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ABSTRACT

The fast and reliable measurement techniques in determining breachaking quality such as GlutoPeak

parameters is need in acereal quality breeding programs.Therefore, this study intended to investigate gene

actions in the inheritance of gluten rheological properties measured by Glutopeak tester in 28 hybrids of

AiLinel Testero bread wheat and their 11 paThaewasa based on k
prominence of nonadditive gene effects for all therait s examinel. Well-performed parents such as DH20and
Harmankaya-99 were good combinersfor almost all examinedtraits. i DH1 6 | B e-200,s tlaQH2 0T-Bezost aj a
16, ADH20T Ha%omm D K2y aR00®ay and A DHA2RWek gromising combinations

based on their SCA effectsThere may bean opportunity to select the best genotypes ithe F2 generation for

protein rate, sedimentation value and GlutoPeakparameters such aspeak maximum time (PMT) and

maximum torque (AM and PM) considering the little increase in narrow sense heritabilityThis first report,

which sheds light on the genetic analysis of GlutoPeak parameters, should be supported by studies that will

examine the Glutopeak poperties in different segregation generations of hybrids with different originated

parents.

Keywords: Combining ability , end-use quality, quality breeding, gluten strength

INTRODUCTION capacity, viscosity, elasticity, and cohesivenessdough
Wieser 2007). Thus, if the protein or gluten content is
t known, it is impossible to completely characterize the
hed flour quality. Also important to the analysis is
etermining the sedimentation value, which shoas
correlation with gluten content, loaf volume, and baking
quality (Hruskova and Famera2003). The protein
content, wet and dry gluten, and the rheologiraperties
flour should be defined to determine a suitable

For many years, the main theme of common whe
(Triticum aestivumL.) breeding programs has been th
development of new varieties with high yield and quali%.
A breeder's primary task is to provide both higélding
genotypes for growers and higjuality products for
consumersCertainly, the yield has always been amidl
be the main target of plant breeding; however, t
selection is 'i“os“y done_ for qualifcy r_10wadays, eSpeqialﬁﬁproved variety for the bakery industry (Baslar and
by phenotyping and relying on principal cereal Chem'StE'rtu ay 2011)
and rheology.Improving the bread making quality of 92y '
wheat varieties is a process tin@eds to be examined for  Furthermore, several rheological tests, such as the
some parameters such as protein ratio, gluten qualfgrinograph, extensigraph, mixograph, and alveograph are
sedimentation value, rheological properties, and theed to charaetize wheat processingnd breaemaking
contribution of selection to be made in early generationsggality and have become significant measurements for
important Breadmaking capacity is mostly based on thevheat grain and flour quality (Gabriel et ,aR017).
protén amount and flour quality (Hruskova and Famer&heological tests indicated relative dough stremgénot
2003). Therefore it is essential to detect the glutendeal as fast screening methods to recognize fling
properties as the wheat flour strength is closely associatgaten strength at the early stages of wheat breeding
with gluten content and quality (Jirsa and Hruskovhecause a lot of milled grain samples are needed for these
2005). Gluten plays a key role in phecing the peculiar tests and the throughput is limited (Wang et2017).For
baking quality of wheat by supplying water absorptiotis reason, breeders are seeking for a way to enable
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quality testing of what genotypes in the early stages ddH20, DH21 and DH22; Tosunbey / Mufitbey for DH16.
breeding programs using limited sampl&lutoPeak is The DH lines were improved in the Generation of the
currently used as a fast and reliable method to evalubybrids that are given pedigrees and have different
rheologically eneusequality traitsin a shorter period and genotypic traits.F; plants of these 28 hybrids and their
using a smalbcale sample (Rakita et al.2018) parents were grown ira randomized complete block
GlutoPeak tesr measures the aggregation behavior afesign with three replications during th20152016
gluten and quickly provides information on gluten qualitygrowing seasor; plants of these 28 hybrids and thgir
flour-water absorption, doughixing stability indicators, parents were growrin the 20162017 growing seasorat
tenacity, and extensibility (Fu et g2017). Bouachra et al. Eskisehir Osmangazi University Agricuttu Faculty
(2017) reported that GlutoPeak tester can be usedrdeearch areas, Eskisehir, Turkey. The plots consisted of
predict the bread volume, and the best estimation of Idafir rows, which were 1 m long with 20 plants. The
volume can be obtained with Brebender equivalent distance between rows was 30 c8tandard ones were
maximum torque (BEM) value measured 15 s before theed for breeding programs in irrigation and fertilization
maximum torque ahprotein content. applications.The soil of experimentalreacontains 1.2%
a{ganic matter and 9.6% lime; it is s&ite, clayey and
l%llrghtly alkaline (pH 7-8.3). The total precipitation,

as the GlutoPeak are now popular with breeders i
CT : . average temperature and average humidity were 299.0
selection in the early generationSigsons 2016). In mm, 10.01 AC and -2018 gréwing i n

recent yearshe growing interest in studies on GlutoPeak

tests has led tiis widespread popularitHowever, these >ason, while they were 289.
studies are mostliimited to the optimization of the testthe 20162017 growing season, respectivelie harvest

its correlation with other quality characteristics anbgaS done when the plants in each plot reached maturity,
. . qualiity . ' . and first cleaned using the Buhler Labofix 90 ndtganer
evaluation of different varieties (Marti et ,al2015;

i . . (Brabender, Duisburg, Germany). Grain samples were
Boua.chra et al.2017; Kutlu et_al.,2_017, Rakita et al, illed to wholewheat flours on an ultraentrifugal mill
2018,_Wang et gl2017). Espemally in the early stages O%etsch ZM 200, Germany) equipped with a 0.5 mm
it;‘rsreeoggg d péogrggé’;mmii S'takl]eecuogne?iuccce;f’an?ggi sieve.Thus, ground grain samples were prepared for the
y ning 9 P %alysis of some quality characteristics and GlutoPeak
GlutoPeak traits, protein content, gluten content, angrO erties stated v
sedimentation value. P '

Quality tests that require a small amount of flour su

iLinel Testero analysis is an imp?ugl{}yé[r%“sform of t he
fop-cr oss0 met hod for the deTheeproteinrate (PR)p wet gldtenragp(WG)p gry i at ¢
parents and hybrids of important selection charactersghsten rate (DG) (%) was determined in aNIR
well as the efficient use of the information to be obtainepectroscopy device (NIR 6500, Foss, Hillera,
in breeding programs (Kempthorri957). In the method, Denmark) which was calibrated by bread wheat whole
two groups of genotypes called line and tester are usedyrtiin  samples according to AACCmethod 3901.01
is desired to test the studied characters of the lines that(&&CC, 2010) As for the SDS sedimentation value, lactic
genetically homozygous. The testers are selected franid, sodium dodecyl sulphat8S, bromophenol blug
high-yielding and highquality cultivars that are well andflour were mixed, andhe suspension prepat with
adapted to the region. Each of the testisrdiybridized the particles after 14 minutes rinsing processre
with the lines and hybrid progeny is obtained as tlietermined by measug the collapsed partvolume, in
number of "Linesl T Test er s "miliitera(Pénhetal®9)p ul ati on created
this method, it is intended to estimate the different types GlutoPeak test
of gene effects and heritaiyl degrees by obtaining
information about general and specific combining The gluten aggregationproperties of wholewheat
abilities. flour samples were measured kbye GlutoPeak device
The study ai med (1) to (Brgb\%a%d?r,uDéu bgrg, geémang)Llwg?llé{,TSO'ggtgoI{ee r o
bread wheat crosses and their 11 parents in terms of bgvhga flour sample was weighed and dispersed i calcium
p

: . : ERI6ride solution with 9 g of 0.5 mdlt. Meanwhile the
quality traits and GlutoPeagarametes, (2) to estimate | . : .
the gee effects thatplays a role in the heritability of liquid to solid ratio was kept at 1.26 and the flour moisture

) o : was 14%(Marti et al, 2015). The measrements \&re
examined characteristics, and (3) to determine the pro & Iy .
parens and promising crosses Berfor me d w iCt sampl@ dewperature, 1900 rpm

rotationspeed an®00 s measurgmes.Maximum torque
MATERIAL AND METHODS (BEM in [BU]), torque 15 s before maximum (AM in
[BU]), torque 15 s after maximum (PM in [BU]), peak
maximum time (PMT in [s])alveographenergy (AE was

In this study, seven doubled haploid (DH) wheat linegalibrated classical alveograph method in [arbitrary units
were crossed with four cultivars (Alte3000, Bezostajd, (AU)] and water absorptiofWA was calibrated classical
Harmankay#09, Kate A1) by applyingthefi L i n e T T farinegephdnethod as Pavasautomatically provided by
crossing schemd&he pedigrees ahe DH lineswere like the software GlutoPeak (version 2.0.0). The measurements
this: 33IBSWNS-244 / Mufitbey for DH6 DH18, DH19, were dondhree parallel$or eachreplicates.

Plant material and experimental design
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Statistical analyses RESULTS AND DISCUSSION

The iLi nel Tamalysi®and its components @ Li n el WVarianteamalpzeanddetermination of
general combining ability (GCA), specific combining gene action

ability (SCA), GCA / SCA ratio,broad {H?), and narrow Tablel presentsiL i nel Testerd variance

sense heritability @, wereestimded byAGD-R ver. 4.0 genetic components for each characterttaf genotype
2 <
softwarereleased bCIMMYT (Ro d T 2 g u e2019.e and ah)l/b'rid' combinationsWhen the iLi nel Tester o

F1 and 2 generations were analyzed separateijie variance analysisof the traits was examined,observed
scatter plot graphs based GCA, SCA and mean values . . ysisot the 0
significant variation indicates that examinegenotypes

ggfﬁgfgtsrozrgxb”ds vere drawn by IBM SPSS 20 (parents and hybridd)ad different genetic backgrounds
' The data suggested that the expressiothefraits in the
hybrids varied according to the parental combination
(Nathan et al., 2011)

TablelALi nel Tester o variance analysis and genetic components f

SOV DF PR SDS WG DG BEM PMT AM PM AE WA

F. 1.16 0.22 1.32 030 11.65 6.83° 1.66 253 7.34" 5.63"

Replication 2 R, 446 164 179 632 084 177 079 144 0.0 0.47

Genotypes ag F1 070 234" 284 427 717" 1540° 628" 664 1679 182

F, 225 160 2.11° 253 160 1.41 069 191" 204 137

Barents 1o FL 070 126 113 224 805 3340° 1010° 826° 1596' 170

F, 200 209 218 265 180 220 071 287 226 1.26

. F, 0.72 224" 356 518 515 925 507 483 1466  1.61
Hybrids 27

F, 242" 1.29 2.16° 2.52" 1.39 1.17 0.65 1.60 1.79 1.44
F. 0.01 1588 043 0.18 53.000 1.33 0.71 39.40° 82.58" 8.72
F, 0.14 515 0.08 131 520 0.04 1.71 0.65 6.43 0.71
Fi 1.01 1.96 0.17 0.39 1.83 1.17 0.31 1.95 1.58 1.01

Parents vs Hybrids 1

Lines 6

F 112 2.09 146 249 1.74 1.23 0.87 111 1.74 1.55
Testers 3 Fir 1.99 0.53 0.87 0.49 0.42 0.60 0.55 2.10 1.38 1.12
F, 0.51 1.52 0.36 0.42 0.40 348 217 0.53 0.40 0.50
Line 1 Te1s F. 0.65 193 4.44" 647" 460° 931" 6.377 3.62° 125T 1.59
F, 249" 0.99 209 199 127 0.88 0.59 1.64 1.63 1.35
GC
K GCA/L 8 #! F. -0.18 0.22 -0.17 -0.15 0.10 -0.01 -0.16 0.31 0.11 0.02
F. 0.00 -37.02 0.03 0.33 0.34 -1.44 -0.09 -0.07 0.34 0.24
-\ F. 0.12 9.89 4.4  -092 2444 -0.68 -16.84 10.44 5567.03 0.18
F. 0.00 6.26 0.13 0.15 5.67 1295 1.49 -0.76  847.92 0.43
A B Fi -0.84 39.22 25.96 5.92 240.21 147.98 104.87 39.45 49356.53 7.38
F,. 046 -0.19 394 044 1649 -8.96 -16.92 10.52 2491.09 1.75
A B Fi 058 1573 120 0.25 2043 484 485 3.18 1199.01 2.63
F. 0.07 9.52 0.79 0.12 20.09 2245 1265 8.28 3002.30 2.28
H2 F. 0.18 0.76 096 096 092 0.97 0.96 094 0.98 0.74
F. 0.87 0.39 0.84 083 052 0.36 0.11 0.56 0.53 0.49
h? F. 0.15 0.15 0.00 -0.08 0.08 -0.004 -0.008 0.20 0.10 0.02
F. 0.00 0.39 0.03 0.21 0.13 0.36 0.11 -0.008 0.13 0.10
CLV (%) F. 20.26 37.51 4.84 10.71 36.30 26.22 8.72 32.48 30.02 22.16
F, 25.64 35.73 31.42 43.68 35.21 20.58 17.53 2544 35.20 32.24
CTV (%) F, 19.88 5.08 12.08 6.71 4.15 6.69 7.61 17.53 13.07 12.29

5 F, 581 13.00 391 366 4.05 2914 2193 6.10 4.05 5.18
CLI' TV (%) F. 59.86 57.41 83.08 82.58 59.55 67.09 83.66 49.99 56.91 65.56
F, 68.55 51.26 64.67 52.66 60.74 50.28 60.54 68.46 60.75 62.57

"P<0.05 ,” P < 0.01 (SOV: Source ofariation; DF: Degree of freedom; PR: Protein rate; SDS: Sedimentation value; WG: Wet gluten; DG: Dry

gluten; BEM: Brebender equivalent at maximum torque; PMT: Peak maximum time; AM: torque 15 s before maximum; PM: torgfier 15 s

maximum; AE: Energy; WAWater absorption; GC: Genetic components; GCA: General combining ability; SCA: Specific combining ability; A:

additive; D: Dominance; ¥ Broad sense heritability;>hNarrow sense heritability; CLV: Contribution of lines variance; CTV: Contribution of

testers variance; CLITV: Contribution of |ine x tester interaction var
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The contributions tdotal variances of line{CLV), to another However, testingwith a low number of
testers(CTV), and fALinel T¢ €L & Cdsdipres by rrapt analysis techniques has revealed
varied for examined traits in both generations. Theimportant opportunities in quality breeding.

CL I C Towall properties were defined as the highest in
both generations. TheC L T C Tinéreased inthe F.
generations for PR, BEMPM and AEvalues The CLV

or CTV was generally inversely varied. Namely, if the The GCA value is a parameter commonly used for
CLV decreased in#theCTV increased. However, bothparental selection in hybridization breedifidne ability to
CLV and CTV increased irthe F, for AM value, while transmit the desired performance to the hybrid progeny of
they decreased for BEM and PM valuekhis indicates a genotype is defined as the combining abilfal¢oner
that the distribution of parentaélleles reshapes in and Mackay, 1996 It is possible to select the
progeries as the generations progress, becausds F chamacteristics which are not affected by environmental
completely heterozygote, while; ks the first segregating conditions according tdhe parental observation values
generation. without the need for intensive biometgenetic

When the GCA / SCA ratio is less than one aned/aluationsAIthough the quality characteristics of bread

negative, it is interpreted by the presence of "adalitiv Wh?at are P}erltadb]g they are also adtted by
dominancé gene interactions (Falconer and Mackay?nVIronmenta conditions.
1996).The ratio of theGCA and SCA variance estimates  Figure 1shows the average observation valaesl

for examinedtraits indicated thafiadditivd dominancé GCA effects of theexamired characteristics of the parents
gene interaction waavailablefor PR, WG, DG, PMT, used in the studyThe PR valuesand the combining
and AM in the F;, while dominant gene effects wereability effectsof parens were found very close to each
dominated in all othetraits. The situation inthe F> was otherin both generationsThe DH22 line with the highest
different because of reegulation of genes. Additive andobservationvalue also had the highest positiv&éCA
dominant genes were equally effective on the protein raééfect and could be an ideal parent to develop a cultivar
fi Ad d idominareeb and epistatigene inteaction was with high protein Even if Bezostajd genotypes had hig
present on the values of ANPM, SDS, and PMTin the GCA intheFy, they could not maintain thesétributesin

F., while the dominant gene effects continued ftheF,. Bezostajdl is an indispensable parent in breeding
predominate on other propertie$he prominene of programsthat generally aim to improve protein quality
dominant genes was confirmed by the variances (#forvat et al.2006; Mladenov et al2011). However, the
additive and dommance In the F. generation, theH? DH20 and DH22 lines may be competittms havingboth
mostly indicated a moderate and high degree laiigh observation values and GCA effects.

heritability. It was expected that the value of heritability in
the F» would decrease because the hoyguasity in the
population increased. The was found very lov due to
the prominent dominangenes It was also found that
some traits ha@ negative heritability degre@he reason
is that dominant andepistasisvariance in total genetic

variance are larger thanthe additive variance. Nen

o - : befween lines. ThesCA effects wereaceptable in
additive effects can be superior due to a high degree fw . o
dispersion of increasing alleles between parengg._mo' DH21 and Bezostajh genotypes considering

Moreover, hesementioned resudtsuggest that it may be oth generations

due to theepistatic hcompatibilities between alleles at It has been reported that the bresldeatquality will

two or more loci (Boeven et aR020). be acceptablewith a WG amount overof 28%. The
amount ofDG is 1/3 of the amount oiVG (Egesel et al.
&899 In this study, WG and DG values nearly of all

General combining ability of 11 parents for
basic quality traits

The highSDS shows that the amount and quality of
glutenare high. Generally, there is a positive relationship
betweerPR, gluten content an8DS(Katyal et al, 2016).

In this study, proteingluten and sedimentation valueld
not parallel each other The highestSDS value was
observed in Bezostajh between testers and in DH16

Dominance, one component of nadditive genetic
variance, is a fundamental cause of inbreeding depres .
while epistasis occurs depending on the geneticparentswere above_the desired value®/hen the _GCA
background and environmtl conditions (Novoselovic eteffects were examined, the DH20 and DH22 lines had

al., 2004).The results of the calculated genetic parametcgj@h values in both generations atiwrefore, emerged as

were based on the fact that theaits examined have a_suitable parents for breeding studigatended for

complex genetic structutthatis highly influenced by the increased gluten content.
environment and managed by a large number of alleles.  General combining ability of 11 parents for
Therefore, the selection for theseaits should be GlutoPeakltraits

ostponed to further generationBatel et al.(2018 .
getezted noadditive gene effects and low heritability for .Flgure 2 shows the GCA of _11 parents for Glutopeak
PR, SDSand gluten amount. The most important qualitya'ts' BEM value C(_)rrespondlng to thenaxmum .
criteria in wheat aré’R, SDS and gluten amount, and ecordedtorque occurring as gluter_1 aggregates is high in
these traits are managed by many genes, have | od quality genotypes (Amo_rlello et ,al.2016).
heritability andare affected by environmental conditions. enotypesDH18, DH21, Bezostajd, Harmankay9,

it difficult to t ferd and KateA-1 were prominent in terms of BEM valukg.
All of these make it difficult to transferdm oneprogeny was satisfactorythat theGCA effeds of these genotypes
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(except Bezostajd) were positive.In addition, lines effectsin both generations
DH20 and DH22 should be considered with hiGEA
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Figure 1. Mean performance and general combining ability (GCA) of 11 parents for some quality parameters (I: good
performance/poor combiner, 1I: good performance/good combiner, Ill: poor performance/poor combiner, 1V: poor performance/good
combiner)
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Figure 2. Mean performance and general combining ability (GCA) of 11 parents for GlutoPeak traits (I: good performance/poor
combiner, Il: good performance/good combiner, Ill: poor performance/poor combiner, IV: poor performance/good combiner)
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The PMT value corresponds to the time until thieas lower mean values compared to their parents while
maximum torque is reached, and it is an indicator #1-Naggaret al. 015 reported that they ke higherPR
gluten aggregation kinetigg®\moriello et al, 2016). The than their parentdn this study, hybrig weregenerally
decrease in PMT indicates increasing protein and glumong parental values. iDH19 Harmankay&990,
content Sissons 2016; Rakita et al.2018. The PMT ADH20I Bezostajald and fDH21I Altay-2000 are
values of parentas meanghanged from 27.5(Kate A- promising combinatiom with high observation valuesd
1) to 59.33(Altay-2000. Genotypes DH1@&nd KateA-1 positive SCA effecs in both generations.Hybrids
may be suitable parents to reduce PMT with negati(@H18l Kate A-1, DH19 Bezostajal, and
GCA effecs. D H 2 Bldrmankay&99) with superior k£ performance and
low F. performance or hybrids (DH®&\Itay-200Q
DH6I Harmankaye99, DH22 Kate A-1) with low F
erformance but high sFperformance should also be
ollowed for several generations.

The AM value showsa good correlation with the loaf
volume andalow AM value is an indicatoof weak gluten
structure AM value is generally above 20 in bread flou
(Bouachra et a).2017). All of the parents are genotypes
with good bread quality. Parents with positive combining The SDSwasthe highest in thé&DH21l Altay-2000
ability have the competence to transfer the desired AM®4.33 ml) inthe F,, whereaghe highest value was found
value to their offspringDH18 and Bezostaja genotypes in the AiDH21l Bezostajald (45.33 ml)in the F.. While
should be particularly emphasized. SDSof all hybrids decreased ithe F, generation, th&DS

value of iDH16l Altay-200 increasedThe SCA effects

The PM valie indicates the weakening of gluten alongf hybrids were as follows=-6.88 (DH20 Bezostajal) -
with continued mixingand itis generally high in fladread 7.79 (DH1d Bezostajal) ’ iﬁ the F; and -3.98

(yufka) and bread flourwhile low in biscuit flour < N < Lo
(Karaduman et gl2015). All parents aresuitableto make (DH18! Bezostajal) - 5.02 (DH21 Bezostajal) in the .

high-quality yufka and bread according to PM valliee The values oWG and DG were mostly similarThe
Kate A-1 with the highest PM value had a high antVG valueswere found to be lower in the; lgeneration
positive GCA effect and continued this inthe F, and the rate oDG was lowerin the same way. Eighteen
generation.Then the lines DH18, DH2land DH22 hybrids inthe F; had a positive SCA effect, whereas 12
should be followed for thigait. hybrids had a positivECA effectin the F, for bothtraits.
Both high performance and acceptabtenbining ability
were found infi DH2 2 T KA dAPH2IAAltay-2000,
ADH20I Bezostajald, and ADH6I Harmankay&e90 in

oth generations foWG and DG valueDry gluten can be
acceppdas a direct indicator of f|
making potential by correlating with crude protein (Pasha
et al, 2007).Hybrids that stand out in terms DfS values
Oare promising as quality bread wheat genotypes.

The value of AE proposed forastdard flour is ranged
1602 0 @0* J (Bordes et al.2008). Determined AE
values ofnearlyall parents in this study were higher tha
standard flourDH18, DH21, Harmankay@9, and Kate
A-1 genotypes could form the strong dough. The
aforementionedgenotypeshad combining abilityeffects
that could transfer their strong doufgrming capability
to their generationsThe DH20 and DH22 lines are als
parents that could be used tbtain a mediumstrength Specific combining ability of 28 thie T Test er
dough. wheat crosses for GlutoPe#daits

br eac

Water absorption is the water amount required for a The GlutoPeak methodorrelaes most of the bread
particular flour weight to obtain dough of desirednaking quality characterdarti et al, 2015;Bouachra et
consistency (Aydogan et aR015). HighWA is desired. al., 2017;Rakita et al.2018. In addition to the obseed
Although theWA valueswere found very close to eachvaluesof the genotypes in terms of Glieak properties,
other, the GCA effects were different. All genotypes knowing the combining abilitiesvill make it easier to
except DH6were qualified parents for the desirédA. reveal those with high qualityrhe high BEM, AM, and

Genotype selection based on both the GIutoPeP 1;_)/)aluesaremdmatedmoregluten strengti{Marti et al,

observation valueand the effects of the combining ability
will provide new genetic resources to breeding prots Figure 4 shows th&CA o f 28 "LinelTester
intended for the development of these characteristiggheat crosses for GlutoPe#kits. The hybrids examined

DH20, DH21, DH22, Bezostajd, Harmankya99, and in the kR generation were similar in terms of BEM and PM

Kate A-1 genotypes are fit for this purpose values. ADH20I Harmankaye090 and ADH21I Altay-
CoL S .. 200, which high abservati ar&liA valugsfo
Specific combining abili 2[" ¥hre8 ]\L/alusegs?%Nare g?'alﬂ)agleeqoﬁ‘oﬁighsg ufel resistafhicé. 2 d

wheat crosses fdsasic quality traits Hybrids with superior performance and high combining

Figure 3 shows theSCAof 28 "L i n e | Twemad ahility due to changes ithe distribution of alleles in
wheat crosses for some quality parametémshybrids, combinations have taken place in diffiat groupsin the
fi D H 2Harmankay&990 had the highest value ithe F; F.. However, there were still combinations that are
generation with 106%. In the E generation, thePR capable of maintaining high gluten resistance, riame
between hybrids changed between 13.10fPH16l Kate  A-10, fDH22IKate A-10 and
(DH6I Bezastajal) and 14.98% (DHZ2Kate A-1). fDH21 Altay-2000).
According toThorwarthet al. 018, PR of F; hybrids

66



K
1751 | s/ 1 .DH--‘\ n
DH20-B  DH20<H
170 . u:u:-s‘
145
DH19-B DHIZK pHe.  DHIOH
o 165 ige  * D21k A Dyt b ® DH0B
r * DHI®“H iy DHIGK ¢ DH21:A
E 160 DH22*H #DHIG-B L 140 DH2B DH:D_ADmsrkOQDHIS_B
g . DHI2‘A __ DHG'H o .
£ = . DHI$*A DHI®*Apynig.
S om 204 % v v d
& DH21-pPH20*A DHR2K 1 DH22:A DHIS He e * X3 v
193 DHIS-H DI GEN (DH20H DHEK D218
. les»B % * 135 Di21 ®DH21K DHI6-K
* * H19-A DH20-K DHI16*H
DHI6-H g eDHIo-
15,0 e DHIOK  ®o ca DH19-B®
T e DH6*K DHG'B_ o
* i DH19+K DHIg*B
145 g
o -5 5
10 -5 0 s 10 10 . 0 10
ssol | DH21-A I DH21-B 1
. DHI9<B .
DH20-A @ 450
DH21(B *
. 2“-1 ‘H o pmoH  DH2:A
500 * o DH19-B
*
_ DHI6°B 400 DHI9~A
e 4 DHI1-A'
g . ® DHI6H P 4 DHI6-B
s e * < “H ® gDH20:H ¥
2 * DHIS*K HI9-H # ¢DH2 DH20<K
2 w50 P DH20-B° &  DHIok  DHI6"Apiy.a
2 DH30-K “DH&K *
DH22-K S - s
g W DH0'B  ppyiox® . W sso[ DioA Diazp DieH GIIEEETR ™
DH22:B® %¢ @DHIS‘B . ® DHg-p¥DHIS A
400 DH19-K, DHI9-H 3 22K
DH22:H® o L @DHIS H D:ﬂl K DHI8-B B
DHISApyy, & DHIGIK e iy,
DHIG-A ® 300 9.
o - DH6*A DH6*A
-100 5.0 0 50 100 30 25 0 25 50
4201 s DH20-H 11| 36001 11
22 22K
H2A & DH22"K
o Di2IADHOH
40,0 21~ DH6A 2
DHIQ-BDI:::;‘:\H.DHls‘ﬁ o i
e ¢ ¢ DI2K DHI6K
2 DH16-B_DHI6-H DHb2H DH6-H DHI9-H
£ 380 DHIS-B -3 i DoH
= T DHI9*H DHI9-K v _, #DH20°B
8 DH6*B 2 DH21%A
-} .. 32,00 D22y DHIg{k DHISB .
;» 36,0 DH20+A D:’”'K «DH20-HDH6 K4 DHIS*A
v >
DHIS™H, DH20"A
g *
DHIS<H 1 . Du:lv"'; DHé B'Dm BHI6*KDHI6-A v
Diai 3000 DH22<A DH20-K#DH6*A ppny ..’ .
310 * DH21:K Dm;’:”‘ DHI6*B
DHIOK 4 x
Ditl6-A Dok - DHI6<H
320 28,00
50 40 20 0 20 40 20 10 0 1,0 20 30
22-
130 1 H20xB DE20<H Drop I o 1 n
%?{sz»a. DH21-A®DH6 -1 o
DH21~ 20K DH21~ - &
i s, "buis-ke o~
120 * @ o DHIOK'pyi6 HDHIGK
DHIO'B ¢ 9" & ®pun.k
DHI9"A DHIS A ®
g 11,0 u DH20~A DHI19-H DH6>A v | 100 DHap
< 1y - DH6H  DH21<A
g DH6*B DHIS'B % ” *
b:§ DHIS<H 95 DHISK 4 DHISA DH20-B DHIO-H
& 100 o DHIZA Dlﬁl'&oum»u
9,0 I DT B i H ‘DH“:("DHG_KDH:O-A v
DHI6*A DH6-K . » DHI6-K
g DH20-K  DHID-B
20 DH227H 0’ * - DHEsA . ®DHIGA
DH21-K ’ oo’ ® DH16-B
DHIOAK DH19+
80 80 *
3.0 20 10 0 10 20 10 -5 0 s 10
FI-SCA F2-SCA
Figure 3.Mean performance and specific combining abil

ity

( SCA

parameters (I: good performance/poor combiner, 1l: good performance/good combiner, Ill: poor performance/poor combiner, IV:
poor performance/gabcombiner; Genotype codes: A: Altay, B: Bezostaja, H: Harmankaya, K: Kate)
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Figure4.Mean per formance and specific combining abi |l-Peaktraits &CA)
good performance/poor combiner, Il: good parfance/good combiner, Ill: poor performance/poor combiner, IV: poor
performance/good combiner; Genotype codes: A: Altay, B: Bezostaja, H: Harmankaya, K: Kate)

The value of PMT, which is associated with the dougtbilities in both generations seem to beitablefor long-
kneading tine, was high in ADH6I Kate A-10, process bread quality with longer kneading time.
fiDH18 Harmankaye090, ADH20I Bezostajald and

fDH221 Altay-2000 and their positive combining Consideringthe classification of Bordes et al. (2008),

all genotypes were higher thamediumstrong dough and
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