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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.
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Abbreviations: D−Hdate to heading, DPM−date of physiological maturity, GDD−growing degree days, SE−standard error, DAI−Dobrudzha Agricultural 
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variations between the varieties. Introduction
The genetic control cannot explain many of the differences in 

the vegetation period duration of the separate varieties. Varieties Earliness is important for the adaptability of the wheat plant to 
with the same alleles in the main genes for vernalization and specific environments due to its complex and specific genetic nature 
photoperiodism demonstrate very different heading dates (Tsenov, (Eagles et al., 2009; Blake et al., 2009). According to a number of 
2005; Zheleva et al., 2006). This is the main reason for studying the authors the time to heading and consecutively the time to maturity 
specific adaptability of the varieties to the environment through play a key role for obtaining high grain yields through adequate 
regulation of the heading date and eventually maturation date response to the environment, especially under stress (Boyadjieva, 
(Stelmakh et al., 2005; Stelmakh, 2009).2002; Foulkes et al., 2004). Successful attempts are being made to 

The term “duration of growing period” is used in Bulgaria to produce early forms via special methods (Van Beem et al., 2005; 
identify the time from emergence to full maturity. That can be divided Tanio et al., 2006). The time from sowing to maturity varies 
in two main periods – to date of ear emergence and to time to dramatically according to the type of wheat – spring or winter 
maturity. In respect to that different groups of varieties can be (Worland, 1996). According to Worland and Snape (2001), wheat 
differentiated. Literature describes to a large extent the differences growth and development can last from 50 to 300 days. This duration 
between lines and varieties with regard to the dynamics of the above depends on a large extent to the presence of various alleles of the 
periods (Fayt and Fedorova, 2008; Herndl et al., 2008; Griffits et al., genes for vernalization and photoperiodism (Snape et al., 2001). 
2009). There is little information on the changeability of these The time to heading of wheat is strongly affected by genes for 
periods under specific environments and analysis on the reasons “intrinsic earliness”, (EPS) (Stelmakh, 1998; Bullrich et al. 2002; 
about that (Tsenov and Tsenova, 2004). Therefore, it is worth Zhang et al. 2009). In winter wheat, which by these gene systems 
considering the questions if an early variety by its heading date requires at least 25-30 days for vernalization, the variations in the 
keeps its “earliness” till maturity or there is a specific response on the time to heading are considerably affected by the differences in the 
level of genotype. Can the heading date indicate earliness?genes for photoperiodism (Eagles et al., 2009; Yang et al., 2009; Sip 

The aim of this investigation was to find out 1) if there is a et al., 2009). Regardless of the genetic control of the date to heading, 
specific relation between the varieties by their response to the there most probably are interactions between the genetic systems 
environment concerning the dates to heading and maturity; 2) if under specific environments related to temperature, moisture and 
there is a relation between the time to heading and the time to light. Such interactions cause additional variation by heading date 
physiological maturity in the common wheat varieties differing by (Shindo et al., 2003; Yang et al. 2009) and further complicate the 
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their earliness and, finally, 3) what is the relation between the two the two traits differed considerably to the heading and after that 
periods. (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 Material and methods
averaged for the 10-year period. According to these differences the 
years can be conditionally divided into three groups: years with Based on preliminary data on the time of emergence, ten early 
significantly higher sums than the average (2007 and 2008); years and ten late winter wheat varieties and lines were selected. The 
with significantly lower sums (2004–2005); and years without affiliation to the respective group was based on their heading date 
differences of the sums (2006 and 2009). The years accidentally using the standard Sadovo 1 as a criterion (Table 1). The two groups 
coincide by the two traits. This shows that the specific temperature of varieties were studied during six successive years, from 2004 to 
conditions of the year had unidirectional effect on the dates to 2009, in the trial field of DAI, General Toshevo.
heading and physiological maturity.The plants from the different varieties were grown in plots of 4 

The main effects of all investigated factors calculated through rows each 1 m long, 20 cm distance between the rows, in three 
multiple-variant analysis of the variances (Table 2) were significantly replications in a randomized block design. The dates to heading and 
high for the two investigated traits. For the factor GDD the physiological maturity were subjected to investigation. They were 
significance of the effects for DPM was lower in significance in identified visually at stages 55 and 94, respectively, by the scale of 
comparison to heading. Genotype, year and temperature conditions Zadoks et al. (1974). The dates to heading and physiological 
interacted significantly with the dates for the two traits and therefore maturity were considered traits and were marked as such as number 

s t influenced their variation. The year conditions interacted of days after 1 May each year of the investigation. Their mean 
significantly with the temperature conditions during the periods of values were determined through analysis of 12 plants from each 
active vegetation. This is a prerequisite for explaining their direct replication. The date on which at least 50 % of the marked plants 
effect and interaction on the expression of the two traits. The reached the respective stage was considered the date of each of the 
duration of time to heading in the group of the earlyvarieties was from investigated traits. In the Discussion section of this paper the 
53% to 73% from the standard. This is logical because this group duration of the periods to heading and physiological maturity are 
included varieties at least 5 days earlier than Sadovo 1. The earliest presented as relative share (%) from the percent of the standard 
varieties were Galateya, Kristal and Prostor, and the relatively latest Sadovo 1 with the aim to emphasize the differences in the responses 
varieties in the group were Yasen and Todora, cultivars Pliska and of the respective varieties.
Katya being intermediate. By date to physiological maturity this The variations in the year conditions before the heading date 
gradation was disturbed to a large extent. Varieties Prostor and and during grain filling are presented as “growing degree days” 
Galateya prolonged significantly their period of grain filling with 10 % (GDD) according to the methodology of (Eckert, 2001) by the 
and 5 %, respectively. The “intermediate” varieties in the group of the formula:

0 0 0 early cultivars Pliska and Katya were the earliest by period of grain GDD = (T +T )/2-T max min base ,
o o filling, with 93 % and 90 % from the duration of this period in variety where according to the same publication for wheat  T  = 5.5  C.base Sadovo 1; varieties Kristal and Kristora (with origin from Kristal) had 

GDD was estimated every single day and then was calculated 
periods to maturity similar to that of the standard. On the whole, the 

as a sum for every 60-day period before date to heading and then 
response of the early wheat varieties to changeable temperatures 

from ear emergence to physiological maturity. All routine statistical 
and other year conditions can be considered genotype-specific. 

values and the values for the variances and correlations were 
These are responses of shortened or prolonged time between 

analyzed using the statistical package Statgraphics XV of Stat Point 
heading and maturity, which occur in opposite directions. 

Inc., France.
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 

Results date to heading, several subgroups can be differentiated: 
moderately late (Laska and Milena), late (Kaloyan, Lazarka, Ideal 

The data in Table 1 show that the difference between the two and Svilena), and very late (Mizia, Rekviem and line C 92/203-1). 
groups of varieties by date to heading was about 10 days and was Contrary to what is logically expected, the relatively earliest varieties 
significant to the highest degree. The duration of the period from in the group Laska and Milena matured the latest by 7.3 % in 
heading to physiological maturity varied slightly and was similar for comparison to the standard Sadovo 1. The period to maturity of 
both wheat groups: 40.0 and 41.4, respectively. The date to heading variety Svilena was prolonged significantly; in varieties Rekviem and 
varied in a similar way in positive or negative direction in both groups C 92/203-1, this period was prolonged, too, though insignificantly. 
of varieties. The date to physiological maturity varied more with the Only variety Lazarka shortened significantly (95 %) its period of grain 
increase of values in the early group (SE =1.02) and with the max filling. All other varieties from the group did not differ from the 
decrease of the values of the late varieties (SE =0.67). On the min standard by their time to maturity.
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 Discussion
period to the date of physiological maturity was similar for both 
groups. The differences between them for all three categories (min, The study on the dates to heading and physiological maturity 
max and mean) were insignificant. revealed some details, which are meaningful in several aspects. The 

The temperature conditions during the years of investigation of 
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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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Figure 2. GDD by years during the period from heading to physiological maturity of variety Sadovo 1.
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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  environment of Europe (Worland et al., 1998, Foulks et al., 2004). 
the two groups had their heading on similar dates, within 3-5 days The data I have on some varieties investigated here (Todorovska et 
during the respective years), raises a number of questions. If we look al., 2009) show that these varieties have the same genetic control of 
in an elementary way at these short spans of time, we could think the main genes for photoperiodism – Dpd-D1, transferred through 
that the differences by years and varieties are due to random factors. breeding for shorter stem (gene Rht8). Although almost all the    

On the other hand, the reports on the action of the separate varieties possess this gene, they are rather different by their 
genes fo  photoperiodism, for example, show that they shorten the earliness.
time to the heading date by only 3-8 days under the specific 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 

130

Figure 4. Duration of the period to heading and maturity in the group of late varieties expressed as relative value from 
the standard
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Table 2. Multiple Analyses of variances of the traits, 
according to the environmental factors

Factors  of 
variation 

DH DPM 

P Sign. 

0.0013 
0.0019 
0.0088 

0.0000 
0.0003 
0.0007 

*** 
*** 
*** 

** 
** 
*** 

P Sign. 

0.0003 
0.0001 
0.0078 

0.0001 
0.0089 
0.0066 

*** 
*** 
* 

*** 
* 
** 

Main effects 

A: Variety 
B: Year 
D: GDD 

Interaction  

A x B 
A x D 
B x D 
error 

DF 

19 
5 
5 

119 
119 
39 
719 

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

GDD by Sub periods  early group 

  Low sum (2004 and 2005) 

  High sum (2007 and 2008) 

  Overall mean 

late group 

0.723 *** 

0.911 *** 

0.858 *** 

0.692 ** 

0.886 *** 

0.755 *** 



explains to a large extent the higher correlation in years when the than the time to heading and was dependent on the genotype to the 
months of May, June and July were warmer. In such years highest degree. 
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 References
correlation decreases. Such was the case in 2006 and especially in 
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