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Effect of gamma-irradiation on the fatty acid composition and susceptibility to powdery 
mildew (Erysiphe cruciferarum) of oilseed rape plants
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Abstract. The present study investigates the effect of induced mutagenesis for improving the quality of oil from the seeds of oilseed rape (Brassica napus) and 
disease resistance. Fatty acid composition of the oil obtained from seeds irradiated with gamma-rays with absorbed dose 100 Gy and 150 Gy from M1 and M2 
generation was analyzed by gas chromatography. The results from biochemical analysis revealed that compared with non-irradiated plants, irradiated plants 
exhibit a low content of oleic acid and high content of linoleic acid and linolenic acid. There is a tendency to increase total crude fat content in M1 and M2 
populations of Abacus cultivar, compared with unexposed plants. Alterations in the biochemical content after gamma rays treatment is associated with changes 
in sensitivity to the powdery mildew pathogen (Erysiphe cruciferarum). The findings of the gas chromatography analysis of the quantitative and qualitative 
composition of fatty acids in irradiated rapeseed plants makes it possible to assess the effect that change in the fatty acid content has on the resistance to 
powdery mildew.
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Introduction that unsaturated fatty acids in plant cells are involved in cutin and 
suberin synthesis (Pinot et al., 1999). Cutin, which acts as  first 
barrier and protects plant organs (leaves and fruits) from In recent years, there has seen an increase in the areas of 
dehydration providing protection against pathogens and pests, is cultivated rapeseed (B. napus) in Bulgaria due to the higher content 
composed of C16 and C18 fatty acids (Durst et al., 1991). Suberin, of protein and essential fatty acids in the rapeseed. The difference in 
which is predominantly composed of hydroxy- and epoxy-the composition of rapeseed oil can be observed in the different 
unsaturated fatty acids, is a structural component of the plant content of unsaturated fatty acids: oleic acid (C18:1), linoleic acid 
underground part – roots and tubers (Kolattukudy, 1980). C18 fatty (C18:2), linolenic acid C18:3 (Friedt and Lu, 1999). The change in 
acids in plants play a role in building the defence mechanism against the composition and content of C18 unsaturated fatty acid is one of 
diseases and pests (Kacharoo and Kacharoo, 2009). In 2004, the major problems in the selection of oilseed rape. In 2012, the fatty 
Walters published data that linoleic, linolenic, erucic and oleic acids acid composition of seeds of the local oilseed rape varieties 
have fungicidal properties against agents of the in-vitro fungal cultivated in Bulgaria has been studied (Petkova-Andonova, 2012). 
diseases. The higher content of stearic acid (C18:0) in soybean The results from the gas chromatography performed on the Abacus 
seeds decreases the extent of damage by Diaporthe phaseolorum variety seeds showed low content of oleic acid and higher content of 
and Cercospora kikuchii (Xue et al., 2006). It has been found that linoleic and linolenic acid.
hydroxy-fatty acids also inhibit the development of Erysiphe Another major goal is the creation of pathogen-resistant 
graminis, Puccinia recondita and Phytophtora infestans (Hou and varieties. The method of induced mutagenesis is a powerful tool for 
Forman, 2000).creating new genotypes with an increased yield, quality and 

Powdery mildew disease in rapeseed is caused by an obligate resistance to diseases and pests (Ahloowalia et al., 2004). Upon 
parasite Erysiphe cruciferarum Opiz ex.L. Junell. The fungus irradiation with gamma rays the variation of the resulting genetic 
appears annually in an array of oilseed rape fields in Europe, North alterations has high frequency and wider range of morphological and 
America, China and Korea (Koike, 1997; Jee, 2007; Mert-Turk, biochemical changes (Skoric et al., 2008). There is evidence that the 
2008; Penaud, 1999). The first symptoms are observed in autumn in mutations may also change the expression of certain enzymes in the 
the form of small, isolated patches of white mealy coating that later biosynthetic pathway of fatty acids (Auld et al., 1992; Pleines and 
covers the whole leaf. In spring, the disease spreads from the leaves Friendt, 1989). The irradiation of rapeseed with low doses of gamma 
to the stem, branches and pods. The affected leaves are deformed, rays of 100 Gy and 150 Gy has a stimulating effect on the synthesis 
chlorotic, and die later, and the seeds from the affected pods stay of linoleic and linolenic acids. Conversely, at higher doses of the 
small in size. The disease development is favoured by mutagen factor, the concentration of these fatty acids decreases 
meteorological factors, such as temperature and high humidity whilst the amount of oleic acid increases (Rahimi and Bahrani, 
(Penaud, 1999; Enright and Cipollim, 2007). Fungicide application is 2011).
often not efficient enough, due to the pathogen's rapid spread in The fatty acids synthesized in plants play an important role by 
favourable conditions. The present research studied the effects of participating in the composition of tissue hormones and in cell and 
gamma radiation on the fatty acid composition of rapeseed oil and nuclear membrane structures (Kolattukudy, 1974). It is assumed 
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the increased resistance to E. cruciferarum. Biochemical changes in methodology of Zlatanov, 2009.
the oil after gamma-ray irradiation are also associated with changes  
in the susceptibility to powdery mildew. Assessing the extent of powdery mildew damage (Erysiphe 

cruciferarum)
The extent of powdery mildew damage was assessed in mid-

June on 15 plants per variant, on stems, branches and pods, as a Material and methods 
percentage of the infested plant area (from 0 to 100%).

Plant material
Data processingThe seeds of the Abacus variety were provided by the 
The data processing was carried out using the SPSS computer Horticulture Department at the Agriculture Sciences University, 

program. The validity of the differences between the variants was Plovdiv. The Abacus variety seeds were seeds were irradiated with 
assessed through the criterion  t  of Student. gamma-rays with absorbed dose 100 Gy and 150 Gy in 2010 in order 

to induce mutations. The genetic mutations that occurred during the 
mutational process affected the morphological and biochemical 
characteristics. The resulting plants were isolated and purposefully Results and discussion 
self-pollinated across several generations. The experiments in the 
subsequent three years of the study (2010 – 2013) were carried out Based on data from the gas chromatography, an assessment 
on the experimental field of the Agriculture Sciences University of was made of the difference in the content of saturated and 
Plovdiv, through a block method, repeated three times, using a unsaturated fatty acids in the seeds of the non-irradiated variants 
conventional technology for growing rapeseed. After filtering and the ones irradiated with two doses of gamma radiation. A 
according to biochemical criteria, both irradiated and non-irradiated summary of the data for all three years of the fatty acid composition 
seeds of M0, M1, M2 generations were planted in a comparative field of the Abacus hybrid oil and its M0, M1 and M2 decomposing 
lots in early October 2012. During the growth season in 2013, the populations are presented in Tables 1 and 2. The chemical analysis 
powdery mildew (Erysiphe cruciferarum) infestation rate was results showed generally that the irradiated plants showed a lower 
assessed in the irradiated group and compared with the baseline content of oleic acid and a higher content of linoleic acid and linolenic 
non-irradiated plants. acid compared with the non-irradiated variants. The data in Table 1 

 show a tendency towards increase in the total content of raw fats in 
Gas chromatography (GC) the mutant populations of M1 and M2 of Abacus as compared with 
The Abacus hybrid seeds (2 g) and the seeds of M0, M1 and M2 the non-irradiated plants. This, in turn, is associated with a reduction 

generation of irradiated plants of the same variety were studied for in the total content of saturated fatty acids and an increase in the 
the qualitative and quantitative composition of fatty acids. A fatty acid content of unsaturated fatty acids.
extraction from the seeds was carried out through solution in 1 ml of There is an inverse relationship between the values of the total 
esterification buffer (75 ml of hexane, 20 ml of chloroform and 5 ml of fat content and the content of saturated and unsaturated fatty acids 
sodium methoxide in methanol). The GC analysis was performed (Table 1). The rapeseed oil of the Abacus hybrid showed higher 
using a Hewlett-Packard gas chromatograph (model HP5890, fitted content of saturated fatty acids as compared with the M2 and M3 
with 30 m FFAP capillary column (0.25 mm slit and a film thickness of generations of the irradiated variants. In contrast, the percentage 
0.5 μm). The fat content was determined by the residual method with content of unsaturated fatty acids is influenced positively by 
the Soksle apparatus at the Plovdiv University, using the 

Table 1. Total fat, saturated and unsaturated fatty acids in the seeds of Abacus and M0, M1 and M2 segregating 
generations of Abacus, treated with absorbed dose of 100 Gy and 150 Gy gamma rays

Fats and Fatty acids, % Abacus control М0 А-100 М0 А-150 М1 А-100 М1 А-150 М2 А-100 М2 А-150

Content of crude fat

Saturated fatty acids

Unsaturated fatty acids

35.9

10.1

89.7

40.7

9.3

82.3

39.5

7.5

83.5

43.2

6.3

85.2

45.1

6.8

86.2

42.5

6.3

92.7

47.1

6.9

93.7

Table 2. Fatty acid composition of rapeseed oil from the seeds of Abacus and M0, M1 and M2 generation of irradiated 
plants with 100 Gy and 150 Gy gamma-rays

Fats and Fatty acids, % Abacus control М0 А-100 М0 А-150 М1 А-100 М1 А-150 М2 А-100 М2 А-150

С12:0 Lauric acid

С14:0 Myristic acid

С16:0 Palmitic acid

С18:0 Stearic acid

С18:1 Oleic acid

С18:2 Linoleic acid

С18:3 Linolenic acid

--

0.1

7.5

2.3

66.3

17.2

4.4

0.1

0.1

6.7

1.8

69.3

15.5

3.1

0.1

0.2

6.3

2.0

67.0

17.4

3.5

0.1

0.2

6.5

1.9

67.8

17.2

4.2

0.1

0.2

6.7

1.2

68.5

18.3

5.9

0.1

0.1

5.9

0.3

67.5

19.1

6.9

0.2

0.1

5.7

0.3

73.0

15.9

4.6
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irradiation with gamma rays, and is comparatively high in M2 A1-100 acids can be used as a means of biological control of plant diseases 
and M2 A-150 – 92.7% and 93.7%, compared with the baseline 89.7 on a global scale. 
%.

Table 2 presents the results of the analysis of the percentage 
content of saturated and unsaturated fatty acids with carbon chain 

Conclusionlengths from C14 to C18 in the oil obtained from the seeds of the M0, 
M1 and M2 hybrid populations of the Abacus variety, irradiated with 

The biochemical analysis shows generally that the irradiated absorbed dose 100 Gy and 150 Gy compared with non-irradiated 
variants demonstrate a lower content of oleic acid and a higher seeds. Lauric acid was not contained in the Abacus hybrid, but was 
content of linoleic and linolenic acid as compared with the present in low concentrations of 0.1 – 0.2% in the oil of the other 
unirradiated variants. Increasing the dose of the mutagen leads to an variants of the mutant generations. The percentage of myristic acid 
increase in the concentration of unsaturated fatty acids with 18 C14:0 did not exceed 0.2% in all tested hybrids, which is harmless to 
carbon atoms and to a decrease in the extent of damage by Erysiphe human health.
cruciferarum.In this experiment a decrease was observed in the content of 

C18:1 in the oil from the irradiated versions of the Abacus variety and 
it varied between 67% – 73%, compared with the baseline non-
irradiated Abacus hybrid – 66.3%. The content of linoleic acid in M2 References
A-100 and A-150 seeds increased almost twice, 19.1% and 15.9%, 
respectively, compared with the baseline control group – 7.8%. The Ahloowalia B, Maluszynski M and Nichterlein K, 2004. Global 
variation in fatty acid composition of the irradiated variants impact of mutation-derived varieties. Euphytica, 135, 187-204.
compared with the non-irradiated ones, suggested variation in the Auld D, Heikkinen M, Erickson D, Sernyk J and Romero J, 1992. 
genotypes in the decomposing mutant populations of Abacus. Table Rapeseed Mutants with reduced levels of polyunsaturated fatty 
2 shows that the irradiated variants have a considerably higher acids and increased levels of oleic acid. Crop Science, 32, 657-662.
content of linoleic acid (C18:3). In M2 A-100 there was a 6-fold Friedt W and Lu W, 1999. Breeding of rapeseed (Brassica napus) 
amount of this fatty acid (6.9%) compared with non-irradiated plants for modified seed quality- synergy of conventional and modern 
of the Abacus cultivar – 1.1%. approaches. In Proc. 10th Int. Rapeseed Cong.: New horizons for 

Table 3 shows a summary of data demonstrating the extent of an old crop, Canberra, Australia.
damage by the powdery mildew agent on plants of the Abacus Enright S and Cipollini D, 2007. Infection by powdery mildew 
variety and its gamma-ray irradiation-treated variants. It also shows Erysiphe cruciferarum (Erysiphaceae) strongly affects growth and 
the arithmetic mean values and their errors, the accuracy indicators, fitness of Alliaria petiolata (Brassicaceae). American Journal of 
and the variation coefficients. The data show that the highest extent Botany, 94, 1813-1820.
of damage on the stems and branches in the range of 98.9% – 99% Hou CT and Forman RJ, 2000. Growth inhibition of plant 
(p = 0.1%) is observed with the M0 Abacus generation, irradiated pathogenic fungi by hydroxy fatty acids. Journal of Industrial 
with absorbed dose 100 Gy and 150 Gy gamma rays, compared with Microbilogy and Biochemistry, 24, 275-276.
the non-irradiated variant. The irradiation did not have a positive Jee H, Shim Y, Choi Y and Shin H, 2008. Powdery mildew caused 
impact on the sustainability of pods to E. cruciferarum. The by Erysiphe cruciferarum is found for the first time on Chinese 
differences found are insignificant compared with the corresponding cabbage in Korea. Plant Pathology, 57, 777.
baseline group. In contrast, the M1 and M2 generations were shown Kachroo A and Kachroo P, 2009. Fatty acid-derived signals in 
to have a proven lower extent of damage by the phytopathogen as plant defense. Annual Review Phytopathology, 47, 153-176.
compared with the baseline. It is assumed that the increased Koike S and Saenz G, 1997. First report of powdery mildew, caused 
resistance demonstrated is due to the higher content of unsaturated by Erysiphe cruciferarum, on broccoli raab in California. Plant 
fatty acids in the seeds of the irradiated plants. Unsaturated fatty Disease, 81, 1093.

 

Table 3. Assessing the extent of powdery mildew damage on stems, branches and pods, as a percentage of the infested
plant area on rapeseed plants from Abacus and M0, M1 and M2 generation of gamma irradiated plants

Mean average value in % from 30 repetions; D–difference against control; t–Student's t distribution; ns–nonsignificant
P>5% +, P>1% ++, P>0.1% +++, P<5% –, P<1% – –, P<0.1% – – –

Variants

Mean ± SD

Stems Branches Pods

D D Dt t tSign. Sign. Sign.Mean ± SD Mean ± SD

Extent of powdery mildew damage, %

Abacuscontol

М0-Abacus-100 Gy

М0-Abacus-150 Gy

М1-Abacus-100 Gy

М1-Аbacus-150 Gy

М2-Аbacus-100 Gy

М2-Аbacus-150 Gy

79.3 ± 1.31

99.3 ± 0.18

99 ± 0.21

28 ± 1.52

26.7 ± 1.26

10.3 ± 0.58

11.5 ± 0.56

90.5 ± 1.07

98.9 ± 0.22

99 ± 0.24

40.5 ± 1.34

34.8 ± 1.23

21.1 ± 0.77

22.7 ± 1.31

  97.6 ± 0.49

99.12 ± 0.2

  98.9 ± 0.31

  49.9 ± 1.17

  47.4 ± 1.02

  27.1 ± 1.04

  27.5 ± 1.11

20.09

19.69

–51.31

–52.61

–79.31

–67.81

17.62

17.27

19.23

34.1

74.6

39.8

    8.4

    8.5

–50

–55.7

–69

–67.8

16.43

15.71

32.53

29.46

42.37

35.12

1.52

1.3

–47.7

–50.2

–70.5

–70.1

  1.36

  1.04

26.2

29.01

40.5

39.8

ns

ns

– – –

– – –

– – –

– – –

+++

+++

– – –

– – –

– – –

– – –

+++

+++

– – –

– – –

– – –

– – –
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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, 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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