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Technological evaluation of new common winter wheat lines developed at Dobrudzha
Agricultural Institute — General Toshevo

|. Stoeva*

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. This study investigated the changes in the technological properties of common winter wheat lines of the latest generation of DAl breeding during the
period 2004 - 2008. The dynamics of meteorological factors during the years of investigation typical for the region of Dobrudzha allowed better evaluation of the
quality of the cultivars under biotic and abiotic stress. The results from the investigation showed that cultivars Aglika, Dona, Enola, Bolyarka and Iveta were a
contribution to the breeding reality of quality wheat in Bulgaria. The degree of modification of most of the technological indices of the investigated cultivars was
significant and depended on the source of variation (genotype, environment and the genotype x environment interaction). The genotype effects were most
important in determining glassiness, sedimentation, pharinograchic value and the characteristics of bread (>50%). The effect of the year was lower (<30%).
The percent of the cultivar x year interaction was significant for wet gluten yield in 70 % flour and the pharinographic stability of dough (>70 %). The increase of
the mean daily relative air humidity and the sum of rainfalls during the first decade of June had on the whole a negative effect on test weight, glassiness and
partially — on wet gluten in 70 % flour of cultivars Karat, Aglika, and Iveta. The high mean daily air temperature during the first decade of June had a negative

effect on bread volume, form resistance, crumb quality, dough stability and sedimentation of most of the investigated cultivars.

Keywords: winter wheat, quality, cultivars, environment

Introduction

There is a traditional high interest to the quality and the
biological nourishing values of wheat grain. The deficiency of high-
quality grain determines the search for ways of its production. The
frequent climatic anomalies during the period of wheat growth and
the complex polygenic character of wheat quality do not allow the full
expression of its nature (Acreche and Slafer, 2009; Corbellini et al.,
1988; Dencic and Kobiljski, 2008; Herndl et al., 2008; Paunescu and
Boghic, 2008). Since each region is a specific environmental
complex, including specific expression of favorable and extreme
ecological factors, each breeding program should be directed
towards maximum utilization of the favorable environmental factors
and resistance towards those kinds of ecological stress which are
most limiting for the quality and quantity of yield in the respective soil
and climatic zone (Zhuchenko, 2008).

Under the conditions of Dobrudzha Agricultural Institute
General Toshevo, Bulgaria the breeding for varieties resistant to the
main ecological factors limiting yield and quality is a key direction of
research work and an actual basis for higher production of quality
grain. Most of our new varieties possess this advantage and their
introduction in mass production depends on their ability to realize
their quality potential under a wide range of soil and climatic
conditions (Titov, 2007; Anwar et al, 2005; Drezner et al., 2005;
Matus etal., 2005; Peterson, 1998; Ortiz etal., 2008).

This paper considers the changes in the quality of a group of
new common winter wheat cultivars according to the year conditions
during a five-year period (2004 — 2008).

Material and methods

The investigation was carried out during 2004 - 2005 and
* e-mail: iva_st_bg@mail.bg
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involved the last generation of varieties developed at Dobrudzha
Agricultural Institute General Toshevo, Bulgaria (Aglika, Enola,
Bolyarka, Iveta, Dona, Kristy, Antonovka and Karat). The trials were
designed by the standard method of 15 m”. The mean grain samples
were grinded with milling apparatus MLU-202 to 70 % flour. The
following technological indices of grain were determined: test weight
(BNS and ISO 9771/2); glassiness (BNS-13378-76); sedimentation
(Pumpyanskiy, 1971), wet gluten in 70 % flour (BNS-13375-88),
rheological properties of dough (by pharinograph—-E-Brabender,
ICC 115/1). The bread making properties were analyzed according
to the methodology adopted at Dobrudzha Agricultural Institute
General Toshevo, Bulgaria. The effect of the year and the cultivar on
the respective indices was determined using ANOVA, and the
correlations were calculated with the help of Statistica 6.0.

Results and discussion

The period of investigation (2004 — 2008) encompassed years
of variable conditions typical for Dobrudzha region. Seasons 2003 -
2004, 2004 — 2005, 2005 — 2006 and 2006 — 2007 were unfavorable
for grain quality. During 2007 — 2008 the meteorological conditions
were close to the optimal for wheat growing. The temperatures at the
beginning of spring in 2004, 2005 and 2007 were above the optimal.
Drought had variable effect on the organogenesis of the wheat
cultivars at different stages of their development. Grain filling and
maturation in 2005 occurred against the background of precipitation
above the norm and grain quality was limited by diseases, mainly by
fusarium epiphytoty on spike. June rainfalls in 2004, 2006 and 2008
were close to and higher than the norm. The dynamics of
meteorological factors by years and their interaction with the cultivar
was highly variable, hardly predictable and affecting the expression
of the quality indices. The comparison of the technological indices of



Table.1 Technological properties of flour of the investigated cultivars during 2004-2008

) Index

Cultivar

1 2 3 4 5 6 7 8 9
Aglika 81.6 34 60 23.93 4.28 59 737 0.50 48
Enola 82.6 80.6 46 22.04 3.10 49 669 0.44 49
Bolyarka 80.0 22.6 44 23.07 3.00 49 701 0.46 46
Iveta 824 56 51 23.32 3.28 53 706 0.45 4.7
Dona 84.1 60.2 48 2412 3.00 50 706 0.47 45
Kristy 79.3 8.5 34 18.73 1.34 41 671 0.45 4.4
Antonovka 78.8 22.9 33 18.47 1.35 39 617 0.44 4.4
Karat 80.8 12.6 28 17.49 1.34 36 618 0.39 4.2
GD5% 2.58 19.88 14.09 7.67 4.30 16.48 83.33 0.06 0.52

Key:1-test weight,kg ; 2-glassiness, %; 3-sedimentation, ml; 4-wet gluten yield,%; 5-dough stability min;6-pharinographic

value, cond. un..;7-bread volume, ml; 8- H:D ;9-crumb quality(rate 0-5)

Table 2. Two-factor dispersion analysis of the investigated technological indices

Source of variation

Index Cultivar (A) Year (B) Interaction (A x B)
ms F ms F ms F
Test weight, kg 3297  20.14* 31.01 18.94* 196  1.20
Glassiness, % 6603.91 68.15" 1494.92 15.42* 258.88 267"
Sedimentation, ml 113593  23.33* 154.29 347" 82.82  1.70
Wet gluten yield, % 73.84 5.11* 10.80 0.75 1419 098
Dough stability, min 10.50 2.80* 4.30 1.15 163 043
Pharinographic value, ycond.un. 594.80 8.93* 97.02 1.46* 2052 044
Bread volume, ml 18559.68 10.90* 15749.93 9.26 1517.85  0.89
H:D 0.01 12.13* 0.00 5.36* 000  2.05*
Crumb quality (rate 0-5) 0.51 7.83 0.28 4.32* 007 107

the investigated cultivars during the years of investigation allowed
determining the specificity of their manifestation. The variation of
glassiness and sedimentation in relation to the meteorological
conditions during the growing period of cultivars belonging to
different grain quality groups was highest (Table 1). The mean
values of glassiness varied from 8.5 % (cultivar Kristy) to 80.6 %
(cultivar Enola); the values of sedimentation were from 28 ml
(cultivar Karat) to 60 ml (cultivar Aglika). Cultivars Aglika, Iveta and
Dona possessed high values of sedimentation, wet gluten in 70 %
four, rheological properties of dough, bread volume and quality.
Cultivars Enola and Dona demonstrated highest and most stable by
year test weight and glassiness, which were above the required
norm for quality group A; cultivar Kristy exhibited lowest values. Most
of the investigated indices decreased their values to various
degrees, during both dry and favorable years. The applied
dispersion analysis revealed that the phenotypic expression of the
studied traits was significantly determined by the genotypic potential
of the cultivar (Table 2). The dynamics of meteorological conditions
during the years of investigation had significant effect on the degree
of expression of test weight, glassiness, sedimentation,
pharinographic values, form resistance and bread volume. The
variations of glassiness and form resistance of the individual
cultivars were significantly influenced by the genotype x year
interaction. The percent of variation caused by the genotypic
potential of the cultivar was highest for glassiness (77.8 %),

pharinographic value (77.4 %) and sedimentation, which can be
explained by the variability of the investigated genotypes (Table 3).
The contribution of the cultivar for formation of test weight, bread
volume, form resistance and bread quality was more than 50 %. The
meteorological year conditions had significant effect on the
phenotypic expression of test weight and bread volume (>20 %).
Wet gluten yield of flour and dough stability (by pharinograph) were
significantly and strongly affected by the cultivar x year interaction
(>70 %). In spite of the high dependence of sedimentation, dough
stability, pharinographic value and bread properties on the cultivar,
their expression was affected by the cultivar x year interaction. The
effect of the year on the phenotypic variation of sedimentation was
comparatively low (5.7 %), but its interaction with the cultivar was
higher (21.3 %), indicating a specific phenotypic response of the
index resulting from the variations by year of investigation.

The interaction with the environment of the respective cultivars
varied; the differences being quite distinct (Table 4).The results
showed that the higher mean daily relative air humidity and the sum
of rainfalls during the first decade of June had negative effect on test
weight, glassiness, and partially — on the amount of wet gluten in 70
% flour (cultivars Karat, Aglika, Iveta), bread volume (cultivars Enola,
Bolyarka, Iveta), H:D (cultivars Iveta and Dona) and on crumb quality
(cultivar Enola). The high mean daily air temperature during the first
decade of June worsened bread volume, form resistance, crumb
quality, dough stability and sedimentation of almost all cultivars, also
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Table 3. Percent of factors for the change of quality parameters of the investigated wheat cultivars

Percent of factors for the change of quality index parameters (%)

Index Cultivar (A) Year (B) Interaction (A x B)
Test weight, kg 56.3 30.3 13.4
Glassiness, % 77.8 10.0 12.2
Sedimentation, ml 73.0 5.7 213
Wet gluten yield,% 216 7.2 71.2
Dough stability, min 19.8 10.0 70.2
Pharinographic value, cond. un. 774 7.2 15.4
Bread volume, ml 55.2 26.8 18.0
H:D 51.7 13.0 35.3
Crumb quality (rate 0-5) 53.6 17.0 294

Table 4. Correlation of quality indices with meteorological conditionsduring the first decade of June (2004 - 2008)

Test weight. kg. Glassiness.% Sedimentation. ml

Cultivar

1 2 3 1 2 3 1 2 3
Aglika 0.58 -0.78 -0.55 0.81 -0.64 -0.58 -0.55 0.84 0.70
Enola 0.48 -0.28 -0.15 0.57 -0.25 -0.49 -0.39 0.06 0.00
Bolyarka 0.40 -0.50 -0.24 0.63 -0.61 -0.48 -0.56 0.83 0.91*
Iveta 0.49 -0.63 -0.37 0.85 -0.84 -0.85 0.35 0.44 0.18
Dona 0.21 0.19 -0.04 0.92* -0.48 -0.68 -0.07 0.17 0.12
Kristy 0.41 -0.58 -0.31 0.75 -0.73 -0.69 -0.34 0.48 0.25
Antonovka 0.39 -0.49 -0.22 0.54 -0.67 -0.42 -0.15 -0.06 0.28
Karat 0.29 -0.57 -0.25 -0.67 -0.09 0.20 -0.49 0.22 0.13

Wet gluten yield.% Dought stability. min Pharinographic value. cond.un.

Cultivar

1 2 3 1 2 3 1 2 3
Aglika 0.90* -0.49 -0.56 0.28 0.39 -0.01 0.25 0.36 -0.05
Enola -0.33 0.25 0.04 -0.12 0.75 0.65 -0.76 0.70 0.64
Bolyarka -0.37 0.77 0.67 0.42 0.11 0.13 0.18 0.38 0.37
Iveta 0.98** -0.62 -0.81 0.22 0.40 0.24 0.10 0.19 0.39
Dgna -0.88 0.77 0.92* -0.01 0.46 0.50 0.15 0.28 0.30
Kristy -0.76 0.81 0.69 -0.02 0.54 0.32 -0.58 0.95* 0.79
Antonovka 0.96* 0.66 0.87* -0.41 0.38 0.66 -0.61 0.93* 0.95*
Karat -0.18 -0.12 -0.24 -0.32 0.26 0.02 -0.36 0.37 0.11

' Bread volume.m| H:D Crumb quality (rate 0-5)

Cultivar 1 2 3 1 2 3 1 2 3
Aglika -0.49 0.52 0.30 -0.56 0.78 0.68 0.24 0.07 0.13
Enola -0.09 -0.30 -0.41 -0.76 0.23 0.34 0.75 -0.74 0.93*
Bolyarka -0.20 -0.48 -0.38 -0.50 0.55 0.77 -0.07 -0.29 0.09
Iveta -0.15 -0.17 -0.26 0.64 -0.64 -0.73 0.02 0.57 0.22
Dona -0.67 0.23 0.25 -0.25 -0.33 -0.29 0.06 0.63 0.30
Kristy -0.89 0.33 0.49 -0.81 0.92* 0.95* -0.48 0.80 0.53
Antonovka -0.68 0.09 0.17 -0.74 0.55 0.84 -0.39 0.45 0.22
Karat -0.60 0.69 0.50 -0.17 0.43 0.12 -0.60 0.65 0.44

Note 1. Mean daily air temperature,C0;2.Mean daily relative air humidity,%; 3.Sum of rainfalls , ml *- significant at
P0,05 **- at P0,01

the content of wet gluten of cultivars Enola, Bolyarka, Dona, Kristy, The five-year observation on the technological indices of the
Antonovka and Karat and the pharinographic value of Enola, kristy, investigated cultivars showed that the differences between them
Antonovka and Karat. were due to the planned breeding and the specific environmental
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conditions. The interaction of the cultivar with the changeable
meteorological factors during the years affected the formation of
differences in the phenotypic expression of the technological
indices. Thus, for example, the strongest expression of test weight
was observed in cultivar Dona (from 84.1 kg in 2006 to 85.5 kg in
2005) followed by cultivars Enola and the lowest — in cultivar
Antonovka. Highest glassiness was registered in cultivars Enola and
Iveta, and highest sedimentation - in Aglika and Iveta. The
sedimentation amplitude was from 19 ml in Karat (2004) to 68 ml in
Aglika (2005). The mean values of wet gluten amount were lowest in
cultivar Karat (17.5 %) and highest in cultivar Dona (24.1 %). High
variability during the years of investigation was observed in cultivars
Antonovka, Enola, Karat and Aglika. The results showed that that the
growing conditions of these varieties did not guarantee good results
during the years of investigation. The observed variability was
related to the cultivar x year interaction which was determined by the
various degree of response of the cultivars to the environment. In
cultivars Dona, Bolyarka, Kristy and Antonovka higher wet gluten
was observed at high relative air humidity and good moisture
reserves in soil during the first decade of June, while in cultivars Iveta
andAglika the effectincreased with the increase of the mean daily air
temperature. The comparatively low correlations of wet gluten
content in 70 % flour in cultivar Enola with the investigated factors
proved its better tolerance to their variability. Similar response was
observed with regard to dough stability and the pharinographic value
of Iveta, Aglika and Karat. Extremely high negative effect on the
values of the investigated indices in 2005 and 2007 was caused by
the drought and high temperature (above 30° C) which occurred prior
to and during heading stage of wheat. It affected the following
indices: wet gluten content in 70 % flour of cultivars Dona, Kristy,
Antonovka; pharinographic value of cultivars Enola, Kristy and
Antonovka; bread volume of cultivars Dona, Kristy, Antonovka and
Karat. The negative changes in the values of the above
technological indices were related to disturbances of the water
balance of plants and to impeded supply of nutrients to the grain
caused by the intensity and duration of the stress and also by the
thermal effect suffered by plants prior to the stress (5). Since the
cultivars differed by their vegetation period, they were affected by
drought at different stages of their development. The limiting effect
on their technological properties was probably related to
modification in their protein content, especially in the ratio
insoluble/soluble protein. The high air humidity and the frequent
rainfalls during grain filling and maturation of grain in 2004, 2006 and
2008 had negative effect on the quality of the wheat cultivars,
additionally worsened by diseases on wheat caused by powdery
mildew, brown rust, fusarium on spike and damages by Sunn pest.
Severe damages caused by fusarium were registered in 2005 which
considerably deteriorated the quality of grain, especially its physical
properties. In such years the size of the interacting effects was
higher than the effect of the cultivars. Considering all investigated
indices, in accordance with the classification restrictive norms and
technological parameters, the analysis on the data from the last six
years allowed referring the grain of cultivar Aglika to first quality
group in three of the harvest years (2004, 2005 and 2007), and the
grain of cultivars Bolyarka (2004, 2007 and 2008), Dona (2004, 2008
and 2009) and Iveta (2004, 2008 and 2009) to the second quality
group of increased strength. During the rest of the years these
cultivars did not show high quality. During this period the
technological parameters of the rest of the investigated wheat
cultivars varied from moderate to weak.

The data showed that sedimentation, dough stability,
pharinographic value and bread volume and quality were positively

affected by the relative air humidity and the rainfalls during the first
decade of June. The unfavorable hydro-thermal regime, however,
during the subsequent stages of wheat development had negative
effect on their grain quality in most of the investigated years. The
insufficient mean daily temperature and rainfalls during this period
increased the uptake of low molecular soluble carbohydrates and
nitrogen substances necessary for the processes of grain
respiration, which was one of the reasons for its worsened
technological properties (Titov, 2007). Furthermore, the greater part
of the investigated wheat cultivars were strong and with increased
strength and required well performed agronomy practices. When
such practices were not accordingly performed, the cultivars failed to
realize their quality potential.

Conclusion

Cultivars Aglika, Dona, Enola, Bolyarka and Iveta are
contribution to the breeding reality of quality wheat in Bulgaria. The
degree of modification of most of the technological indices of the
investigated cultivars was significant and depended on the source of
variation (genotype, environment and their interaction). The
genotypic effects were most important for determining glassiness,
sedimentation, pharinographic value and quality and the properties
of bread (>50 %). The effect of the year was lower (<30 %). The
percentof the cultivar x year interaction was significant for wet gluten
in 70 % flour and pharinographic dough stability (>70 %). The
increase of the mean daily relative air humidity and the sum of
rainfalls during the first decade of June had a general negative effect
on test weight, glassiness and partially on the amount of wet gluten
in 70 % flour of cultivars Karat, Aglika and Iveta. The high mean daily
air temperature during the first decade of June deteriorated bread
volume, form resistance, crumb quality, dough stability and
sedimentation of most of the investigated cultivars.
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