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Combinig ability for grain yield of late maize lines 

N. Petrovska*

Maize Research Institute, 5835 Knezha, Bulgaria

Abstract. The present study shows the results from testing experimental hybrids for grain yield which were obtained by the partial diallele system by 
Savchenko (1966, 1978) in 2004. General combining ability (GCA) and specific combining ability (SCA) of 10 late inbred maize lines which belong to two 
genetically different groups (Lancaster and Reid) were evaluated. The hybrids received from them were tested both in 2005 and 2006 on the fields of the Maize 
Research Institute, Knezha, under conditions without irrigation and plant density 40000 plant/ha. The aim of the study is to analyze both CA for grain yield and 
the genetic parameters of newly created late inbred maize lines in terms of their more consistent use in selection. As a result of the experimental work, three 
inbred lines with high GCA are pointed out (ХМ 4582, КС 4607 (Lancaster) and ХМ 4583 and FХМ 4658 (Reid)). Since GCA is determined by additively acting 
genes, these lines may be used as testers for evaluation of GCA of new source materials in the earlier stages of the selection process. The SCA of inbred lines 
ХМ 4647, ХМ 4582, КС 4682 and FХМ 4658 is high and they are suitable for direct heterosis selection and creation of high yielding hybrids as in the inheritance 
of their genetic parameters mostly dominant and epistatic gene effects are displayed. After the results were analyzed, some specific recommendations for the 
inclusion of these inbred lines in different selection programs were made. In addition, as a direct outcome of the experimental work, four high yielding hybrids 
were pointed out and they are still being tested in varietal and ecological trials.

Keywords: Keywords: inbred maize lines, general and specific combining ability, grain yield

Abbreviations: CA – combining ability, GCA – general combining ability, SCA – specific combining ability
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Introduction Material and methods

The high yielding hybrid creation is primarily a selection of The experimental work was carried out in the period 2004 – 
parental components, i.e. inbred lines with high combining ability. In 2006 on the fields of the Maize Research Institute, Knezha. The 
the heterosis breeding the choice of source material in terms of this partial diallele system includes10 late inbred maize lines (FAO 
parameter and its correct assessment are of significant importance. above 600) from the Institute collection which belong to two opposite 
The results of this analysis allow the selection work with the best genetic groups – Lancaster and Reid.
forms only to continue which leads to the creation of high – heterosis The crosses were obtained in 2004 and tested in 2005 – 2006 in 
hybrid combinations. (Genova, 1986, 1987; Genova and Genov, plant density 40000 plant/ha. The field trials were conducted under a 

21995; Yordanov, 2004; Valkova, 2013). block method, with test plot of 5 m , in three replications and non-
Despite the undeniable achievements of the heterosis breeding irrigation conditions. Parallel to them, in field experiments parental 

both worldwide and in Bulgaria, a short cut to the evaluation of components are sown.
combining ability (CA) of parental forms is not yet found. In addition, The statistic processing of the data is completed by ANOVA 
the questions of the optimal method for assessing the source forms, (Shanin, 1977) and CA is assessed through the method of 
the choice of a suitable tester for testing and the degree of Savchenko (1978).
inbreeding providing the most accurate picture of the values of the 
lines still remain indisputable. In the selection programs the 
empirical approach for choice of components for hybridization and Results and discussion
prediction of heterosis effect is more often largely applied. (Hristova 
and Hristov, 1995; Andorf, 2010). The partial diallele system 

Agro-climatic characteristics of the region in the years of 
“Setpross” (Savchenko, 1966, 1978) is considered to be an accurate 

research are close in terms of average monthly temperatures and 
and reliable method in the assessment of CA of the source forms and 

the humidity of the air but they differ in terms of amount of rainfalls 
is more often applied in maize selection. This assessment of the 

during the period April – September (Table 1). In 2005, the 
genetic parameters of the source materials is easily applicable when 

vegetation period of maize was accompanied by heavy rainfalls in V, 
they are divided into genetic groups in advance, the number of 

VII, VIII and IX month and the amount of these compared to the 
crosses is reduced and the results of the analysis are as close as 

average for 55 years is 202,6 %. This will influence the beginning 
possible to the results of the full diallele analysis, which is confirmed 

and the duration of the maize phenophases, the grain moisture and 
by practice (Hristova 1976, 1988; Iltchovska, 2003 ).

will have a direct effect on the experimental hybrids yield. The data in 
The aim of the study is to analyze CA for grain yield of the 

Table 2 show that the excess of hybrid production in 2005 is nearly 
included in the partial diallele system inbred lines. This will prove 

double the next 2006, with the amount of precipitation 71,9 %  
beneficial for the choice of an appropriate method when used in 

compared to the average for 55 years. Despite the differences and 
particular selection programs.

the variations in the results, there seems to be a pattern in the CA of 
* e-mail: natalya_hristova@abv.bg
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divided into two opposite genetic groups (Lancaster and Reid) 
according to the degree of divergence in the source material, 
determined by topcross assessment. Thus the crosses which 
belong to the same group and in which the heterosis effect is low or 
absent are excluded. As a result, the volume of the experimental 
work is reduced without affecting the accuracy of the breeding 
evaluation of the lines. According to some authors (Mitev, 1993; 
Troyer, 2004; Genov et al., 2006), the inclusion of exotic germplasm 
in selection programs together with experimental mutagenesis helps 
avoiding erosion in the genetic bases and extends and increases 
genetic variation. This turns out to be a guarantee of success when 
working with maize. 

The results of the research in terms of grain yield of the crosses, 
both per years and the average for the period, are shown in Table 2. 
During the first year of the experiments, the hybrids ХМ 4583 x КС 
4607, ХМ 4582 and ХМ 4647 and the experimental hybrid FХМ 4658 
х ХМ 4582 have got the highest yield. They exceed the standard 
Specioza by 24, 16.4, 16 and 21 % respectively. During the second 
year, which is less favorable in terms of climate for maize 
development in critical periods, the hybrids ХМ 4583 х ХМ 4558 and 
КС 4661 х КС 4607 have the highest yield. They exceed the 
standard in the group by 5.6 and 5.4 %, respectively. After the data 
from the experiments were analyzed, four hybrids which exceed the 
standards in grain yield, both per years and in average, were pointed 
out. The crosses ХМ 4583 х  КС 4607, ХМ 4583 х ХМ 4582, ХМ 
4583 х ХМ 4647 and FХМ 4658 х ХМ 4582 are defined as 
perspective and their testing is part of varietal and ecological trials. 
According to Suprunov  (Suprunov et al, 2013), the defining of such 
concrete displays of hybrids in topcross evaluation under different 
climatic conditions is of great interest for maize selection as it allows 
the analysis of the source material and its specific interactions of the 
genotype with the environment. This is also confirmed by the results 
we achieved. Despite the different agro–climatic characteristics 
during the two explored years, the experimental hybrid ХМ 4583 х 
ХМ 4558 has the highest grain yield from the hybrids included in the 
testing.

the included source materials and the analysis is completed. The most accurate picture of the genetic parameters of the lines 
The inbred lines which are assessed are part of the collection of and their variation can be obtained from the effects of specific 

the Maize Research Institute, Knezha. Four of them are derived from combining ability (SCA) and general combining ability (GCA) which 
synthetic populations – SSS 1 and Exotic after recurrent selection allows the choice of specific breeding methods when working with 
and the other six – by experimental mutagenesis. The lines are these materials. Thus the analysis includes the evaluation of the 

Table 1 Meteorological data for the period of study
(2004–2006)

Months

IV

V

VI

VII

VIII

IX

IV

V

VI

VII

VIII

IX

IV

V

VI

VII

VIII

IX

Sum of the rain IV-IX

% to 55 years

50.0

70.0

84.0

59.0

46.0

43.0

352.0

100

14.0

80.8

38.4

30.6

51.3

47.3

262.4

74.5

60.4

111.10

59.7

154.4

188.8

138.7

713.1

202.6

29.1

22.8

76.9

38.4

68.7

17.3

253.2

71.9

73.0

70.0

65.0

63.3

68.0

71.0

67.0

68.0

70.5

61.0

64.0

66.0

58.0

64.0

60.0

63.0

67.0

70.0

67.4

64.6

71.3

66.9

66.6

68.6

11.6

16.7

20.2

22.7

22.0

17.4

12.1

15.7

20.2

23.0

22.2

17.5

11.4

17.0

19.0

22.1

20.6

17.5

12.7

16.9

20.3

21.7

22.1

18.0

Mean for 55
years

(1931–1985)

2004 2005

Mean monthly temperature, °С

Relative humidity of the air, %

2Rainfalls, l/m

2006

Table 2. Grain yield (kg/ha) of mid late maize hybrids 2005–2006, 40000pl/ha

Reid

ХМ 4558 ХМ 4674 ХМ 4582 КС 4607 ХМ 4558 ХМ 4674 ХМ 4582 КС 4607

10517

10247

10923

9107

10183

6820

ХМ 4583

КС 4530

FХМ 4658

FМ 4605

КС 4661

КС 4682

12393+++

10340

  8643

  7303

10103

10710

12410+++

10120

12910+++

10587

  9853

  9750

13243+++

10290

10810

  9750

10843

10220

8803++

6840

7307

6750

6310

5760

7617

7050

6650

4900

7363

7597

6833

7870

7620

7586

6897

7120

7483

7830

8170

6543

8780++

7110

Grain yield (kg/ha), 2005

Р= 5 % - 914 kg/ha

Р= 1 % -1217 kg/ha

Р= 0.1 % - 1584 kg/ha

10660 kg/ha

Sx % =3.25

LSD

Specioza

Standard error

Р= 5 % 330 kg/ha

Р= 1 % - 439 kg/ha

Р= 0.1 % - 572 kg/ha

8330 kg/ha

Sx % =2.80

Grain yield (kg/ha), 2006

Lancaster
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2 2variances and the parameters gi, gj for GCA and σ si;σ sj for SCA 
are used as criteria. The dispersion analysis of CA for grain yield 
shows substantial differences between the lines in the crosses (F >  

F when Р=1 %). Despite the differences in the GCA, the values of crit. 

the variances are stable, unlike those of the SCA which are strongly 
influenced by the conditions of the environment but are still average. 
The variation of the results by years confirms what has been 
established in earlier studies (Genova, 1984; Ivanov and Ivanova 
2004; Valkova, 2005, 2007), which is that the effect of SCA is 
strongly influenced by the environmental conditions and thus 
imposes the use of data from two-year and one-year periods 
received in different geographical areas. 

Combining ability is a genetically determined parameter and 
according to some authors (Turbin et al., 1974), GCA is determined 
by additively acting genes and SCA – by dominant and epistatic 
ones. The results we obtained from CA for grain yield of inbred lines 
allow us to reach conclusions about the more consistent use of the 
source materials in breeding programs. The lines ХМ 4583 and FХМ 
4658 from Reid and the lines ХМ 4582 and КС 4607 from Lancaster 
show the highest GCA both per years and in average (Table 3). The 
prevailing gene effects of these lines are additively acting and this 
suggests a successful breeding work with them in the process of acting and dominant and epistatic genes for grain yield. The lines 
creating synthetic populations with high grain yield. They can also be can be used in various fields of selection – and as components for 
used as testers for evaluation of GCA of newly created inbred lines in creating high yielding synthetics and in combinations for late high 
the earlier stages of the breeding process. yielding hybrids.

The lines КС 4682 and FХМ 4658 from Reid and ХМ and ХМ 
4582 from Lancaster show the highest SCA in 2005 and in average 
for the two explored years (Table 4). Apart from them, in 2006 the 

Conclusionhighest variances of the SCA effects are displayed by the lines ХМ 
4583 and FМ 4605 from Reid and ХМ 4558 from Lancaster. As SCA 

The lines ХМ 4582 and КС 4607 from Lancaster and ХМ 4583 is a property, genetically determined by dominant and epistatic gene 
and FХМ 4658 from Reid are suitable for the creation of synthetic effects, then the lines can be included in the programs of heterosis 
populations and as testers for defining GCA for grain yield in new selection for the creation of high yielding hybrids in this maturity 
source materials. group. 

For a direct heterosis selection and the creation of high yielding Two of the included lines – FХМ 4658 and ХМ 4582 display high 
hybrids the lines ХМ 4647, ХМ 4582, КС 4682 and FХМ 4658 with GCA and SCA which shows a good proportion of both additively 
high SCA are pointed out.   

The lines FХМ 4658 and ХМ 4582 display in their crosses both 
additively acting and dominant and epistatic gene effects and can be 
used in various breeding fields.

Four hybrids which exceed the standards per years and in 
average are pointed out and they are still tested in terms of the 
ecological network of the country. 
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affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
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 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. 
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 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.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  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.
Ethics
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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