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Septoria/Stagonospora diseases of durum wheat (Triticum durum) in Bulgaria

1 2 1R. Rodeva *, S. Nedyalkova , Z. Stoyanova

1Department of Applied Genetics and Plant Biotechnology, Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, 21 Acad. G. 
Bonchev, 1113 Sofia, Bulgaria
2Field Crop Institute, 6200 Chirpan, Bulgaria

Abstract. Three fungal pathogens: Mycosphaerella graminicola (anamorph Zymoseptoria tritici), Phaeosphaeria nodorum (anamorph Stagonospora 
nodorum) and Phaeosphaeria avenaria f. sp. triticea (anamorph Stagonospora avenae f. sp. triticea) cause diseases on wheat (Triticum aestivum and Triticum 
durum) worldwide, known under the common name Septoria/Stagonospora diseases. In bread wheat (T. aestivum) studies have been carried out and 
information has been obtained on the state of the problem in Bulgaria. The purpose of the present investigation was to establish distribution and relative impact 
of Septoria/Stagonospora diseases and their causal agents on durum wheat (Triticum durum). The study showed that S. avenaria f. sp. triticea was the most 
common pathogen of this group during the studied period (2010 – 2014). Anamorph was primarily recorded. Teleomorph occurred with increasing frequency 
from the beginning of ripening. Z. tritici was not found in the first three years of the study. In 2013 six samples only were associated with Z. tritici infection. 
However, a large-scale occurrence of this fungus was established under extremely favorable weather conditions in 2014. S. nodorum was not recorded so far 
on the durum wheat cultivars included in the study. A comparative description of the symptoms caused by S. avenae f. sp. triticea and Z. tritici on the leaves of 
durum and bread wheat was made.

Keywords: leaf spotting fungi, Phaeosphaeria avenaria f. sp. triticea, Stagonospora avenae f. sp. triticea, Zymoseptoria tritici, anamorph, teleomorph

Abbreviations: Sat – Stagonospora avenae f. sp. triticea, Pat – Phaeosphaeria avenaria f.sp. triticea; FCI – Field Crop Institute; IPPG – Institute of Plant 
Physiology and Genetics
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Introduction coinfect wheat and incite similar symptoms. It is easy to misidentify 
lesions. In bread wheat (T. aestivum) studies have been carried out 
and information has been obtained on the state of the problem in A continuous increased incidence and importance of leaf 
Bulgaria (Rodeva, 1987; 1989a; 1989b; 2004). spotting fungi on wheat (Triticum aestivum L. and T. durum Desf.) 

The purpose of the present investigation was to establish was found in the last decades. This increase is due to several 
distribution and relative impact of Septoria/Stagonospora diseases factors, among which are: further distribution of susceptible wheat 
and their causal agents on durum wheat (T. durum).germplasm, reduced tillage that leaves lots of post harvest residues 

on the soil surface, a deficient rotation and increased foliar density 
due to increased fertilization (Krupinsky, 1999; Jalli et al., 2011). The 
same trend was observed in Bulgaria. The studies conducted in the Material and methods
country have shown the involvement of a series of anamorphic 
genera of fungi, among which Cladosporium, Drechslera, The study was carried out in the period 2010 – 2014. Every year 
Microdochium, Septoria (Zimoseptoria) and Stagonospora disease surveys were undertaken in the beginning of June. 
(Rodeva, 1987, 1989a, 1989b, 2004; Todorova, 2006; Nedyalkova Commercial wheat fields in different agro-ecological regions were 
et al., 2013, 2014). visited in the first two years. In the next three years samples were 

Three fungal pathogens belonging to the latter two genera gathered from three district units of Executive Agency for Variety and 
cause diseases on wheat, known under the common name Seed Control situated in General Toshevo, Burgas and Radnevo. 
Septoria/Stagonospora diseases, namely: Zymoseptoria tritici For permanent observations of disease development field 
(Desm.) Quaedvlieg & Crous, synonym Septoria tritici Rob. ex experiments were annually performed at the Field Crop Institute 
Desm. (teleomorph Mycosphaerella graminicola (Fückel) J. (FCI) Chirpan and Institute of Plant Physiology and Genetics (IPPG) 
Schröter in Cohn), Stagonospora nodorum (Berk.) Е. Castellani & Sofia applying randomized complete block design and 
E.G. Germano, synonym Septoria nodorum (Berk.) Berk. in Berk. & demonstration strip design, respectively. Six Bulgarian (Progres, 
Broome (teleomorph Phaeosphaeria nodorum (E. Müller) Vuzhod, Victoria, Predel, Zvezditsa and Deyana) and six foreign 
Hedjarroude, synonym Leptosphaeria nodorum E. Müller) and (Auradur, Pescadon, Saracolla, Yokon, Betadur and Meridiano) T. 
Stagonospora avenae (A. B. Frank) Bissett f. sp. triticea T. Johnson, durum cultivars were involved in the field experiments. The collected 
synonym Septoria avenae A.B. Frank f. sp. triticea T. Johnson infected material was investigated in the phytopathological 
(teleomorph Phaeosphaeria avenaria (G.F. Weber) O.E. Erikss. f. laboratory of the IPPG. The observed symptoms were described 
sp. triticea T. Johnson, synonym Leptosphaeria avenaria G.F. and the fungal pathogens were isolated. Identification of the leaf 
Weber f. sp. triticea T. Johnson) (King et al., 1983; Eyal et al., 1987; spotting causal agents was made on the basis of morphological and 
Cunfer, 1997; Cunfer and Ueng, 1999). These pathogens frequently cultural characteristics and the symptoms they provoked.

* e-mail: r.rodeva@abv.bg
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where initially ycnidia and later on seudothecia were found. Results
Fungal fruiting bodies were also obser ed on the awns (Figure ). 

ight brown, indiscernible, minute ycnidia and blac  ob ious The study showed that P. avenaria f. s . triticea (Pat) was the 
erithecia de elo ed on the leaf sheaths (Figure 5).  com arison most common athogen of this grou  during the studied eriod. 

was made between the sym toms caused by Sat and Pat on durum namor h S. avenae f. s . triticea (Sat) was rimarily recorded. t 
and bread wheat. They were absolutely identical.caused yellow lens-sha ed flec s on the lea es, which enlarged into 

ycnidia of Sat were solitary, round, ostiolated, brown, 0 to greyish-brown, o al to irregularly elongated blotches with a yellow 
150 μm. onidia were hyaline, thin-walled, smooth, guttulate, border and incons icuous ycnidia inside the grayish white center. 
cylindrical, straight or slightly cur ed, with obtuse a ices and 1 to 5 The lesions ex anded and coalesced leading to quic  leaf 
trans erse se ta (commonly   ), 1    x 2.5  .5 μm (Figure 6). senescence (Figure 1). ommonly the necrotic s ots on the lea es 
Microconidia were not obser ed. seudothecia of Pat were globose had indistinct contour but sometimes could be surrounded by dar  
to subglobose, ostiolated, dar  brown, 120 1 0 μm. They contained brown margin. Teleomor h Pat occurred with increasing frequency 
filiform ara hyses (sterile hy hae) and cylindrical asci, 55  100 μm from the beginning of ri ening. The leaf s ots bearing sexual fruiting 
bearing  ascos ores. scos ores were hyaline, guttulate, fusiform, bodies could be distinguished by dar er a earance due to the great 
straight or somewhat cur ed, ointed at the ends, with  trans erse number of cons icuous dar  brown seudothecia (Figure 2). The 
se ta, constricted at the se ta, a central cell somewhat wider than anamor h and teleomor h were often found on the same leaf blade. 
the other one, 1   2  x .0  6.5 μm (Figure ). t was a fast growing n 201  the weather conditions with the mild winter and rolonged 
fungus. n otato-dextrose agar a cottony white mycelium grew at rainy cool s ring were extremely fa orable for the de elo ment of 
first. ater the colony became white in  to cream in  on abo e side e toria tagonos ora diseases. Pat infection ro o ed 
and dar  in  to red brown on re erse side (Figure ). ultures ronounced sym toms on stem nodes and s i es. rown lesions 
grown from conidia and ascos ores had similar mor hology. nder bearing ycnidia a eared on the nodes and caused their dar ening 
continuous light some isolates roduced sterile and more seldom and in ing (Figure ). ome lesions girdled the nodes and could 
fertile seudothecia.lead to stem brea age or lodging. The sym toms on the s i e 

e toria tritici blotch was not found on durum wheat before consisted in necrotic lesions on the glumes mainly o er the u er 
201  when six sam les only were associated with Z. tritici infection. art and the edge of the glume. The center of the s ot became ale 

Figure 1. Symptoms caused by Stagonospora avenae f.sp.
triticea on leaves of Triticum durum (cultivar Zvezditsa)

Figure 2. A large spot with pseudothecia of Phaeosphaeria 
avenaria f.sp. triticea on leaf of Triticum durum 
(cultivar Vuzhod).

Figure 4. Spike of Triticum durum (cultivar Vuzhod) with 
pycnidia on glumes and awns

Figure 3. Stem node of Triticum durum (cultivar Vuzhod) 
with pycnidia of Stagonospora avenae f.sp. triticea



ll leaf s ots on durum wheat contained significantly less quantity of were noticed on durum wheat culti ar Meridiano on ril 2 . mall, 
ycnidia than those on bread wheat culti ars collected at the same light brown, yellow-bordered, unrestricted by the eins flec s 

time (Figure  a,b). nder fa orable weather conditions in 201  first a eared on the lower lea es, es ecially on lea es in contact with 
s ots caused by Z. tritici in the ex erimental field of   ofia the soil. t that moment large coalescing lesions with great number 

Figure 6. Conidia of Stagonospora avenae f.sp. triticea;
scale bar = 10 m

Figure 5. Leaf sheaths of Triticum durum (cultivar Vuzhod)
with pycnidia (a) and pseudothecia (b)

Figure 8. Colony morphology of Stagonospora avenae f.sp.
triticea on potato dextrose agar: a. above side;
b. reverse side

Figure 7. Ascospores of Phaeosphaeria avenaria f.sp. 
triticea; scale bar = 10 m

Figure 9. Lesions with pycnidia caused by Zymoseptoria 
tritici in 2013: a. Triticum aestivum (cultivar Enola); 
b. Triticum durum (cultivar Saturn 2)

a

b

Figure 10. Lesions caused by Zymoseptoria tritici on the 
lower leaves in spring of 2014: a. Triticum aestivum 
(cultivar Enola); b. Triticum durum (cultivar Meridiano)
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of ycnidia were isible on the lea es of susce tible bread wheat de elo ed. ycnidia extruding conidial cirrhy could be seen in the 
culti ars (Figure 10a,b). n the disease rogress the lesions domed com act colonies (Figure 1  2, 2). Z. tritici was a ery 
de elo ed longitudinally, restricted by the eins, with arallel sides slowly growing fungus.
and blunt ends. longated blotches ranged u  to fi e by 15 mm and S. nodorum was not recorded so far on the durum wheat 
coalesced (Figure 11). The sym toms on durum and bread wheat culti ars included in the study.
were similar but the disease degree was higher on the latter one.

Z. tritici roduced two ty es of ycnidia  normal si e ( 5-1 0 μm 
in diameter) bearing only macroconidia or mixed macro- and Discussion
microconidia and smaller one (65-120 μm in diameter) that 
contained only microconidia. The latter were found more frequently n the studied eriod the disease com lex e toria  
on sheath. Macroconidia were hyaline, thin-walled, smooth, tagonos ora of durum wheat was com osed of Pat as a ma or 
guttulate, filiform, straight or cur ed or sometimes hamate, gradually athogen occurring in both anamor h and teleomor h stages. t was 
ta ered from the obtuse base to an acute a ex, with   5 indistinct recorded on wheat in anada ( ohnson, 1 ), the northern  
se ta, 0  0 x 1  2.5 μm (Figure 12a,b). Microconidia were ( osford et al., 1 6  hearer and al ou os, 1  hearer and 
hyaline, thin-walled, smooth, filiform, straight or slightly cur ed, ilcoxon, 1  u  and ergstrom, 1 5), ra il ( u , 1 2), 
unicellular, -10 x 0. -1.0 μm (Figure 12b,c). n culture the fungus rgentina ( iehr and elhey, 200 ) and uro e (M el , 1 5  
roduced secondary budding cells and conidia (Figure 12d). r ger and offmann, 1 b). n ulgaria both anamor h and 
esides mycelial state, the Z. tritici isolates exhibited a yeast-li e teleomor h stages were re orted on bread wheat ( ode a, 1  

growth in culture ia microcyclic conidiation. The colonies consisted 1 a  1 b). The fungus was isolated and characteri ed 
of great quantity conidia, which had salmon color in mass (Figure 1  ( ode a, 1 6). t was found that Pat and P. nodorum were 

1, 1). ith the age dar  condensed mycelial mat of Z. tritici mor hologically similar and roduced identical sym toms ( ohnson, 
1  ichardson and oble, 1 0  r ger and offmann, 1 b). 
Pat could be distinguished from P. nodorum by the larger si e and 
greater number of se ta of its conidia and cream in  colony color. P. 
nodorum had smaller conidia (seldom more than 25 μm) with u  to  
se ta ( ichardson and oble, 1 0  bst, 1 2  M el , 1 5  u  
and ergstrom, 1 5  ode a, 1 ).

e toria tritici blotch was easily recogni ed by the longitudinally 
ex anded lesions bearing ycnidia. The anamor h of M. 
graminicola has been nown for a long time as Septoria tritici. ately, 
a no el genus Zymoseptoria gen. no . has been introduced to 
accommodate the Septoria-li e s ecies occurring on graminicolous 
hosts. ecies of Zymoseptoria exhibit a yeast-li e growth in culture, 
and ha e u  to three different conidial ty es that can be obser ed 
( uaed lieg et al., 2011). The anamor h was found ery seldom on 
durum wheat culti ars under study exce t for 201  and roduced 
significantly less quantity of ycnidia in the s ots than on bread 
wheat culti ars. The teleomor h has not been recorded in ulgaria, 
yet.

n 201  the weather conditions were ery fa orable for the 
de elo ment of Septoria/Stagonospora diseases. This was the only 
study year when Z. tritici was found in a large scale in the 

Figure 12. Conidial sporulation of Zymoseptoria tritici: 
a. macroconidia; b. macro- and microconodia; 
c. microconidia; d. secondary budding cells and conidia; 
scale bars = 10 m

Figure 11. Septoria leaf blotch on Triticum durum (cultivar 
Zvezditsa) – disease development

Figure 13. Colony morphology of Zymoseptoria tritici on 
potato dextrose agar: A. an isolate from Triticum durum 
(cultivar Meridiano); B. an isolate from Triticum aestivum 
(cultivar Enola); 1. after 14 day's cultivation; 
2. after 30 day's cultivation
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experimental field of IPPG. The sampled tissues from living wheat express their gratitude to the Executive Agency for Variety and Seed 
plants contained besides pycnidia of Sat also ascocarps. All were Control for giving permission of access to its district units General 
Pat, not the morphologically similar P. nodorum suggesting that Toshevo, Burgas and Radnevo.
perfect stage could play a significant role in the epidemiology of 
Stagonospora avenae blotch of durum wheat. Many heavily 
damaged by Pat spikes were observed showing that the disease References
could affect yield through shriveling and reduced grain weight. The 
severe spike attack is commonly attributed to P. nodorum. These 
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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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