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VARIABILITY IN INDICATORS OF YIELD ATTRIBUTES OF BREAD SPRING WHEAT
COLLECTION SAMPLES IN THE CONDITIONS OF THE FOREST-STEPPE OF UKRAINE

M. V. Fedorenko, I. V. Fedorenko, Ye. A. Kuzmenko, R. M. Blyzniuk.
The V.M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region,
08853, Ukraine

Topicality. An important area of spring wheat breeding work is to increase yields by improving head
productivity, which is always a relevant area of research. Purpose. To identify the peculiarities in variability
of the productivity attributes of bread spring wheat collection samples and to involve them as source materi-
al in breeding programmes. Materials and Methods. The research was carried out during 2020-2022 at the
V. M. Remeslo Myronivka Institute of Wheat of NAAS of Ukraine. The material for the research was 105
samples of bread spring wheat, the variety Elehiia Myronivska was used as a standard. Laboratory and
field, mathematical and statistical methods were used. Results. It was found that the formation of the head
length was determined by the genotype and meteorological conditions of the year. During the years of re-
search, the number of kernels per head was characterised by an average level of variability (Cv = 12.2-14.1 %)
and varied from 33.6£1.6 to 48.9+1.9 pcs. It should be noted that the average value of grain weight per head
was at the level: in 2020 — 7.6+0.08 g, 2021 — 1.5+0.07 g, 2022 — 1.9+0.1 g. The coefficient of variation had
an average level of variability of 13.8-14.7 %. It was found that the kernel weight per head depended more
on the conditions of the year of cultivation than on genotypic characteristics. Over the years of research, the
1000 grain weight, depending on the genotypes, varied from 29.7+0.7 g in the Stepnaia 50 sample (Kazakh-
stan) to 43.2+1.4 g in the MIP Oleksandra (Ukraine). The genotypes differed slightly in terms of response
rate. The highest range of variation was observed in 2021 (11.7 g), and the lowest in 2020 (6.9 g). It was
found that the 1000 grain weight varied depending on the conditions of the year of cultivation and genotype.
Conclusions. Samples with a complex of traits are of practical interest for breeding work: MIP Oleksandra,
MIP Svitlana, Bozhena, MIP Solomiia, Oksamyt Mironivskyi (Ukraine), Lamys, Amina (Kazakhstan), Matthus,
Melissos, Quintus (Germany), Alicia (Czech Republic), BAV 92/SERI (Mexico), Tianmin 198 (People's
Republic of China), Licamero (France), which are recommended as parental components for crosses.
Determination of the correlation coefficients of phenotypic productivity elements revealed that the yield level
is influenced to varying degrees by the elements of the head structure, allowing identification of genotypes
for introduction into breeding programmes as source material.

Key words: bread spring wheat, collection samples, productivity attributes, yielding capacity, correla-
tion coefficients

Introduction. Increasing productivity is
the main focus of spring wheat (Triticum aes-
tivum L.) breeding, so the current research area
is the development and implementation of new
varieties with high potential for productivity and
grain quality, well adapted to changing cultiva-
tion conditions [1-8]. Wheat breeding for
productivity is challenging because of the com-
plexity of this trait. The development of genet-
ics and breeding is the fundamental direction
and the determining powerful biological basis
for yield growth [9]. Quantitative productivity
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traits are controlled by polymeric genes, and the
degree of gene expression and development of
quantitative traits is largely dependent on envi-
ronmental conditions. The main elements that
affect the yield level are the productive stem
density and the head productivity, the values of
which are determined by light and temperature
conditions, soil moisture supply, etc.

All these factors are closely and constant-
ly interrelated and determine the intensity of
plant growth and development at different stages of
the growing season, as well as crop producti-
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vity [10]. An important direction in wheat bree-
ding is increasing the grain yield of varieties by
improving the head productivity, which has
been addressed by breeders in different ways
Some associate the head productivity with in-
creased grain number, while others prefer grain
size. Breeders may not always be satisfied with
the effectiveness of selection for these traits be-
cause in most cases they change differently un-
der the influence of environmental conditions.
Therefore, for this reason, we need to under-
stand the peculiarities of formation and manifes-
tation of traits, and determine the impact of each
trait on the total productivity and establish the
relationship between these traits. Breeders' ef-
forts are aimed at developing varieties with a suc-
cessful combination of high parameters of all
the main productivity elements in one genotype,
which will maximise grain yield [11-15].

This research was aimed at revealing the
peculiarities of variability of the yield attributes
of spring wheat collection samples and their in-
volvement in breeding programmes as a source
material for the conditions of the Forest-Steppe
of Ukraine.

Materials and Methods. The research
was conducted at the V. M. Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine in 2020-
2022. The collection samples of spring wheat
were sown with a cassette seeder SKS-6-10 with
three repetitions. The plot area was 1 sg. m. The
predecessor was soybean. The standard was the
Elehiia Myronivska variety, which was sown
every 25 numbers. The material for the research
was 105 samples of bread spring wheat. Pheno-
logical observations were carried out according
to the methodology of the State Variety Testing
of Crops [16]. The hydrothermal coefficient
(HTC) was calculated to qualitatively character-
ise the favourable environmental conditions and
the formation of plant productivity, which was
determined by the method of G. T. Selianinov
[17]. The statistical parameters were calculated
according to the method of breeding experiment
(in crop production) [18].

Results and Discussion. During the study
period (2020-2022), hydrothermal conditions
differed from long-term averages in terms of
temperature, precipitation and their distribution
in certain stages of plant growth and develop-
ment. It is known that the intensity and time of
precipitation in spring and summer determines
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the level of spring wheat yield. The average dai-
ly temperature during the sowing - seedling pe-
riod ranged from +5.8 °C (2020) to +7.8 °C
(2022) compared to the long-term average of
+7.1 °C (Table 1). The amount of precipitation
during this period plays an essential role in get-
ting good sprouts, so a shortage of moisture can
significantly affect the subsequent harvest. In
general, the amount of precipitation was suffi-
cient to obtain good sprouts, although their
amount (16.6 mm) in 2020 was lower compared
to the average long-term average (37 mm). The
hydrothermal coefficient corresponded to a suf-
ficient moisture content (1.18) in 2020 and ex-
cessive moisture content in 2021 and 2022 (2.72
and 3.02, respectively).

The temperature regime during the period
of seedling — stem elongation in 2020 was lower
(+11.3 °C) and was equal to the average long-
term indicators (+12.5 °C) in 2022. Moisture
availability during this period was characterised
by excessive moisture content in 2020, 2021
(HTC = 2.64; 2.38, respectively) and optimal
moisture content in 2022 (HTC = 1.35).

During the stem elongation — heading pe-
riod, the temperature regime was lower than the
long-term average (+16.4 °C) in 2020 (+12.6 °C)
and higher in 2021 and 2022 (+18.0 and +19.8 °C,
respectively). The amount of precipitation over
the years of research was below the long-term
average. The years 2020 and 2021 were exces-
sively wet (HTC = 6.63 and 2.73, respectively),
and 2022 was dry (HTC = 0.66).

During the years of research, the tempera-
ture regime during the heading — full grain ripe-
ness period was higher than the average long-
term data.

The amount of precipitation was lower in
2020 and 2022, while excessive precipitation
was observed in 2021, which did not contribute
to the grain filling of bread spring wheat. The
hydrothermal coefficient in 2021 was 2.52,
which corresponds to an excessive moisture
level, which negatively affected the formation
of high-yielding genotypes.

Thus, the meteorological conditions of
20202022 were very different, which allowed
us to evaluate and identify high-yielding bread
spring wheat collection samples.

Promising samples of bread spring wheat
were identified by the elements of the spike
productivity (Table 2). According to the data
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Table 1. Hydrothermal conditions during the growing season of spring wheat, 2020-2022

Average
Period Parameters 2020 2021 2022 long-term
data of MIW
Sowing date 12.03 01.04 24.03 -
Seedling date 5.04 25.04 10.04 -
Duration, days 25 25 15 -
Sowing — seedling Total precipitation, mm 16.6 45.3 42.8 37.0
>t (actual), °C 140.7 166.6 141.8 156.5
Average t, °C 5.8 6.9 7.8 7.1
HTC 1.18 2.72 3.02 2.36
Seedling date 5.04 25.04 10.04 -
Date of stem elongation 28.05 05.06 25.05 -
Duration, days 53 42 46 -
Seedling — stem elongation Total precipitation, mm 162.7 133.8 721 58.0
>t (actual), °C 615.7 562.4 533.0 397.6
Average t, °C 11.3 12.6 11.2 12.5
HTC 2.64 2.38 1.35 1.46
Date of stem elongation 28.05 05.06 25.05 -
Heading date 3.06 12.06 04.06 -
Duration, days 7 8 11 -
Stem elongation — heading Total precipitation, mm 43.2 39.3 13.0 48.0
>'t (actual), °C 65.2 144.2 195.6 259.3
Average t, °C 12.6 18.0 18.0 16.4
HTC 6.63 2.73 0.66 1.85
Heading date 3.06 12.06 04.06 -
Date of full maturity 10.07 25.07 20.07 -
Duration, days 38 48 47 -
Heading — full maturity Total precipitation, mm 78.8 251.1 92.8 128.0
>t (actual), °C 851.3 996.4 957.6 765.8
Average t, °C 22.4 22.4 20.4 19.6
HTC 0.93 2.52 0.97 1.67
>t (actual), C for the active growing season 1672.9 | 1703.0 | 1828.0 1579.2
Duration of active growing season, days 98 98 104 -
Growing season, days 123 123 119 -
HTC 1.80 2.49 1.21 1.72

obtained, it was found that the samples formed a
longer ear in 2022 (9.6+0.6 cm) compared to
2020 (8.5+0.4 cm) and 2021 (8.4+0.4 cm),
which were characterised by high moisture sup-
ply during spike formation, which led to the de-
velopment of a shorter spike. We selected such
collection samples as MIP Svitlana (Ukraine)
(10.5£0.9 cm), MIP Oleksandra (Ukraine)
(10.3+0.8 cm), Melissos (Germany) (10.1£0.8 cm),
Matthus (Germany) (10.0+0.8 cm), MIP Solo-
miia (Ukraine) (10.0+0.8 cm), Oksamyt My-
ronivskyi (Ukraine) (9.9+0.7 cm), Lamis (Ka-
zakhstan) (9.8£0.7 cm), Amina (Kazakhstan)
(9.7£0.7 cm), Quintus (Germany) (9.5+0.6 cm),
Tianmin 198 (People's Republic of China) (9.4+
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0.6 cm), BAV 92/SERI (Mexico) (9.3£0.5 cm),
Matthus (Germany) (9.2+0.5 cm), Licamero
(France) (9.1+£0.5 c¢cm), which outperformed the
Elehiia Myronivska variety-standard (9.0+0.5 cm)
by this indicator, which makes it possible to ob-
tain highly productive genotypes.

The coefficient of variation makes it pos-
sible to compare the variability of traits, i.e. the
degree of phenotypic expression of plant genes
depending on environmental conditions. Ac-
cording to the data obtained, the spike length
had a slight phenotypic variability (Cv = 6.3—
8.1 %) with a range of variation of 4.7-7.7. It
was established that the formation of the spike
length (quantitative trait) was determined by the
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Table 2. Parameters of spike productivity of collection samples of bread spring wheat, 2020-2022

N _ Average Lim Rapg(_a of Coefficignt of vari-
Productivity elements of the spike Year ' . variation, ation,
X+Sx (min-max)
R Cv, %
2020 | 8.5+0.4 5.5-10.2 4.7 7.8
Spike length, cm 2021 | 8.4+0.4 5.3-10.4 5.1 8.1
2022 | 9.6+0.6 6.3—13.0 6.7 6.3
2020 | 37.1+1.1 | 29.3-44.1 14.8 13.4
Number of kernels per spike, pcs 2021 | 33.6+1.0 | 28.9-43.8 14.9 14.1
2022 | 48.9+1.7 | 39.0-62.7 23.7 12.2
2020 | 1.6+0.08 1.1-1.90 0.8 13.8
Grain weight per spike, g 2021 | 1.5+0.07 1.0-2.0 1.0 14.7
2022 | 1.9+0.1 1.3-2.8 1.5 13.6
2020 | 34.6+1.0 | 29.9-36.8 6.9 15.8
1000 grain weight, g 2021 | 32.7+0.9 | 27.5-39.2 11.7 16.4
2022 | 38.3+1.2 | 33.1-43.2 9.0 14.9

genotype and meteorological conditions of the
year.

An important element of the spike produc-
tivity is the number of kernels per spike, which
was characterised by an average level of varia-
bility (Cv = 12.2-14.1 %). Over the years of
research, this trait was at the level of 33.6+1.6—
48.9+1.9 kernels with a range of variation of
14.8-23.7. The highest grain content (standard —
40.9 £ 1.3 kernels), on average for three years,
regardless of the conditions of the cultivation
year, was found in collection samples of spring
wheat MIP Oleksandra (Ukraine) (45.4 + 1.5),
Lamis (Kazakhstan) (44.7+1.4), Bozhena
(Ukraine) (44.4+1.4), MIP Solomiia (Ukraine)
(44.1£1.4), MUCUY (Mexico) (43.7+1.4), MIP
Svitlana (Ukraine) (43.5+1.4 pcs.), Quintus
(Germany) (42.5+1.3), FITIS (Mexico) (42.1+
1.3), Tianmin 198 (People's Republic of China)
(41.6%1.3), Tianmin 168 (People's Republic of
China) (41.1£1.3), Alicia (Czech Republic)
(41.0+1.3), which characterises them as geno-
types with a high level of productivity. It was
found that the collection samples responded dif-
ferently to environmental conditions in a certain
period of their development and, as a result, all
this affected the grain content of the head.

It should be noted that the collection sam-
ples formed a significant number of kernels per
spike in 2022, which was characterised by more
favourable moisture conditions at the stage of
grain filling and ripening (HTC = 1.05) compared
to dry conditions of 2020 (HTC = 0.93) and ex-
cessive moistening of 2021 (HTC = 2.52). The
average grain weight per spike was 1.6+0.08 g
in 2020, 1.5+£0.07 g in 2021, and 1.9+0.1 g in
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2021. It was found that this indicator in most of
the samples in 2020-2022 exceeded the stand-
ard variety by 1.5+0.07 g. The coefficient of
variation varied within 13.6-14.7 %, which is
confirmed by the limits min — max (0.8-1.5).
The following spring wheat samples were iden-
tified during the years of research. MIP
Oleksandra (Ukraine) (1.9£0.1 g), MIP Svitlana
(Ukraine) (1.8£0.1 g), Lamis (Kazakhstan)
(1.8+0.1 g), Melissos (Germany) (1.7+0.1 g),
Bozhena (Ukraine) (1.740.1 g), MIP Solomiia
(Ukraine) (1.6+0.08 g), Matthus (Germany) (1.6+
0.08 g), Oksamyt Myronivskyi (Ukraine) (1.6+
0.08 g), Amina (Kazakhstan) (1.6+0.08 g), Tian-
min 198 (People's Republic of China) (1.5+0.07 g),
BAV 92/SERI (Mexico) (1.5+0.07 g), which
formed the grain weight per spike with a high
stability. It was found that genotypic character-
istics did not significantly affect the formation
of grain weight, which depended to a greater
extent on the conditions of the cultivation year.
The highest 1000 grain weight of spring
wheat samples was formed in 2022 (38.3+1.2 g)
compared to 2020 (34.6£1.0 g) and 2021
(32.7£0.9 g). Over the years of research, this
indicator varied depending on the genotypes,
ranging from 29.7+0.7 g in Stepnaia 50 (Ka-
zakhstan) to 43.2+1.4 g in MIP Oleksandra
(Ukraine), and 33.4+0.8 g in the standard varie-
ty. High 1000 grain weight was formed by MIP
Svitlana (Ukraine) (43.1+1.4 g), Lamis (Kazakh-
stan)  (42.8#1.49g), Matthus (Germany)
(41.6x1.3 g), Bozhena (Ukraine) (41.2+1.3 g),
MIP Solomiya (Ukraine) (40.9+1.3 g), Melissos
(Germany) (40.7+1.3 g), Oksamyt Myronivskyi
(Ukraine) (40.5+1.3 g), Alicia (Czech Republic)
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(40.1£1.3 g), Amina (Kazakhstan) (39.6£1.2 g),
BAV 92/SERI (Mexico) (38.5+1.2 g), Tianmin
198 (People's Republic of China) (38.1+1.2 g),
Quintus (Germany) (37.9+£1.2 g), Licamero
(France) (37.8+1.2 g). The calculations of the
statistical characteristics of the variability show
that it responds to changes in hydrothermal con-
ditions to an average extent. This is confirmed
by the coefficient of variation (14.9-16.4 %).
The response rate of the genotypes differed
slightly. The highest range of variation was ob-
served in 2021 (11.7) that the limits min — max
(27.5-39.2) are confirmed, and the lowest — in
2020 (6.9). It was found that the 1000 grain
weight varied depending on the conditions of
the cultivation year and genotype.

Thus, the collection samples of spring
wheat with different ecological and geograph-
ical origin by the complex of studied traits re-
present a practical interest for breeding work:

MIP Oleksandra, MIP Svitlana, Bozhena, MIP
Solomiia, Oksamyt Mironivskyi (Ukraine),
Lamis, Amina (Kazakhstan), Matthus, Melissos,
Quintus (Germany), Alicia (Czech Republic),
BAV 92/SERI (Mexico), Tianmin 198 (People's
Republic of China), Licamero (France), which
are recommended as parental components for
crossing in breeding programmes for varieties
with high productivity potential.

In breeding, the level of variability of
quantitative plant traits and the relationships
between them play an important role. In exper-
imental studies, perfect functional relationships
are not possible with exactly the same depend-
ence of the values of one trait on another; there-
fore, the study of correlations between valuable
economic traits in varieties as a source material
for breeding is especially relevant [19]. The cor-
relation between the yield and spike productivity
of collection samples were analysed (Table 3).

Table 3. Correlation coefficients (r) of yield with spike productivity elements
of bread spring wheat collection samples, 2020-2022

Trai Spike Number kernels | Grain weight per | 1000 grain
rait . ) .
length per spike spike weight

Yield 0.33+0.06 0.50+0.10 0.53+0.09 0.44+0.10
Spike length X 0.62+0.10 0.31+0.06 0.27+0.05
Number kernels per spike - X 0.59+0.09 0.29+0.05
Grain weight per spike - - X 0.52+0.10
1000 grain weight - - - X

The correlation analysis data indicate that
there is a moderate relationship between yield
and spike length (r = 0.33+0.06), kernel number
per spike (r = 0.50+0.10), 1000 grain weight (r
= 0.44+0.10); spike length and grain weight per
spike (r = 0.31£0.06). A significant correlation
was observed between yield and grain weight
per spike (r = 0.53+0.09); spike length and
number of kernels per spike (r = 0.62+0.10);
number of kernels per spike and grain weight
per spike (r = 0.59+0.09); grain weight per spike
and 1000 grain weight (r = 0.52+0.10). A weak
correlation was established between the spike
length and the 1000 grain weight (r =
0.27+0.05); number of kernels per spike and the
1000 grain weight (r = 0.29+0.05). Thus, the
correlation coefficients of productivity indica-
tors showed that the yield level is variously in-
fluenced by the spike attributes. On this basis, we
have identified genotypes for their involvement as
source material in breeding programmes.

Conclusions. During the period of re-
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AKTyaJIbHiCTh. BaKIMBUM HaNpsSMKOM CeJEKIiHHOT poOOTH 3 MIICHUIECI0 M SIKOI SIPOI0 € 3011Ib-
LICHHS PiBHS YPOXKaHOCTI1, TOJIOBHUM (DPaKTOPOM SIKOi € MiABUILEHHS MIPOAYKTHBHOCTI KOJIOCA, L0 3aBXKAH €
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aKTyaJTbHUM HAaIPSMOM JOCIiHKeHb. MeTa. BUSBUTH 0COONHMBOCTI MPOSBY MIHIMBOCTI €JIEMEHTIB CTPYKTY-
pHY TIPOIYKTUBHOCTI KOJEKIIMHUX 3pa3KiB MIICHHUIN M SKOi SApOi Ta 3IYYHTH IX B CEJNEKIIHHI MporpamMu B
SIKOCTI BUXigHOTO Marepiany. Matepianau i metomau. Jlocmimkenns npoBoawim npotsrom 2020-2022 pp. y
MuponiBcbkoMy iHCTUTYTI nmeHuti iMmeHi B. M. Pemecna HAAH VYkpainu. 3a craHaapT BUKOPUCTOBYBaIH
copt Eneris MmuponiBcrka. Matepianom sl Jociimkers ciryryBany 105 3paskiB mmenwnii M’ gKoi sipoi. Bu-
KOPHCTOBYBaJN J1a00paTOPHO-TIONHOBI Ta MaTeMaTUYHO-CTaTUCTHYHI MeToau. Pe3yabTatu. BeranosneHo,
o0 GOpPMYBaHHS O3HAKHU «IOBXKHMHA KOJ0Ca» 0OYMOBJIEHO ICHOTHUIIOM Ta METEOPOJIOTTYUHUMH YMOBAMH POKY.
3a poKH IOCTIMKEHb KIIBKICTh 3€peH 3 KOJIOCa BiI3HAYMIACH CEpeaHIM piBHeM MimmmBocTi (Cv = 12,2—
14,1 %) Ta 3MiHOBajach B Mexax Big 33,6+1,6 mo 48,9+1,9 mr. Crixg BiI3HAYNTH, IO CEPEIHE 3HAYCHHS
03HAKU «Maca 3epHa 3 KOJ0oca» 3Haxoauiocs Ha pigHi: y 2020 p. — 1,6+0,08 r, 2021 p. — 1,5+£0,07 r, 2022 p. —
1,9+0,1 r. KoedimienT Bapiamii maB cepenuiii piBenb minmmBocTi (13,8—14,7 %). Bcranosneno, mo maca
3epHa 3 KoJoca OLIBIIOI MIpOIo 3ajiekana BiJi yMOB pOKY BHPOIIYBaHHS, aHXK BiJl TEHOTHIIOBUX OCOOIHBO-
creid. 3a poku nmocmimxenp maca 1000 3epeH 3ajexHO BiJ TeHOTUNIB BapitoBaia Bix 29,7+0,7 r y 3paska
Cremnnas 50 (Kazaxcran) no 43,2+1,4 r — MIIT Onekcanapa (Ykpaina). 3a HOpMOIO peakilii TCHOTHITH JIEII0
pisHmIIIHICS MK coOoro. HaiiBummii po3max BapiroBaHHs BimmiueHo y 2021 p. (11,7 r), a HalimeHmmMH —
2020 p. (6,9 r). Bussneno, mo maca 1000 3epeH BapitoBaia 3aJIeXKHO BiJl YMOB POKY BHPOIIyBaHHS Ta T€HO-
Tuny. BucHoBku. IlpakTinunuii iHTepec i ceNeKUiitHOT pOOOTH CTAHOBJISITH 3pa3KH 32 KOMIUIEKCOM O3HAK:
MIIT Onexcanmpa, MIIT Cgitnana, boxkena, MIIT Comomisi, OkcamuT MupoHiBCbkuil (Ykpaina), Jlammc,
Awmnna (Kaszaxcran), Matthus, Melissos, Quintus (Himeuunna), Alicia (Uexist), BAV 92/SERI (Mekcuka),
Tianmin 198 (Kuraiicbka HapoaHa pecry0iika), Licamero (®paniisi), 1m0 peKOMEHIOBaHI K 0aThKiBChKi
KOMITIOHEHTH JUIsl CXpelllyBaHb. BusHaueHHs: koedimieHTiB Kopessinii (PeHOTHITOBUX €EMEHTIB MPOIYKTHB-
HOCTI J1ajlo 3MOTY BHSBHUTH, IO HAa PiBEHh BPOXKAWMHOCTI Pi3HOIO MIPOIO BIUITMBAIOTH €JIEMEHTH CTPYKTYpPH
KOJIOCa, 1€ JJO3BOJIMJIO BUAUTUTH T€HOTHITM ISl 3aJydCHHS B CEJICKIIiHI MPOrpaMu B SIKOCTI BHX1IHOTO Ma-
Tepiaiy.

Kntouoei cnosa: nuwenuys m’axa apa, KoAeKyilHi 3pasku, eieMeHmu CmpyKkmypu npooyKmueHOCHII,
ypodrcatiHicme, Koeghiyienmu Kopenayii
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