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PREDICTION OF SELECTION EFFICIENCY BY SPIKE PRODUCTIVITY ELEMENTS
OF BREAD SPRING WHEAT

Pirych A. V., Fedorenko M. V., Ivantsova L. V., Blyzniuk R. M.
The V. M. Remeslo Myronivka Institute of Wheat of NAAS, 68 Tsentralna St., Tsentralne village, Myronivka district,
Kyiv region, 08853, Ukraine

Topicality. Crop yield is a complex trait that requires studying directly by its structural elements.
Calculating the efficiency of selection in the next generation is a prerequisite for modern breeding. Purpose.
To determine the influence of parental forms on the manifestation of valuable economic traits in F; hybrids
and to calculate the efficiency of selection in the next generation. Materials and Methods. Field trials were
conducted at the V. M. Remeslo Myronivka Institute of Wheat of NAAS (MIW). The research material included
14 F; hybrid combinations developed by crossing lines with stem rust resistance genes (33H;-72, 37H;-11,
35H,-18, DHG 146-54, 35H,-3, 41H»-4-2, 37H,;-9) submitted by the Institute of Food Biotechnology and
Genomics NAS of Ukraine and commercial varieties Dubravka (originator MIW) and Trizo (originator
DSV). Analysis of F; hybrids and source material of spring wheat was carried out to determine the level of
manifestation of spike productivity elements. The influence of parental forms on the manifestation of quanti-
tative traits in F, hybrids and coefficients in the broad-sense (H?) and narrow-sense (h?) heritability were
determined. The variety Elehiia Myronivska was used as the standard. Results. The AVOVA of combining
ability revealed a significant advantage in varying the effects of general combining ability (GCA). The mean
square for the specific combining ability (SCA) was inferior to the general combining ability, but it was reli-
able. It was found that the interaction of parental forms had an influence on such traits as number of kernels
per spike and kernel weight per spike (influence ratio was 0.46 and 0.56, respectively). The spike length in F;
hybrids was influenced by the maternal form at 36 %, the influence of the interaction of maternal and pater-
nal genotypes was at 44 % of the total variation. The interaction of the parent components of the crossing
had the highest influence on the manifestation of the number of spikelets per spike, it was 69 %. In hybrid
combinations, a high coefficient of the broad-sense heritability was of 0.80-0.95, the coefficient of the nar-
row-sense heritability was of 0.15 to 0.45. Conclusions. Taking into account the significant difference bet-
ween the two coefficients, it can be concluded that the genotypic variability of the investigated traits is
caused in most cases by non-additive (dominant) effects of genes. In subsequent generations, selection based
on spike length and kernel number per spike will be effective.
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Introduction. Harvest formation is a
complex multi-stage phenomenon involving

tributes of the grain crops include spike length,
number of spikelets and kernels per spike, spike

many interdependent genetically determined
photophysical, photochemical and physiologi-
cal-biochemical processes at all stages of or-
ganogenesis, which are in close interaction with
a complex of environmental factors [1].

In breeding research, the heritability of
yield in general needs to be studied, and its in-
dividual traits, which it consists of, and an im-
portant aspect is the knowledge of the heritabil-
ity mechanism of these traits under certain envi-
ronmental conditions [2, 3]. The main yield at-

Author information:

density, spike weight and kernel weight per
spike, and 1000 grain weight [4]. It is noted that
the most important elements of the yield struc-
ture that are of interest to each breeder for indi-
vidual selections are the spike length, the num-
ber of kernels per spike and the grain weight per
spike [5, 6]. The effectiveness of selection de-
pends on the pedigree of hybrids, and the great-
est prospects are in the involvement of parental
forms with contrasting traits and distant origins.

However, the selection of genotypes based
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on a set of adaptive traits is facilitated by the
choice of growing conditions, which increases
the yield of valuable recombinants [7, 8]. The
study of quantitative traits controlled by poly-
meric genes is extremely difficult due to their
significant variability caused by environmental
conditions [9, 10]. Therefore, determining the
influence of parental forms on the manifestation
of valuable economic traits in F; hybrids and
calculating the efficiency of selection in the next
generation is a necessary stage of modern bree-
ding [11].

Materials and Methods. Field trials were
conducted in a breeding crop rotation of the V.
M. Remeslo Myronivka Institute of Wheat of
the National Academy of Agrarian Sciences of
Ukraine (MIW). Mustard was the previous crop.
Agronomic practices to prepare the soil for sow-
ing were in line with the recommendations for
spring wheat cultivation. The material for the
research was fourteen F1 hybrid combinations
developed by crossing lines with known stem
rust resistance genes (33H;-12, 37H;-11, 35H,-
18, DHG 146-54, 35H,-3, 41H,-4-2, 37H;-9),
which were provided by the Institute of Food
Biotechnology and Genomics of the National
Academy of Sciences of Ukraine, serving as the
maternal form, and commercial spring wheat
varieties Dubravka (originator MIW) and Trizo
(originator DSV) as the parental form. To de-
termine the manifestation degree of the spike
productivity elements, the structural analysis of
F1 hybrids and the source material was carried
out. The influence of parental forms on the man-
ifestation of quantitative traits in F1 hybrids was
determined according to the method of B. O.
Dospiekhov [12]. The coefficients of the broad-
sense (H?) and narrow-sense (h?) heritability
were determined according to G. K. Dremliuk
and V. P. Gerasimenko [13]. According to the
spike productivity elements, the standard was
the Elehiia Myronivska variety.

Research is aimed at determining the in-
fluence of parental forms on the manifestation
of valuable economic traits in F; hybrids and
calculating the effectiveness of selection in the
next generation.

Results and Discussion. According to
analysis of weather conditions in 2022, they
were generally favourable for normal growth
and development of spring wheat, but were ac-
companied by uneven distribution of precipita-
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tion and temperature regime in some periods.
The average daily air temperature for the period
from sowing to seedlings was +7.8 °C, which is
+0.7 °C higher than the long-term average. Suf-
ficient  precipitation during this period
(42.8 mm) contributed to the emergence of
friendly seedlings. In the period from seedlings
to the stem elongation, the average daily tem-
perature corresponded to the long-term average
and was +12.5 °C; the moisture supply during
this period was 84.7 mm, which is 26.7 mm
higher than the long-term average. In the period
from stem elongation to heading, the air tem-
perature was at +19.8 °C, which is +3.4 °C
higher than the long-term average, while the
precipitation during this period was practically
zero (0.7 mm). In the period from heading to
full ripeness, the air temperature was 20.9 °C,
which is +1.3 °C higher than the long-term av-
erage, although the precipitation was 92.8 mm
that was 35.2 mm less than the long-term aver-
age. It was noted that the minimum air tempera-
ture in the morning and at night decreased to
+10.6 °C (16 June), and during the day it in-
creased to +32.1 °C (29 June). The average dai-
ly air temperature in the stage of milk ripeness
was +21.6 °C, which is 2.1 °C higher than the
long-term average (+19.5 °C).

The analysis of the spike productivity con-
firmed the variation of the traits studied among
F1 hybrids and parental components. In the
growing season of 2022, the average spike
length of the parental forms was 6.5-8.8 cm, in
the studied hybrid combinations — 8.4-12.1 cm.
The maximum manifestation of this trait
(12.1cm) was in the hybrid combination
35H,-3/Trizo (Table 1). The number of spikelets
in the spike of parental components varied at the
level of 13.9-17.3 pcs, in hybrids developed
based on them, this indicator was 15.3-20.1 pcs.
The highest number of spikelets per spikelet
was also obtained in the combination
35H,-3/Trizo.

Variation in the number of kernels per
spike in F; hybrids ranged from 33.75 to
66.75 pcs (Table 2).

The average value of the parental forms
ranged from 30.10 to 46.0 pcs.

Grain weight per spike in F; hybrids was
1.62-2.78 g. The highest grain weight per spike
was 2.78 g in hybrid combination 37H1-9 / Dub-
ravka. The analysis of variance of combining
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Table 1. Variation in spike length and number of spikelets per spike

in cross components and F; hybrid combinations, 2022

Hybrid combination

Main spike length, cm

Number of spikelets per spike, pcs.

P F. P Fi
33H;-12 / Dubravka 6.7+0.71 8.542.12 14.8+3.32 16.0+4.24
33H;-12/ Trizo 7.0+£1.06 8.5+1.54 14.1+2.40 15.3+1.33
37H;-11 / Dubravka 6.9+0.49 9.7+1.23 14.5+3.68 16.0+1.62
37H,-11/ Trizo 7.1+0.85 9.7+2.00 13.9+2.76 17.1+2.61
35H,-18 / Dubravka 7.5+0.42 10.4+1.04 15.442.47 17.4+1.39
35H,-18 / Trizo 7.8+0.007 9.4+1.10 14.7+1.56 17.1+1.47
35H,-3 / Dubravka 7.540.42 9.4+1.09 15.7+2.05 16.7+3.61
35H,-3/ Trizo 7.8+0.07 12.1+1.65 15.0+1.13 20.1+0.83
41H,-4-2 | Dubravka 8.5+1.84 10.7+0.49 17.3+0.28 17.7+0.47
41H,-4-2 | Trizo 8.8+1.48 11.0+1.41 16.7+1.20 19.5+0.71
37H;-9 / Dubravka 6.5+1.06 8.4+3.75 15.1+2.83 18.0+1.10
37H;-9 / Trizo 6.7+1.41 9.7+£2.75 14.5+1.91 16.1+£2.57
DHG 146-54 / Dubravka 7.3+0.14 10.2+0.77 15.5+2.26 17.84+1.99
DHG 146-54 / Trizo 7.6£0.21 11.4+0.99 14.9+1.34 18.1+2.70

Min 6.5+7.06 8.4+3.75 13.9+2.76 15.3+71.33
Max 8.8+7.48 12.1+71.65 17.3+0.28 20.1+71.62

Notes: P - parental forms; F; - hybrid combination;
min - minimum value of the trait; max - maximum value of the trait

Table 2. Variation of number of kernels per spike and grain weight per spike

in cross components and F; hybrid combinations, 2022

Number of kernels per spike,

Grain weight per spike, g

Hybrid combination pcs.

P F, P =4
33H1-12 / Dubravka 31.0+14.50 34.00+5.66 1.15+0.57 1.62+0.27
33H1-12 / Trizo 30.1+13.30 42.75+8.32 1.10+0.49 2.03+0.33
37H1-11/ Dubravka 33.4+11.20 45.40+14.55 1.13+0.45 2.26+0.81
37H1-11/ Trizo 32.54+9.90 52.05+12.45 1.20+0.49 2.07+0.59
35H2-18 / Dubravka 31.8+13.40 48.20+13.45 1.15+0.42 2.24+0.61
35H2-18 / Trizo 30.9+12.20 49.50+12.75 1.33+0.17 2.24+0.67
35H2-3 / Dubravka 32.7+8.20 41.05+£15.91 1.184+0.52 1.81+0.73
35H2-3/ Trizo 34.6+6.90 51.45+10.00 1.32+0.18 2.35+0.51
41H2-4-2 | Dubravka 46.0+6.58 33.75+9.94 1.51+0.06 1.65+0.43
41H2-4-2 | Trizo 45.1+7.85 60.00+16.97 1.46+0.01 2.63+1.24
37H1-9 / Dubravka 31.8+13.51 55.85+11.58 1.20+0.49 2.78+0.96
37H1-9 / Trizo 30.9+12.23 50.20+9.37 1.15+0.42 2.35+0.72
DHG 146-54 / Dubravka 35.8+7.78 51.80+8.47 1.38+0.28 2.45+0.41
DHG 146-54 / Trizo 34.9+6.50 66.75+10.11 1.37+0.25 1.81+0.51

Min 30.10+/3.30 33.75+9.94 | 1.10+0.49 1.62+0.27
Max 46.00+6.58 66.75£/0.11 | 1.51+0.06 2.78+0.96

Notes: P - parental forms; F; - hybrid combination;
min - minimum value of the trait; max - maximum value of the trait

ability revealed a significant advantage in the
variation of the effects of general combining
ability (GCA) (Table 3). The mean square for
specific combining ability (SCA) was inferior
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to the general combining ability, but was sig-
nificant.
The values of variance and the proportion
of influence of the paternal form revealed that
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Table 3. Analysis of variance for combining ability of spring wheat
in terms of spike productivity elements, 2022

Main spike slp\)lilIJ(r:IZ'?sr S; Number of_kernels Grain wgight per
Factor length spike per spike spike
MS F MS F MS F MS F
GCA of maternal forms (A) 6.83 | 11.87* | 8.90 | 7.93* 328.46 | 15.83* | 0.77 8.51*
GCA of paternal forms (B) 6.31 | 10.97* | 3.60 | 3.21 1123.23 | 54.14* | 1.04 11.44*
SCA (AB) 2.93 5.10* | 6.01 | 5.36* 204.60 | 9.86* | 0.49 5.40*
Deviation 0.58 - 1.12 - 20.75 - 0.09 -

Notes: MS - mean square; F - Fisher exact test (actual value); * results are statistically significant

at 0.05 % significance level.

the influence of the maternal form on the spike
length in hybrids was 0.36 or 36 %, the paternal
form — 0.10 or 10 %, the influence of the inter-
action of maternal and paternal genotypes —
0.44 or 44 %, random factors — 0.1 or 10 % of

the total variation in spike length (Table 4). The
manifestation of the number of spikelets per
spikelet was most influenced by the interaction
of parental crossing components; the proportion
of influence was 0.69 or 69 %.

Table 4. Variances of general and specific combining ability, 2022

N Number of spike- | Number of kernels | Grain weight per
Maln Splke Iength |ets per Splke per Spike Spike
Factor 8 | Proportion | 8 | Proportion 8 | Proportion | 8 | Proportion

8 of influ- 8 of influ- 8 of influ- S of influ-
S ence g ence g ence g ence
Maternal form (A) 1.95 0.36 1.45 0.20 61.93 0.16 0.14 0.20
Paternal form (B) 0.48 0.10 -0.34 -0.05 131.23 0.33 0.08 0.11
Interaction 2.36 0.44 4.89 0.69 183.86 0.46 0.40 0.56

The data obtained indicate that the interac-
tion of parental forms had a significant influ-
ence on the manifestation of such traits as num-
ber of kernels per spike and grain weight per
spike in the studied spring wheat hybrids (the
proportion of influence was 0.46 and 0.56, res-
pectively).

The main tool of crop breeding is selec-
tion. In the process of breeding varieties, the
breeder evaluates and selects spikes for the main
elements of productivity, resistance to abiotic
and biotic factors. Therefore, for high-quality
breeding work, it is necessary to identify the
traits that will be effective in the next generation.

The broad-sense heritability (H?) is the
proportion of total phenotypic variation that
results from the influence of any heritable factors.

The narrow-sense heritability (h?) is only
that part of the total variability that is caused by
the additive action of genes (polymery). In
breeding, narrow-sense heritability is commonly
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used because it allows predicting the results of
breeding work. The heritability degree of a trait
is conventionally divided into high (h*>0.4),
medium (h*=0.2-0.4) and low (h?<0.2).

In our study, the coefficient of broad-
sense heritability (H?) ranged from 0.80 to 0.95,
which indicates a significant influence of genet-
ic factors on the variability of the trait [14]. The
coefficient of narrow sense heritability (h?) for
the spike length was 0.45, for the number of
spikelets in the spike — 0.15, for the number of
kernels per spike — 0.49 and for the grain weight
per spike — 0.31. The lowest difference between
the two heritability coefficients was observed
for the spike length (0.42) and the number of
spikelets per spike (0.46). For the number of
spikelets per spike and grain weight per spike,
the difference was 0.65 and 0.55, respectively
(Table 5).

A significant difference between broad-
sense heritability (H?) and narrow-sense herita-
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Table 5. Average heritability coefficients for traits of spring wheat productivity, 2022

Trait Main spike length NLImeer of spike- Number of_kernels Grain wgight
ets per spike per spike per spike
h® 0.45 0.15 0.49 0.31
H? 0.87 0.80 0.95 0.86
H*—h’ 0.42 0.65 0.46 0.55

bility (h?) indicates that genotypic variation is
often caused by non-additive gene effects. As
practice shows, selection to increase the pa-
rameters of traits with dominant heritability will
not always provide the desired results in the
selection of the required biotypes. Therefore,
the selection of a significant amount of morpho-
biotypes in the populations of split hybrids is
required. In addition, selection for increasing the
parameters of quantitative traits should be carried
out in the latest generations, where, as a rule, there
will be more constant morphobiotypes [15].
Conclusions. As a result of determining the
coefficients of broad-sense and narrow-sense her-
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AKTyalbHiCTb. YPOXalHICTh CUTBCHKOTOCTIONAPCHKHIX KYJBTYp — 1€ CKJIaJHa O3HAaKa, BUBYCHHS SIKO1
MOTPIOHO MPOBOJUTH OE3MOCEPEIHBO 3a eIeMEHTaMHU 11 CTPYKTypu. Po3paxyHOk e(heKTHBHOCTI A000pY Y
HACTYITHOMY TTOKOJIiHHI € HEOOXiJTHUM eTaroM y cydacHiii cenekiii. Mera. BuzHaunty BIuMB 0aTbKiBCHKHX
¢opM Ha TPOSB LIHHUX TOCHOJAPCHKUX O3HAK y TiOpumiB F; Ta po3paxyBatu epeKTHBHICTH HOOOPY y
HACTYIMHOMY TOKomiHHI. Marepianu i meroau. [1onboBi TOCTiKEHHST TPOBOAMIN Y MUPOHIBCEKOMY iH-
crutyTi mueHuni iMeHi B. M. Pemecna HAAH (MIII). Matepianom uist gocmimkeHs Oynu 14 riOpuaHux
KOMOiHarii F;, CTBOpEeHHX Bifl CXpellyBaHHS JIiHIA 3 BiIOMUMH T€HaMH CTIHKOCTI 10 ctebnoBoi ipki (33H;-12,
37H;-11, 35H2-18, DHG 146-54, 35H,-3, 41H,-4-2, 37H;-9), sixi namani JIY «IHCTHTYT Xap40BO1 6i0TEXHO-
norii ta renomikn HAAH Ykpainm» i komepiiitHux coptiB nmenui spoi Jlyopaska (opurinatop MIII) ta
Tpizo (opurinarop DSV). [ns Bu3HA4eHHs piBHS MPOSIBY €JIEMEHTIB MPOIYKTUBHOCTI KOJIOCA MTPOBOIMIN
CTPYKTYpHHIA aHami3 riopumaiB F; Ta BuxigHoro mMatepiany. BusHauanu BB 0aThKiBCHKUX (POpPM Ha TIPOSIB
KiNBKICHUX O3HaK y ribpuis Fi i koedimientn ycrmaaxoBysaHocTi y mupoxomy (H?) i By3bkoMy po3yminHi
(h%). 3a crampapr BuKopucTOByBatH copt Emeris mupouiBchka. Pesyabrarm. Jlucmepciiinmii aHamis
KOMOIHAIIfHOT 3JaTHOCTI BHSIBUB 3HAYHY TIepeBary y BapitoBaHHI e(DeKTiB 3arajapbHOi KOMOIHAIMIWHOI 34aT-
Hocti (3K3). Cepenniii kBaapaT ans crenudivaoi kom6OiHaniiHoi 3natHOCTi (CK3) moctynascs 3aranbHii
KOMOIHaIIiHIN 37aTHOCTI, ajie OyB TOCTOBIpHUM. BCTaHOBJICHO, 1110 BIUIMB Ha MPOSIB O3HAK «KIJIBKICTh 3€PEH
3 KOJIOCa» Ta «Maca 3epHa 3 KOJIoca» Maya B3aeMoJlis 0aTbKiBChbKUX (opMm (dacTtka BiumBy 0,46 Ta 0,56
BiJNOBiZIHO). Ha MposiB 03HAaKH «IOBXKHA KOJIocay y ridpuniB F; Mana BB MarepuHchka dpopma — 36 %,
BILIMB B3a€MOJIii MaTEPUHCHKUX Ta 0AThbKIBCHKUX I'€HOTHIIB cTaHOBHMB 44 % BCiel Bapiallii 3a JOBXHHOIO
KoJoca. Ha mposiB «KiTBKOCTI KOJOCKIB Y KOJOCI» HAHBHINWIK BILTUB Malla B3aEMOJIisl 0ATHKIBCHKHX KOMITO-
HeHTIB cxpemryBaHHA — 69 %. Y riOpugHuX KOMOIHAIIAX BiAMiY€HO BHCOKE 3HaUEHHsS KoedillieHTa ycra-
KOBYBaHOCTI y mupokoMy posyminHi (0,80-0,95), 3HaueHHs1 xoedillieHTa yCIIaJKOBYBAaHOCTI y BY3bKOMY
po3yminHi crtaHoBwio Bim 0,15 mo 0,45. BucHoBku. BpaxoByloun 3HaYHYy pIi3HHIO MDK JBOMa
KoedillieHTaMH MO>KHA 3pOOUTH BUCHOBOK, 1[0 TEHOTUIIOBA MIHJIMBICTh JOCIIPKYBaHUX O3HAK 3yMOBIIEHA B
OUTBIIOCTI BUMAJIKIB HEAAUTUBHUMU (JIOMIHAHTHUMH) epekTaMu reHiB. Y HAaCTYITHUX MOKOJIHHAX e(peKTHB-
HUM Oyzie 700ip 32 JOBKHHOIO KOJIOCA Ta KUTBKICTIO 3ePEH 3 KOJIoca.

Knrouosi cnoea: nwenuys apa, 2iopudu, komoOinayiiina 30amuicms, Koeiyieum ycnaokogy8anocni,
npoeHo3, 000ip
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