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EVALUATION OF SUNFLOWER STARTING MATERIAL FOR BREEDING-VALUABLE
TRAITS
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Data of a four-year study (2018—2021) were evaluated for breeding-valuable traits of sun-
flower starting material (pollen fertility restorers, sterility fixers and sterile analogues of self-
pollinated lines). Genotypes with optimal values of head productivity, 1000-seed weight and oil
content were identified. Fertile lines that had the best pollen viability were identified and select-
ed.
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Introduction. To create modern sunflower hybrids, breeding requires starting material
of good quality, videlicet self-pollinated lines, which will have a set of economically useful
features, including high yield, good seed quality, optimal height and growing period, ability to
form a well-developed photosynthetic surface, and high pollen viability.

Literature review problem articulation. Today, agriculture is important for the eco-
nomic development of Ukraine and ensures the food security of populations in many European
countries. Among major crops, sunflower is a leading one in agriculture, justifying its large
sown areas. Sunflower breeding, like any other crop breeding, constantly evolves and cannot
be stopped because of climatic changes or due to new races of pathogens and pests.

Leading research institutions of the National Academy of Agrarian Sciences of Ukraine
create sunflower hybrids and starting material. In particular, the main registrars of sunflower
hybrids are the Plant Production Institute named after V.Ya. Yuriev (PPI nd.a. V.Ya. Yuriev)
and the Institute of Oil Crops, whose shares in the State Register of Varieties for 2022 are 3.9-
3.3% according to the General Register of Hybrids [1]. Since the sunflower breeding onset,
there has been a transition from seed quantity to its quality. Self-pollinated lines should have
increased seed productivity, seed quality, combining ability, improved architectonics and
markers, which will simplify culling [2, 3]. Chemical and physical mutageneses have been
widely used to obtain marker traits in sunflower breeding, but hybridization remains the main
method for creating sunflower starting material [4, 5]. Sunflower is constantly bred to create
inbred germplasm that would be resistant to major diseases and pests, such as red sunflower
weevil, broomrape, downy mildew, phomopsis stem canker, etc. [6—9]. Sunflower is also
drought-resistant and can withstand temporary wilting due to a well-developed root system
and grow under insufficient rainfall [10, 11]. In particular, it was noted that droughts and tem-
perature shifts exerted the greatest effects on the plant height and the stem and head diameters
[12]. This explains that these characteristics can be considerably variable in inbred sunflower
lines from year to year.

Pollen viability is an important feature for breeding and seed production, which allows
for rapid reproduction of new sunflower hybrids and their implementation into production.
Scientists emphasized that, in addition to inbred depression, environmental conditions were
the main factors influencing the pollen viability [13—16].

Purpose and objectives. To evaluate self-pollinated sunflower lines for major breed-
ing-valuable traits: performance, growth and development, and pollen viability; to select the
best genotypes for further breeding in the Eastern Forest-Steppe of Ukraine.

© D.V. Chuiko. 2022.
ISSN 1026-9959. Cenexuist 1 HacinaunTso. 2022. Bumyck 121.

6



Materials and methods. The study was conducted in the experimental field of the
Chair of Genetics, Breeding and Seed Production of Kharkiv National Agrarian University
named after V.V. Dokuchaev (KhNAU nd.a. V.V. Dokuchaev; now it is the State Biotechno-
logical University) in 2018—2021. Ten self-pollinated sunflower lines bred at the PPI nd.a.
V.Ya. Yuriev and four mutant lines obtained at KhNAU nd.a. V.V. Dokuchaev were studied.
Genotypes were represented by lines - pollen fertility restorers (Kh06135V, Kh06134V,
Kh785V, KhNAUI1133V, KhNAU63V, KhNAU488V, and KhNAUS505V), sterility fixers
(Kh1010B and Kh1012B) and sterile analogues of self-pollinated sunflower lines (Skh80SA,
Skh808A/Kh1002B, Skh1010A, Skh1012A, and Skh1002A). Planning, experiments, surveys
and records were carried out in compliance with traditional methods [17, 18]. There were four
replications; winter wheat was the forecrop; the sowing arrangement was 70 x 25 cm. Plants
were not additionally fertilized. To control weeds, soil herbicide Kratos at a dose of 2.0-2.5
L/ha was applied; weeds were also eradicated manually. Data were statistically processed in
Statistica 10 and Microsoft Excel.

Biometric measurements were performed on day 30 after anthesis. The total number of
leaves and the number of dry leaves were determined by cutting and counting. To determine
the leaf surface index (hereinafter — LSI), we first calculated the average leaf area using the
following formula (LP Osipova, PP Litun) [19]:

S =-0.1063 — 15.6618 X L + 17.4572 X H + 0.574 x L? + 0.0617 x H?,

where S is the leaf blade area; L is the leaf length; H is the leaf width.

Then the obtained figures were multiplied by the average total number of leaves per
plant and the plant density per square meter.

The weather in the study years was characterized by uneven distribution of precipita-
tion and high average daily temperatures, which was manifested by droughts in the main peri-
ods of sunflower development. The average daily temperatures exceeded the multi-year aver-
ages to various degrees depending on the year and month: from insignificant 0.2°C in July
2019 and August 2020 and to significant 4.8—6.5°C in July 2021 and August 2018.

The precipitation amounts during the sunflower growing period in the study years were
lower than the long-term average. Over the period of 2018-2021, August (0.0-11.8 mm; the
long-term average is 51.0 mm) and September (0.0—10.7 mm; the long-term average is 45.4
mm) were unusually arid. However, in general, the environmental conditions were favorable
for the growth and development of sunflower.

The pollen viability was determined by P. Diakon’s method, which is based on the de-
hydrogenase reaction with 1% tetrazole in live pollen grains [20]. Pollen was collected in the
morning: five anthers from 10 plants during three days. Microscopic slides were prepared and
left in a dark place at room temperature for 30 min; then the slides were photographed at 10-
fold magnification with a microscope MICRO-med XS-3330 LED and a digital camera.

Results and discussion. The field experiments showed that the sterile analogues of
self-pollinated lines had shorter “shooting-anthesis” periods (60 + 2.0 — 66 + 1.5 days) than
the pollen fertility restorers and sterility fixers (65 + 2.0 — 75 £ 2.1 days). It was noted that this
parameter was moderately correlated with the total number of leaves per plant (r =0.50) and
negatively correlated with the plant height (r = -0.40). Other researchers found that the vegeta-
tive surface of sunflower was weakly correlated with the anthesis length [2]. At the same time,
we noted no correlation (r = 0.00).

The number of leaves per plant and their death during the growing period are important
for breeding and agronomy. Foliage is the main indicator of the photosynthetic potential of the
plant and is controlled by a large number of recessive genes, which produce totally 27—-32
leaves per plant under optimal environmental conditions according Marinkovié¢ and Skorié’s
data [21]. It was found that the total number of leaves varied within 25 £+ 1.2 — 29 + 2.4 leaves
in the studied self-pollinated sunflower lines bred at the PPI nd.a. V.Ya. Yuriev, while the sun-
flower lines obtained via chemical and physical mutageneses at KhNAU nd.a. V.V.
Dokuchaev had significantly smaller numbers of leaves (21 + 1.6 — 24 + 2.2, except for
KhNAU1133V line (33 + 3.1 leaves), which had a branched stem. The total number of leaves



per plant was moderately correlated with the number of dry leaves on day 30 after anthesis (r =
0.48), stem height (r = 0.46), and LSI (r = 0.58) (Tables 1 and 2).

Table 1
Economic features of the self-pollinated sunflower lines, average for 2018-2021
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Sterile analogues of self-pollinated lines
Skh808A 60+2.0 27+2.6 10+03 2.9+03 182 £15.8 57.8 583 513
Skh808A/X1002
B
Skh1010A 66 +1.5 27+1.8 20+2.2 1.8+0.6 119+145 17.0 51.8 34.1
Skh1012A 64+25 25+1.5 15+1.0 19+0.9 114+203 20.1 392 409
Skh1002A 624+2.1 26+1.4 17+2.0 23+0.7 150+27.5 155 378 338
LSDys 3.4 3.5 3.0 — 11.4 12.7 9.0 7.7

65+1.7 28+1.6 16+1.7 3.0+1.0 1824285 535 546 489

Lines — pollen fertility restorers and fertility fixers
Kh06135V 704+3.0 29+24 14+2.0 3.0+0.6 126+10.8 38.8 46.1 39.0
Kh06134V 68 +1.5 26+1.1 14+28 1.9+0.7 124+17.6 139 319 43.6
Kh785V 684+2.0 29+1.5 19+23 1.9+0.7 140+27.6 30.0 458 432
KhNAU1133V ~ 75+2.1 33+3.1 16+43 2.5=+0.5 122 £25.0 9.0 351 404
KhNAU63V 654+2.0 21+1.6 10+1.9 1.3+0.7 90 +£19.1 9.5 50.0 43.0
KhNAU488V 67 +1.8 24+2.2 15+1.3 1.8+0.6  124=£152 8.7 325 41.1
KhNAU505V ~ 66+1.6 22+1.3 11+2.0 1.8+0.5 114 £14.5 8.5 30.0 41.6
Kh1010B 67+1.5 27+1.7 19422 1.6+0.7 122+14.6 147 50.8 34.0
Kh1012B 674+2.1 25+1.2 15+1.8 22405 106 £17.1 189 340 35.7
LSDys 4.3 3.6 4.4 — 12.6 10.2 103 7.9

The number of dry leaves per plant is important for breeding and agronomy and can be
used as a marker. It was found that the number of dry leaves was not correlated with the height
(r=0.05), LSI (r = -0.11), productivity (r = -0.13), or with 1000-seed weight (r = 0.07) in the
self-pollinated sunflower lines, which is in agreement with K.M. Makliak et al.’s results [22].
However, there was a positive correlation (r = 0.50) between the number of dry leaves per
plant and the total number of leaves per plant and a negative correlation (r = -0.57) between
the number of dry leaves per plant and oil content. Of the studied sunflower genotypes,
Kh785V, Kh1010V and its sterile analogue Skh1010A were distinguished, as they had the
highest percentages of dry leaves related to the total number of leaves: 66%, 71% and 74%,
respectively. It was noted that in 2018-2021 the sterile analogue of the Skh808A self-
pollinated line showed the lowest rate of post-anthesis leaf death (37% or 10 £ 0.3 leaves) re-
lated to the total number.

The plant height was closely correlated with the LSI (r = 0.71), productivity (r = 0.81),
1000-seed weight (r = 0.48), and oil content in seeds (r = 0.55). It was found that the
KhNAUG63V line had the shortest plants (90 £ 19.1 cm), and Skh808A and simple sterile hy-
brid Skh808A/Kh002B — the tallest ones (182 £+ 15.8 cm and 182 + 28.5 cm, respectively).

The LSI indicates the photosynthetic potential of the plant on which depends the accu-
mulation of fats and lipids in the plant and is described in more detail in our previous publica-



tion [23]. Of the sterile analogues, high LSI values were recorded for Skh808A,
Skh808A/Kh1002V, and Skh1002A: 2.9 £ 0.3, 3.0 £ 1.0, 2.3 + 0.7 m’, respectively. Of the
pollen fertility restorers and sterility fixers, Kh06135V, KhNAU1133V, and Kh1012B had the
highest LSI values: 3.0 + 0.6, 2.5 + 0.5, 2.2 + 0.5 m?, respectively. The rest of the studied self-
pollinated sunflower lines had significantly a lower LSI of 1.3—-1.9 m’.

Table 2
Correlations between the studied traits in the self-pollinated lines
Trait 1 2 3 4 5 6 7 8
1 “Shooting-anthesis” period, |
days
2 Total number of leaves per 0.50* |
plant
3 Number of dry leaves per plant 0.28 0.48* 1
4 Height, cm -0.40 0.46*  0.05 1
5 LSI, m’ 0.00 0.58* -0.11 0.71** 1
6 Head productivity, g -0.37 036 -0.13 0.81*%* (.77** 1
7 1000-seed weight, g -039 022 007 0.48* 026 0.68** 1
8 Oil content, % -0.23  0.06 -0.57* 0.55* 038 0.62** 031 1

Note: * the value is probable at P> 0.05, ** the value is probable at P> 0.01

Seed yield and seed quality are the main indicators of the value of self-pollinated lines.
Thus, of the sterile analogues of self-pollinated lines, Skh808A was singled out: its head
productivity was 57.8 g (3.3 t/ha); the 1000-seed weight was 58.3 g; the oil content was
51.3%. The simple sterile hybrid originated from this line, Skh808A/Kh1002B also had high
indicators: its head productivity was 53.5 g (3.0 t/ha); the 1000-seed weight was 54.6 g; the oil
content was 48.9%. The pollen fertility restorers and sterility fixers had lower seed productivi-
ty and quality. The best lines were Kh06135V (the head productivity was 38.8 g (2.2 t/ha);
1000- seed weight — 46.1 g; oil content — 39.0%) and Kh785V (the head productivity was 30.0
g (1.7 t/ha; 1000-seed weight — 45.8 g, oil content —43.2%) on average for 2018-2021 (all val-
ues are significant at P<0.05).

In other studied lines of sunflower bred at the PPI nd.a. V.Ya. Yuriev, the head produc-
tivity was 13.9-20.1 g (0.8-1.1 t/ha). It was noted that the lines obtained via chemical and
physical mutageneses, KhNAU1133V, KhNAU63V, KhNAU488V, and KhNAUS505V, had a
low head productivity of 8.5-9.5 g corresponding a yield of 0.5 t/ha. Features of low produc-
tivity of mutant lines are also noted by other scientists, who argue about the difficulty of ob-
taining high-yielding sunflower lines by chemical mutagenesis [2]. The head productivity was
strongly correlated with the 1000-seed weight (r = 0.68) and the oil content in seeds (r = 0.62),
which is confirmed by our previous studies on other genotypes [24].

Investigating the pollen viability in the fertile sunflower lines, we established different
gradations according to the pollen grain color: red - viable, pink - weakly viable and gray - not
viable (Fig. 1).

It was revealed that of the studied lines the highest viability of pollen was inherent to
Kh06134V (64.5%); 17.8% of pollen grains were weakly viable; and 17.7% — non-viable. In
Kh785V and Kh06135V, the pollen viability averaged similarly over the study years
(2018-2020): 54.5% and 54.0%, respectively. The percentages of weakly viable and non-
viable pollen grains did not exceed 26.5% and 25.6%, respectively. In the Kh1010B sterility
fixer, a high percentage of non-viable pollen grains was noted (39.3%) and the share of viable
pollen grains was low (43.2%) (Fig. 2).
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Fig. 1. Sunflower pollen grains stained with 1% tetrazole, 100 x magnification.
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Fig. 2. Pollen viability in the fertile sunflower lines, average for 2018-2020.

Conclusions. The self-pollinating sunflower lines were evaluated in the field and labor-
atory for the main breeding and economically useful features in the Eastern Forest-Steppe of
Ukraine. Of the sterile analogues of self-pollinated sunflower lines, Skh808A/Kh1002B and
Skh808A were selected due to a yield of 3.0-3.3 t/ha, 1000-seed weight of up to 58.3 g and
high oil content of 48.9-51.3 % under the test conditions. The best pollen fertility restorers
were Kh785V and Kh06135V giving 1.7-2.2 t/ha, with a 1000-seed weight of 45.8—46.1 g and
oil content of 39.0-43.2%.

It was found that the number of dry leaves per plant was not significantly correlated
with the plant height, LSI and or with productivity (r = 0.05; -0.11; -0.13 respectively).
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The new lines, KhNAU1133V, KhNAU63V, KhNAU488V and KhNAUS505V, ob-
tained via chemical and physical mutageneses, were assessed. Their low productivity of 0.5
t/ha and poor LSI of 1.3-2.5 m* were noted.

In the laboratory, the pollen viability in the sunflower lines Kh785V, Kh06134V,
Kh06135V, and Kh1010B was assessed. The Kh06134V line had the highest percentage of
viable pollen grains (64.5%) on average across the study years (2018-2020).
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OIIIHKA BHXUIHOI'O MATEPIATY COHAIIHHUKA 34 CEJIEKIIIHHO IIHHAMH
O3HAKAMH

Uyiiko /1.B.
Kagenpa reneruku, cenekiii Ta HACIHHUITBA (aKyJIbTETy arpOHOMII Ta 3aXUCTY POCIUH
Jlep>kaBHUI O10TEXHOJIOTTYHUNA YHIBEpCUTET, YKpaiHa

Mera nocaigkenHs. BusHaueHHs CeIeKIIHHUX Ta OCHOBHMX KOPUCHHUX T'OCIOJApChKUX 03HAK
CaMO3aNMJICHUX JIiHIA COHSAIIHUKA B YMOBax cXimHo1 yacturu Jlicocteny Ykpainu.

Marepianu i metoau. Buxinuum MmatepianoM s JOCHiKeHHsS Oynu 14 camo3anuieHux Ji-
Hill COHSIIIHMKA PI3HOTO T'€HETUYHOTO MOXOKeHHs. [lonboBi 1 mabopaTopHi JOCTITKEHHS
MPOBEJICHO 32 3araJbHONMPUHHATUMH METOAUKaMH. JKUTTE3MaTHICTh MUIKY (GEePTUIBHUX Ji-
Hill COHSIIIHUKA BU3HAYAIH TETPA30JIbHUM METOIOM.

OO0roBopennsi pesyibrartiB. Cepea NOCTIPKYBaHMX T'€HOTHUIIIB COHSIIHMKA OYJlI0 BHALICHO
a1 reHoTuniB: Cx808A/X1002b, Cx808A, X785B ta X06135B, siki B yMOBaxX CXiIHOTO
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Jlicoctenny YkpaiHu MalM HalBHIII NOKa3HUKH MPOAYKTUBHOCTI KoImMka B mexax 30,0-
57,8 r (1,7-3,3 1/ra). [linTBepKEHO pe3yabTaTH IHIIKUX HAYKOBI[IB 100 BiIMHUpaHHS JIUC-
TA Ta BIICYTHOCTI Kopensamii Mk o3Hakamu Bucotd, LJIII ta mpomykruBHOoCTi (r=0,05; -
0,11; -0,13 BignoBinHo). Bigmivaerbes, mo JII1 Mae BaxnuBe 3HA4eHHS U1l (OPMYyBaHHS
OJIIHHOCTI HACIHHS Ta Mae€ 3 HEI HeratuBHy Kopemsuito r=-0,57. 3a mepioJjoM pO3BUTKY
CXOJM-LBITIHHS HallMeHII TpuBanui mepion po3BUTKY Mae siHiga Cx808A — 60 nib, a Haii-
oinpm tpuBamuit XHAVY1133B — 75 ni6. Otpumani JiHil COHSAIIHMKA METOJAOM MYTareHe3y
MaloTh HU3bKI NMOKa3HUKU BpokaHOCTi (0,5 T/ra). 3a MOKa3HMKOM >KUTTE€3aTHOCTI MUIKY
BuauieHo JdiHito X06134B, sika npoaykye HalOUIbIY KUTBKICTh XKUTTE3JATHOTO MUIKY —
64,5 %

BucHoBku. BusHaueHO 0COOIMBOCTI POCTY 1 PO3BUTKY JiHIM COHSIIHMKAa B yMOBaX CXigHOT
yactuHu Jlicocreny Ykpainu. [IpoBesieHO OLIHKY OCHOBHUX CEIEKIIHHUX Ta KOPUCHUX TO-
CHOJIapCHKUX O3HAK JIHIM COHSAIIHMKA. 3a pe3yibTaTaMH JOCHIIKCHHS BUUICHO TE€HOTHUITH
Cx808A/X1002b, Cx808A, X785B i X06135B 3 HalikpaliuMu MOKa3HUKA MPOTYKTUBHOCTI
Ta sikocti. Bunineno resorun X06134B, mo npoaykye HaiOUIbITY KUIBKICTh JKUTTE3IaTHO-
rO MUJIKY.

Kniouosi cnosa: consiuunux, ninii, cenexyis, npooyKMUSHicmy, HCUMME3OAMHICMb NUIKY, THOeKC

EVALUATION OF SUNFLOWER STARTING MATERIAL FOR BREEDING-VALUABLE
TRAITS

Chuiko D.V.
State Biotechnological University, Ukraine

Purpose. To evaluate self-pollinated sunflower lines for major breeding-valuable and agro-
nomically useful traits in the Eastern Forest-Steppe of Ukraine.

Materials and methods. Fourteen self-pollinated sunflower lines of different genetic origins
were studied. The field and laboratory experiments were conducted in accordance with tra-
ditional methods. The pollen viability from the fertile sunflower lines was determined by
the tetrazole method.

Results and discussion. Of the studied sunflower genotypes, five genotypes were distin-
guished: Skh808A/Kh1002B, Skh808A, Kh785V, and Kh06135V. They had the highest
head productivity of 30.0-57.8 g (1.7-3.3 t/ha) in the Eastern Forest-Steppe of Ukraine. We
confirmed other scientists’ results on leaf death and absence of correlation between the
plant height, LSI and productivity (r = 0.05; -0.11; -0.13, respectively). It was noted that
LSI was important for oil content in seeds and negatively correlated with it (r = -0.57). As
to the “shooting-anthesis” period, Skh808A has the shortest period of development (60
days) and KhNAU1133V — the longest one (75 days). The sunflower lines obtained via mu-
tagenesis gave low yields (0.5 t/ha). Kh06134V was distinguished due to its pollen viabil-
ity, as this line produced the largest amount of viable pollen grains (64.5%).

Conclusions. The main features of the growth and development of sunflower lines in the East-
ern Forest-Steppe of Ukraine were determined. The main breeding and economically useful
features of the sunflower lines were assessed. Owing to the study, the Skh808A/Kh1002B,
Skh808A, Kh785V, and Kh06135V genotypes with the best productivity and quality were
singled out. The Kh06134V line, which produced the largest amount of viable pollen grain,
was identified.

Keywords: sunflower, lines, breeding, productivity, pollen viability, leaf surface index
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