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Aim. Evaluate in the northern steppe of Ukraine varieties of lentils grown in Canada and
Turkey.

Results and Discussion. The features of growth and development of lentil varieties
originating from Canada and Turkey have been determined. According to research, varieties of
Canadian origin are more adapted to the conditions of the northern steppe of Ukraine, they are
almost not inferior in yield to the standard, and some exceeded it in this trait. On average, for three
years of research, the most productive variety was CDC Maxim 2.32 t/ha it is 0.16 t/ha more than
the standard. Relatively high average productivity at the level of the standard was characterized by
cultivars CDC Impress, CDC Imperial, CDC Greenland, CDC Viceroy 2.17-2.09 t/ha. The best
yields in 2018 were the variety CDC Greenland — 2.32 t/ha — large seed variety with yellow
cotyledons and the variety CDC Maxim — 2.30 t/ha — which belongs to small seeded with red
cotyledons, but the excess of yield over the variety Lensa, which was used as a standard, was
within the statistical error. In 2019, the variety CDC Maxim was also characterized by the highest
yield of 2.02 t/ha, a high yield was also given by the variety CDC Impress 2.02 t/ha. This year, the
advantage of these varieties over the standard was statistically significant + 0.36 t/ha. In 2020, the
maximum yield was in the varieties CDC Viceroy 2.67 t/ha, and CDC Maxim 2.63 t/ha, but this
excess yield compared to the standard was within the statistical error. Varieties from Turkey in
given climatic conditions proved to be worse. In all years they yielded less to the yield of the
standard and varieties from Canada. The average yield of the most productive variety Altintoprak
was 1.55 t/ha 0.51 t/ha less than the standard, and the maximum of the same variety 2.07 t/ha in
2020 is also less than the standard.

Conclusions. In the conditions of the northern steppe of Ukraine, some of the Canadian
varieties are not inferior to the local ones in terms of yield, and in some years they exceed them.
When sown in the spring, lentils from Turkey are significantly inferior in yield to local and
Canadian varieties.
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USE OF SUNFLOWER GENE POOL ACCESSIONS IN BREEDING FOR
HIGH CONTENT OF OLEIC ACID IN OIL

The results of using sunflower gene pool accessions (variety-population Kruiz, lines -
sterility fixers Kh 1012 B, Mkh 215 B and Kh 52 B) in sunflower breeding for high content
of oleic acid in oil are presented. During the period of 2007-2018, 52 self-pollinated lines
were created, including 39 lines - sterility fixers and 13 lines - pollen fertility restorers,
with high, medium and low content of oleic acid in oil. In 2019-2021, various expression
levels of valuable economic and morphological features were determined in 15 lines -
sterility fixers. The oleic acid content in oil from seeds of the lines was found to exceed
85%; the "seedlings-flowering" period lasted 53-59 days; the lines were highly resistant to
rust, downy mildew and broomrape (parasitic plant). The lines are valuable sources for
creating oleic sunflower hybrids.
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INTRODUCTION

Sunflower oil with a high content of oleic acid (monounsaturated) is considered to be good
for human health. Sunflower breeding for improved fatty acid composition of oil began in 1976,
when the V.S. Pustovoit All-Russian Research Institute of Oil Crops created the first high-oleic
sunflower variety, Pervenets, using chemical mutagenesis [1]. This trend was further developed by
researchers in many countries, who focused their efforts on elucidating the patterns of genetic
control of high content of oleic acid [2]. Studies resulted in the conclusion about monogenic
dominant inheritance of high content of oleic acid in oil [3, 4]. However, the trait expression is
influenced by other genetic factors, such as complementary genes [5], genes modifiers [6],
incomplete penetrance of the main gene in heterozygotes [7]. The complexity of inheritance of
and the effect of genetic background on high content of oleic acid in heterozygotes requires testing
of expected donors of this trait in different crosses and under various growing conditions [8].

Breeders of the Plant Production Institute named after VYa Yuriev of NAAS have been
implementing programs to improve the sunflower oil quality for 30 years [9, 10, 11]. They have
proven a possibility of creating self-pollinated sunflower lines with monounsaturated oil, which
combine a high content of oleic acid with valuable economic characteristics, and have
demonstrated the prospects for their use in heterosis breeding [12]. They have established that
there is heterogeneity in the oleic acid content in generations from crosses between high- and low-
oleic genotypes, due to which selection driven by this trait is highly effective. A working
collection of lines - pollen fertility restorers with a high content of oleic acid in oil [13] has been
built up. In addition, a number of commercial oleic hybrids have been produced [14].

Creation of female components of oleic hybrids will increase the stable content of oleic
acid in oil from hybrids and expand their diversity for valuable characteristics. Our purpose was to
investigate accessions of the national collection of plant genetic resources of Ukraine as starting
material for creating self-pollinated sunflower lines-sterility fixers with high content of oleic acid
in oil and a set of valuable economic features

MATERIALS, METHODS AND CONDITIONS

Common sunflower (Helianthus annuus L. subsp. annuus) accessions were studied.
Sunflower variety Kruiz (National Catalog number UE0100061) bred at the V.S. Pustovoit All-
Russian Research Institute of Oil Crops was used as a source of high content of oleic acid.
Linoleic line - sterility fixer Kh 1012 B (National Catalog number UE0101198) was created at the
Plant Production Institute named after VYa Yuriev of NAAS by inbreeding hybrid combination
Kh 1008 B / Kh 1010 B. Linoleic line - sterility fixer Mkh 215 B is an accession of the working
collection of lines of the Plant Production Institute named after V.Ya. Yuriev of NAAS and was
created by chemical mutagenesis (treatment of line Kh 908 B seeds with 0.05% diethyl urea). Line
- sterility fixer Kh 52 B (National Catalog number UE0100939) was created at the Plant
Production Institute named after VYa Yuriev of NAAS by individual selection of large-seeded
and high-protein biotypes from variety Kharkivskyi 7.

In 2007, fertility-based variety-line crosses were performed using artificial emasculation of
flowers. Flowers were emasculated by removing anthers with medical tweezers before opening (in
the morning) followed by isolation of calathidiums [15]. Plants of the variety (pollinated with
pollen gathered from individual plants of line Kh 1012 B) and plants of the lines - sterility fixers,
Kh 1012 B, Mkh 215 B, and Kh 52 B (pollinated with pollen collected from individual plants of
the variety) were used as female component. In 2007-2018, annual self-pollination of plants was
conducted, and heads were selected by a set of characteristics.
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The morphologically homogenous self-pollinated lines were studied in the scientific crop
rotation fields of the Plant Production Institute named after VYa Yuriev of NAAS in 2019-2021.
The average air temperature during the sunflower growing period (May-September) (data of the
meteorological station Aeroport, 49°55'N, 36°17°E) was 20.0°C in 2019, 19.0°C in 2020, and
19.7°C in 2021 (the 1981-2010 average is 18.2°C). The precipitation amount in May-September
was 265.3 mm in 2019, 476.3 mm in 2020, and 240.7 mm in 2021 (the 1981-2010 average is
260.0 mm). During the study years, stressful conditions (high temperatures and water deficit, or
cool rainy weather) were observed during different phases of sunflower ontogenesis, which
allowed us to identify more adapted to growing conditions genotypes. Thus, the weather in 2019
was characterized by hot periods during sunflower flowering and ripening, which promoted to the
sunflower rust (Puccinia helianthi Schwein) development. The cool rainy weather in the early
stages of sunflower plant development in 2021 was favorable for the development of type | downy
mildew (Plasmopara halstedii (Farl.).

In breeding nurseries, accessions (original genotypes, their hybrids, self-pollinated lines)
were sown in plots of 1.9 m? to 7.6 m? within the first or second 10 days of May. The inter-row
spacing was 0.7 m; the distance between plants in the row was 0.25 m. Self-pollination was
carried out using individual parchment bags. The accessions were described in compliance with
the method [16]. During the growing period, the following phenological observations were made:
sowing date, germination date, 50% flowering date. The plant height was measured from the soil
surface to the head attachment point. The total number of leaves per plant was counted. The leaf
area during anthesis was determined by LS Osipova’s method [17].

Downy mildew affection in the field was assessed on a 9-point scale-classifier of resistance
by calculating the percentage of plants with type I infection, where 9 points - very high resistance,
7 points - high resistance, 5 points - low susceptibility, 3 points - medium susceptibility, and 1
point - high susceptibility. The degree of rust damage in the field was ranked on a 9-point scale,
where 1 point - the plant is not affected even after artificial contamination, and 9 points - the
maximum damage [18]. Three points were given to resistant plants. The average score was
determined for five plants in the plot. Seeds of a local broomrape population for artificial
contamination of sunflower were harvested from collection sunflower accessions grown in the
scientific four-field crop rotation field of the Plant Production Institute named after VV.Ya. Yuriev
of NAAS in 2018. Resistance was assessed in an artificial climate (phytotron) by resistance
diagnostics method [19]. The degree of damage was calculated as the number of parasitic
peduncles per sunflower plant.

The average performance was determined by weighing seeds from five heads. The 1000-
seed weight and huskness were determined in compliance with the current standard [20]. The oil
content in seeds was determined by magnetic resonance imaging on an NMR analyzer MQC-5.
Seeds from freely pollinated plants were taken for oil content analysis.

Seeds for fatty acid composition and oil content analyses were sampled from individual
plants and from small plots [21]. To analyze the fatty acid composition of oil, seeds were taken
from plants isolated under parchment bags during anthesis. The fatty acid composition was
determined by gas chromatography of fatty acid methyl esters on a gas chromatographer
Selmichrom 2 by Peisker’s modified method [22]. The contents of seven major fatty acids were
determined. Accessions with the oleic acid content over 75% were considered high oleic; with the
oleic acid content ranging 35% to 75% - mid-oleic; with the oleic acid content below 35% -
linoleic (low oleic) [23].

RESULTS AND DISCUSSION
Selection of high oleic biotypes from the variety began in 2007. Calathidiums of about 50
plants of the variety were isolated and self-pollinated during anthesis. The variety turned out to
have low autofertility; hence, sufficient numbers of seeds for further work were only gathered
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from 22 heads. Analysis of the fatty acid composition of oil in individual heads showed that the
average content of oleic acid in oil from Kruiz seeds was 70.81 £ 2.35%, with minimum and
maximum of 53.04% and 88.55%, respectively.

As to hybrid combinations created by fertility-based crossings in 2007, the oleic acid
content in oil from F; seeds gathered from heads of genotypes Mkh215B/Kruiz.6,
Mkh215B/Kruiz.7, and Mkh215B/Kruiz.35 ranged from 58.21% to 61.70%. The oleic acid
content in oil from F; seeds gathered from heads of genotypes Kh1012B/Kruiz.30 and
Kh1012B/Kruiz.35 was 66.03% and 58.20%, respectively. The oleic acid content in oil from F;
seeds gathered from heads of the genotype Kruiz/Kh1012B was 59.41%. Therefore, the oil from
seeds of all F1 hybrid combinations used for further selection of high-oleic biotypes was
characterized by medium content of oleic acid - from 58.20% to 66.03%.

In the following years, the best plants were self-pollinated and high-oleic biotypes were
selected annually. Non-lodging plants, minimally affected by diseases, with the maximum number
of set seeds were selected. A high content of oleic acid was the main selection criterion, but in
some of the best plants its content was medium or low.

Morphological and biochemical homogeneity of several traits, in particular in genotypes
derived from self-pollinated plants of the variety, was achieved in l7-lio generations of self-
pollination. In 2019, the obtained self-pollinated lines were tested for the ability to fix pollen
sterility by applying their pollen on calathidiums of sterile lines - sources of cytoplasmic male
sterility. Having tested the created hybrid combinations, specifically having determined the
percentages of sterile and fertile plants, we divided the new lines into two groups: lines-sterility
fixers and lines-pollen fertility restorers in 2020. In 2021, conversion of the lines-sterility fixers on
sterile basis was continued.

Based on the seven original hybrid combinations presented in the article, 33 self-pollinated
sunflower lines with valuable economic characteristics have been created. Of them, 28 lines are
sterility fixers (18 high-oleic lines and 10 low-oleic lines, which make up 53.8% of the total
number of lines) and five lines are pollen fertility restorers (four high-oleic lines and one low-oleic
line, which make up 9.6% of the total number of lines).

It should be noted that there were no pollen fertility restorers among the self-pollinated
lines originated from variety-line hybrid combinations Mkh215B/Kruiz.6, Mkh215B/Kruiz.7,
Mkh215B/Kruiz.35, Kh1012B/Kruiz.30, Kh1012B/Kruiz.35, and Kruiz/Kh1012B. From the
hybrid combination Kh52B/Kruiz.35, 10 lines — sterility fixers and five lines — pollen fertility
restorers have been created.

Regarding the results of selections from individual plants of the variety, 19 self-pollinated
sunflower lines have been created. Of them, 11 lines are sterility fixers (five high-oleic lines, two
mid-oleic lines, and four low-oleic lines, making up 21.0% of the total number of lines) and eight
lines are pollen fertility restorers (three high-oleic lines, two mid-oleic lines, and three low-oleic
lines, making up 15.4% of the total number of lines).

A total of 52 self-pollinated sunflower lines have been created. Of them, 39 lines are
sterility fixers (23 high-oleic lines, two mid-oleic lines, and three linoleic lines, which together
account for 75.0% of the total number of lines) and 13 lines are pollen fertility restorers (seven
high-oleic lines, two mid-oleic lines, and four linoleic lines, accounting for 25.3% of the total
number of lines). Such results are in agreement with other researchers’ conclusions about broad
genetic basis of varieties-populations and possibilities of creating both pollen fertility restorers and
sterility fixers on their basis [24, 25].

Of the 28 lines — sterility fixers derived from variety-line hybrid combinations, the
percentage of high-oleic ones is 34.6% of the total number of lines (18 lines). Of the nine lines-
sterility fixers originated from individual plants of the variety, the percentage of high-oleic ones is
9.6% of the total number of lines (5 lines). Thus, despite the higher content of oleic acid in oil
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from seeds of some original plants of the variety, the final number of high-oleic lines selected
from variety-line hybrids was higher by 13 lines (25% of the total number of lines).

The oleic acid content in oil from seeds of the original variety-line hybrid combinations
ranged from 58.20% to 66.03%. At the same time, the oleic acid content in seeds of the new lines
derived from variety-line combinations amounted to 89.07% (Table 2). This is in agreement with
data of other researchers who detected high-oleic genotypes in the offspring of mid-oleic ones,
explaining this by the presence of three complementary genes responsible for high content of oleic
acid [26].

In 2019-2021, we assessed the economic characteristics of the best fifteen lines — sterility
fixers with a high content of oleic acid in oil, which were derived from lines Mkh215B, Kh1012B
and Kh52B (Table 2). The "seedlings-flowering" period of the lines derived from a variety-line
hybrid (line Mkh215B) combination ranged 53 to 56 days in two study years, ie was 1-3 days
longer than that of the original line, Mkh215B, but shorter than that of the lines originated from
lines Kh1012 B (55-58 days) and Kh52B (54-59 days). The diversity of the new lines in terms of
growing period is important for heterosis breeding, as it allows for creation of hybrids belonging
to different maturity groups. All the new lines were more early-ripening than the original variety-
population, Kruiz (the length of “seedlings-flowering" period is 70 days [27]).

Table 1. Output of self-pollinated sunflower lines - sterility fixers and pollen fertility
restorers from the hybrids and variety Kruiz

bS] Number of new lines
B i Sterility fixers _ | Pollen fertility restorers
Original genotype | 5 £ Olype
== High-oleic | Mid-oleic | Linoleic | High-oleic| Mid-oleic | Linoleic
S n|{ % |[n|%|n| % |n|{% n |%Y|n| %
1 2 13| 4 |56 |7 8 |9]10|11|12|13]14
Mkh215B/Kruiz.6 9 | 4| 77 |0|00|5]| 96 | 0|00| 0 |00]|0]0.0
Mkh215B/Kruiz.7 1 |1| 19 |0|oo|0| 00 ]|O|00O| O |00]|O/O00
Mkh215B/Kruiz35 | 1 | 1| 19 |0|/00|0| 00 | 0|00| 0 |00/ 000
KH1012B/ Kruiz.30 1 1 1.9 0/00|0O| 0O0}]O0O|00| O ]|JOO]|]O]O00
KH1012B/ Kruiz.35 3 3 5.8 0/00|0O| 0O0}]O0O|00| O ]OO]|]O]O00
KH 52 B/ Kruiz.35 15 7 135 0/00| 3| 581|477 0 ]00]|1]19
Kruiz/ KH 1012 B 3 1 1.9 0|00| 2| 38| 0|00 O |00O|O0]|00
Total number of lines —
descendents of hybrid 33 [18| 346 |0|00|10{192 |4 77| 0 |00] 1|19
combin.
Kruiz.4 1 0 0.0 00011 19 10|00 O |0O]|]O]O0.0
Kruiz.16 2 2 3.8 0|00|0O0O| 000|000 O |0O|O0]|00
Kruiz.18 4 0 0.0 00011 19 |0 (00| O 00| 3|58
Kruiz.20 10 3 5.8 11191 19 | 3|58 2 | 38| 0]0.0
Kruiz.21 2 0 0.0 11191 19 10|00 O |0O]|]O]O0.0
Total number of lines —
descendents of individual 19 5 9.6 21384 77 |3 ]58| 2 |38| 3|58
plants of the variety
Total 52 23| 443 2138(14|1 269 | 7 |135| 2 |38 |4 |77

Note: Y — percentage of the total number of lines
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The average performance of plants — descendants of line Mkh215B varied from 23.7g to
30.5g, which is similar to or exceeds the performance of the original line (21.4g). The
performance of the lines derived from line Kh1012B was significantly inferior to that of the
original linet (12.2-17.2g in the new lines vs. 22.8g in the original line).

Table 2.1. Economic characteristics of the new self-pollinated sunflower lines — sterility
fixers, their original lines and variety Kruiz, 2019-2021.

Original/new | Performance, g of seeds 1000-seed weight, g Huskness, %
line per plant
2019 | 2021 | Mean | 2019 | 2021 | Mean | 2019 | 2021 | Mean
Lines — descendents of Mkh 215 B
Kh0218B | 224 25.0 23.7 34.8 324 33.6 30.6 31.0 30.8
Kh0418B | 25.0 36.0 30.5 49.8 43.0 46.4 32.8 38.0 35.4
Kh0518B |34.8 23.6 29.2 31.8 29.3 30.6 28.9 26.0 27.5
Kh0718B |20.0 22.8 21.4 36.8 32.8 34.8 32.2 35.5 33.9
Kh0818B |32.8 27.2 30.0 49.5 35.7 42.6 35.8 35.6 35.7
Kh1018B |[21.2 22.6 21.9 335 30.3 31.9 33.1 33.0 33.1
Lines — descendents of Kh 1012 B
Kh 0118 B 15.6 17.2 16.4 32.5 22.2 27.4 35.5 38.0 36.8
Kh4618B | 10.0 12.2 11.1 25.3 20.2 22.8 27.3 30.8 29.1
Kh1012B |33.5 22.8 28.2 29.5 25.1 27.3 24.8 23.9 24.4
Lines — descendents of Kh 52 B

Kh4918B | 25.6 18.0 21.8 29.5 24.9 27.2 32.0 35.0 33.5
Kh5018B |14.8 19.0 16.9 37.0 30.5 33.8 31.1 25.7 28.4
Kh5118B |8.38 12.6 10.7 38.0 24.7 314 36.4 37.0 36.7
Kh5318B | 16.0 12.6 14.3 32.5 37.0 34.8 32.0 33.0 32.5
Kh5818B | 244 14.0 19.2 33.0 20.2 26.6 29.5 30.0 29.8
Kh6218B | 24.0 18.0 21.0 313 34.2 32.8 23.8 29.0 26.4
Kh6318B |31.2 27.6 29.4 37.3 36.0 36.7 26.2 27.7 27.0
Kh52B 45.3 49.1 47.2 66.1 57.4 61.8 32.0 34.2 33.1

Table 2.2. Economic characteristics of

fixers, their original lines and variety Kruiz, 2019-2021.

the new self-pollinated sunflower lines - sterility

"Se'edlings-flowering" Oil content in seeds, % oleic acid content in oil, %
period, days
2019 | 2021 Mean | 2019 2021 Mean | 2019 2021 Mean
1 2 3 4 5 6 7 8 9 10
Lines — descendents of Mkh 215 B
Kh0218 B | 52 54 53 38.37 |38.74 |3856 |[86.20 |86.44 |86.32
Kh0418 B | 53 53 53 38.84 |36.27 |37.56 |86.57 |85.22 |[85.90
Kh0518 B | 53 57 55 37.00 |39.36 |38.18 |[87.25 |88.05 |87.65
Kh0718 B | 57 59 58 46.48 |45.21 |4585 |86.08 |8290 |84.49
Kh0818B | 57 57 57 35.80 3222 |34.01 [8275 |8184 [82.30
Kh 1018 B | 53 58 56 46.21 |37.48 |41.85 |87.33 |82.33 |84.83
Mkh 215| 51 53 52 50.02 |48.83 |49.42 |[30.21 |28.33 |29.27
B
Lines — descendents of Kh 1012 B
Kh0118 B | 52 57 55 30.58 |31.28 |30.93 |[85.67 |86.48 |86.08
Kh 4618 B | 57 59 58 38.92 4232 |40.62 |87.45 |87.23 |87.34
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End of Table 1

1 2 3 4 5 6 7 8 9 10

Kh1012B | 55 57 56 51.06 |46.60 |48.83 |[20.15 |22.17 |21.10
Lines — descendents of Kh 52 B

Kh 4918 B | 53 58 56 42.11 |48.01 |45.06 |87.28 |88.40 |87.84
Kh5018B | 53 55 54 3854 |41.41 |[39.98 |88.90 |88.48 |88.69
Kh5118 B | 53 58 56 38.31 |39.05 |[38.68 |88.43 |88.30 |88.37
Kh5318 B | 57 56 57 39.72 |40.28 |[40.00 |85.70 |84.99 |85.35
Kh5818B | 57 60 59 48.82 |49.09 |48.96 |82.05 |88.83 |85.44
Kh 6218 B | 53 58 56 4740 |46.40 |46.90 |89.00 |89.13 |89.07
Kh6318B | 57 60 59 4799 |43.60 |4580 |87.93 |88.32 |88.13
Kh52 B 56 56 56 33.11 |44.46 |38.79 |[25.73 |21.20 |23.46

The performance of the descendents of line Kh 52 B line did not exceed that of the original
line (47.2 g) and was much lower than the performance of the variety-population, Kruiz, (83.0 g
[27]).Thus, long-term targeted selection of high-oleic biotypes did not mean selection of high-
yielding plants. Of the new lines, line Kh 0418 B had the best performance (30.5 g of seeds per
plant).

As to the 1000-seed weight of the lines originated from Mkh 215 B (30.6-46.4 g), they
exceeded the original line (28.9 g). The lines - descendants of line Kh 1012 B had the 1000-seed
weight of 22.8-27.4 g, being inferior (-4.5 g) or similar to (+0.1 g) the original line (27.3 Q).
Unfortunately, the high 1000-seed weight of the original line, Kh 52 B, (61.8 g) was not inherited
by the high-oleic offspring, so the selection of high-oleic genotypes was accompanied by loss of
this valuable trait (high 1000-seed weight). The 1000-seed weight of the lines originated from line
KhX 52 B was only 26.6-37.0 g, ie 43-60% related to the 1000-seed weight of the original line.
The offspring of the variety did not inherit the high 1000-seed weight either (64.6 g [27]). The
largest seeds were recorded in line Kh 0418 B (46.4 g).

All the lines under investigation showed a high huskness, which was not lower than 27.0%
(line Kh 6318 B) and amounted to 36.7% (line Kh 5118 B). The most productive line, Kh 0418 B,
with the highest 1000-seed weight, was also noticeable for a very high huskness of 35.4%. Such
high levels of this trait were not observed in any of the parental components (which had a medium
huskness), and we believe that this is associated with a wide variability of this trait in the original
variety-population, Kruiz, (mean huskness 28.7% [27]).

In parallel with the high huskness, the oil content in seeds was low (not higher than
45.85%) in the lines derived from Mk 215 B; the oil content was 40.62% in the lines derived from
Kh 1012 B and 48.96% in the lines derived from K 52 B. Regarding the last group of lines, the oil
content in seeds of some lines of this group was increased to 48.96% (up to +8.17% compared to
the original line, KhX 52 B). Such expression of this trait was unexpected, because Kh 52 B is
referred to high-protein and low-oil lines [28].

The targeted selection has created lines with a high content of oleic acid in oil, which
consistently exceeded 85% in most lines.

In 2019-2021, we studied the morphological features of the new self-pollinated lines
derived from seven variety-line hybrid combinations. The diversity of the lines in terms of
morphological features allows creating hybrids of different morphotypes, suitable for growing
under different conditions.

The lines derived from line Mx 215 B were taller than the original line (89-120 cm vs. 74
cm) and had more leaves (25.5-36.1 vs. 22.5) (Table 3). As to the head diameter and leaf area, the
new lines were comparable, inferior or superior (10.0-14.0 cm and 8.08-31.00 dm?, respectively)
to the original line (12.9 cm and 26.68 dm?, respectively). Line Kh 1118 B had the greatest
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number of leaves (36.1), though its leaf area was not the maximum (24.94 dm?). Line Kh 0918 B
had the largest leaves (31.00 dm?).

Table 3. Morphological features of the new self-pollinated sunflower lines — sterility fixers
and their original genotypes, average for 2019-2021.

- ) Head
Orlglr-laI/ Plant height, _ Head Leaf number Leaf area, dm? position,
new line cm diameter, cm points

Lines — descendents of Mkh 215 B

Kh 0218 B 96 13.4 32.9 11.19 8

Kh 0418 B 105 11.8 25.5 19.14 4

Kh 0518 B 104 14.0 27.9 26.09 6

Kh 0818 B 109 12.4 29.5 23.86 3

Kh 0918 B 89 13.0 25.6 31.00 5

Kh 1018 B 97 11.6 29.3 14.35 4

Kh1118B 89 10.0 36.1 24.94 6

Kh 3818 B 120 10.4 29.6 8.08 6

Mkh 215 B 74 12.9 22.5 26.68 4

Lines — descendents of Kh 1012 B

Kh 0118 B 121 12.0 28.4 11.30 4

Kh 4618 B 89 9.0 25.1 13.92 8

Kh 1012 B 119 13.2 28.4 30.35 4

Lines — descendents of Kh 52 B

Kh 4218 B 102 12.0 29.7 8.56 4

Kh 4918 B 97 11.0 25.0 23.89 8

Kh 5018 B 107 10.8 28.3 12.10 8

Kh5118 B 102 11.8 30.4 15.95 5

Kh 5318 B 91 12.0 31.2 1291 6

Kh 5818 B 95 13.8 36.1 15.20 4

Kh 6118 B 98 10.6 34.0 10.60 3

Kh 6218 B 96 10.4 30.2 13.52 3

Kh 6318 B 103 12.2 34.8 16.06 4
Kh52B 126 15.4 235 35.77 8

The lines derived from Kh 1012 B were noticeable for plant height (121 and 89 cm vs. 119
cm in the original line), the head diameter (12.0 and 9.0 cm vs. 13.2 cm in the original line), the
leaf number (28.4 and 25.1 leaves vs. 28.4 leaves in the original line), and the leaf area (11.30 and
13.92 dm? vs. 30.35 dm? in the original line).

The lines derived from Kh 52 B were shorter (91-107 cm vs. 126 cm), had smaller heads
(10.4-12.2 cm vs. 15.4 cm) and leaves (8.56-23.89 dm?vs. 35.77 dm?) than the original line.

None of these lines was comparable to the original variety-population, Kruiz, in terms of
such an important morphological feature as plant height similar (185 cm [27]), which is a positive
fact for breeding, since lines with such level of the feature would not be suitable for heterosis
sunflower breeding. In general, further studies of expression of the studied morphological features
of the lines in the first hybrid generation derived from these lines are needed.

The head position relative to the stem significantly differed in the lines. The expression of
this trait was ranked from 3 points (vertical) to 8 points (deflexed with a conspicuously bent stem).
Parents with the head positions "semi-deflexed with a straight stem™ (4 points) and "deflexed with

ISSN 2309-7345. lfeHemuyHi pecypcu pocauH. 2021. Ne 29
35



AMEPEJIA TA JIOHOPU

a straight stem" (6 points) are of particular value for heterosis hybrid breeding. This head position
was intrinsic to lines Kh0418B, Kh0518B, Kh1018B, Kh1118B, Kh3818B, Kh0118B, Kh4218B,
Kh5818B, and Kh6318B. It is noteworthy that the head position in the self-pollinated lines was
not generally associated with the head position in the original genotypes.

There are a number of features that breeders use to distinguish lines. Sunflower leaves
boast a great diversity and, to describe them according to international classifiers, ten main
features are used. The new lines differed significantly in the leaf traits (Table 4). The green
pigmentation intensity of the leaf varied from weak (3 points) to moderate (5 points). Blistering
was ranked from absent or very weak (1 point) to strong (7 points). Serrations ranged from rare or
very small (1 point) to moderate (5 points). As to the cross section shape, leaf could be from
strongly concave (1 point) to slightly convex (4 points). The leaf top shape varied from lanceolate
(1 point) to pointed (8 points).

Table 4. The leaf traits of the new self-pollinated sunflower lines-sterility fixers and their
original lines (points), 2019 and 2021.

S S 2= T =
E o ) (cut: ® % % :'g g §_
c n
Original/new £ g = S S ‘;E_ g 5| so¢g SE¢
e | 28| 2 E| 3 s 3|3 EE¥ 83C
c = m 19} 0 [t 2 8 = > O
g 8 23 o8
5 O <= -3 ©
1 2 3 4 5 6 7 8 9 10
Lines — descendents of Mkh215B
Kh 0218 B 3 3 3 2 5 1 2 2 7
Kh 0418 B 3 5 5 2 2 1 2 3 5
Kh 0518 B 3 5 5 1 2 1 2 2 7
Kh 0818 B 5 5 5 3 4 1 2 2 5
Kh 0918 B 3 3 5 3 3 1 2 3 5
Kh 1018 B 3 5 3 2 6 1 2 3 7
Kh 1118 B 3 1 3 2 4 3 2 3 5
Kh 3818 B 5 5 5 2 3 1 2 3 7
Kh 4218 B 5 3 3 3 1 2 2 2 7
Mkh 215 B 5 5 5 4 5 5 2 2 5
Lines — descendents of Kh1012B
Kh0118 B 3 3 3 3 3 1 1 2 7
Kh 4618 B 3 1 3 3 4 1 2 2 7
Kh 1012 B 5 3 1 3 8 7 1 3 3
Lines — descendents of Kh52B
Kh 4918 B 3 7 3 2 2 1 2 1 7
Kh 5018 B 3 7 1 3 2 1 2 1 7
Kh 5118 B 3 3 3 3 4 1 2 1 7
Kh 5318 B 3 3 5 3 3 1 2 1 5
Kh 5818 B 3 3 3 3 3 1 2 1 5
Kh 6118 B 3 3 3 3 3 1 2 1 7
Kh 6218 B 3 3 3 3 3 1 2 1 7
Kh 6318 B 3 1 3 3 3 1 2 1 7
Kh52 B 3 7 1 2 8 7 1 |2 5
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Ligules were absent or very small (1 point) to large (7 points). Wings were absent or very
weak (1 point) to weak (2 points). The angle between the lowest and lateral veins varied from
acute (1 point) to obtuse (3 points). The leaf top position relative to the blade attachment point
varied from lowest (3 points) to highest (7 points).

Thus, the created lines were characterized by diversity of the leaf traits, proving their
distinctness and simplifying their description for uniformity and stability. The new lines also
differed in the characteristics of ray flowers, such as density, arrangement, shape, length, and
pigmentation.

Resistance of the self-pollinated lines to pathogens and broomrape is one of the decisive
characteristics for parents of heterosis hybrids. Resistance of the new lines to rust varied from
slight signs of disease (3 points) to severe damage (9 points) (Table 5). The new lines were highly
(7 points) or very high (9 points) resistant to downy mildew in the field.

Table 5. Rust- and broomrape-induced damage and downy mildew resistance groups of the
new self-pollinated sunflower lines-sterility fixers and their original lines

— — [<B]

= > % = 2 %
Line j2 s E £~ Line J2 E E £~

© | OF g = 0F g

s} s}
Kh 0118 B 3 7 0.8 Kh 4918 B 3 7 2.1
Kh 0218 B 5 9 8.4 Kh 5018 B 3 7 1.3
Kh 0418 B 5 7 0.9 Kh5118 B 3 7 0.6
Kh 0518 B 5 7 0.7 Kh 5318 B 5 9 1.1
Kh 0818 B 5 7 4.8 Kh 5818 B 5 7 0.7
Kh 0918 B 5 9 0.1 Kh 6118 B 3 9 1.1
Kh 1018 B 3 9 2.3 Kh 6218 B 3 7 0.1
Kh1118B 5 7 0.3 Kh 6318 B 3 7 14
Kh 3818 B 9 7 22.8 Mx 215 B 5 7 7.9
Kh 4218 B 5 7 0.8 Kh 1012 B 3 7 8.5
Kh 4618 B 7 9 0.7 Kh52B 3 7 2.3

Note: ¥ — natural conditions; 2019; damage degree, points

2) _ natural conditions; 2021; resistance group, points
— artificial conditions (phytotron); 2018-2019 winter; damage degree (number of parasitic peduncles per
sunflower plant)

As for the broomrape, the phytotron tests identified lines with the lowest damage by a local
population of the parasite. These are lines Kh 0918 B and Kh 6218 B: the degree of broomrape-
induced damage was 0.1 peduncle of the parasite per sunflower plant. Of the new lines, we should
distinguish lines with group resistance. In particular, lines Kh 1018 B and Kh 6118 B showed very
high resistance to rust and downy mildew. Lines Kh 0118 B, Kh 0418 B, Kh 0518 B, Kh 0918 B,
Kh 1118 B, Kh 4218 B, Kh 5118 B, Kh 5818 B, and Kh 6218 B were highlighted as highly
resistant to downy mildew and broomrape.

After conversion to a sterile basis, the studied lines will be included in a breeding program
to create heterosis sunflower hybrids with a high content of oleic acid in oil.

CONCLUSIONS
It was found that the average content of oleic acid in Kruiz oil was 70.81 £ 2.35%, with
fluctuations in some heads from 53.04% to 88.55%.
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The prospects of using mid-oleic variety-line hybrid combinations in sunflower breeding
for high oleic acid content have been proven. Oil from seeds of the initial variety-line hybrid
combinations (Mkh 215 B / Kruiz.6, Mkh 215 B / Kruiz.7, Mkh 215 B / Kruiz.35, Kh 1012 B /
Kruiz.30, Kh 1012 B / Kruiz.35, and Kruiz / Kh 1012 B) was characterized by a moderate content
of oleic acid (58.20 - 66.03%).The content of oleic acid in seeds of the lines derived from these
hybrid combinations amounted to 89.07%.

From the variety-line hybrid combinations and individual plants of the variety, a total of 52
self-pollinated lines have been created, of which 39 lines are sterility fixers (including 23 high-
oleic lines) and 13 lines are pollen fertility restorers (including seven high-oleic lines).

The "seedlings - flowering” period in the lines originated from the variety-line hybrid
combinations lasted (on average for two study years) from 53 days to 59 days, allowing for
creation of hybrids of different maturity groups.

The high 1000-seed weight of the original line, Kh 52 B, (61.8 g) was not inherited by the
high-oleic offspring. The 1000-seed weight of the lines derived from Kh 52 B was 26.6-37.0 g, ie
43-60% of the 1000-seed weight of the original line.

The "head position relative to the stem" trait in the self-pollinated lines was generally not
associated with this trait in the original genotypes. The breeding-valuable positions of the head
"semi-deflexed with a straight stem" and "deflexed with a straight stem™ were inherent to lines Kh
0418 B, Kh 0518 B, Kh 1018 B, Kh1118 B, Kh 3818 B, Kh 0118 B, Kh 4218 B, Kh 5818 B, and
Kh 6318 B. The created lines were diverse in terms of the leaf and ray flower characteristics,
proving their distinctness and simplifying their description for uniformity and stability.

Lines with group resistance to diseases and broomrape have been identified. In particular,
lines Kh 1018 B and Kh 6118 B were noticeable for very high resistance to rust and downy
mildew. Lines Kh 0118 B, Kh 0418 B, Kh 0518 B, Kh 0918 B, Kh 1118 B, Kh 4218 B, Kh 5118
B, Kh5818 B, and Kh 6218 B were classed as highly resistant to downy mildew and broomrape.

After conversion to a sterile basis, the created lines - sterility fixers and their sterile
analogues will be included in breeding programs to create heterosis sunflower hybrids with a high
content of oleic acid in oil.
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BUKOPUCTAHHS 3PA3KIB TEHO®OH/Y COHSIIIIHUKY B CEJEKLIT HA
BUCOKHUMN BMICT OJIEIHOBOI KMCJIOTH B OJIIi

Mera nonsrae y BUBYCHHI 3pa3KiB HAI[IOHAIBHOT KOJIEKIIl T€HETUYHUX PECypCiB POCIUH
VYKpaiHu sIK BUXIJHOIO Marepiaiay JJIsi CTBOPEHHS CaMO3alMJICHUX JIHIM COHSIIHHUKY, 3 BUCOKUM
BMICTOM OJIETHOBOT KMCJIOTH B OJIii Ta KOMIUIEKCOM LIHHUX TOCIOAAPCHKUX O3HAK.

PesyabTaTn Ta o0roBopenHs. B pe3ynbrari 1000piB 3 BHCOKOOJETHOBOI'O COPTY-
nonyssauii Kpyis 1 3 #oro copromiHiHHX TiOpuAHMX KOMOIHaLill 3 TpbOMa JIHISIMHU-
3aKpiIuIoBayaMu cTepuibHOCTI coHamHUKy X1012b, Mx215b 1 X52b ctBopeHo 52 camo3zanuiieHi
JiHii, 3 sAkux 39 niHii-3aKpilUIIOBaydiB CTEPUIIBHOCTI (3 HUX 23 — BHCOKOOJIETHOBI, 3 BMICTOM
oneiHoBoi kucimotu Bumie 82 %, makcuMmanbHMi BMicT 89,13%), Ta 13 miHIA-BIIHOBHUKIB
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(bepTUIpHOCTI MWIKY (3 HUX CiM — BHUCOKOOJIETHOBi). TUM caMuUM JOBEIEHO TEpPCIEKTUBHICTH
BUKOPUCTaHHS CEPEIHBbOOJICTHOBUX COPTOMIHIMHUX TOpHIHUX KOMOIHAIIHN Yy CEeNeKIIil COHSIIIHUKY
Ha BHCOKHH BMICT OI€THOBOi KHCIOTH. TpUBAIICTh HEpiofy «CXOAU-UBITIHHS» HOBUX JiHIN
Bapitoe Bix 53 110 59 mi0, 110 103BOJISIE CTBOPIOBATH HA X OCHOBI TiOPUAM PI3HUX TPy CTUTIIOCTI.
BukopucTanHs K BUXIJHOTO T€HOTUIY KPYITHOHACIHHOI JiHii X 52 b He nmpu3Beno 10 OTpuMaHHS
KPYITHOHACIHHMX BHCOKOOJICTHOBHUX CaMoO3ammieHuX JiHii. JIiHil pi3HATBCS 3a O3HAKaMH JIMCTKA
Ta SI3WYKOBUX KBITOK. BHIiNIEHO JIiHI 3 CENeKIiHHO MPUBAOIMBUM PO3TAIIyBAHHSIM KOIIUKA I10
BITHOIIICHHIO JI0 CTe0Jia: IOJIOKEHHS «HaIMiBOOEpHEHE JOHHM3Y pa3oM i3 MPSIMHM CTEOIOM»,
«obepHEHEe NTOHM3Y 3 TpSAMHUM CcTeOnom». BuaineHo miHil 3 TpyHnoBOIO CTIHKICTIO IO ipKi Ta
HECTIPaB)XHbO1 OOPOITHUCTOI POCH, /IO HECTIPABXHBOI OOPOLTHUCTOI POCH Ta BOBUKA.

BucnoBku. Ilicis mepeBefeHHsS Ha CTEPHIIBHY OCHOBY, CTBOpPEHI IIiHii-3aKpiIuTioBadi
CTEPHJILHOCTI Ta iX CTEPHIIbHI aHAJIOTH OyAyTh BKIIOUEHI 0 MPOrpaMH CTBOPEHHS T€TEPO3UCHUX
riOpU/IiB COHSIIIIHUKA, 3 BUCOKHM BMICTOM OJIETHOBOT KMCJIOTH B OJIii.

Kuo4oBi ciioBa: conswnux, eenogh)ono, 3pasku, onis, HCUPHOKUCIOMHUL CKIAO, 01eiH08a
KUCioma, ceiexkyis, cCxpewy8ants, Camo3anuieHHs, JiHis.

Makssk E.H., Jleonosa H.H., Cynpyn O.T'.

HUncmumym pacmenuesoocmsa um. B.A. IOpvesa HAAH
Mockosckuii npocn., 142, Xapkos, 61060, Ykpauna
E-mail: yuriev1908sunflower@gmail.com

HNCHHOJIb30OBAHUME OBPA3IIOB 'EHO®OH/JIA ITIOACOJTHEYHUKA B CEJIEKIIUA
HA BBICOKOE COJIEP)KAHUE OJIEMHOBOM KHCJIOTBI B MACJIE

Heap 3aximrouaeTcss B M3Y4eHMHM OO0pa3llOB HAIMOHAIBHOM KOJUIEKIIMM TE€HETHYECKHX
pecypcoB pacTeHul YKpauHbl, KaKk HCXOJIHOTO MaTepuaia A CO3JaHusl CaMOOIbUICHHBIX JTUHUN
MOJICOJIHEYHHKA, C BBICOKUM COZEpKAHHEM OJIEMHOBOM KHUCIIOTHI B MAacjieé ¥ KOMIUIEKCOM IIEHHBIX
XO35IICTBEHHBIX MPHU3HAKOB.

PesyabTaTrel M o006cy:kaeHue. B pesynbrare oTOOPOB M3 BBICOKOOJEHHOBOTO COpTa-
nonynsuud Kpyu3 M W3 ero COpTOIMHEMHBIX THOPHAHBIX KOMOMHALMN C Tpemsl JUHHUSIMU-
3aKpENUTENSIMA  CTEepWIIbHOCTH mojacoiaHeyHuka X 1012 b, Mx 215 b u X 52 b co3passl
52 caMOOTBUICHHBIE JIMHUM, W3 KOTOPHIX 39 NMWHUN-3aKpenuTeNield CTepuIbHOCTH (M3 HHX 23 —
BBICOKOOJICUHOBBIE, C COJEPKAHMEM OJEUHOBOM KHUCIOTHI Bbime 82 %, MakCHUMallbHOE
conepxkanue 89,13 %), u 13 nuHuii-BoccTraHoBUTENe (HEPTUIBLHOCTU MBUIBIBI (M3 HUX CEMb —
BBICOKOOJIEMHOBBIE). TeM caMbIM Jl0Ka3aHa MEPCHEKTUBHOCTh UCIIOJIb30BAHUS CPEIHEOICHHOBBIX
COPTOJMHEIHBIX THOPUAHBIX KOMOMHALIMN B CENEKIMU MOJCOTHEUYHNKA Ha BBICOKOE COJIEp:KaHUe
OJICMHOBOW KHUCIOTHI. [IpOJOIKUTETPHOCTh TEpHOJa «BCXOMABI-IIBETCHHE» HOBBIX JUHUI
BappupyeT oT 53 10 59 cyTOK, YTO MO3BOJISET CO3/1aBaTh HAa WX OCHOBE TMOPU[IBI Pa3HBIX TPYII
cnenoctu. Mcnonp3oBaHue B KayecTBE MCXOAHOIO I€HOTUNA KpymHOCeMsHHOW iuHuu X52b He
MPUBEJIO K MOJYYCHUIO KPYMHOCEMSIHHBIX BBICOKOOJIEMHOBBIX CAMOOIBUICHHBIX JUHUNA. JlnHUM
pa3nuyalTCa MO MpPU3HAKAM JIUCTKA U SI3bIYKOBBIX I[BETKOB. BbIJENeHbl JTHHUHU C CEIEKIUOHHO
MIPUBJIEKATENbHBIM TOJIOKEHUEM KOP3MHKH OTHOCHTENBHO CTEOJIs: MOJOKEHUE «II0Ty0o0epHyTOe
BHH3 BMECTE C MPSAMBIM cTeOeM» U «00epHYTOe BHU3 BMECTE C MPsIMbIM cTeOiaem». BoigeneHsl
JUHUU C TPYNIOBOH YCTOWYMBOCTHIO K PyKaBUMHE M JIOKHOM MYYHHUCTOM poce, K JIOKHOU
MYYHHUCTOM pocCe U 3apa3uxe.

BeiBoabl. Ilocne mepeBosia Ha CTEpUIIbHYIO OCHOBY, CO3JaHHBIE JIMHUU-3aKPENUTEIN
CTEpWIBHOCTH W WX CTEPWIbHbIE aHalord OyIyT BKJIIOYEHbI B MPOrpaMMy CO3/aHUSA
reTepO3UCHBIX THOPUIOB MOACOTHEYHUKA, C BBICOKUM COJIEpyKaHUE OJIEMHOBOM KUCIIOTHI B Maclie.

KiroueBble cioBa: nodconHeunux, 2eHO@OHO, 00pasyvl, MACIO, HCUPHOKUCLIOMHBIL
cocmas, 01euH08as KUCI0ma, celekyus, CKpewusanusl, cCamoonvlieHue, TUHU.
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