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ANNOTATION

Riabukha S.S. Scientific Basics of Soybean Breeding for Adaptability, High
Yield and Seed Quality. Qualifying scientific paper, manuscripbpyright.

Thesis for the academic degree of Doctor of Agricultural Sciences in
specialty 06.01.05 "Breeding and Seed Producti@®1i Agronomy) 1 Plant
Production Institute of NAAS of Ukraine, Kharkiv, 202

The thesis presents a theoretical geneabn and a new solution to the
pressing problem of developing scientific basics of soybean breeding for
adaptability, high yield and seed quality by breedmngnted analysis of
fulfilment of the genetic yield potential, assessment of response of bgeedi
material to changes in environmental conditions, establishment of peculiarities of
current breeding material in terms of valuable economic characteristics,
investigation of seed quality indicator patterns, improvement of breeding designs
to create inital material based on the traits of yield, resistance to unfavorable
environmental factors, variability of soybean seeds, depending on environmenta
factors, creation of highielding cultivars with topquality seeds and augmented
valuable economic charadics, introduction of collection accessions, breeding
lines and cultivars in breeding programs and in production, which of strategic and
economically justified importance in the breeding science, in particular in soybean
breeding, and for agriculturafgduction.

The topic urgency is due to the need to solve the problem of stabilizing the
production and processing of soybean seeds by increasing the crop adaptability
yield and seed quality in the For&teppe of Ukraine.

The scientific novelty consista solving the pressing scientific challenge of
developing the scientific basics of soybean breeding for high yield, adaptability
and seed quality through the integrated use of modern methodological approache
It differs from previously known results byedelopment and improvement of

methods of breeding new varieties, systematization and formation of various initial
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and breeding material with divers origin by systematic development of selection
methods, establishment of differences of soybean breedingiahateterms of
response to changing environmental conditions, determination of valuable
properties of the studied material in terms of adaptability and seed quality,
selection of sources of these features.

Regularities in the seed yield and quality fotima have been established,
on the basis of which the efficiency of the adapted to environmental conditions
breeding material and soybean cultivars with high seed quality has
beendetermined.

For the first time, based on the hydrothermal mode effect onathability
of major quantitative and qualitative characteristics of plants and seeds of soybea
breeding material, the basics of soybean breeding for yield, adaptability and see:
quality were theoretically substantiated, and ways of its optimization were
practically outlined.

Regularities of interdependence between the yield and seed quality in
soybean cultivars were theoretically substantiated and developed. Optimal
parameters of a model cultivar were specified. Regularities in formation of the
yield andseed quality indicators under changing agrometeorological conditions
were established. Peculiarities of seeds of modern soybean cultivars under th
influence of phytopathogens and hydrothermal environmental factors in the
conditions of climatic changes veedescribed.

The genetic diversity of soybean was expanded via identifying breeding
accessions and cultivars by individual traits and their combinations, building up
working collections and selecting accessions from the gene pool of Ukrainian
plants to icrease the breeding efficiency of Fusarudrought and heatesistant
soybean cultivars.

Peculiarities of environmental plasticity of soybean breeding material were
established. Peculiarities of creation and evaluation of initial material for yield,

qudity and resistance to unfavorable environmental factors were revealed.
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Scientific stipulations on determining variability levels and relationships
between major valuable economic characteristics as well as on selecting source
for breeding for yield, adagbility, seed quality and resistance to-bamd abiotic
environmental factors in the foresteppe of Ukraine were further developed.

It was shown that the ForeSteppe of Ukraine had the most favorable
conditions for soybean cultivation. It was proveat the hydrothermal conditions
in the area of Kharkiv breeding center were harsh, compared to other natural an
climatic zones of Ukraine, for creating and testing of soybean breeding material
(fulfillment of the soybean vyield potential 4135.6%), as wdenced by sharp
fluctuations in the yield over the study years. In A&M8R.8, the soybean vyield
ranged 0.50 t/ha and 0.51 t/ha (in unfavorable 2018 and 2010, respectively) to 2.5
t/ha (in favorable 2016), with the average yield of 1.18 t/ha for the gkeribd.

The relative air humidity played a key role in the soybean seed yield
(r=0.723). The relative humidity effect on the yield grew during the yield
formation (July September) (¥ 0.829) in comparison with the first vegetation
period (Aprili June)(r = 0.687).

It was found that in 2012017 the average soybean yield was 1.40 t/ha; the
protein content in seeds was 328 the oil content in seeds was 0@&0; and the
total protein and oil content was 5@%. The dynamics of protein (29.93
38.20%), 0il(16.83 19.18%) and their total amounts6(46i 57.38%) in soybean
seeds was demonstrated, depending on the hydrothermal conditions of the yea
The variations in the protein yield within @2 0.874 t/ha, in the oil yield within
0.1417 0.450 t/ha and in thetotal yield within 0393 1.324 t/ha was determined.
The dynamics of the protein content in seeds and the total protein + oil conten
coincide over the years and differ from the dynamics of the oil content in seeds.

The conditions were contrasting inres of favorability to the soybean seed
yield and quality. 2016 was most favorable conditions for the soybean yield
(2.57t/ha) (year condition index # 1.18). The minimum yield was recorded in
2012 (0.85 t/ha, I -0.55) and 2017 (0.84 t/ha,3j-0.56) The optimal conditions
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for the protein and oil syntheses in soybean seeds were in 2014. The averag
protein content in the seeds was 38.2%=@}36); the oil content 19.2%

(Il =1.13). The total amount of protein and oil content reached to 57.4%
(Il =4.49). The most unfavorable conditions for the protein accumulation in seeds
(29.9%, 1j=-4.91) and the protein + oil amount (49.0%s= K3.88) were in 2013,

and for the oil synthesisin 2015 (16.8%, IF -1.22).

It was found that earlyipening gentypes significantly faster accumulated
protein (5.088 kg/day), oil (2.636 kg/day) and protein + oil (7.714 kg/day) in seeds
compared with miegkarly and mieripening accessions (4.550 kg/day of protein,
2.363 kg/day of oil and 6.887 kg/day of protein +.0il)

The fatty acid composition (9 fatty acids) of soybean oil was determined,
and five major components were identified in the following amounts: linoleic
acidi 51.69%, oleic acid 24.26%, palmitic acid 11.15%, linolenic acid
7,71%, and stearic acid4.70%. It was proven that the reaction norms of soybean
genotypes for contents of individual fatty acids to the year conditions were
independent of the genetically determined fatty acid composition of oil. Soybean
cultivars with various contents of indiwdl fatty acids were distinguished.
Linoleic acid dominated in soybean oil during seed formation. The accumulation
of palmitic, stearic, oleic, and linolenic fatty acids were described. The intra
cultivar variability in the fatty acid composition of soybeail in different
breeding families was evaluated: palmitate i(8.8%), stearate (0.9.5%), oleate
(2.7 3.0%), linoleate (2154.8%), and linoleate (11@.0%).

Of tocopherol isomers, isomers with the highest antioxidant activity
domi na(®0¥) andit oc o | (19. 5t%) c, o | woclnbohtdriis e
of 13.6% and 1.8%, respectively. The ecological response of soybean cultivars tc
growing conditions was discovered cause no changes in the tocopherol content:
regardless of the genetically determihexels of tocopherols. It was found that the
tocopherol amounts in cultivars with high genetically determined levels generally

were not stable over the years, but cultivars with narrow norms of reaction to



15

growing conditions contained lower amounts ofojawerols. Cultivars with high
contents of individual tocopherols were distinguished.

The antioxidant activity in soybean seeds was found to range 47.5% to
61.5%, with an average of 53.8%. The thermal factors (average air temperature an
the sum of effectig temperatures had the greatest effects((i754 and = 0.705,
respectively )on the antioxidant activity in seeds. Sources of high antioxidant
activity in seeds (59161.5%, or 1.891.94 mg of chlorogenic acid per 1 g of
seeds) have been distinguishedltivars Victoryna and Sloboda.

The genetic diversity of soybeans has been expanded via selecting breedin
accessions and cultivars varieties by individual traits and their combinations.
Working collections have been built up. Accessions from the genepo&rainian
plants have been selected to increase the breeding efficiency of soybean Fusariun
drought and heatesistant cultivars. The working collection of soybeans by
individual resistance to Fusarium wilt has wide expression ranges of econamic an
biological characteristics: the growing period length i$193 days; the plant
heighti 55/ 124 cm; the 1008eed weight 97i 189 g; the yield 134 513 g/ns.

The drought intensity D in the dry year of 2018 compared to the favorable
year of 2016 was detminedi 0.86. Reduction in the average yield was 2.21 t/ha,
or 86%; reduction in the minimum yield 1.88 t/ha, or 89.5%; reduction in the
maximum vyieldi 2.33 t/ha, or 80.4%. Screening of soybean breeding material for
yield in years with various humiddation significantly differentiated the
genotypes by several indices. The drought susceptibility index (DSI) ranged 0.87
to 1.09; the drought tolerance index (DTI) was 15641 t/ha; the average yield
index (AYI) was 0.811.21 t/ha; the yield stabilityndex (YSI)i 0.12 0.30; the
yield index (Y1)i 64.6 143.3%; the stress tolerance index (STD.5 7.6; and the
geometric mean (or proportional average) yield (GM)92 1.38 t/ha. A working
collection of soybeans by drougland heatolerance has beeruitt up, namely:
accessions with very low (21 accessions), low (30 accessions), medium (2f

accessions), high (three accessions) and very high (one accession) resistance. T
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collection accessions significantly vary in the expression of the economic and
biological characteristics: drought resistance i3 1586%; the growing period
lengthT 831123 days; the plant heighit45.6 85.6 cm; the 1008eed weight

108.8 188.9 g; the performande3.28 7.91 g/plant. Samples of soybeans (Hali,
Soier 345, Prypiat, Sorgana), which combine high drought resistance with a
complex of traits of economic importance, were isolated.

The laboratory seed germination variability was assessed, depending or
cultivation conditions. There was a very strong negative correlation betiveen
germinability and average air temperature={0.909) and between the
germinability and the sum of effective temperatures 0.963) during the
growing period. There was a significant correlation between the percentage of
healthy seeds of the tedtaccessions and the laboratory germinability of seeds
(r=0.720). We detected Fusaritinfected seeds among the germinable ones.
Fusarium and bacteria decreased the seed germinability. Fusarium root rot wa
observed more often than Fusarium infection cotyledons. Peculiarities of
Fusarium manifestation on seeds of different soybean cultivars harvested ir
different years have been revealed. There were strong positive correlations
between Fusarium and bacterial infections of seeds and the relative alithium
(r=0.760) and between Fusarium and bacterial infections and the precipitation
amount (r=0.729). There was also a moderate correlation between Fusarium anc
bacterial infections of seeds and the average air temperatu@egqrs).

The economic logevity of soybean seeds was demonstrated to depend on
their initial germinability. After threeor fouryear storage, depending on the
cultivar, the germination energy of seeds almost coincided with the laboratory
germinability, and then there was a maapid decrease in the germination energy
compared to the germinability.

The following soybean cultivars were created and included in the State
Register of Plant Varieties Suitable for Dissemination in Ukraine: Podiaka, Malvina,
Sprytna, Estafeta, Baika, Kod, Perlyna, Krynytsia, Krasunia, Melodiia, Pysanka,
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Raiduha, Rizdviana, and Sloboda, which gave average yields o22116/ha. The
cultivars ensured the protein yield of 0.802®20 t/ha, oil yield of 0.4G4.509 t/ha,

total protein and oil yield of 124 1.529 t/ha. The average yield of soybean
cultivars in the ForesSteppe amounted to 2.22 t/ha, in the Stdpfme1.86 t/ha, in

the Woodland$ to 2.01 t/ha, with the average yield in the test sites of 2.03 t/ha. The
protein yield in the Fores$teppe(0.896 t/ha) significantly exceeded that in the
Steppe (0.741 t/ha). The total protein and oil yield in the test sites differed
significantly and was highest in the For&seppe (1,349 t/ha) due to higher yields.
The new cultivars were superior to chedkigars in terms of yield capacity (+0.10
0.41 t/ha), providing and additional incomel@Da 6970UAH/ha.

A model of a modern soybean -cultivar with optimal phenological,
morphological, yield, immunological, biochemical, and adaptive parameters,
which are able to meet the current requirements of the soybean production
industry, has been proposed.

The following cultivars and breeding lines are recommended to use in
soybean breedinigsources of the following traits of importance:

i high yield and high prote content in seeds: KSV (selected from
Romantyka) and KSV 943 (Romantyka, 80 Gy irradiation) as sources of high
yield and high protein content in seeds;

i high protein content in seeds: Podiaka (41.4%), Malvina (40.0%), KSV
1917 (Kharkivska 33 Fiskeby) (40.4%), Sprytna (39.6%), KSV -18
(Kharkivska 3% Fiskeby) (38.8%), Krynytsia (38.2%) as sources of high protein
content in seeds;

i high oil content in the seeds: KSV 26 (Vityaz 50/ Kharkivska
Skorostyhla) (18.6%), KSV 237 (3836/ 76-130 selectedl (18.6%), KSV 3117
Kharkivska 54/ Viktoriia) (18.5%), Sprytna (18.5%), KSV &B7 (selected from
line 31) (18.4%), KSV 547 (selected from Kharkivska 70) (18.4%), KS\-B7
(Uspikh/ Mriia) (18.4%), KSV 5617 (selected from Kharkivska 70) (1904,
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KSV 501 7 (sel ectedn from Past jte€er Sct
(Vuzkolysta/ mutant 82205) (18.3%) as sources of high oil content in seeds;

T high contents of certain fatty acids: Yuvileina (12.10%), Sprynt (11.98%),
Vityaz 50 (11.87%), and Kharkivskarnokormova (11.66%) as sources of
palmitic acid; Avrora (5.17%), Soier 31 (5.17%), Vityaz 50 (5.07%) and Ultra
(5.05%) as sources of stearic acid; Znakhidka (27.11%), Ustia (26.92%), Zolotyste
(26.07%) and Ultra (25.98%) as sources of oleic acid;i&KB#.67%) and Feia
(54.03%) as sources of linoleic acid; Mriia (8.73%) and Horizont (8.51%) as
sources of linolenic acidityaz 50 (6.60%) and Yaselda (6.80%) have a low
content of linolenic

T high contents of tocopherols: Malvina (27.1%), LOR1L752 (8.4%),
Bravalla (18.3%), Navico (18.0%), Fiske®40-5-3 (16.1%), 1408 (17.7%), Ros
(17.4%), 12208 (17 . 4 %) , Romantyka ( 17-tocbl%) ,
Malvina (4.5%), Romantyka (4.1%), Fiskdhi (2.6%), Navico (2.6%), and UIR
021752 (2.4%)%p f -todol; IR-2259 (73.2%), Aldana (71.2%), Skelia (69.7%),
EBS-709 (68.3%), Horizont (68.2%), tR258 (68.0%), 1288 (67.8%), SNb4-11
(67.8%), Feia (67.6%), 1408 ( 6 7 . -toeol) FiskebiB4®5-3 (26.4%), F
35RW (24.6%)%), IR2258 (24.1%), Skhidna(23.5%), INRA654-12-12
(23. 3%) , Rakytsia (22. 8%), Hacblit on ( 2 z

i high antioxidant activity of seeds: Viktoryna (61.5% or 1.94 mg of
chlorogenic acid per 1 g of seeds) and Sloboda (59.7% or 1.89 mg of chlorogeni
acid perl g of seeds) as sources of high antioxidant activity in seeds.

To create cultivars with resistance to Fusarium pathogens, it is advisable us
accessions from the working collection of soybeans by individual resistance to
Fusarium wilt

To differentiate beeding material of soybeans in breeding for drought
resistance, it is advisable to use accessions from the working collection by

drought and heatesistance for comparison. In soybean breeding for high
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performance and drought resistance, it is advisablese the following accessions
of the plant genes of Ukraine: Hali, Soier 345, Prypiat, Soniachna.

Farms of different forms of ownership should:

I increase sown areas under higelding, plant lodging resistant, pod
shattering resistant, seed sheddingistant, resistant to harmful organisms, and
adapted to soybean growing conditions cultivars without genetic modifications that
are included in the State Register of Plant Varieties Suitable for Dissemination in
Ukraine: Malvina, Podiaka, Estafeta, Spryti@aika, Kobza, Perlyna, Krynytsia,
Krasunia, Melodiia, Pysanka, Raiduha, Rizdviana, and Sloboda with an average
yield of 2.16 2.47 t/ha. These cultivars ensure the protein yield of 0 B020
t/ha, the oil yield of 0.404).509 t/ha, and the total proteand oil yield of 1.12%

1.529 t/ha. The use of soybean cultivars with high seed quality in the processing
industry will provide additional income to increased yields of protein and oil.

Keywords: soybean, breeding, yield, adaptability, seed quality, praig)
fatty acid composition of oil, tocopherols, antioxidant activity in seeds, resistance
to Fusarium wilt, resistance to drought and heat, phytosanitary condition of seeds

economic longevity of seeds, correlation.
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