
ISSN 1313 - 8820
Volume 6, Number 4

December 2014

2014



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscripts written in English should 
be submitted as MS-Word file attachments 
via e-mail to editoffice@agriscitech.eu. 
Manuscripts must be prepared strictly in 
accordance with the detailed instructions 
for authors at the website 
www.agriscitech.eu  and the instructions 
on the last page of the journal. For each 
manuscript the signatures of all authors 
are needed confirming their consent to 
publish it and to nominate on author for 
correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. Manuscripts submitted to this 
journal are considered if they have 
submitted only to it, they have not been 
published already, nor are they under 
consideration for publication in press 
elsewhere. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 

for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.
The journal is committed to respect high 
standards of ethics in the editing and 
reviewing process and malpractice 
statement. Commitments of authors 
related to authorship are also very 
important for a high standard of ethics and 
publishing. We follow closely the 
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines
The articles appearing in this journal are 
indexed and abstracted in: EBSCO 
Publishing, Inc. and  AGRIS (FAO).
The journal is accepted to be indexed with 
the support of a project № BG051PO001-
3.3.05-0001 “Science and business” 
financed by Operational Programme 
“Human Resources Development” of EU. 
The title has been suggested to be 
included in SCOPUS (Elsevier) and 
Electronic Journals Submission Form 
(Thomson Reuters).

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.: +359 42 699330

+359 42 699446
www.agriscitech.eu

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: editoffice@agriscitech.eu

Editor-in-Chief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in-Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Atanas Atanasov (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)
Ihsan Soysal (Turkey)
Horia Grosu (Romania)
Bojin Bojinov (Bulgaria)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Bogdan Szostak (Poland)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Martin Banov (Bulgaria)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2014

ISSN 1313 - 8820 Volume 6, Number 4
December 2014



Maize hybrids testing in system “Plus”

S. Vulchinkov*, V. Valkova, D. Ilchovska, P. Vulchinkova

Maize Research Institute, 5835 Kneja, Bulgaria

Abstract. Two maize hybrids Kn 619 and Kn 517 with different ratios of CMS plants – C and M types (33%, 50% and 66%, respectively) are tested in 2 plant 
densities for 4 year period (2009–2012) in Maize Research Institute, Kneja. ANOVA results show significant variances for environments and variants of hybrids 
but G x E is not significant. In the variants with different CMS proportions as an average from all environments exceedings of grain yield to fertile checks are 
observed in both hybrids at a ratio 50% sterile plus 50% fertile plants, better expressed at Kn 619 (102.5%). These exceedings are best observed in 2009 – 3 of 
all variants, and one for 2010 and 2012. Another trait observed – 1000 kernels weight (MVK) has the same tendency, well expressed for Kn 619. The 
combination of free pollination effect (xenia) and the weakened competition of plants with sterile tassels to their ears in relation to assimilates was called system 
“Plus”. That system may increase maize grain yield within the frame of accepted practice without additional expenses for farmers. The effect of that system as 
new technology decision is better expressed in the Kn 619 hybrid.

Keywords: maize hybrids with CMS, new technology decision 
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Introduction Material and methods

With the introduction of CMS in seed production of hybrid maize The study was carried out in 2009–2012 with two maize hybrids 
in the 1960s a large number of independent studies confirmed the – Kn 517 and Kn 619. Five variants were set from each hybrid – 
steady tendency that the sterile analogues of maternal parental 100% sterile analogue, 100% fertile hybrid (control) and 3 
components give higher yield than their source fertile lines (Rogers combinations of mixing seeds from the sterile and fertile hybrid in 
and Edwardson, 1952; Duvick, 1958; Beckett, 1971; Ilchovska, ratio 33.3% to 66.6%; 50% to 50% and 66.6% to 33.3%, respectively, 
1991). The main reason for this phenomenon was the weakened obtained by manual counting. The resulting 10 combinations of both 
competition of plants with sterile corn-flowers towards the corn-cob hybrids were tested in two planting densities – 45000 and 55000 
in relation to assimilates. In the contemporary state of maize plants/ha without irrigation in different fields of the Institute. The trial 
selection a progress in the reduction of the number of the tassel design was randomized block, in three replicates and trial plot with 

2branches is observed, which is another evidence of that an area of 10 m . The grain yield (kg/ha) was accounted at standard 
phenomenon (Duvick and Gassmann, 1999). The simultaneous or moisture rate (14.0%). 
tandem selection for high yield – reduced number of tassel branches The trait weight of 1000 grains (MVK) was recorded for three 
is possible and quite readily achievable (Vulchinkov and years (2009–2011) with the same planting density. Two-factor 
Vulchinkova, 2011). analysis of variance with included variance of replication in the 

The studies on xenia effect in maize for a long period also environmental conditions was performed for all experiments 
revealed the tendency of higher yield resulting from the increased (Perkins and Jinks, 1968). Stability parameters were calculated by 
germ size and greater grain mass (Kiesselbach, 1960; Pinter et al., the model of Eberhart and Russell (1966). 
1987; Weiland, 1992; Bulant and Galais, 1993; Seka and Cross, The weather conditions in the period of study were 
1995). characterized by great variety as the last two years 2011–2012 were 

The complex combination of the effects of sterile cytoplasm and markedly contrasting – the first one had favorable distribution of 
external pollination (xenia) was proposed by Weingartner et rainfall during maize vegetation season and the second one was 
al.(2002) as Plus-Hybrids. That system relies on the synergism typically dry. 
between CMS and xenia resulting in higher yield from two maize 
hybrids of different genotypes, cultivated together or mixed.  

Recently it has been suggested transgenic maize to be Results and discussion
cultivated with Plus-Hybrid System – sterile GMO hybrid plus 
conventional pollinator so that the contamination with pollen is The results of ANOVA (Table 1) showed significant variance for 
avoided from such forms, although that idea seemed quite naive the environmental conditions and the hybrids, as the conditions had 
(Munsch et al., 2010). The grain quality is influenced by that system, much greater variation. The genotype-environment interaction was 
however, the results are varying (Vancetovic et al., 2009) not significant, which could be assumed as completely logical 

The objective of this study was to determine if that system has because the tested variants were versions of the same hybrids with 
actual effect for two maize hybrids cultivated together with different different ratio of fertile and sterile plants as they reacted in the same 
CMS ratios. way under the environmental change. The values of the coefficients 
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and for Kn 517 in the variant 50% F + 50% C. 
In testing the mixture of varieties from 7 maize hybrids Hoekstra 

et al. (1985) found higher yields compared to the pure crops of the 
same hybrids under stress conditions. Similar results were reported 
by Kannenberg (1974) before that as both authors explained that 
phenomena as increased inter-genotypic competition in the mixed 
crop resulted also in better ecological stability of the mixtures of 
varieties, however, they did not comment on the xenia effect in these 
crops. Our results confirmed in part the above conclusions 
concerning the ecological stability. 

In Kn 619 (Table 2) the parameters of the mixing patterns, 
expressed by the coefficient of linear regression b had relatively i

lower values than the sterile analogue, i.e. they had better stability as 
it was best expressed in variant Kn 619 66.6% F +33.3% M. For Kn of variation (CV) for both sets of hybrids were within the range of 25% 
517 “the most stable” variant was 50%F + 50% Cwhich had also the to 31% as in both fertile hybrids (Kn 619 and Kn 517) CVwas lower 
lowest values of CV. Generally, a tendency was observed the compared to their sterile analogues. From the mixing patterns 
variances of Kn 517 to have lower b  values compared to Kn 619. relatively the lowest CV was observed in Kn 619 (33.3% F + 66.6 M) i

Table 1. ANOVA resultsfor grain yield (kg/ha) of 
investigated hybrids in system „Plus“

++ significance of variances at Р=1%

Source df MS F

Hybrids (Genotypes)

Environments

Interaction (GxE)

Reps in Env.

Error

Total

9

7

63

16

144

239

5.217

415.758

1.385

1501928.8++

119702342.4++

398736.7

734424.9

287913.7

Table 2. Grain yield (kg/ha) of hybrids, tested in system “Plus”

+ Variants with significance differences to checks (P=5%), Plant densities I – 45000 p/ha; II – 55000 p/ha
F – Fertile hybrid (check), М, С – Types of CMS, LSD – 5 % = 446.6 kg/ha

Environments

Hybrids 2009

І

2010

І

2012

І

2011

І

2009

ІI

2010

ІI

2011

ІI

2012

ІI

Average 

for period
% bi CV,%

Kn 619М - 100%

Kn 619F - 100%

Kn 619 66%F + 33%M

Kn 619 50%F + 50%M

Kn 619 33%F+ 66%M

Kn 517C - 100%

Kn 517F - 100%

Kn 517 66%F + 33%C

Kn 517 50%F + 50%C

Kn 517 33%F+ 66%C

6593.0

6941.3

7227.3

7342.3

7034.3

6817.3+

6309.0

6450.7

7595.7+

7129.7+

10818.7

10765.3

10774.3

11277.3+

10382.7

  9671.0+

  9170.3

  9749.0+

  9195.3

  9259.3

6311.0

6277.3

6476.0

6525.7

6579.7

6468.3

6708.0

5907.0

6210.3

6266.7

9416.3

9119.3

8227.3

8856.0

9154.3

8688.3

8772.0

8480.7

8503.3

8383.3

8403.0

8710.0

8698.3

8703.0

8770.3

8114.7

8253.3

8405.0

7945.7

8522.3

4236.3

4458.0

4624.0

4930.3+

4594.0

3891.7

4371.3

3866.7

4320.3

3859.7

4931.7

5302.0

5024.7

4563.7

5118.3

4330.3

4053.0

4448.3

4609.0+

4504.7+

7265.3

7319.8

7351.2

7499.9

7446.5

6946.6

6861.4

6894.1

6981.5

6922.4

100.75

100.00

100.43

102.46

101.73

101.24

100.00

100.47

101.75

100.88

1.100

1.029

0.989

1.086

1.000

1.007

0.934

1.031

0.870

0.954

30.58

28.59

27.25

29.32

26.86

29.13

27.81

30.12

25.43

27.91

  741.7

  698.7

  775.3+

  780.0+

7938.0+

7591.0

7254.3

7845.7+

7472.7

7453.3

That confirmed again that Kn 517 being a three-way cross had better exceeded by both hybrids. In 2012, one significant difference was 
adaptability (Vulchinkov et al., 2005). Good correlation was recorded for Kn 619 and two for Kn 517 (Table 2). Totally, for the 
observed between the values of b  and CV supporting the thesis of whole period of the trial 13 outperforms of grain yield were observed, i

from them 5 for Kn 619 hybrid and 8 for Kn 517 hybrid. As absolute Francis and Kannenberg (1978) concerning the relation between 
values for the first hybrid they varied from 104.75%, above stated, to these parameters, however, the correlation between them had not 
113.64% while for the second hybrid – from 105.46% to 120.39% as been calculated. 
the average results were very close – 110.34% for Kn 619 and Grain yield, as the mainly observed trait, had the following 
110.83% for Kn 517. results in the trial. The average values of all variants of Kn 619 hybrid 

The average results from the whole experiment put Kn 619 in exceeded the control (Table 2). The exceeding was the highest for 
better positions, as already mentioned. From the mixing patterns for the variants 50% fertile (F) plus 50% sterile (M) hybrid – 102.46% 
it three cases were for the variants 50% fertile + 50% sterile hybrid. that was insignificant, evident from LSD values at P=5%. The two-
The hybrid was more productive as it was established in other factor analysis of variance allowed the comparison between all 
studies (Vulchinkov and Popov, 2008). In Kn 517 two cases for each variants included in the experiment and only the variants of both 
of the mixing patterns were observed as well as for 100% sterile hybrids were compared separately. In 2009, for the first planting 
hybrid that was closest to the theoretical model of the Plus-Hybrids density 3 significant yield differences for Kn 517 hybrid for 100% 
System. Concerning the second observed trait – weight per 1000 sterile hybrid and 2 patterns of mixing were observed (Table 2). For 
grains, the results of ANOVA showed the highest variances for the the second planting density in the same year there were also 3 
environmental conditions as the variances of the hybrids and the significant ones of grain yield for all patterns of mixing compared to 
interaction were not significant (Table 3). the control and for Kn 517 – only one. In 2010, for the first planting 

The results of the three-year experiments (2009–2011) only density one exceeding was observed for Kn 619 with the pattern 
with one density, part of this trial, were included in another study 50%+50% that was 104.75% and two exceedings for Kn 517 for the 
(Valkova, 2012). The data presented in Table 4 revealed significant same pattern and the sterile hybrid. In 2011, the control was not 
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differences compared to the control only in three cases and only in 
Kn 619 hybrid and the average values from the whole experiment 
showed exceedance only of the mixing patterns, as it was the 
highest for the variant 50%F + 50%M (102.96%). For Kn 517 the 
variants of that hybrid did not exceed the control. Since these results 
did not cover all variants of the trial in terms of yield, it could be 
concluded only indirectly that the weight of 1000 grains was affected 
by the mixing pattern, furthermore the experiment itself was not 
conducted in spatial isolation from other maize fields and xenia 
effect was not reported individually, but taken as a background to the 
whole trial. 

As a preliminary conclusion it could be said that the observed 

Table 3. ANOVA results of the trait 1000 kernels weight (g) 
of investigated hybrids in system “Plus” at 3 environments

++ significance of variances at Р=1%

dfSource MS F

Hybrids (Genotypes)

Environments

Interaction (GxE)

Reps in Env.

Error

Total

9

2

18

6

54

89

1.121

52.347

0.822

299.460

13987.272++

219.536

905.950

267.201

Table 4. Results of hybrids tested in system Plus for1000 kernels weight (g) in 3 environments“ ” 

+ Variants with significance differences to checks (+P=5%, ++P=1%), F – Fertile hybrids (check), М, С – Types of CMS,
LSD – 5 % = 16.15, LSD – 1% = 22.67, II – Plant density 55000 p/ha

Environments

Hybrids
2009

ІI

2010

ІI

2011

ІI

Average 

for period
%

Kn 619М - 100%

Kn 619F - 100%

Kn 619 66%F + 33%M

Kn 619 50%F + 50%M

Kn 619 33%F+ 66%M

Kn 517C - 100%

Kn 517F - 100%

Kn 517 66%F + 33%C

Kn 517 50%F + 50%C

Kn 517 33%F+ 66%C

239.57

234.77

251.00+

246.07

257.03++

247.03

267.00

251.23

256.67

242.00

263.53+

243.73

250.63

248.33

245.87

259.67

263.17

253.23

260.30

260.23

271.23

298.43

298.37

287.67

281.60

285.00

297.00

277.23

298.97

295.83

258.11

258.98

266.67

260.69

261.50

263.90

275.72

260.57

271.98

266.02

99.66

100.00

102.96

100.66

100.97

95.71

100.00

94.50

98.64

96.48

positive differences in grain yield for both hybrids in the mixing must be produced bya “mixed scheme”, possibly with genetic 
variants – sterile + fertile plants, showed that the system was distance (unrelated) which requires breeder`s consultation.
effective, however, more detailed studies with more hybrids are The advantage of the “Plus”system is undoubtedly higher grain 
needed. The classical pattern of Plus-Hybrids, as proposed by yield expected which in the frame of accepted practice does not 
Weingartner et al. (2002) was 80% sterile hybrid plus 20% unrelated require more expenses from farmers.
fertile pollinator. That resembled very much the seed production 
pattern of double (four-lined) hybrid except that the whole production 
was harvested as grain. In seed production of single crosses on References
sterile base with fertility restoration, pattern 6:2 or 75%:25%, that 
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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, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

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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