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Genetics and Breeding

Productivity performance of bread winter wheat genotypes of local and foreign origin

1 1 1 1 2G. Raykov *, P. Chamurliyski , S. Doneva , E. Penchev , N. Tsenov

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

(Manuscript received 12 October 2015; accepted for publication 18 October 2016)

Abstract. The proper choice of parental forms is the basis for developing superior varieties with valuable agronomic properties. A priority in modern breeding is 
increased productivity. The aim of this study was to establish the relative contribution of the yield traits to the productivity of common wheat accessions of 
different geographical origin. The trial was conducted during 2012 – 2014 at Dobrudzha Agricultural Institute, General Toshevo. The study included 118 
varieties and lines originating from Europe, Asia and North America. The tested materials were grown in a randomized block design in three replications, the 

2plot size being 7.5 m . Six cultivars were used as standards: Aglika, Pobeda, Enola, Sadovo 1, Antonovka and Pryaspa. Number of grains per spike, number of 
2grains per m  and thousand kernel weight had the highest positive influence on grain yield. The highest levels of productivity were reported in cultivars PKB 

-1Vizelika, PKB Rodika, Joana and Midas averaged for the two years of the study, cultivar Vizelika with origin from PKB - Serbia realizing a yield of 9.03 t.ha . 
Despite environmental effect and interaction, significant genotypic modality on the investigated traits was observed and analysed. All studied accessions can 
be successfully included in a breeding program to increase productivity.

Keywords: Triticum aestivum L., new varieties, grain yield, yield components

2 stAbbreviations: GY – grain yield, TKW – thousand kernel weight, NPT – number of productive tillers per m , DTH – days to heading, as number from 1  January, 
2SH - stem height, NGS – number of grains per spike, NGM – number of grains per m .
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Introduction
2 can be achieved by combination of number of grains per m (NGM) 

and thousand kernel weight (TGW) (Bustos et al., 2013). The 
investigated cultivars construct their GY on significantly different Wheat is a main crop and human food due to its specific 
combination of productivity components which present opportunity properties and wide area of cultivation. In contrast to other field 
to be evaluated under the conditions of South Dobrudzha. crops, it has typically low ecological plasticity, which imposes the 

necessity of developing varieties adapted to specific agroecological 
regions (Tsenov et al., 2009). A genetic distance between the 
parental components of wheat (Triticum aestivum L.) is required to Material and methods
develop better genetic combinations in today's breeding. Since 
crosses are made between lines with similar agronomic and The investigation was carried out at Dobrudzha Agricultural 
biological characteristics, it is necessary to study them in detail to Institute (DAI), General Toshevo under field conditions during 2012 – 
reduce the potential risk of undesirable narrowing of the basis of the 2014. Grain yield and the components of productivity of 118 common 
used germplasm (Huang et al., 2007; Chen et al., 1994). The winter wheat (Triticum aestivum L.) accessions of different 
success of any breeding program is based on a wide genetic geographical origin were investigated. Nine main groups of 
variability of forms from local and foreign origin and on the thorough accessions have been included: Bulgaria – 32; Russia – 13; 
and detailed investigation of this variability as well as developing Hungary – 13; Serbia – 11; Ukraine –10; Romania – 9; USA – 9; 
new approaches to evaluate grain production (Stoeva et al., 2009; Moldova – 8; Western Europe– 13 (Czech Republic – 6; France – 4; 
Reynolds et al., 2009). The quantitative traits of productivity play an Austria – 3).  
important role in the evaluation of a given accession (Tsenov et al., The breeding materials were grown as a randomized block 

22014; Slafer et al., 2014). It is also important to know to what extent design in three replications, the plot size being 7.5 m . The following 
they vary under specific growing environments. Such investigations traits were analysed: GY, thousand grain weight (TKW), number of 

2are significant for determining the agronomic and breeding value of productive tillers per m  (NPT), date to heading (DTH), stem height 
2the accessions. In constant effort to reduce trade-offs between traits, (SH), number of grains per spike (NGS) and number of grains per m  

breeders have altered their expression to achieve high yields. Some (NGM).
authors find grain yield (GY) increase to be accommodated by Analysis of variation was done to determine main effects. 
increase of number of grains per spike (NGS) and number of Correlation analysis by Pearson was done in order to find out what 

2 productive tillers per m (NPT) (Sanchez-Garcia et al., 2013; the interconnection between structural elements and productivity. 
Okuyama et al., 2004). Others have concluded that increase in GY 
* e-mail: georgi.raikov.dzi@gmail.com
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For statistical analysis of the obtained results, the programs experiment. All other investigated traits demonstrated dominance of 
XLSTAT-Pro 7.5.2 and Microsoft Excel 2003 were used. the effect of genotype over their value.

stDays to heading, as number from 1  January (DTH) and stem 
height (SH) traits were the most conservative - 75.74% (p<0.0001) Results and discussion
and 70.86% (p<0.0001) of their variation accounted for the wide  
genetic variability of Genotype. Characters NPT and NGS show Analysis of the variances of all investigated traits was 
predominance of genotypic variability with high interaction with the performed to determine main effects and interaction (Table 1). 
environment factor. All elements of productivity, including GY show Results show high level of significance within effects. GY and TGW 
significant interaction of genotype with the environment; the highest was highly dependant on the environment factor with 66.57% 
one being in the case of NGM with 20.2%; p<0.0001. To analyse this (p<0.0001) and 63.78% (p<0.0001) variation accounting for it. Such 
effect in depth further studies are needed (Zobel et al., 1988). observations are not an exception due to the field conditions of the 

Table 1. ANOVA of the investigated traits

Traits Factor

Genotype

Environment

GxE

Genotype

Environment

GxE

Genotype

Environment

GxE

Genotype

Environment

GxE

Genotype

Environment

GxE

Genotype

Environment

GxE

Genotype

Environment

GxE

GY

TKW

NPT

SH

DTH

NGM

NGS

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0064

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.00015

14.53

66.57

  9.94

25.89

63.78

  9.61

38.36

  3.36

15.14

70.86

14.6

  9.12

75.72

13.64

  9.57

35.06

23.14

20.2

44.91

  6.27

14.16

4.1

2258.8

2.9

96.1

27688.4

35.7

31018.7

318050.9

12238.7

54705

11272.1

7040.4

41.1

865.9

5.2

2.81*10
91.85*10

1.62*10

82.2

1343.1

25.9

9

9

p-value SS. %MS

Table 2. Pearson correlations between GY and its components

* Values are significant at level alpha = 0.05

Traits DTH SH NPT TKW NGS NGM

SH

p-value

NPT

p-value

TKW

p-value

NGS

p-value

NGM

p-value

GY

 p-value

   0.074

   0.427

  -0.03

   0.746

  -0.38*

< 0.0001

  -0.403*

< 0.0001

  -0.392*

< 0.0001

 0.313*

 0.001

-0.019

 0.839

-0.128

 0.168

-0.096

 0.3

-0.151

 0.103

-0.25*

 0.006

  -0.353*

< 0.0001

  -0.619*

< 0.0001

   0.191*

   0.038

  -0.096

   0.302

   0.594*

< 0.0001

   0.544*

< 0.0001

   0.63*

< 0.0001

  -0.003

   0.977

  -0.362*

< 0.0001

   0.49*

< 0.0001
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All correlations between the elements of productivity and grain result in reduction of GY. Two yield components, NPT and NGS, 
yield are shown in Table 2. The highest significant contribution to were associated with gain in grain yield in most of the genotypes, 
grain yield in the investigated genotypes had NGM; however, it is both traits contributed to increase in NGM, as yields advanced 
apparent that other traits have contributed to the GY of the moreover in semi-dwarf accessions with shorter DTH period. 
investigated accessions and different combinations of SH, DTH, Negative correlations between NPT, NGS and TKW was observed; 
NGS and TKW was involved in rise of productivity. Despite however, this can be considered an expression of regularity since 
insignificant negative correlation with GY, NPT has significant they entirely confirm previous investigations on winter bread wheat 
positive effect on many other traits, including NGM (Donmez et al., (Okuyama et al., 2004; Tsenov et al., 2015).
2001). DTH and SH are negatively correlated with GY (Table 2), Accessions yielding 10% or higher from the standard variety are 
which suggests increase in date to heading and stem height would shown in Table 3. ANOVA was carried out on the factors investigated 

Table 3. Mean values of productivity and yield components

*- P<0.05  **- P<0.01  ***- P<0.001  ns – non significant  (-) – below standard

Varieties, Origin DTH SH, cm NPT TKW NGS NGM -1GY, t.ha

PKB Vizelika, Serbia

PKB Rodika, Serbia

Joana, Bulgaria

Midas, Austria

Azimut, France

F05190 GP-1, Romania

GK Csillag, Hungary

Kantata, Serbia

Litera, Romania

Grom, Russia

Glosa, Romania

Zlatina, Bulgaria

Koprinka, Bulgaria

Jumna, Russia

Otilia, Romania

Nota, Russia

GK Vitorlas, Hungary

Faur, Romania

F02870G2-101, Romania

Goritsa, Bulgaria

Mean Standard

Standard Deviation

VC %

129

130

128

139

130

129

131

132

129

132

129

131

133

129

131

133

133

131

130

131

130

2.36

1.81%

96.0**

87.3***

89.2***

113.8***

92.7***

97.8*

91.2***

103.3

95.5***

95.0***

97.3**

106.3

100.3

90.7***

93.2***

81.8***

94.7***

91.5***

94.2***

95.7***

104.1

7

7.37%

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

616

650

663

769

758

693

727

737

787

632

745

632

669

597

706

863**

668

620

727

673

652

67

9.57%

40.0
(-)38.6*

42.6*

41.6

40.5

40.1

35.3***

37.7***

38.1***

36.9***

42.6*

43.1**

44.1***

40.8 ns

37.6***

40.1ns

36.1***

39.5**
ns41.2

35.9***

41.3

2.5

6.34%

ns

ns

ns

ns

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

36.3**

34.8*

30.9

28.5

28.1

31.1

32.7*

30.2

28.6

34.3*

26.6

30.3

27.1

28.8

31.3

23.9

33.5*

33.4*

27.8

32.8*

26.7

3.2

10.47%

22541**

23172***

20913*

21094*

21286*

21304*

23918***

22352**

22077**

22777**

19564

19185

18714

20207

21894**

20335

22570**

20591

19669

22399**

17695

1600

7.50%

9.03**

8.94*

8.91*

8.77*

8.61*

8.54
ns8.43

8.43

8.41

8.4

8.34

8.27

8.26

8.24

8.23

8.15

8.15

8.14

8.1

8.04

7.27

0.38

4.54%

ns

as sources of variation which had revealed significant GY reduce the trade-off between traits, on the one hand, and retain 
differences from the mean check for PKB Vizelika, PKB Rodika, compensatory potential between them, on the other. Same as with 
Joana, Midas and Azimut. The trait NGM shows strong effect on GY local varieties, main yield components TKW and NGS show direct 
for high yielding accessions, with 65 % of the cultivars significantly effect on yield of all accessions (Tsenov et al., 2009; Tsenov et al., 
above the mean check. Varieties PKB Vizelika, PKB Rodika exceed 2014). Although NPT shows no effect on GY directly, it has 
standard with NGS which was the main reason for high NGM and significant effect on NGM which shows its importance.  Same as with 
consequently GY. Variety Joana exceeded the standard group with Bulgarian cultivars, foreign varieties possess a combination of 
higher TKW and despite insignificant increase in NPT and NGS, the desirable traits which is evident enough to be successfully included 
combined effect adds up to significant NGM which may have led to in future breeding programs to widen genotypic variability and 
significant GY increase. Varieties Midas and Azimut have produced increase productivity of the local biotype. 

2more spikes on m  but had fewer grains. Despite this fact, NGM 
remain high and this may have led to higher yield. Stem height was 
significantly below the mean standard in 80% of the high yielding 

Conclusionaccessions which suggests that semi-dwarf genotypes are more 
successful. Finally, genotypes of different origin can achieve high 

A grater gain in grain yield in the tested 118 varieties and lines of yield in environments of South Dobruzha. All European varieties 
winter wheat is associated with moderation of all investigated traits. show high yield potential, which is a result of breeding efforts to 
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text.  
Discussion: The objective of this section 
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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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