUMOCTh OTOOpa MO CIAEAYIOIUM MOP(OIOrHYeCKUM
napaMerpam: JAJMHA U HIMpUHA 7-TO JIMCTA, IUIOMAb JIUCTOBOM MOBEPXHOCTH, TUAMETP
cTeOJIs1, TMaMeTp KOP3UHBI, KOIN4YeCTBO ceMsiH U Macca 1000 mT. cemsiH.
KiroueBble cj10Ba: INPOAYKTUBHOCTb, BHCOKOOJIEMHOBBIM IOJICOJHEYHUK,
rubOpuI, Koppensius, Mopdorornyeckue mapamerpsl, kagecto, SPAD-502 plus.
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IHopiBHAJILHUN aHAJII3 KOpeJsiii OCHOBHUX MapeMeTPiB POCJIMH i MPOAYKTHBHOCTI

BHCOKO00JICTHOBHX IiOpHIiB COHSIIHUKY B JIicOCTeNOBil 30HI YKpaiHu

ExcniepumenTanbHi  gociipkeHHss npoBoawm 'y 2016—2017 pp. B HOJBOBHUX
ymoBax A® «'pura» IlonrtaBcekoro paiiony ITonraBcekoi obmacti. IpyHT mocimimHoi
TUISHKA - YOPHO3eM TUIOBUI IIIMO0KO CepeIHbOTyMYCOBUI
KpYIHOIINITYBaTO-CEPEIHbOCYTIIMHKOBUN Ha JecOBUX Nopojax. IIpeaMeToM aociipkeHb
Oy Tpu riopuan BUCOKoojeiHoBoro consmanka (PR64H32, Omnot ta bamicrik).

dopma AITSHOK MPSIMOKYTHO BHJIOBXKCHA, Y YOTUPUKpPATHOMY roBTopeHHi. CiBOy
snidicHioBann 12 ta 20 TpaBHa. Cnoci® ciBOu mupopsiaauid (70 cM), HOpMa BUCIBY —
60 tuc. vacinun/ra. ®on xuBieHHT — N3oP30Ks30. 30upanns mpoBomumm 14 ta 27 BepecHs
BIJIMOBIAHO. YPOXKalHICTh BHU3HAUAIM BPYYHY MijJ 4Yac MOBHOTO JO3pIBaHHS HUIIXOM
30upaHHs ABOX BHYTPIIIHIX PSAKIB 3 KOXHOI JuisHKH. Bwmict xmopodimy (Chl)
Bu3Havanu 3a gornomororo N-tester SPAD-502 plus. ¥V mocniai Binbupau mo 30 THIIOBHX
POCIIHMH 3 MOJANBIINM BHU3HAYEHHSIM iX MopdomapamMeTpiB Ta MPOAyKTUBHOCTI, a came:
Bucotu pociauH (PH), miamerpa crtebna (SD), kinmbkocti nuctkiB (NL), mupunu Ta
nowxuHu 7-ro muctka (WL), rutomri nuctkoBoi moBepxHi (SA), niamerpa xommka (HD),
KibKoCTi 1 Macu HaciHHs 3 kommka (QS ta MS), macu 1000 mrt. nacinun (TSW). s
BU3HAYCHHS CHJIM BIUIMBY JOCI/DKYBaHMX IapaMeTpiB HAa Macy HAaCiHHS
BHKOPHCTOBYBAJIH M'ATHOAIBHY HIKaiy, 3anpornonosany E. JI. Jlrob6apcekum (1974).

AHaJi3 NoroJHMX yMOB, 30KpeMa rigporepmidnoro koedirienta (['TK), Bussuiy,
110 HOPMAJILHKM 32 3BOJIOKEHHsIM OyB Beretauiitauii nepiog 2016 p. (['TK=1,00), cyxum
—2017 p. ('TK=0,45).

JlocniKeHHSAMU BCTaHOBIIEHO, 1110 B Jlicocteny YkpaiHu NPOAYKTUBHICTb POCINH
COHSIIHUKY 3aJIEXUTh B MOP(OJIOTIUHUX MapaMeTpiB Ta MOKA3HMKIB SKOCTI HACIHHS.
3okpema y riopuaa PR64H32 BusiBieHO CUIIbHY 3alIe)KHICTh MacH HACiHHSA, KIUJIbKOCTI
HaciHHS Ta JiameTtpa kommka, (r=0,77-0,89). ¥V Toii xe wac mis riopuaie Omior Ta
BamicTik cepeans Ta ayxe cuibHa 3anexHicts (r=0,66—0,95) Oyma 3a TakuMuH
MopdonapaMeTpaMu: JOBXHHA 1 IMUPUHA 7-TO JUCTKY, IUIOMIA JIMCTKOBOI TMOBEPXHI,
niameTp crebia, JiaMeTp Koluka, KiibkocTi HaciHHs Ta Macu 1000 mt. HacinuH. CUlbHY
KOpEJAIiiHY 3aIeXKHICTh criocTepiraiy B riopuna Ommior 3a KijbkicTio Hacinas (r=0.95)
ta Macoro 1000 wr. Hacinun (r=0.95).

Otxe, IS TABUIIEHHS BPOXKAHHOCTI Ta SKOCTI HACIHHS CEJICKI[IOHEPH MOBUHHI
30CepeIuTU yBary Ha TOJIMIIEHHI TAaKUX IapaMeTpiB, SK JOBXKHMHA Ta HIMPUHA 7-TO
JIMCTA, TIJIOMIA JTUCTKOBOI MOBEPXHI, laMeTp cTeOsIa, liaMeTp KOIINWKa, KUTbKICTh HACIHHS
ta maca 1000 mt. HaciHuH. TakoX BUBJIEHO, 110 BMICT XJIOpO(]isy, KUIbKICTh JTUCTKIB Ta
BHCOTa POCIMHHU CJIa00 BIUIMBAIOTH HAa TOJAIBIIY Macy HACiHHSA. YCTaHOBIIEHO, MIO
BUIIMNA KoedilieHT Kopensiuii () Bu3Hayae OLIbIINI BILTUB BUMIPIOBAHOTO MapaMeTpa Ha
MPOYKTUBHICTH POCIIHH.

KawuoBi cjoBa: TpPOAYKTHUBHICTh, BHCOKOOJIETHOBHI COHSIIHUK, TiOpHI,
KopetsIisi, MOpdoIIoTivHi mapaMeTpH, skictb, SPAD-502 plus.
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