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Abstract. The changed duration of the time to heading and maturity is an important element of the wheat's adaptability to specific production conditions. The
question whether a variety early by its heading date remains early by its maturation date is a significant one, but the data on this problem is rather limited.
Therefore the aim of this investigation was to find out if there is any specificity between the varieties by their response to the environment with regard to heading
date and maturation date and if there is any relation between these periods in the common wheat varieties different by their earliness. After preliminary
observations in the trial field of DAI, General Toshevo, ten early and ten late wheat varieties and lines were selected and analyzed. The dates to heading and
physiological maturity were studied. They were identified visually at stage 55 and 94, respectively, by the scale for wheat growth and developments during 2004
- 2009. The genotype, the year conditions and the sum of temperatures (GDD) interacted significantly with the dates of the two traits and therefore affected their
variation. The heading date varied in a similar way in positive or negative direction in both variety groups. The correlations between the dates to heading and
maturity were high and significant regardless of the variety group (r=0.858, r=0.755, respectively). The period between heading and physiological maturity
(grain filling) varied according to the temperatures of the respective year. The date to heading can on the whole be used as a criterion for distinguishing wheat
varieties by their growing period durability. The time from heading to grain maturity was clearly less affected than the time to heading and depended mostly on
the genotype.

Keywords: winter wheat, heading date, date of physiological maturity, genotype x environment interaction, adaptability
Abbreviations: D−Hdate to heading, DPM−date of physiological maturity, GDD−growing degree days, SE−standard error, DAI−Dobrudzha Agricultural
Institute.

Introduction
Earliness is important for the adaptability of the wheat plant to
specific environments due to its complex and specific genetic nature
(Eagles et al., 2009; Blake et al., 2009). According to a number of
authors the time to heading and consecutively the time to maturity
play a key role for obtaining high grain yields through adequate
response to the environment, especially under stress (Boyadjieva,
2002; Foulkes et al., 2004). Successful attempts are being made to
produce early forms via special methods (Van Beem et al., 2005;
Tanio et al., 2006). The time from sowing to maturity varies
dramatically according to the type of wheat – spring or winter
(Worland, 1996). According to Worland and Snape (2001), wheat
growth and development can last from 50 to 300 days. This duration
depends on a large extent to the presence of various alleles of the
genes for vernalization and photoperiodism (Snape et al., 2001).
The time to heading of wheat is strongly affected by genes for
“intrinsic earliness”, (EPS) (Stelmakh, 1998; Bullrich et al. 2002;
Zhang et al. 2009). In winter wheat, which by these gene systems
requires at least 25-30 days for vernalization, the variations in the
time to heading are considerably affected by the differences in the
genes for photoperiodism (Eagles et al., 2009; Yang et al., 2009; Sip
et al., 2009). Regardless of the genetic control of the date to heading,
there most probably are interactions between the genetic systems
under specific environments related to temperature, moisture and
light. Such interactions cause additional variation by heading date
(Shindo et al., 2003; Yang et al. 2009) and further complicate the

variations between the varieties.
The genetic control cannot explain many of the differences in
the vegetation period duration of the separate varieties. Varieties
with the same alleles in the main genes for vernalization and
photoperiodism demonstrate very different heading dates (Tsenov,
2005; Zheleva et al., 2006). This is the main reason for studying the
specific adaptability of the varieties to the environment through
regulation of the heading date and eventually maturation date
(Stelmakh et al., 2005; Stelmakh, 2009).
The term “duration of growing period” is used in Bulgaria to
identify the time from emergence to full maturity. That can be divided
in two main periods – to date of ear emergence and to time to
maturity. In respect to that different groups of varieties can be
differentiated. Literature describes to a large extent the differences
between lines and varieties with regard to the dynamics of the above
periods (Fayt and Fedorova, 2008; Herndl et al., 2008; Griffits et al.,
2009). There is little information on the changeability of these
periods under specific environments and analysis on the reasons
about that (Tsenov and Tsenova, 2004). Therefore, it is worth
considering the questions if an early variety by its heading date
keeps its “earliness” till maturity or there is a specific response on the
level of genotype. Can the heading date indicate earliness?
The aim of this investigation was to find out 1) if there is a
specific relation between the varieties by their response to the
environment concerning the dates to heading and maturity; 2) if
there is a relation between the time to heading and the time to
physiological maturity in the common wheat varieties differing by
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their earliness and, finally, 3) what is the relation between the two
periods.

Material and methods
Based on preliminary data on the time of emergence, ten early
and ten late winter wheat varieties and lines were selected. The
affiliation to the respective group was based on their heading date
using the standard Sadovo 1 as a criterion (Table 1). The two groups
of varieties were studied during six successive years, from 2004 to
2009, in the trial field of DAI, General Toshevo.
The plants from the different varieties were grown in plots of 4
rows each 1 m long, 20 cm distance between the rows, in three
replications in a randomized block design. The dates to heading and
physiological maturity were subjected to investigation. They were
identified visually at stages 55 and 94, respectively, by the scale of
Zadoks et al. (1974). The dates to heading and physiological
maturity were considered traits and were marked as such as number
of days after 1s tMay each year of the investigation. Their mean
values were determined through analysis of 12 plants from each
replication. The date on which at least 50 % of the marked plants
reached the respective stage was considered the date of each of the
investigated traits. In the Discussion section of this paper the
duration of the periods to heading and physiological maturity are
presented as relative share (%) from the percent of the standard
Sadovo 1 with the aim to emphasize the differences in the responses
of the respective varieties.
The variations in the year conditions before the heading date
and during grain filling are presented as “growing degree days”
(GDD) according to the methodology of (Eckert, 2001) by the
formula:
GDD = (T 0 max+T 0 min)/2-T 0 base ,
where according to the same publication for wheat Tobase = 5.5o C.
GDD was estimated every single day and then was calculated
as a sum for every 60-day period before date to heading and then
from ear emergence to physiological maturity. All routine statistical
values and the values for the variances and correlations were
analyzed using the statistical package Statgraphics XV of Stat Point
Inc., France.

Results
The data in Table 1 show that the difference between the two
groups of varieties by date to heading was about 10 days and was
significant to the highest degree. The duration of the period from
heading to physiological maturity varied slightly and was similar for
both wheat groups: 40.0 and 41.4, respectively. The date to heading
varied in a similar way in positive or negative direction in both groups
of varieties. The date to physiological maturity varied more with the
increase of values in the early group (SEmax=1.02) and with the
decrease of the values of the late varieties (SEmin=0.67). On the
average, the variation of the date to physiological maturity was
higher in the early varieties. In the group of the late varieties, the
variation of the date to heading was higher. The duration of the
period to the date of physiological maturity was similar for both
groups. The differences between them for all three categories (min,
max and mean) were insignificant.
The temperature conditions during the years of investigation of
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the two traits differed considerably to the heading and after that
(Figures 1 and 2). The vertical lines in the two figures indicate the
mean level of the temperature sum averaged for a 10-year period
(2000–2009). The statistical analysis of the variation revealed
significant differences between the values during the years and
averaged for the 10-year period. According to these differences the
years can be conditionally divided into three groups: years with
significantly higher sums than the average (2007 and 2008); years
with significantly lower sums (2004–2005); and years without
differences of the sums (2006 and 2009). The years accidentally
coincide by the two traits. This shows that the specific temperature
conditions of the year had unidirectional effect on the dates to
heading and physiological maturity.
The main effects of all investigated factors calculated through
multiple-variant analysis of the variances (Table 2) were significantly
high for the two investigated traits. For the factor GDD the
significance of the effects for DPM was lower in significance in
comparison to heading. Genotype, year and temperature conditions
interacted significantly with the dates for the two traits and therefore
influenced their variation. The year conditions interacted
significantly with the temperature conditions during the periods of
active vegetation. This is a prerequisite for explaining their direct
effect and interaction on the expression of the two traits. The
duration of time to heading in the group of the earlyvarieties was from
53% to 73% from the standard. This is logical because this group
included varieties at least 5 days earlier than Sadovo 1. The earliest
varieties were Galateya, Kristal and Prostor, and the relatively latest
varieties in the group were Yasen and Todora, cultivars Pliska and
Katya being intermediate. By date to physiological maturity this
gradation was disturbed to a large extent. Varieties Prostor and
Galateya prolonged significantly their period of grain filling with 10 %
and 5 %, respectively. The “intermediate” varieties in the group of the
early cultivars Pliska and Katya were the earliest by period of grain
filling, with 93 % and 90 % from the duration of this period in variety
Sadovo 1; varieties Kristal and Kristora (with origin from Kristal) had
periods to maturity similar to that of the standard. On the whole, the
response of the early wheat varieties to changeable temperatures
and other year conditions can be considered genotype-specific.
These are responses of shortened or prolonged time between
heading and maturity, which occur in opposite directions.
In the group of late varieties the date to heading was on the
whole considerably later (with 26-53 %) more than the date of the
standard. Although they belong to the same group according to the
date to heading, several subgroups can be differentiated:
moderately late (Laska and Milena), late (Kaloyan, Lazarka, Ideal
and Svilena), and very late (Mizia, Rekviem and line C 92/203-1).
Contrary to what is logically expected, the relatively earliest varieties
in the group Laska and Milena matured the latest by 7.3 % in
comparison to the standard Sadovo 1. The period to maturity of
variety Svilena was prolonged significantly; in varieties Rekviem and
C 92/203-1, this period was prolonged, too, though insignificantly.
Only variety Lazarka shortened significantly (95 %) its period of grain
filling. All other varieties from the group did not differ from the
standard by their time to maturity.

Discussion
The study on the dates to heading and physiological maturity
revealed some details, which are meaningful in several aspects. The

Table 1. Mean values of the period duration from 1st May to heading date and physiological maturity date of both groups of
varieties

min

DH
max

mean

min

DPM
max

mean

Sadovo 1

12

18

15

37

42

41

Galateya
Kristal
Prostor
Kristora
Pliska
Katya
Enola
San Pastore
Yasen
Todora

4
5
6
8
8
8
7
9
9
10

10
10
10
12
13
12
13
14
14
14

8
9
9
10
10
10
11
11
11
12

40
38
39
38
35
34
38
37
34
38

47
40
49
47
41
40
42
41
44
44

43
39
45
41
38
37
39
38
40
40

0.60
7.4

0.53
12.2

0.38
10.1

0.66
37.1

1.02
43.5

0.77
40.0

Laska
Milena
Kaloyan
Lazarka
Ideal
Svilena
А 91/7-8Pastore
Mizia
С 92/203-1
Rekviem

15
14
17
18
18
18
19
20
20
21

22
23
24
25
26
25
26
28
28
29

19
19
20
20
20
20
21
22
23
23

41
41
39
38
39
40
36
39
40
40

47
46
45
44
45
47
48
45
47
44

44
44
41
39
40
43
41
41
42
42

SE
Mean

0.70
18.3

0.72
26.0

0.47
20.9 **

0.67
39.1

0.42
45.7

0.54
41.4 ns

N

Variety

St.
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10

SE
Mean
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10

800
Sum of GDD from 15 March to 15 May

758 **

750
708 ns

714 *

700
668 ns
650

600

595 *
573 **

550
2004

2005

2006

2007

2008

2009

Figure 1. GDD by years and during the last 60 days before the date to heading of the standard variety Sadovo 1.
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1000
Sum of GDD from 16 May to 1 July
954 ***
950

893 *

900

876 ns

867 ns
850
814 **
800

786 **

750
2004

2005

2006

2007

2008

2009

Figure 2. GDD by years during the period from heading to physiological maturity of variety Sadovo 1.

Todora
Yasen

73

San Pastore

73

Enola

73

Katya

67

Pliska

67

Kristora

67

Prostor

60

Kristal

60

Galateya

98

80

53

98
93
95
90
93
100
110
95
DH
105

DPM

Figure 3. Continuance of the time to heading and maturity in the group of early varieties expressed in relative values
according to the standard.
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established significantly high variation (although the varieties from
the two groups had their heading on similar dates, within 3-5 days
during the respective years), raises a number of questions. If we look
in an elementary way at these short spans of time, we could think
that the differences by years and varieties are due to random factors.

Todora

environment of Europe (Worland et al., 1998, Foulks et al., 2004).
The data I have on some varieties investigated here (Todorovska et
al., 2009) show that these varieties have the same genetic control of
the main genes for photoperiodism – Dpd-D1, transferred through
breeding for shorter stem (gene Rht8). Although almost all the

98

80

Yasen

73

San Pastore

73

Enola

73

Katya

67

Pliska

67

Kristora

67

Prostor

60

Kristal

60

Galateya

98
93
95
90
93
100
110
95
DH
105

53

DPM

Figure 4. Duration of the period to heading and maturity in the group of late varieties expressed as relative value from
the standard

On the other hand, the reports on the action of the separate
genes fo photoperiodism, for example, show that they shorten the
time to the heading date by only 3-8 days under the specific
Table 2. Multiple Analyses of variances of the traits,
according to the environmental factors

Factors of
variation
Main effects
A: Variety
B: Year
D: GDD
Interaction
AxB
AxD
BxD
error

DH
DF

19
5
5

DPM

P

Sign.

P

Sign.

0.0013
0.0019
0.0088

***
***
***

0.0003
0.0001
0.0078

***
***
*

varieties possess this gene, they are rather different by their
earliness.
The correlations between the time to heading and maturation
weresignificant and high regardless of the group of varieties: r=0.858
and r =0.755, respectively (Tab 3). Under low temperatures, the
values for the correlation between the two traits decreased, and vice
versa – under the favorable conditions of 2007 and 2008 they
increased. The higher temperature sums should in principle
accelerate the dates to heading and maturity and vice versa. This
Table 3. Correlations according to Pearson between duration
of the period to the date of the investigated traits, by
groups of varieties, for the sub periods of investigation

early group

late group

Low sum (2004 and 2005)

0.723 ***

0.692 **

High sum (2007 and 2008)

0.911 ***

0.886 ***

Overall mean

0.858 ***

0.755 ***

GDD by Sub periods
119
119
39
719

0.0000
0.0003
0.0007

**
**
***

0.0001
0.0089
0.0066

***
*
**
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explains to a large extent the higher correlation in years when the
months of May, June and July were warmer. In such years
maturation is also accelerated, increasing the correlation, too.
Conversely, in cooler years combined with more available soil
moisture during grain filling, maturation is retarded, i.e. the
correlation decreases. Such was the case in 2006 and especially in
2008.
All regularities established in this investigation are quite
interesting. The variation in the date to heading and maturity in
wheat has been reported in many scientific researches. This,
however, has been done along the way while talking about
productivity traits, just to characterize them (Fisher and Edmedes,
2010). There are a few researches specifically on the date to
heading as a factor for adaptability under specific conditions
(Saulesku et al, 1998; Reynolds et al., 2001; Bancal, 2008). The
dates to heading and physiological maturity, if treated as traits, will
be logically influenced by the year conditions. There are scarce data
in literature on their interaction with the location and the way of
growing (Addudu et al., 2009; Griffits et al., 2009). The analysis on
the reasons for the variation of the duration of time to heading and
maturity is valuable for the wheat breeding program in DAI. The
investigated varieties are quite different from the view-point of time
of development, origin, biological and economic properties. Besides
their “earliness”, grain yield and its components were also studied.
This was done with a view of collecting sufficient evidence in relation
to the optimization of the date to heading and maturity of the
Bulgarian wheat ecotype. The differences between the varieties
according to the investigated traits are probably due not only to
genetic factors and their adaptability to the environment. There is the
probability that a part of their “earliness” is due to their resistance to
diseases, retarded or accelerated grain filling rate, etc. The disease
resistance, for example, is the reason why the early varieties Prostor
and Galateya prolonged their period of grain filling in comparison to
the standard. The situation with the late varieties Laska and Milena is
similar. In all mentioned varieties there is prolonged grain filling due
to the “stay green” effect. Varieties San Pastore, Katya and Mizia
”accelerated” their maturation due to premature desiccation of
leaves caused by powdery milder and rust. The unique combination
of temperature and moisture during the last 50-60 days of the lifecycle of wheat is a prerequisite for determining such non-linear
interactions. If a larger set of varieties can be included in such a
scheme, the strength of the established correlation would change.
The selection of this set of varieties, however, was rich enough and a
wide range of about 15 days by heading date was included.
Therefore, it is my opinion that the data obtained is very topical with
regard to breeding for earliness under specific year conditions.

Conclusion
The date to heading of the winter wheat varieties was affected
by air temperature during the period of spike formation and
differentiation (stem elongation-double ridge appearance). The time
between heading and physiological maturity varied according to the
temperature conditions of the specific year. The date to heading can
be on the whole used as a criterion for differentiating wheat varieties
by the duration of their growth period. The growing conditions
affected significantly the time to heading and date to physiological
maturity, especially under stressful temperatures, and vice versa.
The duration of the period of grain filling was markedly less affected
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than the time to heading and was dependent on the genotype to the
highest degree.
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informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.
Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
author is indicated with *.
Abstract should be not more than 350
words. It should be clearly stated what new
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.
Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.
The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?
Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
A criterion of sufficient information is to be

possible for others to repeat the
experiment 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
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.
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
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important consequences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:
In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into English is indicated in

parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, if in the Cyrillic, Mongolian =
Мо, Greek = Gr, Georgian = Geor.,
Japanese = Jа, Chinese = Ch, Arabic = Аr,
etc.)
The following order in the reference list is
recommended:
Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:
Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50
Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.
Book chapter or conference proceedings:

Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:
Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive
performance in dairy cows, IX t h
International Conference on Production
Diseases in Farm Animals, Sept.11 – 14,
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic
energy and true digestibility of amino acids
of some feeds in experiments with muscus
duck (Carina moshata, L). Thesis for DSc.
Agrarian University, Plovdiv, 314 pp.
The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.
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