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Study of opportunities for effective use of varieties from Ukraine for creating early winter 
wheat lines  II. Grain quality

1 2 2 2N. Tsenov *, D. Atanasova , I. Stoeva , E. Tsenova

1Agronom I Holding, 9300 Dobrich, Bulgaria
2Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. State and Aims: In the wheat breeding of Bulgaria foreign varieties or samples with excellent grain quality are used as parents. The most important 
indices of the quality of promising breeding lines obtained with participation of pattern from Ukraine are analyzed. The aim is to explore the real possibilities for 
compromise combining high yield and early date of heading of Bulgarian with the grain quality of Ukrainian forms.
Methods In the course of two consecutive years 64 genotypes of which 50 lines from 5 hybrid combinations of two biotypes, with 10 parental and several 
standard varieties for correct  comparison were investigated. A total of nine traits of quality by which a comparison between the value of the lines, the parental 
varieties, standards and several varieties obtained also with the participation of varieties from Ukraine are analyzed. Combining Ability of parents for grain 
quality, with special emphasis on the combination of precocity is discussed.
Key results: In order to enhance the quality of cereals in combination with precocity the varieties most appropriate to combine are Albatros odesskiy and Obrii. 
The latter can be used to increase grain productivity as well. Developing lines with earlier date of ear emergence and higher productivity of the early 
Mironovskaya 29, Galatea and Enola is unlikely. By using specific varieties it is possible to combine quality levels of grain with precocity, but within the 
boundaries of the particular indices of the parental varieties.
Conclusions: When combining different in date of ear heading samples and then selecting earlier plants in hybrid populations it is possible to obtain favourable 
combinations of yield and grain quality. The genetic level of quality of such lines is related to the date of ear emergence, so that the quality is high, as is the later 
date of ear emergence. The higher the quality of the parents by this approach, the greater the probability to obtain more qualitative lines in the progenies. The 
date of ear heading in creating high quality lines is similar to that of the corresponding quality parent. Therefore, to obtain the desired early genotypes high 
quality donors such as Obrii and Iveta var. and new sources such as Demetra, Goritsa and others should be selected.
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Keywords: grain quality, precocity, combining ability, breeding lines

Abbreviations: TW – test weight, SED – sedimentation value, PC – grain protein content, QI – quality index (Sed/PC), WGC – wet gluten content, DT – dough 
tolerance, DS – dough softening, VAL – volumetric value, LV – loaf volume, DH – date of heading, GY – grain yield
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Introduction winter wheat breeding, which is discussed in several publications 
(Panayotov et al., 2005; Panayotov and Kostov, 2007; Tsenov et al., 
2009). With high productivity and grain quality varieties of Russian The precocity of bread wheat is subject to constant breeding 
and Ukrainian breeding centers (Krasnodar, Odessa, Mironovka ) interest. It derives on the one hand, the need to increase general 
have very high winter resistance and cold tolerance (Tsenov et al., adaptability (Halim et al., 2002), on the other hand, the drive to 
2009a; Tsenov et al., 2012). Using samples of these countries a successfully overcome abiotic stress (Richards et al., 2002; Foulks 
number of Bulgarian varieties grown in field production (Tsenov et et al., 2004) caused by climatic fluctuations during the active growing 
al., 2013) have been developed. In our country relationships season. The latter is a reason to look for ways to create more early 
between precocity and quality of the grain have not been studied in forms which combine yield and quality of grain of the highest 
detail, so far. possible level. Creation of early lines of winter wheat is always 

Information about some genotypes is very limited (Chamirliyski associated with a compromise in terms of yield and grain quality 
et al., 2011; Tsenov et al., 2011) because the focus of investigations (Boyadjieva, 2002). Early heading varieties are able to make better 
has been on productivity mainly. Potential sources of breeding in this use of the autumn winter supply of moisture in the soil, which is a 
direction are varieties like Rufa, Veda, File (featuring Obrii) Zimtra precondition for obtaining high grain yield under stress (Simon et al., 
(featuring Albatross od.) which should still be explored (Panayotov et 2005; Trethowan et al., 2006). Their rapid grain filling (Tsenov, 2009) 
al., 2005). To successfully overcome adverse to our conditions and a is responsible for the accumulation of the protein at least in the grain 
long growing season, slow growth and development in the spring (Mestin and Frohberg, 2002), which reduces the end-use quality. By 
and insufficient resistance to lodging which Ukrainian samples have, intentionally shortening the period to ear emergence grain yield may 
it is necessary when planning new crosses, at least one of the actually be increased (Tsenov and Tsenova, 2004). Is this possible in 
parents to be an early one, through the use of which the period to the respect to the grain quality, given that research has shown a 
ear emergence can be shortened (Tsenov et al., 2013).negative correlation between them (Tayyar, 2010; Tsenov et al., 

This approach was adopted not by accident but because of 2010).
systematic observations on the quality of Russian and Ukrainian Russian and Ukrainian breeding activities play a decisive role in 
varieties and their behavior in crosses (Boyadjieva and Mangova, the accelerated development and achievements of the Bulgarian 
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2007; Tsenov et al., 2013). According to research by Tsenov et al. precocity and grain quality of selected several dozen lines of every 
(2005) in wheat and Mersinkov (2005) in barley, varieties in our combination, additional selection for physical properties of the grain 
country have reached such an early limit of ear heading, that in their is applied. After the both types of selection groups of 12 progeny 
crossing grain yield progressively decreased. Where can we get at from a cross prior to date of ear emergence have made – the 6 
the date of ear emergence without materially affecting the yield and earliest and the 6 latest. They are initially tested in competitive yield 
quality of grain and what sources should be used, is the subject of an trial without iterations to obtain enough seeds for next season 
extensive research. They are triggered by the deepening of the experiment with replications. Parameters studied were investigated 

2temperature fluctuations during the period to ear formation at spring. by grain material derived from the same trial of plot area of 8 m , in 
The aim of the study was to establish whether it is possible by three replications.

breeding to produce high quality and early winter wheat lines using Differences in the expression of 8 main indices of quality such 
relatively late genotypes from Ukraine with good combining ability as: specific test weight (TW), sedimentation value (SED), wet gluten 
for quality-related parameters. content (WGC), protein content (PC), quality index (QI), dough 

tolerance (DT), volumetric value (VAL) and loaf volume (LV) are 
examined. They are analyzed in the laboratory on technological 
quality of grain at the Institute by conventional laboratory methods Material and methods 
described in the publication by Atanasova et al. (2010). In the 
discussion data on grain yield (GY) and date of ear heading (DH) are The study included advanced breeding wheat lines derived 
included to make a comprehensive evaluation of promising lines from a combination of Bulgarian and Ukrainian varieties (Table 1). 
according to the checks and cultivars.The selected Ukrainian varieties are from the two most successful 

Collected by year and crosses data for traits and parameters wheat breeding centers in Odessa and Mironovka (Kiev) (Atanasova 
were analyzed using the same statistical programs as in the first et al., 2012). Breeding lines were obtained after several fold 
publication (Tsenov et al., 2013), where grain yield and its selection of different in date of ear heading plants in hybrid 
components were investigated.populations to F5. To increase the likelihood of a combination of 

Table 1. List of crosses between Bulgarian varieties and wheat cultivars originating from Ukraine

* - Genetic and Breeding Research Institute, Odessa; ** - Mironovskii Wheat Breeding Institute, Mironovka; 
*** - Dobrudzha Agricultural Institute, G. Toshevo; **** - Institute of Plant Genetic Recourses, Sadovo

Cross Female component Origin Male component Origin

(A)

(B)

(C)

(D)

(E)

Obrii

Albatross odesskii

Mironovskaya 27

Mironovskaya 29

Ukrainka odesskaya

GBRI, Odessa *

GBRI, Odessa 

MWBI, Mironovka**

MWBI, Mironovka

GBRI, Odessa

Yantar

Galateya

Enola

Pobeda

407-1

DAI, G. Toshevo***

DAI, G. Toshevo

DAI, G. Toshevo

IPGR, Sadovo****

DAI, G. Toshevo

according to the observed minimum and maximum values. Clearly Results and discussion 
most strongly varies the parameter DT – 163 %, SED – 95 %, VAL – 
85.7%. The difference between them from the lowest to the highest Despite the different genetic nature of participating parental 
value of the index is 2–3 times in absolute terms. Traditionally varieties, there is no significant difference in the levels of the different 
variation of TW is the lowest up to 6.6 %. In several other indices parameters of quality (Table 2). There is no difference even if the 
variations are in the range of 20.5 (WGC) to 34.5% (LV). If careful values of each group of lines in a cross are compared with the global 
comparison of the data for varying populations with the parents is average. Generally there are subtle differences in the crosses with 
made, we can find that the overall variation of the latter is stronger.the participation of the highest quality parents (A – Obrii and E – 
The differences of manifestation of parameters (DT – 354%, VAL – Ukrainka Odesskaya). Means show nearly identical values, 
132.0%, SED – 105%) are huge. however, they are a result of varying degrees of variation for each 

The lower difference between the parents and population parameter (Table 3). One can group the indices into several groups 

 

 

 

Table 2. Agronomic characteristics of wheat lines from each combination produced with the participation of Ukrainian
varieties, average for the two – year period

Mean of Groups TW SED PC QI WGC DT VAL LV

(A) 

(B)

(C)

(D) 

(E)

Total mean

Std. Deviation (n-1)

81.8

81.3

80.9

81.7

82.2

81.6

  1.237

62

62

56

58

62

60

  8.881

12.3

12.8

12.2

11.7

11.9

12.2

  0.666

5.06

4.83

4.55

4.96

5.19

4.98

0.691

23.9

25.2

23.5

23.9

25.3

24.3

  1.177

5.40

5.33

4.26

4.89

6.12

5.16

1.408

60

59

56

58

58

58

  8.614

666

724

699

708

708

703

  42.255
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means exists only for TW (3.7) and LV (31.5). The genetic potential of ear heading as a breeding approach. Only in two of them (DT and 
of the variety has the strongest effect on the variation of indices SED, VAL) a significant difference between the values of the two groups of 
VAL and LV as high quality parents realize their potential in the lines is established, not counting DH, which is a legal selection. A 
strongest level in more favorable environmental conditions,  as was comparison between the averages of the entire group showed no 
pointed out by Atanasova et al. (2009). difference in all items except for the VAL for later lines. This shows 

In terms of practical breeding it is interesting to explore if there is that despite the strong variation in the individual quality parameters 
a difference between the occurrences of an index for early and late choicest lines formed averages, which are strikingly similar for both 
wheat lines (Table 4). They are divided by several selections by date selected groups. This is true for grain yield, as well.

* for the crosses, ** for the parents

Table3. Degree of variation in the performance of the studied parameters

Stat. Parameters TW SED PC QI WGC DT VAL LV

min

max

Range

Coefficient of

variation CV %

78.8

84.0

  5.2

  6.6*

  3.7**

42.0

82.0

40.0

95.2

105.0

11.0

13.5

2.5

22.7

26.4

  3.5

  6.6

  3.06

87.4

85.7

22.4

27.0

  4.6

20.5

22.5

    3.2

    8.3

    5.15

163

354.0

  42

  78

  36

  85.7

132.0

580

780

200

  34.5

   31.5

* for the crosses, ** for the parents

Table 4. The difference between the indices of early and late breeding lines

Means TW SED PC QI WGC DT VAL LV DH GY

1. Early lines

2. Late lines

Difference (1-2)

3. All lines

81.79

81.27

ns

81.63

62

61

ns

60.5

11.98

12.14

ns

12.21

5.13

5.03

ns

5.06

24.05

24.21

ns

24.30

4.42

5.45

*

5.21

57.4

59.6

*

57.6

702

699

ns

703

126

134

**

131

7.90

8.00

ns

8.2

One reason for the lack of significant variation probably is the background of quality of the parents used that have been selected 
similarity between the conditions for the formation of quality in both for high grain yield, too.
studied years. When the components of the productivity of nearly the 
same set of crosses (Tsenov et al., 2013) the conditions of the 
seasons (three years' period) cause variation too, but significant 
differences between the groups of precocity have not been 
established. As a whole, the group of late wheat lines displayed 
slightly higher quality with the performance levels in PC, DT and 
VAL.

The attached simple approach to select from different in ear 
emergence lines and those with good physical grain quality has 
resulted in approximately similar combinations of indices of quality in 
the various crosses. This is very interesting in terms of difference in 
quality of the genetics of the parents used. Generally, the higher 
genetic potential of quality of at least one parent, the greater the 
probability of obtaining a recombination close to its quality. There are 
numerous publications which established negative correlation 
between yield and grain quality (Zetevic et al., 2004; Williams et al., 
2008). The results in this study show a favourable situation in terms 
of combination of yield and quality of grain. Correlations between 
grain yield and quality of individual indices are positive (Figure 1). 
Surprisingly for us, the correlation between the quality indices is high 

Is the tolerance of the dough is an indicator that determines and positive, especially for the DT (r = 0.496**). This parameter is 
baking quality of a genotype in a particular situation? To check this one of the few that can be used as a criterion of the true power of 
we calculated the correlations between it and other indices as well as dough quality and end-use quality, as well. Significant are also the 
traits of ear heading date (Table 5). The results are proof of this correlations with GY, PC, WGC, VAL, which have similar values of 
assertion. Moreover, only that index shows a positive correlation about r = 0.313–0.333. When wheat is grown in a variety of 
with the level of precocity. This makes it a convenient criterion for the environmental conditions, correlations between yield and quality are 
selection, but with the proviso that it is associated with late wheat usually negative or positive but unreliable (Williams et al., 2008; 
lines. Furthermore, it varies greatly by year and by responding to Tsenov et al., 2010; Atanasova et al., 2012a). Similar results are 
noticeable changes in environments as highlighted by Atanasova et obtained very rarely and therefore are valuable (Andrade et al., 
al. (2008).2001). But what is the reason? Most likely this is due to the high 
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Figure 1. Presentation of Spearman correlations
between grain yield and quality parameters 
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Traits of quality that have a strong relationship with it such as The finest in quality lines of all combinations, ranked by the level 
VAL SED and WGC showed no negative effect on the date of ear of DT is shown in Table 6. The most numerous are they in 
heading. Therefore, each one of them could be successfully combination (E) Ukrainka od./407-1, followed by (A) – Obrii /Yantar. 
combined with a high level of various dates of ear emergence. To Two lines B5 and B7 are from the combination Albatros od/ Galatea 
date such information was missing. However, in the study by and one line from each of the other two crosses. The overall quality 
Atanasova et al. (2012a) an account about the progress in breeding of the lines obtained depends largely on the level of quality of the 
of the dough tolerance over the past 40 years is given. Significant varieties participating in the cross. Top quality varieties are Ukraynka 
progress has been made also in VAL and LV, and regress in WGC. od. and Obrii, and therefore the largest is the number of lines with 
Regarding this last fact varieties were sought that have high WGC their participation. Higher relative values of the quality of the choicest 
and should be included in the hybridization (Atanasova et al., lines are due largely to the fact that they are calculated based on the 
2012a). Varieties that have been created in the last 10 years are very overall mean for the whole group. On the other hand, the means of 
different in earliness. Between them there are early ones that are standards and the parents are shown for making all possible 
high qualitative, too (Chamurliyski et al., 2011; Tsenov et al., 2011a; comparisons most correctly. Five of the presented lines can be 
Atanasova et al., 2012b). characterized as a group of early varieties of wheat, with a date of 

ear heading up to 130 days. Early line A3 has the same date of 
heading like Obrii cv.  Five of the lines are late (3–4 days after Aglika 
cv.), the rest are medium early. If we compare the date of ear 
emergence of the studied lines with Pobeda cv., we will find that all 
are earlier. Medium early (132–134 days) aligned with Pryaspa cv. 
The quality of all lines was lower than that of the standard cultivar 
Aglika, significantly higher than Enola, Pryaspa and only lines A8 
and E5 have similar grain quality as their parents, Obrii and 
Ukraynka od, respectively.

Taking into account the productive capacity of the choicest lines 
we find some interesting facts. Three lines (B7, C9 and E5) have the 
highest grain yield, as it aligned with 407-1 and partly with Pryaspa 
cv. One third of the lines are significantly higher in grain yield than the 
general average and superior quality parents Obrii and Pobeda. 
Obtaining high yielding lines in crosses involving high qualitative 
samples is possible with selection of proper components of 
hybridization (Panaiotov and Kostov, 2007) and in terms of precocity 
(Tsenov, 2005; Tsenov and Tsenova, 2011).

Most valuable in this study are lines A3, C9, E2 and E5, which 
combine high quality and yield and heading earlier, as well. In 
breeding towards precocity similar results should be reported, 
confirming the research by (Tsenov et al., 2011b), that the average 
early and late wheat Milena Pobeda, Momchil, etc. (Panayotov et al., 
2004) have high grain quality and that the opposite is very rare 
(Chamurliyski et al., 2011; Tsenov et al., 2011a). Therefore, to 
increase the effectiveness of selection, early varieties with high grain 
quality Obrii, Iveta, Demetra, Galateya, etc. (Tsenov et al., 2011c) 
should be used mandatory. In this regard, systematic study of the 
combining ability of such varieties (Tsenov and Tsenova, 2011; 
Tsenov et al., 2005) should continue. 

Confirmation of this statement is the data about the most 
productive wheat in this experiment (Table 7). Only four of these (A4, 
A5, A6, and E4) are relatively early (129 – 131 days), but a few days 

*- Values in bold are significant at p=0.05

Table 5. Spearman сorrelation between quality traits and date of heading

Variables SED PC QI WGC VAL LV DT DH

TW

SED

PC

QI

WGC

VAL

LV

DT

0.574* 0.524

0.928

-0.046

0.167

0.304

0.462

0.589

0.340

0.474

0.503

0.846

0.277

0.763

0.421

0.237

0.452

0.135

0.407

0.517

0.469

0.389

0.575

0.272

0.486

0.502

0.674

0.505

-0.081

-0.035

0.112

-0.076

0.045

0.040

-0.032

0.311

Table 6. Economic characteristics of the high-quality
(according to DT) promising lines

Line,

Check

Overall mean

Enola

Obriy

Aglika

Pryaspa

Ukrainka

Pobeda

407-1

erythrospermum

erythrospermum

lutescens

lutescens

erythrospermum

lutescens

lutescens

131

127

128

130

134

135

138

130

a100.0
b64.0
d180.4
e202.7
a44.6
c161.0
c144.0
b67.0

b100.0
b96.4
a93.5
b100.0
b103.4
b97.2
a91.0
c107.3

A3

A8

A10

B5

B7

C9

D7

E2

E3

E5

E8

E9

128

133

135

132

134

130

132

130

130

131

133

135

Lutescens

Lutescens

erythrospermum

erythrospermum

erythrospermum

Lutescens

Lutescens

erythrospermum

erythrospermum

erythrospermum

Lutescens

lutescens

d141.6
f161.0
b125.1
b122.2
c138.7
b120.0
c138.7
d144.5
d144.5
e155.2
b125.1
e158.1

b103.3
b103.5
b99.8
b104.5
d108.5
d107.5
b104.7
b101.8
c106.3
c107.9
b99.6
b101.4

DH Variety
Relative Grain

quality, %
Relative Grain

yield, %

a, b, c, d, e – Values followed by the same letter in columns
do not differ significantly
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heading in combinations of early varieties that have similar patterns Chamurliyski P, Tsenov N and Stoeva I, 2011. Productivity and 
of Ukrainian yield and quality of grain is hard to get. The currently quality of modern Bulgarian bread wheat varieties (Triticum 
obtained productive lines are inferior in quality to the high quality aestivum L.) FCS 7(2):233-241 (Bg).
parents. A good compromise combination of yield and quality of Foulks MJ, Sylvester-Bradley R, Worland AJ and Snape JW, 
grain is produced by medium early on ear emergence lines. 2004. Effect of photoperiod response gene Ppd-D1 on yield potential 
Therefore, the selection of very early forms does not lead to progress and drought resistance in UK winter wheat. Eufitica, 135, 49-57.
and should be considered in practical breeding. In order to have a Halim OA, Sahirali S, Baser I, Erdem T, Erdem Y and Yorgancilar 
breeding progress it is necessary to search for shapes that ear O, 2002. Water-yield relation and water use efficiency of winter 
slightly earlier than productive genotypes (129 – 132 days), but have wheat in western Turkey. Cereal Research Communications, 30, 
the ability to extend the period of grain filling, which will help them to 367-374.
form high grain quality. Mersinkov N, 2005. Breeding strategy and ideal variety, Proccedind 

of of Balkan Scientific Conference “Breeding and cultural practices 
of the crop”, Karnobat, 1, 29-36 (Bg).Conclusion
Mestin A and Frohberg RC, 2002. Evaluation of hard red spring 
wheat lines derived from wild emmer for agronomic traits. Cereal When combining different samples of date of ear emergence 
Research Communications, 30, 75-88.and then making selection of early plants in hybrid populations it is 
Panayotov I and Kostov K, 2007. Combining the Bulgarian and possible to obtain favourable combinations of yield and grain quality. 
Ukrainian breeding for improving quality and productivity in wheat. The genetic level of quality of such lines is related to the date of ear 
International Conference "Plant gene pool – the basis of modern heading, so the later the date of ear emergence, the hoigher the 
Agriculture", 13-14 June Plovdiv, 371-374.quality. At higher levels of quality of the parents the probability to 
Panayotov I, Kostov K and Todorov I, 2005. Impact of  Bezostaya obtain high quality lines through this approach is bigger. For 
1 in wheat breeding in Bulgaria. In: "Bezostaya 1 - 50 years of receiving high quality lines there is a trend of similarity between the 
triumph", International Conference, Krasnodar – KNIISKH, p. 130-dates of ear heading and that of quality parent. Therefore, to develop 
137 (Ru).the desired early forms of high quality such as Obrii and Galatea new 
Panayotov I, Todorov I, Stoeva I and Ivanova I, 2004. High quality sources such as Demetra, Goritsa, which combine quality with 
wheat cultivars created in Bulgaria during the period 1994-2004 – precocity, should be selected as donors.
achievements and perspectives. Field Crop Studies, 1, 13-19 (Bg).
Richards RA, Rebetzke GJ, Condon AG and van Harwaarden 
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Table 7. Economic characteristics of the high-yielding
advanced lines

Line, Check

A4

A5

A6

B3

B4

B6

C6

C7

E4

E7

129

130

131

132

132

134

129

132

130

133

130

a69.9
c109.3
a86.3
b99.9
c119.3
b86.3
a66.9
a64.0
c102.8
c102.8
e144.5

a104.4
b108.8
b108.1
b109.5
b107.4
b106.1
a104.6
b105.5
b106.5
b107.0
а104.6Iveta

Overall mean 121-136 b100.0 а100.0

DH
Relative

Grain quality, %
Relative

Grain yield, %

a, b, c, d, e – Values followed by the same letter in columns
do not differ significantly
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