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Study of factors affecting sporophytic development of isolated durum wheat microspores

1 2V. Bozhanova *, Horst Lörz

1Field Crops Institute, 6200 Chirpan, Bulgaria
2Biocenter Klein-Flottbek, AMP II, University of Hamburg, D-22609 Hamburg, Germany 

Abstract. A microspore culture technique is used to produce homozygous lines  of agronomic interest in a single generation. Several factors affecting the 
efficiency of in vitro sporophytic development of durum wheat microspores such as genotype, stress preatreatment, density and co-cultivation of isolated 
microspore and induction medium were studied in order to develop a protocol for dihaploid plants production. Strong genotype dependence in in vitro response 
and callus/embryoid capacity was observed. Cultivated microspores developed into macrostructures only after cold pretreatment of the collected spikes  at 
+4°C for 4 weeks.  The best results were achieved at density 10000 microspores/ml on the mod. Chu Medium (Chu et al., 1990) + 0.5 mg/l BAP + 0.5 mg/l 2,4D 
+ 90 g/l maltosa with ovaries co-cultivation.  A lot of macrostructures developed to embryoids, but only a few produced poorly-developed shoots – most of them 
were albinos.

Keywords: durum wheat, dihaploids, microspore culture
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Introduction microspores induced, high rate of embryogenic development 
abortion and high albino frequencies (Otani and Shimada, 1994). In 
the last years significantly improvement in embryogenesis induction The production of haploid/doubled haploid (DHs) plants from 
and green plants regeneration in microspore culture has been gametic cells i.e. microspores is useful in plant breeding, genetic 
reported (Labbani et al., 2007, Cistué et al., 2009; Ayed et al., 2010).   manipulation and in many areas of basic research in plant 

The main objective of this investigation was to study several development biology (Zheng, 2003). DH production through isolated 
factors affecting the efficiency of in vitro sporophytic development of microspore culture advanced rapidly in recent years in parallel with 
durum wheat microspores such as genotype, stress preatreatment, the deepening of understanding of the genetic, cellular, biochemical 
density and co-cultivation of isolated microspore and induction and molecular events associated with microspore embryogenesis 
medium in order to develop a protocol for dihaploid plants production (Seguí-Simarro and Nuez, 2008). After the optimization of the major 
for Bulgarian durum wheat breeding program.factors affecting the efficiency of in vitro sporophytic development of 

microspores such as stress preatreatment, methods of isolation and 
optimal culture conditions it is now possible to produce thousands of 

Materials and methodsgreen plants from microspores isolated from a single wheat spike 
(Touraev et al., 1996; Hu and Kasha, 1997; Liu et al., 2002; 

 et al., 2006). Tetraploid durum wheat (AABB) exhibits The experiments were conducted in Biocenter Klein Flottbek, 
much lower androgenetic responsiveness than does hexaploid University of Hamburg. Two Bulgarian durum wheat cultivars – 
common wheat (Mentewab and Sarrafi, 1997). Until recently it is Saturn and Progres and two breeding lines were used in the 
consider that durum wheat is a recalcitrant species, because of it low investigation. The donor plants after the vernalisation at 4°C for 4 
response to culture manipulation with a few embryogenic weeks  were grown under controlled conditions in a green house at 

Shariatpanahi
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Table 1. Investigated factors in microspore culture of durum wheat

Factors studied

Genotype

Duration of cold pretreatment of spikes at +4°С (days)

Density of microspores in 1 ml media 

Induction medias  

Co-cultivation of induction medium 

Saturn, Progres, , M-6129,  M–5918

0, 7, 14, 28

100, 500, 1000, 5000, 10000, 20000, 25000 50000, 100000

ovaries  -  0 , 1, 5, 10 barley microspores 

A – K98 (Kumlehn, not published) + 1 mg/ml BAP + 90 g/l maltose 
pH 5.8, 0.467 osmol/kg
B – mod. Chu Medium (Chu et al., 1990) + 0.5 mg/l BAP + 0.5 mg/l 
2,4D + 90 g/l maltose, pH 5.4, 0,345 osmol/kg 
C – mod. Chu Medium (Chu et al., 1990) + 0.5 mg/l BAP + 
0.5 mg/l 2,4D +  20g/l maltose, pH 5,4 

Variants
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16 – 18/14 – 16°C day/night, light – 10 000 – 16 000 lux and relative plasmolysed without to divide or degenerated after first in vitro 
humidity 70 – 90%. The spikes were harvested when the anthers of divisions irrespective of the existence of many big and able to divide 
the middle part of the spikes contained the microspores from mid- to microspores or "star-like" structures. Three days after the beginning 
late-uni-nucleate stage. The spikes were subjected to cold of cultivation 10 to 40% of all microspores continued to divide further, 
pretreatment from one to four weeks before using them for isolated but 3 days later this percent decreased to 10 – 0.5% depending on 
microspores culture. A control without pretreatment was used, too the genotype. A limited proportion between responded and dead 
(Table 1). The spikes were sterilized with calcium hypochlorite 2% microspores led later to completely plasmolysis and degeneration of 
for 10 min before pretreatment and were stored in two whole culture at two of the utilized genotypes.  
–compartment Petri dishes (Greiner, Frickenhausen, Germany) with In Table 2 are presented only the positive results from the 
distiller water in one compartment and the spikes in other one. cultivation of durum wheat microspores. Microscopic and 
Microspores were isolated via microblending (Microblender - macroscopic structures (embryoids/calluses) were induced only at 
Eberbach Corporation, Ann Arbor, Michigan, USA) of segmented cultivar Saturn and breeding line M 6129. Cultivar Saturn responded 
spikes according to the method described by Jaehne-Gaertner and better with 0.04 to 0.34% of callus/embryoids induction depending 
Loerz (1999). The total numbers of microspores were determined on the density of microspores and induction medium (Figure 1). 
with a haemocytometer (Fuchs-Rosenthal) and theirs viability – with Another two genotypes cv. Progres and breeding line were not 
fluorescein diacetate under UV-Mikroskop. Two different basic responsive. The importance of genotype on the androgenetic ability 
media: K 99 (Kumlehn, not published) and Chu et al. (1990) with is well documented and is confirmed in our study. 
addition of 0.25 M maltose instead glucose were used as induction On media A was not observed sporophytic development of 
medium (Table 1). The microspores were incubated in nine different durum wheat microspores, although this induction medium was very 
densities – numbers of microspores on 1ml medium with and without suitable for barley microspores and many green plants were 
co-cultivation of ovaries of studied durum wheat genotypes and regenerated at cultivar Igri that served as a control in our study. On 
microspores of barley model cultivar Igri (Table 1). The density was media B were induced more calluses/embryoids in comparison with 
adjusted by adding induction medium in 35×10 mm Petri dishes media C. Both variants of medium differ only in terms of maltose 
which were cultivated in darkness at 26°C. Then Petri dishes for concentration and therefore the higher concentration supports 
each studied variant were used. After 4 to 6 weeks after beginning of better the sporophytic development of durum wheat microspores. 
cultivation the embryo-like-structure and calluses were transferred The microspores developed to macroscopic structure only after 
to regeneration medium (medium B) with reduced maltose content one prolonged cold pretreatment of the collected spikes at +4°C for 4 
(0.13 M maltose) solidified with 0.6% gelreit and further cultivated at weeks. Our results are in agreement with other studies in durum 
24°C under 16 h photoperiod. wheat (Labbani et al., 2007; Ayed et al., 2010) and emphasize that 

All results are presented as a mean numbers per Petry dish and pre-treatment is one of the most important factor switching normal 
as percentages. The percentages were calculated based upon the gametophytic pathway of microspores to sporophytic one. 
total number of cultured microspores per petry dish.  It was not possible further sporophytic development of durum 

wheat microspores to be achieved without one co-cultivation of 
isolated microspore with ovaries or barley microspores. The best 
results were received on media B with co-cultivation of 5 immature Results and discussions
ovaries per ml media. The crucial role of ovary co-culture for success 
of wheat microspore culture was found in other study, too (Hu and The first in vitro division of durum wheat microspores started still 
Kasha, 1997; Cistué et al., 2009), whereas at barley the co-after 24 hours since the beginning of cultivation. Symmetric and 
cultivation is not so important factor (Lu et al., 2008).asymmetric first division were observed. The big part of microspores 

Table 2. Kallus/embryoids induction in durum wheat microspore culture (only positive results)

Genotyp

Saturn

M-6129

Induc-tions-
medium

B

B

B

B

B

C

C

C

B

B

C

C

28

28

28

28

28

28

28

28

28

28

28

28

5000

10000

20000

25000

50000

10000

5000

25000

20000

50000

25000

50000

5

5

5

5

5

5

5

5

5

5

5

5

13

34.3

55

30.5

40

15

12

10.5

23.5

  7

  8

  9

0.26

0.34

0.28

0.12

0.08

0.15

0.24

0.04

0.12

0.02

0.03

0.02

Duration of cold
pretreat-ment 

Density of 
microspores per ml 

Ovaries per
ml Nr/Petri dish 

% of cultivated
microspores

Callus/embryoids induction 
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 Microscopic structures were observed at density of References 
microspores from 5000 to 50000 per ml media. Most macroscopic 
visible structures – 0.34% were achieved at density 10000 Ayed O, De Buyser J, Picard E, Trifa Y and Slim Amara H, 2010. 
microspores per ml media in cultivar Saturn. Satisfactory Effect of pre-treatment on isolated microspores culture ability in 
macroscopic structures were obtained at density 5000 and 2000 durum wheat (Triticum turgidum subsp. durum Desf.). Journal of 
microspores per ml, too.  These results illustrate that culture density Plant Breeding and Crop Science, 2, 30-38.
is another essential factor for success of microspore culture, and has Bakos F, Fábián A and Barnabás B, 2007. Isolated microspore 
influence on both proportion of responsive microspores and normal cultures of a Hungarian durum wheat (Triticum turgidum  L.)cultivar 
development of embryoids. Martondur. Acta Agronomica Hungarica, 55, 157-164.

Аlthough the embryoids were induced, most of them failed to Cistu  L, Romagosa I, Batlle F and Echávarri B, 2009. 
regenerate and  only a few - produced poorly-developed albino Improvements in the production of doubled haploids in durum wheat 
shoots. This fact is not unexpected because hitherto albinism was (Triticum turgidum L.) through isolated microspore culture. Plant Cell 
the major problem in durum wheat anther and microspore culture Reports, 28, 727-735.
(Otani and Shimada, 1994; Ayed et al., 2010). Chu CC, Hill RD and Brule-Babel AL, 1990. High frequency of 

pollen embryoid formation and plant regeneration in Triticum 
aestivum L. on monosaccharide containing media. Plant Science, 
66, 255-262.Conclusion
Hu T and Kasha K, 1997. Improvement of isolated microspores 
culture of wheat  through ovary co-culture. Plant Cell Reports, 16, The present study reveals the important role of genotype, stress 
520-525.preatreatment, density and co-cultivation of isolated microspore and 
Labbani Z, De Buyser J and Picard E, 2007. Effect of mannitol cultivation medium on the sporophytic development of durum wheat 
pretreatment to improve green plant regeneration on isolated microspores. n vitro response and callus/embryoid induction was 
microspore culture in Triticum turgidum ssp. durum cv. 'Jennah achieved only at two of four studied genotypes after cold 
Khetifa'. Plant Breeding, 126, 565-568.pretreatment of the collected spikes at +4°C for 4 weeks.  The best 
Jähne-Gärtner A and Lörz H, 1999. Protocols for Anther and results were achieved at density 10000 microspores/ml on the mod. 
Microspore Culture of Barley. Plant Cell Culture Protocols, Methods Chu Medium (Chu et al., 1990) + 0.5 mg/l BAP + 0.5 mg/l 2.4D + 90 
in Molecular Biology, 111, 269-279.g/l maltosa with ovaries co-cultivation.  Although a lot of 
Liu W, Zheng Y, Polle E and Konzak C, 2002. Highly efficient macrostructures developed to embryoids, only a few produced 
doubled-haploid production in wheat (Triticum aestivum L.) via poorly-developed shoots – most of them were albinos.  
induced microspore embryogenesis. Crop Science, 42, 686-692.The  presentеd results are promising for the production of 
Lu R, Wang Y, Sun Y, Shan L, Chen P and Huang J, 2008. doubled haploid durum wheat plants via isolated microspore culture, 
Improvement of isolated microspore culture of barley (Hordeum however further studies on the optimization of both responded 
vulgare L.): the effect of floret co-culture. Plant Cell Tissue and microspores and regeneration ability of induced embryoids are 
Organ Culture, 93, 21-27.needed. 
Mentewab A and Sarrafi A, 1997. Influence of genotype and cold 
pretreatment on the production of embryoids and their regeneration 
in tetraploid and hexaploid wheats. Journal of Genetics and 
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Figure 1. In vitro development of durum wheat microspores cv. Saturna: a – dividing microspores after 7 days in culture;
b – microscopic structure after 14 days in culture.

a b



410

Shariatpanahi ME, Bala U, Heberle-Borsa E and Touraev A, 
2006. Stresses applied for the re-programming of plant microspores 
towards in vitro embryogenesis. Physiologia Plantarum, 127, 519-
534.

 and ,

Touraev A, Indrianto A, Wratschko I, Vicente O and Heberle-
Bors E, 1996. Efficient microspore embryogenesis in wheat 
(Triticum aestivum L.) induced by starvation at high temperature. 
Sex. Plant Reproduction, 9, 209-215.

Seguí-Simarro JM Nuez F  2008. How microspores transform Zheng M, 2003. Microspore culture in wheat (Triticum aestivum L.) – 
into haploid embryos: changes associated with embryogenesis doubled haploid production via induced embryogenesis. Plant Cell 
induction and microspore-derived embryogenesis. Physiologia Tissue and Organ Culture, 73, 213-230.
Plantarum, 34, 1-12. 



Review

Genetics and Breeding

Nutrition and Physiology

Production Systems

Effect of feeding program for first two months after birth of female calves on growth, development and 
first lactation performance
G. Ganchev, E. Yavuz, N. Todorov

Involvement of the transcriptional variants of histone H3.3 in the development and heat stress 
response of Arabidopsis thaliana
M. Naydenov*, B. Georgieva, V. Baev, G. Yahubyan

Study of factors affecting sporophytic development of isolated durum wheat microspores
V. Bozhanova, Hlorst Lörz 

Screening Pisum sp. accessions for resistance to Pseudomonas syringae pv. pisi
M. Koleva, I. Kiryakov

Investigation on the parthenogenetic response of sunflower lines and hybrids
M. Drumeva, P. Yankov

Hybridization between cultivated sunflower and wild annual species Helianthus petiolaris Nutt.
D. Valkova, G. Georgiev, N. Nenova, V. Encheva, J. Encheva 

Ethological and haematological indices in yearling sheep fed various dietary nitrogen sources 
I. Varlyakov, V. Radev, Т. Slavov, R. Mihaylov

Phosphorus fractions in alluvial meadow soil after long-term organic-mineral fertilization
S. Todorova, K. Trendafilov, M. Almaliev

Energy productivity, fertilization rate and profitability of wheat production after various predecessors    
I. Energy productivity of wheat
Z. Uhr, E. Vasileva

Influence of mineral nitrogen and organic fertilization on the productivity of grain sorghum
S. Enchev, G. Kikindonov

Influence of the farm construction, farm regimen and season on the comfort indices of dairy cows
D. Dimov, Ch. Miteva, Zh. Gergovska

Effect of the way of pre-sowing soil tillage for wheat on the development of its roots
P. Yankov, M. Drumeva, D. Plamenov

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 4, 2015

389

402

407

411

419

431

415

423

444

451

441

436



Occurrence of grapevine leafroll-associated virus complex in the Republic of Macedonia 
E. Kostadinovska, S. Mitrev, I. Karov 

Influence of sowing and fertilization rates on the yield and plant health of einkorn wheat (Triticum 
Monococcum L.)
V. Maneva, D. Atanasova, T. Nedelcheva, M. Stoyanova, V. Stoyanova

Effect of stocking density on growth intensity and feed conversion of common carp (Cyprinus 
caprio L.), reared in a superintensive system
S. Stoyanova, Y. Staykov

Monitoring of fungal diseases of lavender
K. Vasileva

Nitrogen mineralization potential of alluvial meadow soil after long-term fertilization
V. Valcheva, K. Trendafilov, M. Almaliev

Changes in the leaf gas exchange of common winter wheat depending on the date of application of 
a set of herbicides 
Z. Petrova, Z. Zlatev

Leaves area characteristics of Betonica bulgarica Degen et Neiĉ., during vegetation
1 2 1 1 1M. Gerdzhikova *, N. Grozeva , D. Pavlov , G. Panayotova , M. Todorova

Design and development of a device for measuring vacuum-pulsation parameters of milking unit
G. Dineva, V. Vlashev, L. Tsanov

Agriculture and Environment

Short communications 

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 4, 2015

460

464

469

476

481

486

494

455



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, 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”.



Volume 7, Number 4
December 2015

www.agriscitech.eu


	003
	WEB-TMPL
	TABLE OF CONTENT
	WEB-TMPL


