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Genetics and Breeding

Gene action in the inheritance of date to ear emergence and time to physiological maturity in 
bread wheat crosses (Triticum aestivum L.)

1 1 2N. Tsenov *, T. Gubatov , E. Tsenova

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

Abstract. The date of ear emergence (DEE) and the date (time) of physiological maturity (TPM), as quantitative indication affect yield and in this respect any 
information about their genetic nature is important for breeding in climatic anomalies of the country. This study aims to give a detailed analysis of the succession 
of traits DEE and TPM to gather updated information on the genetic control of contrast by combining traits varieties. We studied six generations originating from 
6 hybrid combinations of "early " and "late " with respect to the varieties of both traits. It was determine the type of inheritance and coefficients of heritability. To 
identify real opportunities for breeding of early forms recurrent combinations with each of the parental varieties are made. Data suggest complex interactions 
between genes for both traits .An inspection for the presence of epistas by applying the well-known 3-parameter test, is calculated. For additional information 
components of genetic diversity were calculated. In crosses in which is found non-allelic interaction is applied 6 - parameter model, that explains the specific 
nature of these interactions on a cross. The combination of varieties with different dates of ear emergence and maturation succession of both traits is partially 
dominant to the complete domination of the "late" parent. Performing backcross procedure changes significantly in direct proportion to recurrent that in late 
varieties causes heterosis . At 2 /3 of the combinations studied non-allelic interaction are set at both traits. On the inheritance of every trait share a non-allelic 
interactions between genes that are specific for each cross and defy generalization. The direction of the inheritance to the later date suggests that the breeding 
of the early forms is preferable by making recurrent crosses . Earlier of ear emergence date varieties as Enola, Galatea and Obrii should be used in terms of a 
compromise combination of early ear heading and extending ripening of grain , which is important for obtaining a high yield of grain.

Keywords: winter wheat, gene action, inheritance, date of ear emergence, date of physiological maturity

2 2Abbreviations: DEE – Date of ear emergence (heading), TPM – time to physiological maturity, H  – coefficient of broad sense heritability, h  – coefficient of 
narrow sense heritability, P  – female parent, P  – male parent, BC – backcross generation1 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 1, pp , 201511 - 18

Introduction precocity is why in recent years to pay less attention to the 
succession of the trait in breeding point of view (Tsenov, 2009). 
There have been various types of genetic effects of genes, which Wheat grain feed humanity from antiquity to the present day. 
further impedes breeding-genetic analysis of every trait (Tsenov, Wheat is the crop to be grown in a variety of environmental 
2005b). In some crosses “earliness” may be transferred to hybrid conditions, such as latitude and altitude. In turn, this affects the 
plants, although difficult (Tsenov and Atanasova, 2007) for other vegetation period, which according to widely cited study of Worland 
observed dominance of late parents (Tsenov, 2005b). Obviously and Snape (2001), can last from 50 to 300 days. This duration is 
genetics of both traits is very complex and depends on the dictated by the combinations of different alleles of genes for 
combination. Besides direct genetic control of ear emergence date vernalization and photoperiods (Snape et al., 2001). Winter-type 
of interactions between different genetic systems of staged wheat is characterized by significant demands on both, which is why 
development (Vrn, Ppd), as temperature , humidity and light. This it is a crop of microclimate A staged development of it implies a great 
complicates the determination of the actual differences in varieties variability in the date of ripening and ear heading that, according to 
and may have obfuscated effect on genetic control of inheritance (Kobiljski et al., 2002) is in the range of 20 – 25 days Variation is 
(Shindo et al., 2003 ; Yang et al., 2009 ) and further complicate the reason to seek the optimal range of expression of two traits in 
observed regularities.specific conditions of the region or country (Boyadjieva, 2002; 

The study of Nanda et al. (1981) the vegetation period may be Mersinkov, 2005). Known genetic control of wheat can not explain 
shortened significantly if used recurrent breeding. This is possible many of the differences in the actual growing season of different 
provided that it is established the presence of non-allelic interaction varieties (http://www.shigen.nig.ac.jp/). Those who differ materially 
of genes as is the case with spring wheat in India (Singh et al., 1987; for date ear emergence and maturation have identical alleles of 
Singh et al., 1988). No allelic interactions between genes are genes for vernalization and photoperiods (Tsenov, 2005; Zheleva et 
established with some other quantitative traits of wheat (Tsenov, al., 2006). The discovery of the genes for "interior earliness”, (Eps), 
1995; Tsenov, 1996), were observed manifestations of heterosis or which are specific for each genotype. (Stelmakh, 1998; Bullrich et 
complete dominance. In studies of several characters in wheat Walia al., 2002; Zhang et al., 2009 ), complicates our understanding of 
et al. (1994) and Akinci (2009) reported the occurrence of strong inheritance of DEE . Complex and multi-layered genetic basis of 
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non-allelic interactions in their inheritance When you find heterosis defined by model of Mather and Jinks (1985), which provides 
is the result of non-allelic interaction of dominant genes (Tsenov, additional information about the inheritance of trait in specific 
1990; Dobrotvorskaya and Martinov, 1990) success in the breeding crosses. This model is applied to make a final assessment of the 
is very slow and inefficient for any quantitative trait. nature of gene action in established non-allelic interactions.

The purpose of this study was to analyze the genetic nature of 
inheritance of characters studied associated with the length of time 
to ear emergence and time physiological maturity, and to gather Results 
updated information on the genetic control of combining contrasting 
varieties on the grounds, in conjunction with manifestations of The mean values of the trait in F  in all hybrid combinations 1

heterosis. showed partial dominance of "late" parental component, except for 
only a cross 3 (Table 1). The variation of the trait in the simple 
combination of these is normal and generations move within 10 – 12 

Material and methods % , i.e., about 25 – 45 % less than the variation of the parents. The 
variation in F  is significantly higher and is in the range of 15 % (5) 2

Two groups between crossbred varieties, which differ in the and 24 % (6). Backcrossing with any of the two parent change 
traits of the ear emergence date and the date of physiological means in the populations of F  and F . The direction of change is 1 2

maturity were studied. The first group includes cross combinations: adequate to the parent – in early parent population mean change in 
504-18/Kaloyan (1), Kaloyan/Obriy (2) and Pryaspa/Kaloyan (3) the direction of its average value and vice versa
there where selected varieties differ in varying degrees from one The difference in the effect of the population with parent that is 
another in the two study characters. The second group of cross backcrossed is that in the "late" means showed complete 
consists of a combination of three different early variety Galatea (4),  dominance of "late" date of ear emergence (combinations 1, 3). 
Enola (5) and Iveta (6) component and fathers used the same Backcrossing in one of the parents increase the variation of the 
advanced line 407-1 (Medea), and their difference with it is 6 to 9 character, as in F  is greater than F , normally. It is noteworthy that 2 1

days for date of the ear heading Variety Kaloyan and line 504-18 ( backcross with "early" parent causes greater variation in both 
Zornitca ) were created in the 70s of the last century at the Institute generations (F  BCP  and F  BCP ) compared with the respective 1 1 2 1
by the breeders, Karaivanov and Dontcheva, respectively. generations BCP Such a change in the hybrid population is typical , 
Differences in their dates of ear emergence and physiological 

when the share of genes with additive effect or recessive alleles in 
maturation were studied during the period 1990 – 1995, but the data 

the direction of an earlier date of ear heading. Some evidence of this 
have not been published Newer varieties Galatea, Enola and Iveta 

is the change in the population mean in that particular direction. 
and line 407-1 were obtained during the last years of the 20th 

Indeed the variation is about 2 – 3 % higher but in all populations, and 
century (Tsenov et al., 1999; Kostov et al., 1998; Tsenov et al., 2011).

should be recognized as a trend Breeding of terms, we can say that 
Variety Obrii (BGI, Odessa, Ukraine ) was also studied mainly due to 

this variation to some extent share of recombination in individual 
its high grain quality (Tsenov, 1995) and grain productivity. 

plants, which increases the chance of selection on date of ear 
Inheritance of two traits that are presented as number of days from 

heading or close to the level of "early" parent.
January 1 to respect date is analyzed Determination of each date 

Both coefficients of heritability show patterns of inheritance, 
(the average value of each of them) is done in phases 55th and 94th , 

which are generally known (Tsenov, 2005b). Relatively high levels of 
respectively, according to the scale of Zadoks et al. (1974 ). To 2H  (0.66 – 0.82) are user interaction with the growing conditions in 
pinpoint the average of two characters in hybrid generations 10 

the 20 – 32% of the phenotypic variation of the trait. This is normal for 
plants of recurrence for parents and F  generations of simple 1 those, given the highly variable values of the meteorological factors 
crosses and after the backcross are marked. In F  hybrid populations 2 in the spring to ear emergence (Kazandjiev et al., 2011) and it is 
labeled plants are 50 of a repetition. Plants from all studied groups close to their impact on the components of grain productivity (Tsenov 

2(F , B , B , and F ) were grown in a randomized block of three 1 1 2 2 et al., 2013). According to the values of the coefficient h  (0.30–0.46) 
repetitions in rows 1.5 m long at a distance between plants in rows of additively acting genes have a share less than half on the variation of 
0.20 m and 0.25 m between rows. Type of inheritance and the trait. In a study of that trait, Shoran et al. (2003) reported that the 
coefficients of heritability in broad and narrow sense are calculated length of the period to ear emergence and date of physiological 
according to the formulas presented in Genchev et al. (1975). To maturation are mainly determined by genes with additive effect.
identify real opportunities for breeding of earliness combinations When combining winter spring wheat Nanda et al. (1990) reported 
with each of the parental varieties are re- saturated. The data on  additive-dominant genetic system for the period of ear heading. 
obtained from different combinations suggest a complex interaction This to some extent with evidence that the latest dates of ear 
between genes for two traits. Whether there is a manifest of epistas emergence is determined by dominant genes, and early forms are 
three-parameter test (Jinks and Perkins, 1970 ) by Singh (1981) is identified by recessive genes (Tsenov, 2005a). Each individual 
used). The presence of significantly different from zero in some cultivar has a variety of unique genes “intrinsic earliness” (Eps), 
parameters [A], [B] and [C] is an indication for the presence of which are not affected by growing conditions at all , and could 
interactions as epistasis for the inheritance. To identify the nature of suitably be used in breeding programs (van Beem et al., 2005).
the non-allelic interaction and 6-parameter model Hayman (1958) is In addition to the established regularities are the data in Figure 
attached.  According to the methodology it determines the types of 1. It presents the type of inheritance of the trait represented by the 
gene actions that affect the expression of as follows: [d]-(additive), parameter d/a. In the first three cross saturation of population with 
[h]-(dominant), [i]-(additive x additive), [j]-(dominant x dominant) and "late " parent causes heterosis (d/a > 1.0), which remains largely in 
[l]-(additive x dominant). The components of genetic diversity two generations (F  ВСР  and F  ВСР ). Such heterosis is observed 1 2 2 2
resulting from the additive effect of genes [D] or dominance [H] was in a cross 6 but in the direction of the shorter time to ear heading. As a 
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rule, the means  of all the F  generations is reduced to F . This is real When the trait time to physiological maturity (TPM) similar 1 2

patterns were observed (Table 2). Here, the difference between evidence of manifestations of heterosis in the first generation, which 
varieties is greater as greater and their fluctuation. Most stable are in subsequent generations gradually subsides.
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Figure 1. Inheritance of date of ear emergence by the parameter d/a

Table 1. Statistical data for trait time to ear emergence in investigated crosses

Generation GenerationMean MeanCV% CV%2H 2H2h 2h

P  504-181

1-F1

1-F2

1-F  BCP1 1

1-F  BCP2 1

1-F  BCP1 2

1-F  BCP2 2

P  Kaloyan2

P  Obrii1

2-F1

2-F2

2-F  BCP

2-F  BCP2

2-F  BCP2

2-F  BCP

P  Kaloyan

P  Pryaspa

3-F

3-F

3-F  BCP

3-F  BCP 

3-F  BCP1

3-F  BCP

P  Kaloyan

1 1

1

1

2 2

2

1

1

2

1 1

2

2

2 2

2

P  Galateya1

4-F

4-F2

4-F  BCP

4-F  BCP2

4-F  BCP

4-F  BCP

P  407-

P  Enola

5-F

5-F

5-F  BCP

5-F  BCP

5-F  BCP

5-F  BCP

P  407-1

P  Iveta

6-F

6-F

6-F  BCP

6-F  BCP

6-F  BCP

6-F  BCP

P  407-1

1

1 1

1

1 2

2 2

12

1

1

2

1 1

2 1

1 2

2 2

2

1

1

2

1 1

2 1

1 2

2 2

2

129

133

131

130

131

134

135

134

124

130

129

126

125

132

132

134

130

132

132

131

130

131

132

134

122

129

128

126

125

131

130

132

124

129

128

127

127

131

130

132

125

132

131

127

126

130

129

132

6.5

12.2

19.7

14.6

24.7

17.9

22.4

7.6

7.4

11.1

15.7

19.2

24.1

17.9

22.8

7.6

7.7

9.9

24.4

19.9

24.4

18.2

23.6

7.6

7.8

11.2

17.6

16.5

25.4

14.3

22.7

5.6

4.6

9.8

22.5

17.7

26.5

16.4

24.1

5.6

7.8

10.5

19.7

18.9

24.3

16.6

22.3

5.6

0.75

0.82

0.79

0.73

0.78

0.76

0.82

0.75

0.77

0.79

0.80

0.76

0.78

0.75

0.73

0.69

0.74

0.72

0.75

0.72

0.69

0.77

0.68

0.66

0.72

0.73

0.75

0.67

0.71

0.74

0.74

0.77

0.72

0.73

0.75

0.77

0.44

0.44

0.38

0.37

0.42

0.45

0.47

0.45

0.47

0.43

0.46

0.44

0.34

0.38

0.40

0.35

0.38

0.42

0.32

0.31

0.30

0.38

0.31

0.36

0.47

0.45

0.42

0.35

0.38

0.37

0.35

0.33

0.32

0.40

0.36

0.41
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the varieties Obrii (4.5%) and Galateya (6.1%). In some of them with difference in TPM (crosses 3 and 6). Another important difference is 
less difference in the trait expression variation in populations F  that the values of the two coefficients of the inheritance have higher 2

2 2values. H  ranges 0.76 – 0.89 (TEE – 0.70), and h  indicates that the BCP  is stronger than that of F  BCP  and that is the substantial 2 2 1
 

Table 2. Statistical data for trait time to physiological maturity in investigated crosses

Generation GenerationMean MeanCV% CV%2H 2H2h 2h

P  504-181

1-F1

1-F2

1-F  BCP1 1

1-F  BCP2 1

1-F  BCP1 2

1-F  BCP2 2

P  Kaloyan2

P  Obrii1

2-F1
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2-F  BCP

2-F  BCP2
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1

2 2
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18.7

14.5

25.1

20.3
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7.7
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11.3
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17.3

23.3

18.1
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7.7
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22.7
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4.8
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Figure 2. Inheritance of date of physiological maturity by the parameter d/a
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addition of factors account for approximately 50% of the variation in The magnitude of the dominant effect is greater, in crosses in which 
the TPM, where in 33% of TEE Cross 5 is dominated by lower values the difference between the parents is less and vice versa. This is an 
(0.34 to 0.39), which means a larger share of the dominant genes or indication of the dominant control on the later date of ear emergence.
more complex interaction between genetic systems of the two In combination with the participation of a variety Kaloyan (4 and 
parental varieties . 5) non-allelic interactions are of the type [l] which means dominant x 

Two of the crosses (2 and 5) backcrossing with "early" parent dominant genes. This is the most complex possible interactions, 
pulls the average of TPM strongly in his direction (Figure 2). This was which ultimately extends the period to the date of ear emergence of 
also observed in the other crosses, but is significantly less. We hybrid populations. In combination 1 exhibits a complex effect of 
observe partial dominance of earlier date of ear emergence. With additive x additive genes [i]. The same type of epistas and exist in 
this trait , the inheritance is different from the first (TEE), in which combinations 4 and 5 involving Galatea and Enola, which are the 
heterosis is presented. The interesting thing here in F  ВСР  earliest parent components By connecting the inheritance of trait in 2 2

them we find that the earlier date of ear heading (precocity) will complete domination is obtained. Let us recall that the relationship 
hardly be transferred due to complexity of the effects of genes on between both traits is strong (Tsenov, 2009), but there is a genotypic 
them. Even after backcrossing with them, the mean of the specificity in the reaction conditions . This inevitably affects the 
populations can not reach close to their parental values (Table 1).hybrid populations, which are a collection of recombinant plants. 

On the other hand, in combination with Kaloyan cultivar (1 and Another important difference from the TEE is less effect on the 
3) observing the presence of a dominant gene effect, and with an population mean, which is obtained by backcrossing with "late" 
additive x dominant [j]. The majority of plants in populations are late parent. Instead heterosis (TEE), a partial dominance with d/a = 0.75 
and early are marginal, making it difficult selection of early forms. In is observed. Much larger difference between the means of F  versus 2

combination with a 504-18 there are genes with additive effect, F , which is an indication of expansion of the recombination in the 1

which is an indication of the possibility of using this variety in the direction of early heading.
direction of shorter time to ear emergence. The interaction of factors 
in a cross with Enola 5 is different in kind from all other crosses - 
dominant [d] and additive x additive [i], without self action of additive 

Discussion factors. Comparison with the data in Table 1 shows the intermediate 
inheritance of the trait in F , and early ear heading of the variety is 2

In combination 2 and 6 with participation of Obrii and Iveta difficult to transfer, even after backcross with it (BCP ).1

varieties epistas is missing because the values of the three Crosses involving line 407-1 (4, 5 and 6) show the absence of 
parameters of the test are not reliable (Table 3). For all other non-allelic interaction of a type different from the additive x additive 
combinations non-allelic interactions between genetic factors [i]. The publication of Tsenov (2005a) has concluded that 407-1 
influencing the expression of the trait are presented. Reliable effects could be used in breeding, due to high SCA , but only provided that 
additively acting genes occurred in combinations 1 and 4. However, the other component is early one Early wheat lines from a cross 5 
if we compare their absolute values we will find the dominant genes with earliness like Enola already created (Tsenov, personal 
dominate as effects in them. In practice, they were identified in all communication) and are considered very promising because good 
combinations in which there epistas 1, 3, 4 and 5 is. The first group compromise combined with high grain yield. The estimated 
combinations these effects could be related to paternal component components of genetic variation with the intention to establish the 
variety Kaloyan (late) and in the other group with a line 407-1 (late). majority of the reasons for the observed variation in the background 
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Table 3. Scaling test for epistasis and estimates of gene effects for time to ear emergence of crosses studied

1*  – estimated value ± standard deviation 

C
ro

ss
es

A B C m d h i j I

1

2

3

4

5

6

1  -15.5 ±5.44 ***

-4.18 ns±4.51

-5.27±4.04 *

  -18.8±5.44 ***

-15.27±3.04 ***

-3.48 ns±4.51

-5.7±4.15 *
ns-4.07±4.77

-13.42±4.56 **

-10.7±4.55 ***

-5.72±4.16 *
ns-3.16±3.88

-10.9±4.12 **
ns-5.32±5.98

-8.16±4.21*

-15.6±4.77***

-10.16±4.27**
ns-4.39±5.77

129.3±4.74

-

130.4±5.18

128.1±2.64

130±2.18

-

5.43±1.24 **

-

1.14±1.76 

5.3±1.24 **

1.27±1.38

-

9.72±5.52 **

-

8.11±4.55 *

10.2±5.5 **

14.11±5.7 **

-

12.5±4.42*

-

-6.34±6.16

11.7±4.12 **

6.34±3.76 *

-

-1.23±3.35

-

1.55±2.13

-1.36±3.75

3.55±4.44

-

-14.53±5.33***

-

-24.44±6.61***

-4.38±6.73

-4.33±7.90

-

Scaling Test for epistasis 6-paremeter model

Table4. Evaluation of the additive (D) and dominant (H) components of the time to ear emergence for every combination

Component 1 2 3 4 5 6

D

H

F

E

2.22*

3.28*
ns2.14

1.55

3.03**

3.67**
ns2.26

1.14

2.95*

4.11**
ns2.01

1.25

3.42**

4.08**
ns2.44

1.27

4.33**

4.87**
ns2.54

1.48

3.89**

3.57**
ns2.01

1.51
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of the complex allele and non-allelic interactions between genetic expression of the trait. Positive for these crosses is that the highest 
factors is presented in Table 4. Without exception, in all crosses the proportion of additively acting genes [d] – (27.46) and (24.55), 
variation is due to the additive and dominant gene actions. The respectively. From this perspective, we can only assume that the 
results fully confirm the opinion of Tsenov (2005b), whereby the value of [j] additive effects predominate . Therefore, the 
inheritance of the trait date of ear heading at 6 hybrid combinations combinations of line 407-1 with Galatea and Iveta have a chance to 
due to additive – dominant genetic control . The trait is inherited select lines in which there are a desirable combination of early 
primarily by the dominance of the later date of ear emergence, but heading and late ripening.
evidence for this is only one case in which the additive component The components of the genetic variation in the values in Table 6 
[D] is higher than the dominant [H], combination 6. are analogous to those for the time of ear emergence. Prevalence is 

A clear evidence in support of this thesis are the low values of the dominant ingredient in all combinations, without exception. In 
the component [F], which shows the low and in the case negligible combination with the earliest varieties Obrii 2 and Galatea 4 
proportion of genes in recessive state Low values of the observing the presence of the component due to the recessive 
environmental component [E], are an indication of the genetic genes (F=2.78*) and (F= 2.71*), respectively. There is also less of an 
stability of the trait and little influence of the environment on its impact on the environments of the season [E], in comparison with 
manifestation. This is because only two year period of the study. In a that of the trait date of the ear heading . Such variability indicates a 
long-term study found a strong influence on the conditions of the linear variation of the values of character in the various populations.
season (Tsenov, 2009) and genotype-specific response of the The lowest effect of conditions is in the said cross In crosses 
variety to the active temperature sums during the active growing involving 407-1 component of additive effects is higher than other 
season. crosses and combinations 4 and 6 is close in value to the dominant  

When the trait time to physiological maturity of two hybrid one.
combinations (3 and 5) no non-allelic interaction between the genes Based on the analyzes in conclusion we can make a few 
influencing there of (Table 5). These are crosses involving varieties generalizations. When combining varieties with significant 
Pryaspa 3 and Enola 5 as female parents. In other crosses were differences in the level of one trait in populations to F  hybrid 2

observed additive [d], dominant [h] and the interaction between generation inheritance of the traits are similar. As a rule, in the 
them. In combinations 1 and 2 are very strong effects of additive x population of plants to dominate later ear emergence and 
additive factors [i]. Therefore, in these two populations of hybrid maturation. As the difference in traits between parents is more 
selection in the direction of advance forms will be significantly more tangible, the inheritance is approaching the mean parental level and 
effective. We must not forget, however, significant effects that have a vice versa. The backcross with the parent changes population in the 
dominant force there genes (15.47) and (14.14), respectively. These direction of its values, but specific for each hybrid combination. This 
values are signal of significant share in the total variation and behavior is in direct proportion to the difference in the genetics of the 
dominance in the direction of the late maturing parents. In the parents. These results fully confirm the findings in the publication of 
context of our commitment to extend the time of ear emergence to Tsenov and Tsenova (2011) made on the basis of research on the 
maturation this is a positive breeding in these combinations. Combining Ability of group varieties on both grounds. Information 

In crosses 4 and 6 we have additive, dominant effects, and from the study of Tsenov et al. (2013) that the varieties Pryaspa and 
interaction with parameter [j]. Especially in those cases is that it is the Obrii have specific combining ability in general is confirmed here. In 
complex interaction, which greatly hinders the selection because it conjunction with their participation backcrossing with late parent for 
can not be predicted, and the effect it may have a different way of DEE das not have the same effect as other varieties, regardless of 
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Table 5. Test for epistasis and estimates of gene effects for time to physiological maturity of studied crosses

1*  – estimated value ± standard deviation 

C
ro

ss
es

A B C m d h i j I

1

2

3

4

5

6

1-6.73 ±1.79**

-3.59±1.63*
ns0.43±1.83

-7.13±1.88***

-3.54±3.74ns

5.43 2.48**±

-4.43±2.06 **

6.92±2.83 **
ns2.13±2.96

-6.23±3.66 **
ns3.55±3.82

5.13±3.13 **

-6.06±3.32 **

6.65±3.10 **
ns-3.31±4.21

-8.38±3.92 **
ns4.65±5.51

-3.31±4.21**

168.6±2.78 

170.2±3.44

-

168.6±2.78

-

170.2±3.44

27.46±3.91 **

24.55±3.53 **

-

27.46±3.91 **

-

24.55±3.53 **

15.47±9.63 **

14.14±8.64 **

-

15.47±5.13*

-

14.14±5.55 **

-7.1± 3.89 *

-7.51±2.31**

-

-4.81± 4.91

-

-3.51±3.69

-3.33±3.51

-4.3±3.61

-

-3.03±4.01

-

-4.77±4.96 

6.26±5.97

4±5.34

-

10.02±4.71 **

-

9.44±5.12 **

Scaling Test for epistasis 6-paremeter model

Table 6. Evaluation of the additive (D) and dominant (H) components of the time to physiological maturity for every
combination

Component 1 2 3 4 5 6

D

H

F

E

2.77 *

3.55**
ns2.75

1.14

2.88**

3.25**

2.78**

1.15

3.22**

3.44*
ns2.92

1.04

3.89**

4.33**

2.71**

1.12

3.68**

4.75**
ns2.18

1.25

4.11**

4.28**
ns1.92

1.17
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the difference in their means, as parents. The main reason is the Session of Jubilee 120 years Agricultural Science in Sadovo. 
relatively large share of additive gene effects and their interaction Scientific reports, 1, 29-36 (Bg).
with the dominant  ones [j] (Table 3). Furthermore, in TEE in cross of Bullrich L, Appendino ML, Tranquilli G, Lewis S and Dubcovsky 
Obrii there is no non-allelic interactions. J, 2002. Mapping of a thermo-sensitive earliness per se gene on 

Valuable for the breeding in the direction of early ear heading Triticum monococcum chromosome 1Am. Theoretical and Applied 
and later ripening are early varieties Galatea, Enola and partly Iveta. Genetics, 105, 585-593.
For each of them has information from previous studies (Tsenov, Catalogue of Wheat Gene Symbols http://www.shigen.nig.ac.jp/ 
2005a; Tsenov et al., 2005), which in general is not undermined . All wheat/komugi/genes/symbolClassList.jsp 
three varieties have the ability to extend the period to maturity as a Dobrotvorskaya TV and Martinov SP, 1990. Genetical triple test 

2result of high tolerance to fungal diseases, especially Galatea cross analysis in F  of winter wheat. Genetics, 26, 563-566 (Ru). 
(Tsenov and Tsenova, 2011). That ability is the reason their earliness Eagles HA, Cane K and Vallance N, 2009. The flow of alleles for 
(TEE) could be combined with high productivity in line with their important photoperiod and vernalization genes through Australian 
participation (Tsenov and Atanassova, 2007). The latest in ear wheat. Crop and Pasture Science, 60, 646-657.
emergence populations are populations with participation of a Genchev G, Marinkov E, Yivcheva V and Ognyanova A, 1975. 
variety Kaloyan. In the backcross with it in some of the crosses were Biometric methods for crop production, genetics and breeding. 
obtained later plant itself (heterobeltiozis). Apparently its genetic Zemizdat, Sofia (Bg).
control is based primarily on dominant genes for late DEE. Data fully Griffiths S, Simmonds J, Leverington MM, Wang Y, Fish L, 
confirm previous findings for this variety (Tsenov and Tsenova, Sayers L, Alibert L, Orford S, Wingen L, Herry L, Faure S, Laurie 
2011). It should not be used for any other reason. Its behavior with D, Bilham L and Snape J, 2009. Meta-QTL analysis of genetic 
respect to the period until physiological maturity shows a completely control of ear emergence in elite European  winter wheat 
different genetic control based on additive factors That variety germplasm. Theoretical and Applied Genetics, 119, 383-395.
reacted strongly to environmental conditions and generally emerge Hayman BI, 1958. The separation of epistatic from additive and 
later but  accelerated ripening, like varieties with early ear heading dominant variation in generation means. Heredity, 12, 371-390.
(Tsenov, 2009). As already pointed out, this makes it difficult for the Jinks JL and Perkins JM, 1970. A general method for the detection 
breeding in the direction of a combination of grain yield and length of of additive, dominance and epistatic components of variation. III. F2 
the growing season. Therefore you should look for varieties that ear and backcross populations. Heredity, 39, 419-429.
early, mature late, but flaring from the high temperatures in June. Kazandjiev V, Georgieva V, Joleva D, Tsenov N, Roumenina E, 
High grain yields in England, France, Germany and others. Nordic Filchev L, Dimitrov P and G Jelev, 2011. Climate variability and 
countries, in the present day, due but just extending the period to change and conditions for Winter wheat production in Northeast 
maturity from ear emergence (Griffiths et al., 2009). In strategic Bulgaria. Field Crops Studies, 7, 195-220.
approaches for future breeding in some countries one of the main Kobiljski B, Quarrie S, Dencic SW, Kirby J and Iveges M, 2002. 
tasks is to "download" earlier ear heading through which practically Genetic diversity of the Novi Sad wheat core collection revealed by 
will extend the said period, mainly through the transfer of genetic microsatellites. Cellular and Molecular biology letters, 7, 685-694.
factors from Europe to Australia (Eagle et al., 2009) in order to Kostov K, Tsenov N, Stoeva I, Petrova T and Iliev I, 1998. New 
effectively counter the annual drought. wheat varieties – Enola. Plant Science, 35, 347-350 (Bg.)

Mather K and Jinks J, 1985. Biometrical Genetics, London.
Mersinkov N, 2005. Breeding strategy and ideal variety, 

Conclusion Proceedings of Balkan Scientific Conference “Breeding and cultural 
practices of the crop” Karnobat, 1, 29-36 (Bg.)

Genetic control of the traits of ear emergence date and time to Nanda GS, Hazarika GN and Gill KS, 1981. Inheritance of heading 
physiological maturity is too complex to be studied in detail with date, plant height, ear length and spiklets per spike in an intervarietal 
respect to the breeding of wheat. When crossing varieties with a cross of wheat. Theoretical and Applied Genetics, 60, 167-171.
significant difference in the traits studied inheritance is in the Nanda GS, Afzali AB and Singh G,1990. Genetic analysis of the 
direction of the later dates, suggesting that selection of early forms it role of intermating in an intervarietal cross of bread wheat. Indian 
is advisable to make backcrosses. When performing backcross the Journal of Genetics, 50, 210-215.
inheritance changes significantly in direct proportion to recurrent Shindo C, Tsujimoto H and Sasakuma T, 2003. Segregation 
that in late varieties causes heterosis. In the inheritance of either trait analysis of heading traits in hexaploid wheat utilizing recombinant 
share a non-allelic interactions between genes that are genotype inbred lines. Heredity, 90, 56-63.
specific and defy generalization. Shoran J, Kant L and Singh RP, 2003. Winter and spring wheat: An 

Early date of ear emergence genotypes (Enola, Galateya, analysis of combining ability. Cereal Research Communications, 31, 
Obrii) is recommended to be used in terms of a compromise 347-354.
combination of early ear heading and extending the period of grain Singh G, Nanda GS and Bakshi AK, 1987. Nature of gene action in 
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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 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 
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 conse-   
quences 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. 
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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 Heal th,  
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. C3-
variants 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.
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responsible for incorrect quotes of 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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