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Abstract. The present study was to determine the nature of gene action and combining ability of six quantitative
traits related to productivity of five varieties and ten hybrid combinations of durum wheat. Five modern durum
wheat varieties were used in diallel crosses as parents. The study includes three F, and two F, generations. The
experiments were done in a randomized block design in three replications during three years. Significant dif-
ferences between the genotypes in both generations was found for all the traits. The general combining ability
and specific combining ability showed reliability in both generations. Obtained results suggests that breeding
schemes should include both types of genetic effects in order to improve productivity components. The ratio of
variances showed that general combining ability has a greater influence on the inheritance of plant height, spike
length and thousand kernels weight. For productivity tillering capacity, number of spikelets per spike and kernels
weight per spike, specific combining ability has a great impact in inheritance. For thousand kernels weight a re-
determination of the genetic formula was established in both generations. Durum wheat varieties Deni, Superdur
and Progres were found to be the best general combinators for studied productivity elements. The most valuable
cross combinations were Deni x Superdur, Superdur x Predel and Progres x Predel. Parental wheat varieties and
progenies from these crosses can be used for improving productivity components and for increasing yields in
durum wheat breeding programs.
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AHHoTauuA. HacToslee nccnefoBaHre HanpaBneHo Ha onpeferneHne Xxapaktepa AelCTBUA FTeHOB U KOMOVIHa-
LIOHHOWM CMOCOBHOCTI TBEPAON MILEHNLbI MO LWEeCT! KONNYeCTBEHHbIM NPU3HaKaM s MATN COPTOB U AeCATU
rMopYAHBIX KOMOUHaLUWIA. B nccnepoBaHve 6biin BKIKOYEHDb! MATb COBPEMEHHbBIX COPTOB TBEPAON MLIEHNLbI B
KauecTBe poauTeneil Npv avanienbHOM CKpeluBaHum. M3yueHsl Tpy nokonexus F, 1 aBa nokoneHus F,. IKc-
NMepUMEHTbI BbIMOJSIHEHbI B PaHAOMU3UPOBAaHHOM G/I0OYHOM AV3aliHe B TPeX NMOBTOPEHUAX B TEUEHME TPEeX JeT.
BbifiBNEHbl JOCTOBEPHbIE Pa3NNUMsA MeXay reHoTUnamy Nno BCeM M3yyaemMbiM MpU3HaKkam B 060X MOKONEHUSX.
O6was KOMOMHALMOHHAA CMOCOBHOCTb 1 creunduyeckas KOMOMHALMOHHAA CMOCOGHOCTb MoKasann [JOCTo-
BEPHbIE OTIMYNA B 060X NMOKoneHusX. MoslyueHHble pe3ynbTaTbl MO3BOMAIT NPEANoNoKNTb, YTO CeNeKLVOH-
HaA CXxeMa [o/KHa YunTbiBaTb 06a TUMa reHeTUYecknx SGpHeKToB AN ynyylleHVs N1eMeHTOB NPOoLyKTUBHOCTY.
CooTHoLeHMe ANCepCcrin LEMOHCTPUPYET, YTo 06LWas KOMOVHALMOHHAsA CNOCOGHOCTL 6orbLLe BAMSAET Ha Ha-
CNeayeMoCTb MPU3HAKOB «BbICOTA PACTEHWA», <AJIMHA Kosloca» 1 «macca 1000 3epeH». [InA Npr3HaKoB «MpoayK-
TVBHAsA KYCTUCTOCTb», <4MCII0 KOSIOCKOB B KOJIOCE» 1 «Macca 3epeH B Kosiocex» 6osibliee BANAHME Ha HaceoBa-
HVe OKasblBaeT creundryeckas KOMOUHaALMOHHaA cnocobHocTb. [ina maccbl 1000 3epeH B 060X MOKONEHUAX
YCTaHOBJIEHO MepeonpeneneHne reHeTnyecknx dopmyn. Jlyuwmmm obwymy KombrHatopamm no sneMeHTam
NpofyKTUBHOCTV OAHOBPEMEHHO MO HECKONIbKUM MpUu3Hakam AsnstoTcA copta [leHn, Cynepgyp v Mporpec. Ca-
Mble LieHHble KOMOVHaLMN CKpeLLVBaHMI Mo HECKOIbKUM npuri3Hakam — [JeHu X Cynepayp, Cynepayp X Mpegen u
Mporpecx Mpefen. 3Tn copTa U KOMOMHALIMN MOXXHO UCMONIb30BaTb ANA YyYlleHWs MPU3HAKOB MPOAYKTNBHO-
CTU U MOBbILLEHVS YPOXKANHOCTY B NPOrpaMmax cenekumm TBepaoi NeHnLbl.

KnioueBble cnoBa: JefCTBIE reHOB; KOMOMHALMOHHAA CMOCOBHOCTb; KONMUeCTBEHHbIE NPU3HAKK; TBepAan niie-
HYLa; AMannenbHoe CKpeLmBaHme.
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Introduction

Breeding strategy of durum wheat is based on genetic informa-
tion on the inheritance of the main quantitative traits related
to productivity. To obtain such information, it is necessary to
apply a genetic model corresponding to the source material
to be used. In a regular breeding program, it is important
to identify the best parents for hybridization and crosses to
select valuable genotypes (Inamullah et al., 2006). Diallel
crosses have been used for a long time in genetic research
to determine the inheritance of a trait among a set of geno-
types and to identify superior parents for hybrid or varieties
development.

Information on additive gene effects i. e. general combining
ability effects (GCA) is of great importance, because it suc-
cessfully predicts the genetic potential of parents who give
desired results in segregating generations. In determining
the specific combining ability effects (SCA), a relationship
is established with the non-additive gene effects (dominance
and epistasis components). The identification of a good hybrid
combination with high SCA on a given trait makes it possible
to expect a more probable transgressive form for the trait.
Combining ability describes the breeding value of parental
varieties to produce better hybrids as well as their crosses
(Griffing, 1956).

The importance of combining ability is related to the eva-
luation of parental lines and their hybrids by their respective
additive and non-additive genetic effects in relation to a certain
trait. Diallel crosses give a more general view of combining
ability, where general and specific combining ability are in-
dicators for nature of gene action (Farooq et al., 2010). Asses-
ment of GCA effects show that it is not possible to choose a
good general combiner for all traits of the productivity. This
is due to the inability to combine in one genotype high GCA
on all traits (Kashif et al., 2008). However, some parents show
desired GCA effects for several traits. It is obvious that high-
yielding varieties included in crosses are mainly responsible
for increasing productivity (Adel, Ali, 2013).

A number of authors, using schemes of full and half diallel
crosses, have established the breeding value of a large number
of varieties and the gene action for traits related to productivity.
In the publications cited below, the authors found that both
additive and non-additive gene effects played a role in the in-
heritance of tested traits. According to J. Yao et al. (2011) and
M. Singht et al. (2018) plant height and spike length mainly
controlled by additive gene effects. It was reported that in
the inheritance of thousand kernels weight the non-additive
gene effects play an essential role (Akinci, 2009; Pansuriya
et al., 2014), while A. Hannachi et al. (2017) and A. Hassan
et al. (2018) establish inverse. Plant height, tillering capacity
and number of spikelets per spike were mainly controlled by
non-additive gene effects (Adel, Ali, 2013; Pansuriya et al.,
2014; Kandil et al., 2016), when A. Hannachi et al. (2017)
reported that plant height and productivity tillering capacity
were additive. The inheritance of the spike length, number of
spikelets per spike, and kernel weight per spike are controlled
by non-additive gene effects and they have a major role (Patel
etal., 2016; Tiwari etal., 2017), also A. Pansuriya et al. (2014)
for these traits and for spike length. Productivity tillering
capacity and number of spikelets per spike are controled by
non-additive gene effects, on the other hand, for spike length
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and thousand kernel weight additive gene effects dominate in
inheritance (Farooq et al., 2019).

It can be concluded from the published data that parental
varieties have a great influence on both types of combining
ability. On the other hand, they are carried out in different
growing conditions, which gives additional confirms to this
statement of diverstity.

The present investigation was undertaken to determine the
nature and magnitude of gene action and general and specific
combining ability for five modern durum wheat varieties and
for six quantitative traits related to productivity in diallel cross
of durum wheat.

Materials and methods

Parents and crosses. Five modern durum wheat varieties were
included in the study as the parental varieties in the half diallel
crosses. The varieties are selected among the new Bulgarian
varieties of durum wheats, including the old and the new
variety-standard and the Austrian variety Superdur, which has
recently become widespread in Bulgaria. Victoria — Bulgaria,
Deni — Bulgaria, Superdur — Austria, old variety-standard Pro-
gres — Bulgaria and new variety-standard Predel — Bulgaria.
The choice of varieties is based on their previous observation.
They are created in Field Crops Institute, Chirpan and are ge-
netically distant. Progres and Deni are created by experimental
mutagenesis combined with hybridization and Victoria and
Predel are created by hybridization. A diallel cross was per-
formed in which all the described varieties were crossed with
each other without reciprocal combinations. The crosses was
carried out handmade at the beginning of heading time in field
condition. The following ten combinations were performed:
Victoria x Deni, Victoria x Superdur, Victoria x Progres, Vic-
toria x Predel, Deni x Superdur, Deni x Progres, Deni x Predel,
Superdur x Progres, Superdur x Predel, Progres % Predel. From
each combination, 30 spikes were castrated and pollinated.
From the harvested F, plants, the seeds necessary for sowing
of F, generation were randomly selected.

Management. The parents are sown in each replication
in two rows, the F, hybrids in two rows, and the F, hybrids
in five rows. Genotypes are sown handmade in the field in
beds. Row length — two meters, row spacing — twenty cm
and inside the row — five cm in a randomized block design
with three replications. After the full maturity phenophase,
the necessary plants from each replication are harvested and
collected for biometric research. Twenty plants were selected
from the parents and F, generation and thirty plants from F,
generation at random. The diallel cross was performed in three
consecutive years. Thus, generation F, for three years and F,
for two years are provided. The experiments was conducted
in three harvest years 2014, 2015 and 2016. The experiments
was carried out in the breeding field of the Field Crops In-
stitute — Chirpan according to the adopted technology for
growing durum wheat. The predecessor is spring peas. The
soil type is Chernozems compact Eutric Vertisols (by FAO).
The three years meteorological condition are characterized
by higher temperatures compared to the multi-year period
(Fig. 1). The first year have 18.5 % and the second 58.2 %
precipitation over the multi-year period during the growing
season, while in the third year precipitation are 17.5 % less
than in the multi-year period (Fig. 2).
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Fig. 1. Average monthly and multiyear air temperature during 2013-2016 harvest years.
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Fig. 2. Average monthly and multiyear amount of precipitation during 2013-2016 harvest years.

The following traits were observed. Plant height (cm) — it
is measured from the ground surface to the end of the spike
without the awns on the main stem in centimeters. Produc-
tivity tillering capacity (pcs.) — the fertile spikes of one plant
are counted. Spike length (cm) — measured on the main stem
from the base of the spike to the top of the uppermost spikelet.
Number of spikelets per spike (pcs.) — the spikelets in the main
spike are counted. Number of kernels per spike (pcs.) — all
kernels of the main spike are counted after handmade thresh-
ing. Thousand kernels weight (g) — five hundred kernels are
weighed and multiplied by two. All traits are determined by
methodology by Y. Enchev et al. (1976).

Statistical analysis. The data from the three years F, and
the two years F, are averaged and on them are conducted
statistical processing. In the processing of the experimental
data, mathematical and statistical methods were used on the
results according to the set goal of the research. To perform
diallel analysis was used combining ability analysis in dial-
lel crosses — by method II model I (Griffing, 1956) with the
program software of M. Burow and J. Coors (1994). Analysis
of variance (ANOVA) by traits is derived through the same
program on M. Burow and J. Coors (1994).

Results

The results of analysis of variance showed statistically signifi-
cant differences between the genotypes for all studied traits
in both generations. The values of the variances for GCA and
SCA were significant in both generations (Table 1). Therefore,

both additive and non-additive gene effects (dominance and
epistasis) were of significant importance in the inheritance
of the traits. The studied traits related to durum wheat pro-
ductivity show that they are controlled by both additive and
non-additive gene effects.

The ratio of GCA and SCA variances (cé/cg) for F, and
F, are presented in Table 1. For plant height, spike length,
number of spikelets per spike and thousand kernel weight,
the sum of squares indicates that additive gene effects have a
greater influence in inheritance. For the other two traits, the
sum of the squares indicates that non-additive gene effects
have a greater impact. This is proved by the ratio of the vari-
ances of GCA and SCA, respectively. The preponderance of
additive gene effects ((Sé/css2 >1) was found in the inheritance
of plant height, spike length and thousand kernel weight. The
spike length in F, generation showed a significant increase,
which indicates that the additivity increases. Domination of
additive gene effects allow application of classical breeding
methods. For these traits selection can start in early segregat-
ing generations (F,—F,).

Domination of non-additive gene effects (cé/c? <1) is
observed for the productivity tillering capacity, number of
spikelets per spike and kernels weight per spike. Non-additive
gene effects (dominance and epistasis) prevalence in their
expression.

This analysis does not allow to determine or dominance
or epistasis are responsible for the inheritance of the traits. It
is well known that when inheritance is determined by non-
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Table 1. ANOVA for general combining ability (GCA), specific combining ability (SCA) and relation to variance of GCA and SCA (oé/of)

for six traits related to productivity

Traits Source F,
of variance 5umMean ............
of squares squares
Plantheight  Genotype 19658 1404
GCA ....................... 1 69534238 ..........
SCA2704 ....................... 2 70 ..........
Error .......................... 7 89 ......................... 28 ..........
0;/05 ........................... 2 32 ......................................
Product|v|tyGenotype30299 ..................... 2 164 ..........
tillering capacity GCA9937 ..................... 2 497 ..........
SCA20311 ...................... 2 031 ...........
Error .......................... 2 750098 ..........
03/05003 .........................................
sp.ke|engthGenotypezog7 ....................... 149 ..........
GCA ......................... 1 726 ....................... 4 31 ...........
SCA ........................... 3 71 ........................ 0 37 ..........
Er.—or .......................... 129 ....................... 0 04 ..........
oé/of 1.8
NumberGenotype2778 ....................... 198 ..........
of spikgle t GCA ......................... 1 512 ....................... 3 73 ..........
perspike T e
SCA 12.67 1.26
Error .......................... 5 68 ....................... o 20 ..........
03/03031 .........................................
Keme|swe.ght(:,enotype .................. 2 540139 ..........
per spike GC/.\ ........................... o 03 ....................... 0 20 ..........
SCA ........................... 2 55 ....................... 0 25 ..........
Error .......................... o 47 ....................... o 01 ...........
03/05014 ........................................
ThousandGenomeSg ....................... 3 18 ..........
kernels weight GCA3346 ....................... 3 36 ..........
SCA ......................... 1 ”2 ....................... 1” ...........
Error .......................... 8 25 ....................... 2 94 ..........
0;/03126 .......................................

*p <0.05;**p<0.01;***p <0.001; oé - GCA variance; of - SCA variance.

additive genetic effects, selection in early segregating genera-
tions will be difficult. In this case effective selection must start
in the later segregating generations F,—F..

Although the preponderance of additive genetic effects
for the thousand kernel weight in the individual years and
generations has been established, there is a change in the
genetic effects controlling the trait. This is due to the genotype-
environment interaction and is explained by the phenomenon
of redetermination of the genetic formula. In F, in 2014 the
non-additive genetic effects preponderance, and in 2015 and
2016 the additive ones. In F, in 2015 the non-additive genetic

518

F,
s.gn|ﬁcant5umMeans|gmﬁcant .......
(, %%, %xx) of squares squares (3, %, wxx)
........ ***203201451***
........ L
s O G R
......................................... oy Ty
........................................... oy
........ L

Hx 222 0.55 o
........ ***106106***
......................................... Sy e
L
........ L L
........ L
........ L
........................................... L
S
........ ***1615115**
........ L
........ L S
........ L
S
........ L
........ L
o 113 0.11 o
......................................... oy
e
........ L
S R L
........ L
......................................... ey
........................................... 102

effects preponderance and in 2016 the additive ones (data not
shown). In the individual years in both generations, all other
traits show a one-way ratio of variances that determine the
influence of genetic effects.

The analysis for GCA of parents and SCA of hybrids for the
studied traits in F, and F, is presented in the next two tables
(Tables 2 and 3). From a breeding point of view, genotypes
with a negative value for plant height due to the connection
with lodging are more valuable. For all other traits, positive
values are preferable, as their increase will lead to an increase
in productivity.
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Table 2. General combining ability of parents and specific combining ability of crosses for three traits related to productivity

Genotype Plant height Productivity tillering capacity Spike lenght

*p <0.05; n.s. - no significant.

Table 3. Values for general combining ability of parents and specific combining ability of crosses
for three quantitative traits related to productivity

Genotype Number of spikelets per spike Kernels weight per spike Thousand kernels weight

*p <0.05; n.s. - no significant.
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Plant height. Table 2 presents the values for plant height.
The varieties Victoria and Progres has a significant and
positive values for GCA in F, and F,. They increase the plant
height in the hybrids in which he participated as parents.
The varieties Superdur and Predel have negative significant
values of GCA in both generations. These varieties reduc-
ing the plant height in the hybrids in which they participate.
They can be used successfully in the breeding program for
obtaining dwarf durum wheats. In terms of SCA, valuable
are the hybrid combination Progres x Predel, with significant
negative values in both generations. The other crosses have
different values for SCA, and in different generations they are
differently significant and change their signs according to the
generation.

Productivity tillering capacity. Table 2 presents the va-
lues for GCA and SCA for the productivity tillering capacity.
Significant values of GCA to increase the trait of productivity
tillering capacity have Deni variety in both generations. The
varieties Superdur and Predel have positive and significant
values in F, generation, while in F, generation the values
are significant but negative. Variety Victoria has a significant
and negative GCA in F, and a negative and nonsignificant
in F, and reduces the values of the trait. Of greater interest
are hybrid combinations and their SCA values (see Table 2),
as non-additive effects have been found to preponderance.
The results show that one of the crosses Progres x Predel has
significant and positive values in both generations for SCA.
The other crosses occupy an intermediate position.

Spike length. Table 2 presents the values for the general
and specific combining ability of parents and hybrids for spike
length. We define the varieties Deni, Superdur and Progres
as good general combinators to increase spike length, as they
have positive and significant values for GCA in both genera-
tions. Victoria variety has significant and negative values in
both generations and it decreases the spike length in the hy-
brids in which it participates. The SCA values of the hybrids
show that two crosses showed significant and positive values
in F, and F, are Deni x Superdur and Progres < Predel.

Number of spikelets per spike. The values for GCA and
SCA for the trait number of spikelets per spike are presented
in Table 3. The Victoria and Deni varieties in both generations
have significant values to increasing number of spikelets per
spike and they are good general combinators for this trait.
Variety Progres has negative GCA and reducing the values of
the trait. The other varieties have nonsignificant values, which
shows their insignificant role. The greate interest is in hybrid
combinations, as non-additive gene effects have been shown
to play a major role in inheritance. The hybrid combinations
Victoria x Deni and Victoria x Superdur show significant and
positive SCA effects in both generations. With the highest
SCA value is the cross Victoria x Deni.

Kernels weight per spike. Table 3 represents the values
for parental GCA and hybrid SCA. In F there are no varieties
with significant GCA effects. No good general combinators
have been reported to increase kernels weight per spike in
both generations. In the F, generation, the Progres and Predel
varieties increase the values of the kernels weight per spike,
and the Superdur variety decreases it.

These results are very contradictory and it is difficult to
define any of the varieties as a good general combiner on this
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trait. We can consider that the varieties Progres and Predel are
good general combinators on the basis of showing significant
and positive GCA effects in F, generation. Greater atten-
tion should be paid to hybrid combinations, as SCA effects
preponderance. Four significant good hybrid combinations
are observed in terms of SCA effects. They are positive and
significant in both generations. The most promising hybrid
combinations are Deni x Superdur, Deni x Predel, Super-
dur x Progres and Superdur % Predel.

Thousand kernels weight. The variety Progres (see Table 3)
is good general combiners for increasing the values of the
trait thousand kernels weight. Variety Progres has positive
and significant values in both generations. On the other hand,
general combiners that have been significant to reduce grain
size are the Predel and Superdur varieties in both generations.
In Table 3 can be seen that the cross Superdur X Predel, which
in both generations shows positive and significant values
for the SCA effects, is interesting in terms of breeding. The
remaining crosses in most cases have a significant value in
only one of the generations. For all traits the values for GCA
and SCA in most cases are in one-way direction and can be
relied on their reliability.

For the possibilities of heterosis in the breeding of durum
wheat and obtaining transgressive forms, it is necessary to
consider the crosses with significant SCA effects on several
traits. Of the studied hybrid combinations (see Tables 2 and 3)
as the most promising with significant SCA effects are Pro-
gres x Predel for plant height; Progres x Predel for productivity
tillering capacity; Deni x Superdur and Progres % Predel for
spike length; Victoria x Deni and Victoria X Superdur for the
number of spikelets per spike; Deni % Superdur, Deni x Predel,
Superdur x Progres and Superdur % Predel for grains weight
per spike; Superdur % Predel for the thousand kernels weight.

Discussion

Development of wheat varieties possessing improved yield
related characters had been the major objective of durum
wheat breeders. Thus availability of genetically based varia-
tion for traits like plant height, productivity tillering capacity,
spike length, number of spikelets per spike, kernels weight
per spike and thousand grain weight breeding population
is essential. Present genetic material used here to generate
information on genetic nature of these traits. A number of
studies by other investigations are in line with the results
obtained by us for GCA and SCA. Many researchers have
also found significant GCA and SCA effects for the plant
height (Topal et al., 2004; Pansuriya et al., 2014; Ali et al.,
2018; Singh et al., 2018; Sharma et al., 2019; Ayoob, 2020);
for productivity tillering ability (Topal et al., 2004; Akinci,
2009; Adel, Ali, 2013; Parveen et al., 2018; Talha et al., 2018;
Bajaniya et al., 2019; Farooq et al., 2019; Hammam et al.,
2020); for spike length (Topal et al., 2004; Yao et al., 2011;
Pansuriya et al., 2014; Patel et al., 2016; Rajput, Kandalkar,
2018; Sadeghzadeh-Ahari et al., 2018; Khaled et al., 2020;
Shamsabadi et al., 2020); for number of spikelets per spike
(Adel, Ali, 2013; Pansuriya et al., 2014; Kandil et al., 2016;
Patel et al., 2016; Saeed, Khalil, 2017; Parveen et al., 2018;
Khaled et al., 2020); for kernels weight per spike (Topal et
al., 2004; Adel, Ali, 2013; Mandal, Madhuri, 2016; Patel et
al.,2016; Talha et al., 2018; Amin, Towfig, 2019; Shamsabadi
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et al., 2020); for thousand kernels weight (Topal et al., 2004;
Akinci, 2009; Desale, Mehta, 2013; Brahim, Mohamed, 2014;
Motawea, 2017; Alietal., 2018; Hassan et al., 2018; Ali, 2019;
Khokhar et al., 2019; Sharma et al., 2019).

The obtained results for the GCA and SCA give a very clear
idea of the control in the inheritance of the traits elements of
the yield. The impact of additive and non-additive gene ac-
tion in the inheritance of the structural elements of the yield
shows that in order to maximize the productivity of durum
wheat, a system should be used that includes both variances
in simultaneously.

Plant height and spike length are used for an individual
selection by the classical methods. In both generations they
are controlled by additive gene effects. In most cases thousand
kernels weight is also controlled by additive genetic effects.
This shows that it is possible for breeders to obtain better
results in improving these traits. It should be noted that in
the case of plant height, spike length and in most cases for
thousand kernels weight, the selection may start in the earlier
segregating generations F,—F;. Because they are controlled
by additive genetic effects. It should be noted that the main
structural elements of yield — spike length and in most cases
thousand kernels weight are controlled by additive gene ef-
fects. Preponderance of additive gene effects in inheritance of
plant height has been reported by a number of other researchers
(Yao et al., 2011; Motawea, 2017; Ali et al., 2018; Hassan et
al., 2018; Rajput, Kandalkar, 2018; Singh et al., 2018; Talha et
al.,2018; Sharma et al., 2019; Ayoob, 2020); for spike length
(Kandil et al., 2016; Motawea, 2017; Parveen et al., 2018;
Rajput, Kandalkar, 2018; Sadeghzadeh-Ahari et al., 2018;
Singh et al., 2018; Farooq et al., 2019; Sharma et al., 2019;
Khaled et al., 2020; Shamsabadi et al., 2020); for thousand
kernels weight (Hannachi et al., 2017; Motawea, 2017; Ali
et al., 2018; Hassan et al., 2018; Ali, 2019; Amin, Towfiq,
2019; Farooq et al., 2019; Khokhar et al., 2019; Sharma et al.,
2019).

For other three traits preponderance non-additive gene ef-
fect in this investigation was observed. Therefore, selection
in early segregating generations will be difficult. In this case,
it is recommended that an effective selection must start in the
later segregating generations F,—F; when the influence of the
non-additive effects (dominance) decreases and the additivity
increases. The results from this study for productivity tiller-
ing capacity are in line with those obtained by other authors
(Desale, Mehta, 2013; Mostafa et al., 2014; Kandil et al.,
2016; Ahmad et al., 2017; Saeed, Khalil, 2017; El-Gammaal,
Morad, 2018; Parveen et al., 2018; Talha et al., 2018; Amin,
Towfiq, 2019; Bajaniya et al., 2019; Farooq et al., 2019;
Ayoob, 2020; Hammam et al., 2020); for number of spikelets
per spike (Mostafa et al., 2014; Kandil et al., 2016; Ahmad et
al., 2017; Saeed, Khalil, 2017; Tiwari et al., 2017; Parveen et
al.,2018; Talha et al., 2018; Farooq et al., 2019; Ayoob, 2020;
Khaled et al., 2020); for kernels weight per spike (Padhar et
al., 2013; Mostafa et al., 2014; Kandil et al., 2016; Mandal,
Madhuri, 2016; Tiwari et al., 2017; Talha et al., 2018; Amin,
Towfiq, 2019, Shamsabadi et al., 2020).

For thousand kernel weight, a redermination of the genetic
formula of the trait was found. This is due to the genotype-en-
vironment interaction. Redetermination of the genetic formula

2022
266

KoMbUHaLMOHHaA CMOCOBHOCTb KOSTMYECTBEHHbIX NPU3HaKoB,
CBA3aHHDbIX C NPOAYKTUBHOCTbIO TBep,U,Oﬁ nweHnubl

is especially evident in the case of quantitative traits that are
controlled by a large number of small polygens significantly
influenced by environmental conditions (Dragavtsev, Ave-
ryyanova, 1983). The presence of this phenomenon makes it
difficult to lead an effective selection on the thousand kernel
weight in different years and generations and the selection
must be conducted longer (Dragavtsev, Averyyanova, 1983;
Dragavtsev et al., 1984). When the phenomenon of redeter-
mination of the genetic formula is observed in the individual
years, different forms are selected, controlling the trait in the
breeding process. This means that in different years valuable
forms are selected in which the trait is controlled by both ad-
ditive and non-additive genetic effects.

The deepening of the research allows to specify the methods
of the applied breeding strategy and to optimize and increase
the efficiency of the selection. The possibility of evaluating
genotypes and their breeding value as a starting material for
increasing productivity is also important. With the conducted
research it is possible to get information about two of the
most important moments in a successful breeding program —
choosing parents for hybridization and leading a purposeful
selection. The selection on a separate trait can increase the
yield, but a more significant increase would be obtained by
simultaneously comprehensively improving its elements.

Varieties that have significant GCA effects for more than
one trait are of grait interest for breeding. The results for the
respective traits are presented in Tables 2 and 3. Tables show
which varieties are good combiners on the studied traits. Va-
riety Victoria is a good general combiner on the trait number
of spikelets per spike and a bad combiner for the traits plant
height and spike length. The Deni variety is a good general
combiner in terms of productivity tillering capacity, spike
length and number of spikelets per spike. The Superdur vari-
ety is defined as a good combiner for plant height and spike
length and a bad combiner for thousand kernels weight. Variety
Progres shows significant and positive values for GCA for the
traits spike length and thousand kernels weight, and is a bad
combiner for number of spikelets per spike and plant height.
Variety Predel is a good combiner for the trait plant height and
a bad combiner for thousand kernels weight. A good general
combiner at the same time on three traits is the Deni variety.
Good general combinators on two traits at the same time are
the varieties Superdur and Progres. Good general combina-
tors on one trait are the varieties Victoria and Predel. Varieties
Victoria and Progres are bad combiners on two traits. Varieties
Superdur and Predel are bad combiners on one trait. The only
exception is the Deni variety, which has no traits like a bad
combiner. The varieties Deni, Superdur and Progres emerge as
the best general combinators for the elements of the producti-
vity on several traits at the same time. To increase the yield, it
is necessary to simultaneously improve several valuable traits.
The certain general combining abilities are a prerequisite for
the correct selection of parental forms and their crossing for
the purposes of the durum wheat breeding program.

As can be seen, the varieties bearing high GCA most often
enter the crosses with high SCA. According to the various
traits, there are good crosses, such as combined parents with
high X high GCA and those who have combined parents
with low X low GCA. Some with high SCA values are also
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a combinations of high X low GCA. As the most valuable
hybrid combination with significant SCA effects on several
traits its define Deni x Superdur, Superdur x Predel and Pro-
gresx Predel.

Determining the combining ability shows that it is not pos-
sible to have one variety can good combinator for all traits.
Not all crosses with high SCA effects were obtained from
the crosses of a good X good GCA parent (Kumar, Maloo,
2012). Rather, crosses with high SCA effects are obtained
from crosses between bad X bad and bad X good combiner.
They argue that such manifestations are due to the involve-
ment of dominant or epistatis gene effects. Crosses with
high SCA may be more likely to be sources of transgression
(Gami et al., 2011; Tiwari et al., 2015). Transgressive lines
on a certain traits can be a source for creating highly efficient
durum wheat varieties. Evaluations of gene action explain the
genetic potential of breeding materials and contribute to the
targeted management of breeding progress in durum wheat
productivity.

Conclusion

The study found that both additive and non-additive gene
effects are of significant importance in the nature of gene ac-
tion of the productivity traits. This implies a breeding system
that includes both gene effects for improving the elements
of productivity. Inheritance of plant height, spike length and
thousand kernels weight is mainly controlled by additive gene
effects and it is possible to start selection of genotypes in the
early segregating generations F,—F;. Inheritance of produc-
tivity tillering capacity, number of spikelets per spike and
kernels weight per spike is controlled by non-additive gene
effects. Therefore, the selection on these traits should start in
the later segregating generations F,—F;. There is obtained a
change in the genetic effects affecting the expression of the
trait thousand kernels weight, which indicates the presence
of the redetermination of the genetic formula.
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