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Abstract

Common wheat (Triticum aestivumn L.) is the most widely grown and
consumed cereal crop for the majority of the world’s population. The most im-
portant issue in breeding studies is the development of high yielding varieties
with high grain quality. The main objective of the present study was to assess
grain technological qualities of eleven newly originated common winter wheat
lines and to establish the traits phenotypic variability and correlations between
them. For three years (2018-2020), main physical properties and quality char-
acteristics of the grain were determined in the grain quality testing laboratory
of the Institute of Agriculture and Seed Science “Obraztsov chiflik”. Regarding
physical properties, AL-3, AL-5 and AL-9 had the highest 1000-kernel weight,
while the highest test weight in AL-7 and AL-8 was observed. The best results
for wet gluten yield in AL-4 (21.2%) and AL-2 (21.0%) lines were found. AL-2
line was also distinguished by the highest rate of gluten release and gluten exten-
sibility, while the highest bread-making strength index and sedimentation value
were ascertained in AL-4. AL-2 and AL-4 lines can be used as a genetic source
in wheat breeding for varieties with improved grain quality creation. Significant
positive correlations (r = 0.576) was found between 1000-kernel weight and test
weigh, as well as between gluten release and gluten extensibility (r = 0.643).
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Introduction. Common wheat (7Triticum aestivum L.) is the most widely
grown and consumed cereal crop for the majority of the world’s population. It
contributes substantially to national food security by providing more than 50%
calories to the people who mainly depend on wheat [1].

The most important issue in breeding studies is the development of high yield-
ing varieties resistant to biotic and abiotic stresses [2|. In addition to increasing
the productive potential of newly created varieties, another main goal in breed-
ing programmes is to improve the grain quality [3]. Wheat breeding materials
have been evaluated for high quality in terms of protein content, gluten content,
sedimentation value, test weight, bread-making strength, etc.

Worldwide, under different soil and climatic conditions studies on the grain
technological qualities in wheat varieties and lines have been conducted aiming at
selection of valuable genetic material for breeding process [4—6]. The wheat grain
quality is a set of technological, biochemical, bread-making and nutritional prop-
erties that determine the biological value of wheat [7]. According to ZECEVIC et
al. [8], grain quality is a complex characteristic that depends on a number of traits,
and the individual contribution of each trait varies depending on specific reaction
to environmental conditions. For an effective selection for a particular trait, it is
important to define the conditions of its maximum phenotypic expression [9].

Traditionally, wheat as the main and most important crop for our country is
represented by rich and very dynamic varieties composition in the recent years [10].
A lot of data has been cumulated by our researchers to clarify the theoretical basis
of breeding for quality [11,12].

The main objective of the present study was to assess grain technological
qualities of eleven newly originated common winter wheat lines and to determine
magnitude of traits phenotypic variability and correlation nature and degree be-
tween them. The ultimate goal of investigation was to predict the lines’ potential
as appropriate genetic source for new wheat variety breeding with improved grain
quality.

Material and methods. The field trial was carried out on experimental
field of Institute of Agriculture and Seed Science “Obraztsov chiflik”, Rousse from
2018 to 2020. Experimental design was a completed block with three replications
and harvesting plot size of 10 m?.

The assessment of the technological qualities of 11 common winter wheat lines
was conducted in a grain quality test laboratory of the Institute. Over three-year
study period, the following qualitative characteristics were determined:

e The 1000-kernel weight /absolute kernel mass (TKW/AKM, g) was accounted
by weighing two samples of 500 grains (BDS ISO 520:2003);

o Test weight (TW, kg hl) — Mass (kg) and grain volume (hl) ratio, according
to (BDS EN ISO 7971-1:2009). When applying the method in accordance
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with the requirements a feed meter (cylinder with a capacity of 1L) for the
measurements was used;

e Sedimentation value (SV) was determined according to BDS 13489:1986;

o Wet gluten yield (WGY, %) was estimated by the hand washing method
according to BDS EN ISO 21 152:2008;

o Gluten release (GR, mm) and bread-making strength index (BMSI) were
determined according to BDS 13375:1988 [13];

e Gluten extensibility (GE, %) was accounted according to BDS 13375:1988.

Means for each evaluated qualitative trait were compared using One-way
analysis of variance (ANOVA), and the significance of differences between wheat
lines were detected by LSD test at 0.05% confidence level.

The degree of traits variation among wheat lines was determined through
variation coefficient (CV) according to the scale of MAMAEV [14]: up to 7% —
very low, 7.1 to 12% — low, 12.1 to 20% — moderate, 20.1 to 40% — high; over
40% — very high.

To identify the traits that are main source of total variability among the lines
the principal component analysis (PCA) was applied.

The correlations between qualitative characteristics studied were established
by correlation analysis (Pearson’s correlation coefficient, ). The recorded data
were analyzed using STATGRAPHICS Plus software.

Results and discussion. The results of analysis of variance for all charac-
teristics from the means of three years are presented in Table 1.

The 1000-kernel weight is a variety trait and one of the most important in-
direct traits characterizing the grain size, its milling quality (relative endosperm
content, potential flour yield with low ash content) and its quality as a seed ma-
terial [10,12,15]. As STASYUK et al. [16] pointed out, absolute grain mass is a
stable genotypic trait that is used as a morphological marker and is yield determi-
nant. Data showed that 1000-kernel weight ranged from 40.4¢g (AL-3 and AL-9)
to 36 g (AL-1). There were non-significant differences among wheat lines, with the
exception of AL-1 distinguishing with the lowest kernel absolute mass. Similar
values were reported by VASILEVA et al. [17] who detected that 1000-kernel weight
ranged from 48.57 to 34.38 g.

Data revealed that the test weight varied in narrow range (from 76.7 to 74.1kg
hl~!) and differences between wheat lines were insignificant. The results were in
agreement with values reported by MITURA et al. [15] when studying four spring
varieties of common wheat at different farming systems (organic, integrated and
conventional). The authors pointed out that TW of wheat grain intended for food
processing should be no less than 72.0kg hl~!.

C. R. Acad. Bulg. Sci., 78, No 10, 2025 1559



AT[IQISUL)Xe USIN[E) — ) ‘ON[RA UOIIRIUSWIPIS — A S ‘Xopul [)3uai)s Sunyew-pealg — ISING

‘osea[al ULIN[Y) — PO ‘PRIA woIN[3 19A\ — XD ‘MSM 1S9, — AL ‘IYSem [oursy puesnoy], — AASM.L
G0'0 > J 1% JUDIDHIP A[JUROYIUSIS IR 19119] JUSIOPIP A POMO[[O] SUWIN[OD UTYIIM Son[eA

1T°¢ 99" L1 TL6 {7d 91°L 80'T ge'e % ‘AD

eLy 89°¥ erg 281 62T 18°0 8C'T as

101 L 98°'6 68T L€ 86°S 8C'C €00(1ST

8G°T6 789 L0728 266 LE61 8672 63 6¢ e[

9'¢6 l98  9GTT  WOTE 086 Ll IS  9°G6  pgfE'S  8FO0T  ,080C €66 suSVL 7'86 »L '8¢ 11V

TL6 q0°06 G688 pog0 T LEOT  Lewl¥G  87E8 opol ¥V T96 5w98T 686 sul'PL 1201 iy 01-1V

TVOT k96 966 068  E€TOT 507G 97201 209 TT0T w861  €00T sul'SL 6201 o7 0F 6-1V

8°00T E€'€6  €8L pOTC  L€OT 5ol WG  L68  5pog0’C  8E€6 50081  TT0T sul 9L 9°001 25768 8-V

066 LT6 9TET L6 TFOT  L,qu0'GS  L'86 poq@' G TTOT o861 0101 sul’SL 1101 oL 6€ LIV

T'L6 q0°06 186  10g€9% 080T 0.8  L08 opSF 8°68 ogV' LT 7’86 su9'€L 666 Al 9-1V

T'L6 q0°06 16  pogl ¥ T90T 540098  L89 8¢ €88 STAT G001 su€ G L7201 L€ 07 STV

766 €88 89T 0% TEIT  ,L'6S L°L2 €T Q60T 2018 6°66 subPL £'86 »9°8€ 71V

066 WL T6 €F6  poqfGC  TE6  p0g€6F  9€TT €9 866  ow€6T G001 sub Gl 6201 o7 0F eIV

9TIT  ,€€0T 608 Ll T1¢  06L pL TV GEVT »0'8 980T  ¢0'1¢  T1°00T suT G 9'66 o168 -1V

THOT k96  TE6  p0q0'GC T8 ol 9T GOV »8°2, V0T LwE0C  T66 sulV TL 916 q0°9¢ -1V

ueawx I ueouwx mEU ueouwx ueouwx wwx ueouwx QRV ueouwx H\—S ueosuwx M

0% ‘4D 01 Y% ‘AS 0% ISINd ©°1% ‘aon 01 % ‘ADM 01% I ‘ML ©°01% ‘ML

aull yeay |\

sorjsLIajoRIRYD AjI[ens)

sorypradoad [eoisAydq

020Z—8T0T ‘SoUI[ }eoUM IOJULM UOUIWOD USAS[D JO SOrjIfenb [eorgofouyooy pojyeSysoaul o) JO SUBIIN

T °209°%L

L. Ivanov, D. Marinova, G. Ginchev

1560



The values obtained for wet gluten yield indicated the lines exhibited different
potential, as the differences between them were statistically significant (P < 0.05).
It was determined that the wet gluten content was relatively low. Among the
lines studied the highest WGY (21.2%) was recorded in AL-4, followed by AL-2
(21.0%). AL-5 line ranked last with mean value of 17.1% for the trait.

Significant differences were established between studied lines regarding gluten
release, as they were classified into five homogenous groups. The maximum values
for the trait in AL-2 and AL-1 were 8 and 7.8 mm, respectively. The differences
vs. the other lines were statistically significant. AL-5 line was distinguished with
minimum value (3.7 mm).

The averaged data for three-year study period show that bread-making strength
had the highest value (59.7) in AL-4 line, and the lowest one in AL-2 (41.7) with
statistically significant difference between them. The values established for the
other lines were close and the differences were statistically insignificant. Never-
theless, it is evident that six lines exceeded mean value (52.77).

The sedimentation value is recognized as the main quality property of the
grain and it is a highly heritable trait [18]. The highest value of the sedimenta-
tion rate (35.3cm?®) was found for line AL-7, while the grain from line Al-8 was
characterized by significantly lower value. High sedimentation values were also
ascertained in AL-4 and AL-11, exceeding the mean for the lines by 26.8 and
15.6%, respectively.

Gluten quality is an important index of the bread-making potential and is
characterized by the degree of extensibility which is one of the most common
measurements used [13,19]. In the present study, gluten extensibility values were
in a wide range. Analysis of variance data indicated the AL-2 line characterized
by the highest (103.3mm) gluten extensibility, significantly exceeding the other
lines, except for AL-1, AL-8 and AL-9, while line AL-9 had the least (86.7 mm)
extensible gluten.

Among the technological qualities very low phenotypic variability was ascer-
tained for TW (CV = 1.08%) and TKW (CV=3.25%), whereas GR exhibited the
highest variation (CV = 24.52%) (Table 1). It was also found that SV showed
moderate variability (CV = 17.46%). The results are in agreement with the find-
ings of IVANOV [7] that TW and TKW are weakly variable traits, while GR and
SV varied strongly.

The results of Principal component analysis performed are presented in Ta-
ble 2. Data showed that three main components (PC1, PC2 and PC3) gave
Eigen values greater than 1.0 and explained 78.33% of the total variability among
the lines for all investigated traits. The first PC, which is the most important
component, accounted for 37.89% of the total variability. According to the corre-
sponding eigenvector values it mostly resulted from the variation of traits gluten
release (—0.545), bread-making strength (0.507) and gluten extensibility (—0.483).
The second main component (PC2) justified 23.80% of the total variability and
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Table 2

Principal component analysis (PCA) of basic technological qualities

Physicochemical traits Component

PC1 PC2 PC3
1000-kernel weight 0.313 0.458 0.234
Test weight 0.153 0.699 —0.076
Wet gluten yield —0.220 0.233 —0.768
Gluten release —0.545 0.003 0.024
Bread-making strength index 0.507 0.069 —0.319
Sedimentation value 0.202 —0.362 —0.489
Gluten extensibility —0.483 0.331 —0.088
Eigenvector value 2.65 1.67 1.65
% of variance 37.89 23.80 16.65
Cumulative percentage 37.89 61.68 78.33

was correlated with the variation in test weight (0.699) and 1000-kernel weight
(0.458). The PC3, accounted for 16.65% of the total variability and was mostly
associated with quality traits such as wet gluten yield (—0.768) and sedimentation
value (—0.489). Therefore, the traits falling to first PC may be given attention in
wheat quality improvement programmes.

The distribution of the lines, according to their values for the first, second

and third components, is presented in Table 3. The first main component included
three lines two of which (AL-1 and AL-2) were negatively associated with PCI.
The positive value (1.901) of PC1 was found for AL-5. It was established that
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Table 3

Distribution of the eleven common winter wheat
lines for the first, second and third components

Lines Component

PC1 PC2 PC3
AL-1 —2.884 —1.295 —1.147
AL-2 —3.798 0.743 0.217
AL-3 —0.385 0.780 0.451
Al-4 1.384 —2.135 0.878
AL-5 1.901 1.451 —0.322
AL-6 1.543 —0.054 —-1.915
AL-7 0.716 —0.810 1.659
AL-8 0.369 1.791 0.720
AL-9 —0.318 0.567 0.686
AL-10 1.032 0.383 —1.506
AL-11 0.437 —1.599 —0.123
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Table 4

Relationships between analyzed parameters

TKW ™ WGY GR BMSI SV  GE
TKW 1
™ 0.576"* 1
WG —0.225 0.208 1
GR —0.325"  —0.160 0.235 1
BMSI 0.247  0.290* —0.018 —0.759"" 1
SV 0.030 —0.246 0.068 —0.129 0.263 1
GE —0.150 0.135  0.418" 0.643**  —0.508"" —0.358" 1

the second main component was represented by four lines, as AL-8 was positively
connected (1.788) to PC2. Negative connection to PC2 was found for AL-3, AL-9
and AL-11. PC3 included the lines AL-6, AL-7 and AL-10.

The wheat grain quality parameters were assessed by correlation analysis,
too. Correlation coefficients calculated for determining the relations between the
studied characteristics are presented in Table 4.

Significant positive correlation (r = 0.576) was found between 1000-kernel
weight and test weight. The phenotypic correlation coefficients revealed that
1000-kernel weight was negatively related with wet gluten content (r = —0.225)
and gluten release (r = —0.325). A similar result was reported by ANGELOVA
et al. [20], where five Hungarian varieties (MVNador, MV-Nemere, MV-Menrot,
MVMente, MV-Kaplar) and two Bulgarian varieties (Sadovo 1, Enola) grown in
the Central South Bulgaria region were evaluated. A statistically significant pos-
itive correlation (r = 0.643) was found in wheat lines for the gluten release and
gluten extensibility whereas, gluten release was strongly but negatively related
(r = —0.759) with bread-making strength. The bread-making strength was de-
termined to be negatively correlated (r = —0.508) with gluten extensibility. Fur-
thermore, there was lack of relationships of sedimentation value and with both
1000-kernel weight and gluten release. Similar results were reported by SOUROUR
et al. [2].

Conclusions. Regarding physical properties, AL-3, AL-5 and AL-9 had the
highest 1000-kernel weight, while the highest test weight in AL-7 and AL-8 was
observed. The best results for wet gluten yield were found in lines AL-4 (21.2%)
and AL-2 (21.0%). AL-2 line was also distinguished by the highest rate of gluten
release and gluten extensibility, while the highest bread-making strength index
and sedimentation value were ascertained in AL-4. The results revealed that AL-
2 and AL-4 lines can be used as a genetic source in breeding programmes for
wheat varieties with improved grain quality creation.

The very low phenotypic variability was found for TW (CV = 1.08%) and
TKW (CV = 3.25%), whereas GR exhibited the highest variation (CV = 24.52%).
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The results indicated that three main components (PC1, PC2 and PC3) ex-

plained 78.33% of the total variability among the lines for all investigated traits.
The first PC accounted for 37.89% of the total variability and it mostly resulted
from the variation of gluten release (—0.545), bread-making strength (0.507) and
gluten extensibility (—0.483).

Significant positive correlation was found between 1000-kernel weight and test

weigh (r = 0.576). A statistically significant positive correlation (r = 0.643) was
also found for gluten release and gluten extensibility whereas, gluten release was
strongly but negatively related (r = —0.759) with bread-making strength.

(1]

2]

131

4]

5]

[6]

7]

18]
191

[10]

1564

REFERENCES

DevEsH P., P.K. MoiTrA, R.S. SHUKLA, S. PANDEY (2019) Genetic diversity
and principal component analyses for yield, yield components and quality traits of
advanced lines of wheat, J. Pharmacogn. Phytochem., 8(3), 4834-4839.

SOUROUR A., O. AFEF, B. SALAH et al. (2018) Correlation between agronomical
and quality traits in durum wheat (7Triticum durum Desf.) germplasm in semi arid
environment, Adv. Plants Agric. Res., 8(6), 612615, https://medcraveonline.
com/APAR/APAR-08-00393. pdf.

Lozapa D.N., A. CARTER, R. E. MAsoN (2021) Unlocking the yield potential of
wheat: influence of major growth habit and adaptation genes, Crop Breed. Genet.
Genom., 3(2), €210004, https://doi.org/10.20900/cbgg20210004.

STEFANOV P.S., N. TseNov, I. STOEVA et al. (2016) Quality of grain and flour of
foreign bread wheat cultivars ( Triticum aestivum L.) under the conditions of south
Dobrudzha region, Agric. Sci. Technol., 8(4), 283-288.

Ozrork 1., A. SeN, T.H. KiLi¢, S. SILI (2019) Genetics and breeding assess-
ment of bread wheat (Triticum aestivurn L.) genotypes based on their agronomic
characters and tolerance to biotic stress, Agric. Sci. Technol., 11(4), 287-292.
ANcELOVA T., E. DIMITROV, Z. UHR (2020) Estimation of yield and physiochem-
ical parameters of advanced lines of common winter wheat in the region of central
southern Bulgaria, New Knowledge J. Sci., 9(3), 121-134, (in Bulgarian with English
abstract).

Ivanov G. (2019) Quality assessment of common winter wheat varieties growing
under organic and conventional agriculture, New Knowledge J. Sci., 8(1), 62-68, (in
Bulgarian with English abstract).

ZECEVIC V., D. KNEZEVIC, J. BOSKOVIG, M. MADIC (2009) Effect of genotype
and environment on wheat quality, Genetika, 41(3), 247-253.

MrabpeNov N.; N. Przurj, N. HRIsTOV et al. (2001) Cultivar-by-environment
interactions for wheat quality traits in semiarid conditions, Cereal Chem., 78(3),
363-367.

Ivanova D., H. KIRCHEV (2018) Quality of common wheat varieties with different
origin, grown in the ecological conditions of Mizia, Scientific Works of the Agrarian
University-Plovdiv, LXI(1), 13-18, (in Bulgarian with English abstract), http:
//nauchnitrudove.au-plovdiv.bg/wp-content/uploads/2019/01/2.pdf.

L. Ivanov, D. Marinova, G. Ginchev


https://medcraveonline.com/APAR/APAR-08-00393.pdf
https://medcraveonline.com/APAR/APAR-08-00393.pdf
https://doi.org/10.20900/cbgg20210004
http://nauchnitrudove.au-plovdiv.bg/wp-content/uploads/2019/01/2.pdf
http://nauchnitrudove.au-plovdiv.bg/wp-content/uploads/2019/01/2.pdf

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

IvaNova A.; N. TsSENOV (2009) Biological and economic characteristics of common
wheat varieties according to growing conditions, Field Crops Studies, 5(1), 173-183,
(in Bulgarian).

DELIBALTOVA V., T. MoSkOvA, H. KIRCHEV et al. (2014) Investigation on the
quality of the grain of common wheat varieties in South-East Bulgaria. In: Proc.
Sci. Conf. “Theory and Practice in Agriculture”, University of Forestry, Sofia, 1,
46-55, (in Bulgarian).

DESHEVA G., E. VALCHINOVA, B. KYOSEV, S. STOYANOVA (2014) Grain physical
characteristics and bread-making quality of alternative cereals towards common and
durum wheat, Emir. J. Food Agric., 26(5), 418-424.

MAMAEV S. A. (1973) Forms of Intraspecific Variability in Ligneous Plants, Moscow,
Nauka (in Russian).

Mitura K., G. CACAK-PIETRZAK, B. FELEDYN-SZEWCZYK et al. (2023) Yield
and grain quality of common wheat ( Triticum aestivum L.) depending on the differ-
ent farming systems (organic vs. integrated vs. conventional), Plants, 12(5), 1022,
https://doi.org/10.3390/plants12051022.

STASYUK A., I. LEONOVA, M. PONOMAREVA et al. (2021) Phenotypic variability
of common wheat (Triticum aestivum L.) breeding lines on yield components under
environmental conditions of western Siberia and Tatarstan, Agric. Biol., 56(1), 78—
91.

VASILEVA E., T. ANGELOVA, Z. UHR et al. (2023) Characterization of newly created
common winter wheat (Triticum aestivum) genotypes in terms of economic and
technological qualities under varying crop parameters, J. Mt. Agric. Balk., 26(5),
109-135.

TaNEvA K., V. BozHANOVA, I. PETROVA (2019) Variability, heritability and ge-
netic advance of some grain quality traits and grain yield in durum wheat genotypes,
Bulg. J. Agric. Sci., 25(2), 288-295.

Curic D., D. Karrovic, D. TusaK et al. (2001) Gluten as a standard of wheat
flour quality, Food Technol. Biotechnol., 39(4), 353-361.

ANGELOVA T., E. DiMITROV, Z. UHR et al. (2023) Evaluation of yield and tech-
nological qualities of Hungarian common winter wheat varieties in central southern
Bulgaria, J. Mt. Agric. Balk., 26(2), 181-203.

Institute of Agriculture and Seed Science “Obraztsov Chiflik”,
Agricultural Academy, Sofia, Bulgaria,

1 Prof. Ivan Ivanov St, 7007 Rousse, Bulgaria

e-mails: nslivanov@abv.bg, diana27hm@abv.bg, ggynchev19750abv.bg

C. R. Acad. Bulg. Sci., 78, No 10, 2025 1565


https://doi.org/10.3390/plants12051022
mailto:nslivanov@abv.bg
mailto:diana27hm@abv.bg
mailto:ggynchev1975@abv.bg

