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Use of recurrent selection in middle late synthetic maize populations
I. Results of the first cycle in Synthetic “1/2005”

N. Petrovska*, V. Valkova

 Maize Research Institute, 5835 Knezha, Bulgaria

Abstract. The present study shows the results of a completed first cycle of recurrent selection in a middle late synthetic population “1/2005” and the inbred line 
PAU 1617 is used as a recurrent parent. The aim of the improving selection is to obtain synthetic inbred lines which are later to be used as parental forms for 
receiving hybrids of this maturity group. The experimental work was carried out in the period 2009 – 2011 when two hundred and twenty-two testcrosses were 
tested. After the data were analyzed, sixty-two inbred progeny variants displaying the best results have been included for crosspollination and a new cycle of 
breeding. The genetic variability in the synthetic has been preserved as the selected progeny represents 28 % of the initially chosen ones. The index of 
variability after recurrent selection is 16,9 % which allows efficient testing in the subsequent stages of the improving selection. As a direct outcome of the 
research, three crosses have been pointed out - PAU 1617 x 15/5, PAU 1617 x 63/2 and PAU 1617 x 111/4. They exceed in grain yield the foreign standard in the 
maturity group by 9.2, 2.3 and 3.4%, respectively. Grain moisture is lower than that of the standards in the trials, by 2.8, 0.7 and 4.8 %, respectively. They are still 
tested in varietal and ecological trials. 

Keywords: synthetic population, recurrent selection, cycle of breeding, inbred lines, combining ability.

Abbreviations: CA – combining ability, GCA – general combining ability, SCA – specific combining ability
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Introduction increasing CA (Hull, 1945). In 2009, on an experimental field, test 
plot of 0.1 ha, 1200 plants from the synthetic and the inbred line PAU 
1617 are sown. Six hundred plants in the sowing of the recurrent The creation of high yielding maize hybrids in the heterosis 
parent are cross-pollinated manually and under an isolator by selection requires above all the obtaining of genotypes with high 
spreading pollen from the synthetic population on the cobs that have combining ability. Modern maize breeding does not lay new lines of 
tasseled at the same time in the inbred line. The progeny selected for free-pollinated varieties but relies on accumulated favorable alleles 
pollinators undergo inbreeding and selection for the subsequent and high frequency of desirable genes in particular fields of synthetic 
stages. populations. The same serve as a source material for obtaining 

In 2010, on the experimental field of the Maize Research inbred lines. (Smith,1983; Hristova,1988; Hallauer, 1991; Genova, 
Institute, Knezha, in nine preliminary trials, 222 corn progeny were 1991; Valchinkov and Valchinkova, 1993; Ivanov and Ivanova, 2004; 

2tested. The block method was used on a test plot of 5 m , plant Kostova, 2006).
density 50000 pl/ha. Grain yield (kg/ha), grain moisture at harvest, According to Genov (2004), over the last 50 years each 
days from germination to tasseling and performance index (Pi %) significant program for maize selection has included the creation of 
were evaluated and analyzed.  The data was evaluated by ANOVA synthetics which are later improved by various selection procedures 
(Shanin, 1977).to become progenitors of valuable lines of maximum heterosis 

Table 1 shows the average monthly temperatures, the relative effect. This is also confirmed by the researches of a number of 
humidity of the air and the amount of rainfalls for the three years of breeders (Russell et al., 1973; Russell, 1992; Vales, 2001; Troyer, 
the first cycle of recurrent selection, compared to the average for 55 2004; Smith, 2007, Suprunov et al., 2013). Recurrent selection helps 
years. As the rainfalls during the vegetation period are of utmost overcoming the differences of the selection of combining ability (CA) 
importance for maize yield (Stoyanova and Todorova, 2011), the and contributes to the elimination of the factors lowering its 
year 2009 when the testcrosses were obtained is closer to the 55-efficiency, such as the polygenic nature of most economically useful 
year period and more favorable for maize development in terms of properties, the masking effect of the environment and the complex 
agro-climatic conditions. The months June and July which coincide genetic interactions (Suprunov and Chuprina, 2010).
with the blossoming of the reproductive organs were also favorable The aim of this study is a recurrent selection of specific 
and the processes of pollination and fertilization of plants. Apart in combining ability (SCA) in a synthetic population and obtaining from 
terms of rainfall distribution, the two explored years do not differ it inbred lines with an increased CA.
substantially in terms of moisture reserves.

Material and methods
Results and discussion

The experiment conducted in 2009 – 2001 includes Synthetic 
“1/2005”, the inbred line PAU 1617 as a recurrent parent and the Synthetic “1/2005” has been created on a wide genetic base in 
testcrosses obtained by the method of recurrent selection for 2005 after it has been researched, described and reproduced in 
* e-mail: natalya_hristova@abv.bg
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mutant lines with four inbred lines – PAU 1617, K 4652, ФХМ 4550 
and 26A. After evaluation and analysis of the general combining 
ability (GCA) of the progenies included in the study, an equal number 
of seeds from each selected line displaying high GCA is sown in the 
isolation field for cross-pollination. Over the next two years the 
synthetic is reproduced. 

The synthetic population "1/2005" belongs to the group of 
middle late Maize, with number of days from germination to silking 
between 62–66. It silks at the same time with the hybrid Knezha 509 
and from two to three days later than PR35P12. It has a relatively 
high average yield – 4130 kg/ha, but the grain moisture is high – 19.1 
%. The rate of yield is 76.1%. The height of plants reaches 221 cm, 
they are well-leaved, with a wide leaf lamina from 12.5 to 13 cm. The 
synthetic is two-cobbed. The first cob is situated 80–90 cm height of 
the stalk. They are conical, with a length of 17–17.3 cm, yellow-
orange grain and light red to red spindle. The number of rows is 
14–16 on average, and the length of the grain is from 10.7 to 11.0 
mm. The mass of 1000 grains is relatively low – 280 g.

In 2009 Synthetic "1/2005" was included in a program of 
reccurent selection for increasing CA with inbred line PAU 1617. The 
line is a good tester for both genetic groups - Lancaster and Stiff 
Stalk Synthetic (BSSS). It silks at 63-64 days on average, there is a 
long flowering period of the tassel, it is two-cobbed, tolerant in its 
reproductive stage to the typical local droughts, but silkifies hidden 
because of the structure of the stem. The evaluation of the synthetic 
population and its parameters are essential for the preliminary stage 
of research in terms of economically useful properties that are typical 
of each source material and allow an effective breeding work. In 
addition, the source population needs to be characterised by 
complex inbred factors which determine its CA. Thus, as a long-term 
goal, combining valuable lines for heterosis selection are obtained, 
and in short-term perspective crosses obtained in the earlier stages 
of the improving work with the synthetic are pointed out. (Novoselov, 
2008; Chuprina, 2008).order to be used as a source material in valuable lines suitable for 

The testing was performed in 2009 by receiving 600 opposing heterosis selection. From the mid-late hybrid "Natalyia" (FAO 
crosses and parallel self-pollinations in the synthetic population. In a 500–600) As a result of chemical mutagenesis with Diethylsulfate 
study from 2010, two hundred and twenty-two pieces of testcrosses (DES) – 0.1% and Dimethylsulfate (DMS) – 0.05%, from the mid-late 
are included. From the progenies that have shown the best results in hybrid "Natalyia" (FAO 500–600). Thirty-two inbred lines were 
the testing and have exceeded one of the standards in the obtained and stabilized. They are also included in the top cross 
experiments, twenty-two units for inbreeding and selection are set evaluation of their combining ability and twenty of them are selected 
aside, and sixty-two are cross-pollinated for a new cycle of recurrent for creating Synthetic "1/2005". The source materials for the 
selection. Table 2 presents the testcrosses in the synthetics that formation of a synthetic population are pointed out after testing the 

Table 1. Meteorological data for the period of study
(2009–2011)
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Table 2. Crosses of synthetic “1/2005” with the lines PAU 1617 with the best results (2010)

Parameters Grain yield,
kg/ha

% to PR35P12 % to Кн 509 Days till silking
Moisture

in the grain, %
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index, PiVariants
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Figure 1. Selected progenies for second cycle of synthetic “1/2005”
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have displayed the best results in the study from 2010. Twenty-two 1617 x 15/5, PAU 1617 x 63/2 and PAU 1617 x 111/4.
crosses exceed the yield of the Bulgarian or foreign standard from 
the maturity group, including high yield and significantly lower grain 
moisture at harvest, compared to the standards. The inbred References
progenies involved are set in a selection field for inbreeding and 
receiving lines from the first cycle of selection. Three crosses Chuprina МА, 2008. Changes in synthetic populations of L and S 
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1617 x 111/4 exceed the foreign standard of the maturity group by 10, 63-67 (Ru).
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standard by 2.8, 0.7 and 4.8%. The last two hybrids have shorter selection of maize (Plenary paper presented at the Scientific 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
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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