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Effect of the environment on the quality of flour from common winter wheat cultivars

I. Stoeva, E. Penchev

 Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. In relation to the new breeding strategies, during 2009 – 2011 an investigation was carried out on the most recent cultivars of Dobrudzha Agricultural 
Institute – General Toshevo (Pchelina, Goritsa, Kalina, Kiara, Kossara, Katarzhina) with the aim to determine the range of variation of their technological 
characteristics depending on the environmental conditions. By using PCI and discriminant analysis, the effect of some of these quality indices on bread volume 
was determined. It was found out that the investigated cultivars possess differently determined optimum of expression of the quality indices according to their 
genotype and the year conditions. During the period of investigation the cultivars did not demonstrate advantages of the properties of flour over the standards 
Aglika and Sadovo 1. It was established that the main component consisting of the variables time of dough development, dough stability by pharinograph and 
sedimentation had significant contribution to the total variation of bread volume. The main differentiation of the cultivars by bread volume was due to 
sedimentation, time for dough development, dough stability and the value of quality by pharinograph. On this basis the cultivars were divided into 2 quality 
groups: 1) excellent bread making properties: Pchelina, Goritsa, Kiara and Aglika; 2) very good and good bread making properties: Kalina, Kossara, Katarzhina 
and Sadovo1, which confirmed their already known distribution by breadmaking quality.

Keywords: wheat varieties, quality, indices
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Introduction

Breeding work at Dobrudzha Agricultural Institute (DAI), 
General Toshevo at its most recent stage has achieved high results 
which are a solid foundation for the success of wheat production in 
Bulgaria. The new-generation of varieties successfully combines 
high productivity and bread-making quality indices which meet the 
requirements. The realization of cultivars with very good quality 
under the effect of changeable environmental conditions ensures 
the quality of the end produce, which is in the interest of the 
consumer. Most of the new cultivars differ by yield and grain quality, 
which means that the final results from their growing will differ as 
well. The variable response of the cultivars to the environmental 
factors is often related to disturbance of wheat quality and lower 
bread volume thus confusing its average observed performance 
with its actual value (Budak et al., 2003; Kim et al., 2003; Souza, 
2004; Stoeva et al., 2006; Stoeva et al., 2007; Stoeva et al., 2012; 
Stoeva, 2012). Some authors discuss key genetic and 
environmental components which affect the quality of wheat grain 
and flour (Petersonet et al., 1998; Drezner et al., 2005). These 
investigations, however, are not considered sufficiently informative 
for quantitative assessment of the effects of the cultivar and 
environment, as well as of the interaction cultivar x environment on 
the quality parameters of the new generation of wheat cultivars. 
These cultivars differ genetically and agronomically and require 
different evaluation procedure. The consolidation of the knowledge 
on the response of the cultivars to the environmental conditions, 
especially the identification of such cultivars which possess highly 
variable bread making properties, is of high importance for the future 
breeding strategies. 

The current study aims at obtaining data on the changes over 
years in the behavior of significant bread making properties and 
determining the contribution of the most important of them for 
segregation of the new investigated cultivars into different quality 
groups.

Material and methods

The investigation was carried out in three successive years 
(2009, 2010 and 2011) on the most recent common winter wheat 
varieties developed at DAI, and their respective standards 
(Pchelina, Goritsa, Kalina, Kiara, Kossara, Katarzhina, Aglika and 
Sadovo 1). The grain samples were taken from competitive varietal 
trials carried out at the trial field of DAI. They were ground with milling 
equipment to 70 % flour. The following indices of grain and flour were 
determined: test weight according to BSS-ISO 9771/2, glassiness, 
according to BSS-13378-76, hardiness according to Greenway, 
1969, sedimentation value according to Pumpyanskyi, 1971; wet 
gluten in 70 % flour according to BSS13375-88, phenological 
properties of dough by pharinograph ICC 115/1, rheological 
properties of dough by alveograph (BSS – ISO 5530-4:2004). The 
bread-making quality was analyzed according to the methodology 
adopted at the Laboratory of DAI. The mathematical processing of 
the data was done with the help of the software SPSS 17.0. The 
meteorological conditions during the period of investigation varied 
within a wide range. Harvest 2009 was formed under conditions of 
spring drought combined with very low mean daily temperatures. 
These negative climatic effects were compensated by the later 
rainfalls and the normalized temperatures during May-June, which 
reached the level of the mean long-term annual values. Economic 
year 2010 was characterized with high moisture reserves in soil and 
unstable temperature regime during April, May and June. The high 

otemperatures (exceeding 30 C) in several successive days during 
the second decade of June caused stress to the crops and their 
subsequent premature ripening. The frequent rainfalls during 
harvesting deteriorated grain quality. The hydro-thermal situation in 
2011 favored the development of the varieties. In spite of the long 
and cool spring, which delayed vegetation, the rainfalls and the lack 
of extreme high temperatures during grain filling favored its normal 
development and high yields were obtained.

* e-mail: iva_st_bg@mail.bg
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levels of wet gluten content in 70 % flour were observed in the Results and discussion
varieties, which had a negative effect on the rheological properties of 
dough without significantly affecting the bread-making quality. This The data from the investigation show that the new varieties 
tendency has been observed for many years in the new cultivars. Pchelina, Goritsa and Kiara in most of the cases exceeded the 
Some authors explain it by the different focus on the breeding efforts, standards Aglika and Sadovo 1 by physical properties of dough, but 
which in the recent years has been directed rather toward the their variation over years was higher (Table 1). Varieties Kalina and 
pharinographic and alveographic indices than on wet gluten content Kiara had low values of their physical characters of grain. Averaged 
in 70 % flour (Dencic et al., 2005), while other authors (Amonov, for the three years, varieties Pchelina and Goritsa can be reliably 
2006) assume as possible reason the occurrence of insignificant identified as strong wheats according to their sedimentation value. 
intravarietal heterogeneity in the gluten proteins of the cultivars as a Significant variations of sedimentation were registered in varieties 
result of the year conditions during the growth season. Only in 2009 Pchelina (32 ml), Kiara (26 ml), Kossara (22 ml) and Aglika (20 ml). 
varieties Pchelina and Goritsa were close or equal to some quality Averaged for the period, varieties Pchelina, Goritsa and Kossara 
traits of cultivar Aglika. During the period of investigation were competitive by their wet gluten content in 70 % flour to the rest 
synchronism between positive and negative variations of the quality of the varieties, including the standard Aglika. Katarzhina, Kalina 
indices was observed depending on the hydro-thermal conditions and Kiara, which had not very high grain quality, conceded by wet 
during May-June, which is very favorable for the yield according to gluten content in 70 % flour to the standard values. In most of the 
Schillinger et al (2008). Unfortunately, in 2010 and 2011, when the varieties, the physical properties of dough, determined by 
yields from the investigated varieties were optimal, the values of pharinograph and alveograph, varied strongly over the years. 
most of their quality indices were under the requirements of the Especially variable were the rheological properties of dough as 
standard. Almost all varieties had specific response by one-way specified by pharinograph in varieties Pchelina, Goritsa and Aglika. 
change of their quality properties at significant cultivar x year The variations of the alveographic values of Goritsa and Pchelina 
interaction, with the exception of W. This is an evidence for the were lower. In this respect the two varieties have advantage over 
complex combination of yield and quality in a single variety. It seems Aglika and Sadovo 1, and the rest of the varieties concede to them 
that this split in varieties Goritsa and Pchelina is rather big, (Kalina, Kossara and Katarzhina). The ranking of the varieties 
undermining their stress resistance.according to their bread-making quality placed variety Goritsa first, 

Within the focus of the investigation was also the relation followed by Kossara and Kiara. The distribution of the varieties 
between bread volume and the significant quality indices such as according to this index varied significantly by year. Variety Kalina 
sedimentation, wet gluten content in 70 % flour, physical properties had comparatively low bread volume within a more narrow range of 
of dough by pharinograph and alveograph. For this purpose linear variation. 
discriminant analysis was applied, the results from which revealed The variation analysis demonstrated well the differences in the 
the relative share of each of the above variables for the end phenotypic expression of the quality indices by cultivar, year and 
discriminant function (Table 3). Using /  / of Wilks, it was found that cultivar x year interaction (Table 2).The data show that within the 
dough development time, dough stability, the quality value by range of the year conditions the new cultivars did not reveal 
pharinograph and sedimentation had the highest contribution to the advantages with regard to stability of the formed flour properties over 
discrimination of the investigated varieties by bread volume. The the standards Aglika and Sadovo 1. In 2011 and 2012 critical low 

Table 1. Technological characterization of the varieties investigated during 2009 – 2011

Key: 1 – test weight,kg; 2 – glassiness,%; 3 – hardiness,%; 4 – sedimentation, ml; 5 – wet gluten yield, %;
6 – dough development time, min; 7 – dough stability, min; 8 – quality value by pharinograph,  con. un.;
9 – W, by alveograph,al.un.; 10– P/L; 11 – bread volume, ml; 12 – form resistance of bread /H:D/

Variety 1 2 4 6 7 8 9 10 11 125

Pchelina 

 

Goritsa 

 

Kalina 

 

Kiara 

 

Kossara 

 

Katarzhina 

 

 Aglika 

 

 Sadovo 1 

78.4

74.5-79.5

79.3

75.2-80.7

75.9

70.5-80.6

80.3

76.5-81.4

77.0

74.2-79.2

77.8

73.2-78.7

78.1

74.5-78.9

77.9

72.6-79.3

43

8-71

40

3-63

20

0-35

33

2-52

24

2.5-37

18

1-42

20

2-55

15

0-41

67

49-81

61

53-66

39

35-46

51

37-63

40

31-53

34

27-42

53

40-63

43

41-47

23.6

18.2-27.5

26.2

23.9-28.6

19.9

15.9-25.4

23.7

21.5-25.1

22.1

17.7-25.0

16.3

13.4-18.4

21.9

19.2-25.1

24.0

20.8-29.7

8.47

2.20-20.00

8.43

2.00-14.00

2.53

1.30-4.20

3.03

2.00-4.10

2.07

1.20-2.30

2.03

1.40-1.50

5.13

1.55-11.00

4.15

2.15-5.10

5.37

2.20-9.50

10.20

3.00-18.30

3.27

1.10-5.40

5.30

2.50-9.20

4.00

1.20-7.40

3.23

1.50-6.10

6.25

2.30-13.00

4.28

2.45-6.40

0.46

0.42-0.49

0.45

0.43-0.47

0.45

0.41-0.50

0.46

0.44-0.49

0.47

0.46-0.47

0.48

0.43-0.51

0.49

0.46-0.52

0.45

0.43-0.47

687

640-770

775

715-870

642

600-675

715

675-760

707

650-740

610

560-670

733

722-740

682

645-707

1.15

0.72-1.54

0.54

0.42-0.65

0.48

0.45-0.50

0.76

0.60-0.97

1.09

0.72-1.46

2.34

1.15-2.34

0.90

0.70-1.07

0.72

0.43-0.87

250.3

124.3-356.4

229.5

160.2-285.8

133.1

123.6-142.6

195.7

131.4-248.5

156.7

128.2-185.1

91.6

91.6-158.6

204.8

134.7-283.2

184.9

104.3-319.2

87

28-200

109

33-200

36

19-66

55

26-103

44

19-85

38

27-60

84

27-200

52

25-82

3

72.7

68.8-76.6

75.5

73.7-77.2

40.4

36.0-44.7

78.4

76.7-80.0

101.0

98.0-104.0

46.7

32.0-61.3

78.0

77.2-78.8

64.7

62.9-66.4

V
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statistical significance of their effect was proved at P < 0.001. To 
further specify these relations, principal component analysis was 
applied to the metametric variation of bread volume, unifying the 
experimental data by using suitable algebraic transformations for 
this purpose. The results showed that the variables in the first 
component had significant maximum contribution to bread volume: 
time of dough development and dough stability by pharinograph 
(Table 4).

They were subjected to the highest metametric variation, 
followed by sedimentation (0.420). It can be assumed that this 
component reflects the total variability of bread loaf. Sedimentation, 
dough stability, pharinographic value and quality and alveographic 
W forming the second component had indirect positive effect on 
bread volume. The high negative variability of bread volume affected 
the content of wet gluten in 70 % flour, the contribution of which was 
dominant in the second main component (-0.855). The obtained 

Table 2. Dispersion analysis of the investigated indices

Index

Test weight, kg

Glassiness,%

Hardiness,%

Sedimentation,ml

Wet gluten content,%

Dough development time, min

Dough stability, min

Quality value by pharinograph, con. un.

W, by alveograph, al.un.

P/L

Bread volume, ml

H:D

7.95

235.76

2175.97

748.88

50.21

46.53

27.56

3604.47

9054.07

0.30

12556.81

0.01

19.47

89.63

96.48

355.90

31.48

7.62

12.55

5.06

0.48

23.76

17.67

3.23

124.65

641.41

41.44

1092.52

144.36

142.71

209.91

32270.69

10052.75

0.64

2179.56

0.00

305.10

243.86

1.84

519.22

90.51

23.35

95.55

45.28

0.54

49.82

3.07

24.34

13.64

71.93

2.82

35.59

4.31

4.16

3.62

2.16

1.28

20.89

5.59

3.09

5.57

189.2

63.7

74.9

6.9

25.4

7.9

1542.8

24137.1

0.3

3973.2

0.0

MS MS MSF-value F-value F-value

Variety Year Variety х Year

Table 3. Linear discriminant analysis 

Index

Sedimentation, ml

Wet gluten content in 70 % flour, %

Dough development time, min

Dough stability, min

Quality value by pharinograph, con. un.

W by alveograph, al.un.

5.35

4.29

2.15

3.39

3.77

1.27

0.732

0.774

0.917

0.887

0.842

0.715

0.0506

0.1127

0.0359

0.0785

0.0924

0.1113

11.8

15.7

34.1

27.7

22.6

28.4

6

6

6

6

6

6 

0.0320

0.0280

0.0004

0.0012

0.0015

0.0018

Own meaning df pl 2c 2R

Table 5. Own values and percentage from the dispersion of the investigated indices 

Component

Sedimentation, ml

Wet gluten content in 70 % flour, %

Dough development time, min

Dough stability, min

Quality value by pharinograph, con. un.

W by alveograph, al.un.

3.702

1.502

0.794

0.002

0.000

0.000

61.698

25.031

13.228

0.030

0.008

0.005

61.698

86.729

99.956

99.987

99.995

100.000

Initial Eigenvalues

Total Variance, % Cumulative, %

Table 4. Values of the main components 

aRotated Component Matrix

Index

Sedimentation, ml

Wet gluten content in 70 % flour, %

Dough development time, min

Dough stability, min

Quality value by pharinograph, con. un.

W by alveograph, al.un.

0.420

-0.398

0.921

0.870

-0.340

-0.993

1 2

0.850

-0.855

0.195

0.481

0.659

0.065

Components
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data allow dividing the varieties into 2 main groups: 1 – Pchelina, Pumpyankyi AY, 1971. Technological properties of soft wheat, L., p. 
Goritsa, Kiara and Aglika; 2 – Kalina, Kossara, Katarzhina and 22.
Sadovo 1. Stoeva I and Penchev E, 2007. Technological characterization of 

old winter wheat cultivars grown during 1990 – 2000 in the region of The data from Table 5 show that the highest own contribution 
DAI – General Toshevo. International Conference “Plant gene pool – and percentage in the total variation of the 2-dimentional matrix th ththe basis of modern agriculture”, 13  – 14  June 2007, IPGR – 

quality indices x bread volume had sedimentation (61.7 %), wet Sadovo, Bulgaria (Bg).
gluten content in 70 % flour (25.0 %), and dough development time Budak H, Baenziger PS, Graybosch RA, Beecher BS, Eskridge 
by pharinograph (13.2 %). KM and Shipman MJ, 2003. Genetic and environmental effects on 

agronomic and dough mixing characteristics of diverse hard red 
winter wheat genotypes. Cereal Chemistry, 80, 518-523.
Dencic S, Kobiljski B, Mladenov N, Hristov N and Pavlovic M, 

Conclusion 2005. Long-term breeding for bread making quality in wheat. Wheat 
thproduction in stressed environments. Proceedings of 7  

The investigated varieties possess differently determined international wheat Conference, 27 November - 2 December 2005, 
optimum for expression of the quality indices depending on the Mar del Plata, Argentina, pp. 494-501.
genotype and the year conditions. During the period of investigation Greenaway WT, 1969. A Wheat Hardness Index. Cereal Science 
these cultivars did not demonstrate advantages of the formed Today, 14, 4-7.
properties of flour over the standards Aglika and Sadovo 1. The main Kim JC, Mullan BP, Simmins PH and Pluske JR, 2003: Variation  
component consisting of the variables time of dough development, in the chemical composition of wheat's grown in western Australia as 
dough stability by pharinograph and sedimentation had significant influenced by variety, growing region, season and post-harvest 
contribution to the total variability of bread volume. storage. Australian Journal of Agricultural Research, 54, 541-550.

The main discrimination of the varieties by bread volume 2008. Available 
originated from sedimentation, dough development time, dough water and wheat grain yield relations in a Mediterranean climate. 
stability and the pharinographic value and quality. On this basis the Field Crops Research, 109, 45-49
varieties were divided into 2 quality groups: 1) excellent bread Souza EJ, Martin JM, Guttieri MJ, O Brien KM, Habernicht DK, 
making properties: Pchelina, Goritsa, Kiara and Aglika; 2) very good Lanning SP, McLEAN R, Calson GR and Talbert LE, 2004. 
and good bread making properties: Kalina, Kossara, Katarzhina and Influence of genotype, environment, and nitrogen management on 
Sadovo1, which confirmed their already known distribution by spring wheat quality. Crop Science, 44, 425-432.
breadmaking quality. Stoeva I, Tsenov N and Penchev E, 2006. Environmental impact 

on the quality of bread wheat varieties. Field Crops Studies, 3, 17-
17.
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
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methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
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Names and affiliation of authors
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Abstract should be not more than 350 
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findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
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but giving the essence of study. 
The introduction must answer the 
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necessitated the research problem, 
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hypothesis and goal ?
Material and methods: The objects of 
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methods and conditions applied for the 
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A criterion of sufficient information is to be 

 

possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
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Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
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the study. By comparing the results and 
conclusions of other scientists the 
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out clearly and convincingly to the reader.
Conclusion: The most important conse-   
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resulting from the conducted research 
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The conclusions shouldn't be numbered 
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Contributions are the core of conclusions. 
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