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S u m m a r y

The study material consisted of K 1860 Septoria carvi isolate and single isolates of 18 
other fungal species, chosen randomly from our own collection created during the stud-
ies of caraway diseases carried out in 2001-2006. Individual, general and summary biotic 
effects of the various fungi on Septoria carvi were determined by using the biotic series 
method and PDA (Difco) medium. Our results show that S. carvi is a weak competitor, 
because its growth was limited by all studied species of fungi representing the phyllo-
sphere of caraway. Trichoderma, Gliocladium and Epicoccum purpurascens were recognized 
as positive and effective antagonistic fungi in relation to S. carvi. Moreover, the stud-
ied fungi that are pathogens of caraway and other plants, i.e. Fusarium spp., Rhizocto-
nia solani, Colletotrichum spp., Botrytis cinerea, Alternaria spp. and Phoma exigua proved 
strongly competitive to S. carvi, so these fungi could mask the symptoms of septoriosis 
at the first stage of the disease.
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INTRODUCTION

Fungi from the Septoria genus are common in various geographic regions of 
the world. Many species are pathogens, causing septoriosis of various cultivated 
plants. These fungi cause spots mostly on leaves, but on other above-ground parts 
as well [1, 2]. Numerous Septoria spp. have been detected on medicinal plants. 
These include S. apiicola Speg., S. menthae Oudem., S. valerianae Sacc. et Fautrey, S. 
melissae Desm., S. solidaginicola Peck and S. carvi Syd. [3-6]. Among the above-men-
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tioned species, S. carvi was of great economic significance in Austria and Poland 
in recent years [7, 8]. The first information about the presence of this pathogen 
in Poland appeared in 2003 [9]. The fungus caused necrotic spots on leaves and 
stems of caraway (Carum carvi L.) which resulted in mass death of plants. S. carvi 
commonly colonized the umbels and schizocarps causing the death of the former 
and diminishing or scattering of the latter [7]. However, the above-ground parts of 
caraway are colonized not only by S. carvi but also by numerous other species of 
fungi [5, 7]. The biodiversity of fungi is determined by environmental conditions: 
both biotic and abiotic [10, 11]. When the strong antagonistic fungi occur in the 
phyllosphere the growth of pathogenic fungi can be inhibited, especially if the 
latter are characterized by slow growth [11-13]. It seems that Septoria carvi is a 
rather slow-growing species of fungi, at least on artificial media [6]. Moreover, 
the isolation of the pathogen from caraway was possible at the first stage of sep-
toriosis development prior to the appearance of other accompanying species of 
fungi on the plants [5]. The present study was carried out because of the lack of 
information concerning the possibility of S. carvi development in the environment 
of the host plant and phyllosphere fungi. Its aim was to analyse the influence of 
some fungal species inhabiting the above-ground parts of caraway on S. carvi and 
to select the species that inhibit the pathogen growth and development most 
effectively.

MATERIAL AND METHODS

Septoria carvi isolate K 1860 and single isolates of 18 other species of fungi 
were chosen randomly from our own collection created during studies on dise-
ases of caraway cultivated in the Lublin region in 2001–2006 [5, 7]. All species 
were taken for this study from the fungal communities of the caraway phyllo-
sphere: Alternaria alternata (K 461), A. radicina (K 1723), Botrytis cinerea (K 1777), 
Cladosporium cladosporioides (K 518), Colletotrichum gloeosporioides (K 5420), C. 
dematium (K 425), Trichoderma koningii (K 437), T. harzianum (K 428), Epicoccum 
purpurascens (K 1696), Fusarium avenaceum (K 456), F. culmorum (K 284), F. equiseti 
(K 304), F. oxysporum (K 271), F. sporotrichioides (K 465), Phoma exigua (K 1503) and 
Rhizoctonia solani (K 1561). The maximum number of fungal species was taken 
for this study, irrespective of the frequency of their isolations from plants in the 
study period. Additionally, Gliocladium catenulatum (L 4940) and T. viride (W 1222) 
were taken into the consideration. These antagonistic fungi were obtained from 
other cultivated plants because they were not isolated from caraway in 2001–
2006 [14, 15]. The interaction of the fungi was studied by using the biotic series 
method which was elaborated for soil fungi, on PDA (Difco) medium [10, 16]. 
This method was adapted for fungi colonizing the phyllosphere of plants [11, 
13, 14, 17]. Two discs of 3 mm in diameter from ten-day-old cultures, one of S. 
carvi and one of a fungus representing the studied community, were taken. They 
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were placed mycelium down, 2 cm apart in the centre of the Petri dish, on the 
solidified medium. Dishes with mycelium of single fungal species constituted 
the controls. For each combination of the experiment four replications (dishes) 
were made. The dishes were incubated at 24oC in the dark. Biotic effects of the 
fungi in the dual cultures were evaluated after 10 days of common growth be-
cause of quick overgrowth of the pathogen colony by the other species. While 
evaluating the biotic effects, the surrounding of one colony by another fungal 
species, the occurrence of an inhibition zone between the colonies and a re-
duction of the colony size were taken into account [18]. If the colony of S. carvi 
was overgrown by other species of fungi, the appearance of mycelium and coni-
dia of the studied fungus were evaluated. The biotic effect of particular species 
of fungi was estimated as an individual biotic effect (IBE) [10], next the general 
and summary biotic effects were estimated for all the species of fungi represen-
ting the fungal community of the caraway phyllosphere in 2001–2006. Each of 
these three biotic effects may be positive (indicating the suppressive effect on 
the pathogen growth) or negative (indicating a lack of the suppressive effect on 
the pathogen growth). The value of the effect may be “0” as well, indicating a 
neutral influence [10, 18].

RESULTS

All of 18 tested species of fungi limited the growth of S. carvi after 10 days 
of dual growth, which was shown by positive values of IBE (tab. 1). The highest 
inhibitory effect on S. carvi was caused by Trichoderma spp., e.g. T. harzianum, T. 
viride and T. koningii, because their IBE reached +8. The colonies of each of the 
studied Trichoderma spp. completely overgrew the inocula of S. carvi and made 
the growth and sporulation of the pathogen colony impossible. Trichoderma 
spp. caused degradation and decay of the hyphae of S. carvi (fig. 1, 2). We 
also observed that Botrytis cinerea, Rhizoctonia solani, Fusarium avenaceum and 
F. sporotrichioides limited the growth of the studied isolate of S. carvi strongly 
enough since the value of IBE was +7 (tab. 1). The Rhizoctonia solani and Botry-
tis cinerea fungi developed their mycelium intensively, and formed sclerotia on 
the whole surface of the S. carvi colony and of the culture medium. In the dual 
growth of S. carvi and Fusarium avenaceum or F. sporotrichoides, the whole sur-
face of S. carvi was overgrown by the others, which caused total degradation 
and decay of its hyphae and made sporulation of the pathogen impossible. 
The influence of F. culmorum, F. oxysporum and F. equiseti on S. carvi growth was 
similar, and the value of IBE was +6 (tab. 1). The growth of S. carvi was limi-
ted also by applied fungi from the Colletotrichum genus: C. gloeosporioides and 
C. dematium because the value of their IBE was +6, and by Phoma exigua var. 
exigua, since the value of its IBE was +5 (tab. 1). Colletotrichum gloeosporioides 
and C. dematium did not overgrow S. carvi colonies, but by surrounding them, 
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they limited the growth of the pathogen. Moreover, the colony of the patho-
gen formed effuse mycelium in the place where these two colonies were in 
contact. No pycnidia and conidia were produced by these fungi. The hyphae 
were degenerated and produced chlamydospores and aggregates, which were 
about 5–6 mm in diameter (fig. 3). The colonies of Phoma exigua var. exigua 
surrounded the colonies of the pathogen and did not grow on their surface. In 
dual growth with S. carvi, the colonies of P. exigua var. exigua were subject to 
degradation at a distance of 3 mm from the second fungus colony, and they oc-
casionally formed pycnidia. The colonies of S. carvi, in the experiment with P. 
exigua, were darker, more compact, with a larger mass of pycnidia in compari-
son to the control colony. The growth of S. carvi was limited by Epicoccum pur-
purascens, as its IBE was +6, and the tested fungus grew on the surface of the 
pathogen colony (tab. 1, fig. 5). The deformation and complete destruction of 
S. carvi hyphae was not recorded in the dual culture of these two fungi but a 
total inhibition of sporulation and lack of pycnidia were observed. Alternaria 
radicina limited the growth of S. carvi, as its IBE was +5 (tab. 1). A small inhi-
bition zone with a softened medium was formed between these colonies du-
ring the dual growth of these fungi. The hyphae of S. carvi were degenerated, 
deformed, and no pycnidia or conidia were produced by this fungus. The IBE 
of Alternaria alternata cultured with S. carvi was +4 (tab. 1). The size of S. carvi 
colony in dual growth with this fungus was about 2/3 smaller than the control 
colony. The surface of the pathogen colony was covered by A. alternata hyphae 
and the conidia of both species were found on microscopic slides. Moreover, 
the hyphae of S. carvi were deformed, with a mass of chlamydospores inside. 
Cladosporium cladosporioides limited the growth of S. carvi and its IBE was +2 
(tab. 1). The growth of S. carvi was inhibited by Gliocladium catenulatum, and its 
IBE was +3 (tab. 1, fig. 6). The fungus grew over half of the pathogen colony 
after 10 days of dual growth causing deformation and total degeneration of 
the pathogen hyphae, and conidia did not occur on this surface. On the other 
hand, pycnidia and conidia occurred on the part of the pathogen colony free 
from G. catenulatum mycelium. Due to the growth of S. carvi limitation of all 
species of fungi applied in this study, all summary biotic effects (SBEs) were 
positive (tab. 1). Those positive values of the SBEs were influenced by the 
high frequency of occurrence of Alternaria alternata and, in several years, of 
A. radicina in the caraway phyllosphere, the species giving IBE +5 and +4, re-
spectively, and frequent occurrence of Fusarium spp., B. cinerea, R. solani, giving 
IBE from +6 to +7 (tab. 1).
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Ta b l e  1 .

Biotic effect of fungi isolated from various organs of caraway (Carum carvi L.) on Septoria carvi, after 
10 days of dual growth

Species of fungi IBE*
2001 2002 2003 2004 2005 2006

Frequency GBE** Frequency GBE** Frequency GBE** Frequency GBE** Frequency GBE** Frequency GBE**
Alternaria alternata (Fr.) 
Keissler
Alternaria radicina Meier 
Drechsler et Eddy
Botrytis cinerea Pers.
Cladosporium cladosporioides 
(Fres.) de Vries
Colletotrichum dematium 
(Fr.) Grove
Colletotrichum gloeosporioides 
(Penz.) Sacc.
Epicoccum purpurascens 
Ehrenberg
Fusarium avenaceum (Fr.) 
Sacc.
Fusarium culmorum 
(W.G.Smith) Sacc.
Fusarium equiseti (Corda) 
Sacc.
Fusarium oxysporum Schlecht.
Fusarium sporotrichioides 
Sherb. 
Phoma exigua var. exigua 
Desm.
Rhizoctonia solani Kühn
Trichoderma harzianum Rifai
Trichoerma koningii Oud.
Trichoderma viride Pers. 
ex Gray
Gliocladium catenulatum 
Gilman et Abbott

+4

+5
+7

+2

+6

+6

+6

+7

+6

+6
+6

+7

+5
+7
+8
+8

+8

+3

245

181
14

16

-

10

-

35

-

-
10

-

5
-
-

10

-

-

+980

+905
+98

+32

-

+60

-

+245

-

-
+60

-

+25
-
-

+80

-

-

493

104
2

3

-

-

23

5

2

20
-

59

9
8
-
-

-

-

+1972

+520
+14

+6

-

-

+138

+35

+12

+120
-

+413

+45
+56

-
-

-

-

322

-
22

-

-

13

19

1

-

-
-

7

30
1
-
-

-

-

+1288

-
+154

-

-

+78

+114

+7

-

-
-

+49

+150
+7

-
-

-

-

130

8
11

37

-

2

3

10

-

-
5

-

2
24
-
-

-

-

+520

+40
+77

+74

-

+12

+18

+70

-

-
+30

-

+10
+168

-
-

-

-

61

10
-

-

69

2

2

12

-

78
9

-

3
-
-
-

-

-

+244

+50
-

-

+414

+12

+12

+84

-

+468
+54

-

+15
-
-
-

-

-

184

16
4

2

5

-

2

2

-

34
57

43

5
5
5
15

-

-

+736

+80
+28

+4

+30

-

+12

+14

-

+204
+342

+301

+25
+35
+40
+120

-

-

Number of isolates 526 728 415 232 236 379

SBE*** +2485 +3331 +1847 +1019 +1353 +1971

IBE* – Individual Biotic Effect; GBE** – General Biotic Effect; SBE*** – Summary Biotic Effect 

Figure 1. Septoria carvi – hyphae (a) and conidia (b) x500, from control colony (photo. E. Zalewska)
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Figure 2. Dual growth of Septoria carvi (left) and Trichoderma harzianum (right) after ten days – (a), individual 
growth of T. harzianum (b) and S. carvi (c) deformation of S. carvi hyphae x250 (d) (photo. E. Zalewska)

Figure 3. Dual growth of Septoria carvi (left) and Colletotrichum gloeosporioides (right) after ten days 
– (a), individual growth of C. gloeosporioides (b) and S. carvi (c), deformation of S. carvi hyphae x500 (d) 
(photo. E. Zalewska)
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Figure 4. Dual growth of Septoria carvi (left) and Colletotrichum dematium (right) after ten days  
– (a), individual growth of C. dematium (b) and S. carvi (c) (photo. E. Zalewska)

Figure 5. Dual growth of Septoria carvi (left) and Epicoccum purpurascens (right) after ten days – (a), 
individual growth of E. purpurascens (b) and S. carvi (c) (photo. E. Zalewska)
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Figure 6. Dual growth of Septoria carvi (left) and Gliocladium catenulatum (right) after ten days  
– (a), individual growth of G. catenulatum (b) and S. carvi (c), deformation of S. carvi hyphae x500 (d) 
(photo. E. Zalewska)

DISCUSSION

The numerous positive IBE values obtained in the present study indicate that 
the growth of Septoria carvi is inhibited by numerous fungal species colonizing the 
caraway phyllosphere. This indicates that S. carvi, pathogenic to caraway [5, 7], 
is a weak competitor and may be effectively eliminated from the culture medium 
by other, rapidly growing fungal species. This may also suggest that during simul-
taneous inhabitation of caraway organs by S. carvi and other fungal species, the 
isolation of S. carvi might be difficult. Among the studied fungi, much attention 
should be paid to Trichoderma spp. and Gliocladium sp., famous for their strong 
antagonistic abilities [12, 14, 17, 19]. Trichoderma spp. were the most effective 
antagonists of S. carvi. This resulted from complete overgrowth and destruction 
of the pathogen colonies by this antagonist after a few days of dual growth. It 
was possible due to secretion of constitutional enzymes and those produced as 
a result of contact with the pathogen, as well as the ability to form toxic meta-
bolites and to parasitize many fungi [20]. A particularly high antagonistic ability 
of T. harzianum strain T 39 determined its use in the production of the Trichodex 
biopreparation [21]. The high antagonistic activity of Trichoderma spp. was also 
shown in earlier studies conducted by Zalewska [13], Machowicz-Stefaniak [14] 
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and Zimowska [22] as well as many other researchers. The antagonistic activity of 
Gliocladium spp., resulting (unlike that of Trichoderma) only from antibiosis and the 
ability to parasitize, explains the slower limitation of the size of S. carvi colonies 
during the first days of dual growth with G. catenulatum. A similar situation was 
observed in the case of other pathogens, e.g. M. coryli, B. cinerea and Seimatospo-
rium hypericinum growing in the presence of Gliocladium spp. [13, 14, 22]. A very 
high hyperparasitic and antibiotic activity of Gliocladium spp. towards the abo-
ve-mentioned pathogens appeared after 30–40 days of dual growth. Therefore, 
G. roseum, G. catenulatum were used for plant protection against Botrytis cinerea 
causing grey mould [23]. Rhizoctonia solani, the studied species from the genus 
Fusarium as well as Botrytis cinerea, Phoma exigua, Colletotrichum gleosporioides and 
C. dematium should be recognized as effective antagonists of S. carvi on the basis 
of the determined IBE values. However, in the aspect of plant protection, this fact 
should be estimated negatively, since the mentioned fungal species are patho-
gens that are dangerous not only to caraway but also to other plant species [4, 5, 
15]. Their occurrence in the plant environment is highly undesirable. Moreover, 
caraway primarily infected by S. carvi may be easily secondarily colonized by the 
above-mentioned, fast-growing facultative parasites, which not only activate the 
decay of plants but also mask the primary cause of the disease and make the cor-
rect diagnosis in the field difficult [5]. Results obtained in the present study con-
firmed the suggested earlier proposition [5] that some pathogens, which are weak 
competitors, can be successfully isolated from plant tissues on artificial media at 
the initial stage of the disease. The biotic series formed for S. carvi and fungal 
communities representing the caraway phyllosphere in 2001–2006, in spite of 
the positive values of general biotic effects and summary biotic effects, indicated 
unfavourable phytosanitary conditions in the studied caraway plantations. The 
species of fungi belonging to these biotic series inhibited S. carvi growth strongly 
enough, but all of them, except E. purpurascens and Trichoderma spp., were also 
pathogenic to caraway. Among them, even some toxigenic species existed, such 
as Fusarium avenaceum, F. sporotrichioides and the common A. alternata [24]. In the 
biotic series from 2001-2006 years, which represents the caraway phyllosphere, 
lacked the positive antagonists of S. carvi, i.e. Trichoderma and Gliocladium spp. [12] 
or they were present only occasionally. The saprotrophic E. purpurascens, known 
for its antagonistic activity, occurred in the caraway environment at a low freque-
ncy. Its influence on the positive general biotic effect could not be significant.

CONCLUSIONS

1. Septoria carvi, causing septoriosis of caraway, was recognized as a species with 
weak competitive abilities.

2. Trichoderma spp., Gliocladium catenulatum, Epicoccum purpurascens are positive 
and effective antagonists of S. carvi. 



79

Vol. 54 No 3 2008

Biotic effect of caraway phyllosphere fungi on the pathogenic fungus Septoria carvi Syd.

3. Fusarium spp., Rhizoctonia solani, Botrytis cinerea, Colletotrichum spp., Phoma exi-
gua, and Alternaria spp., all of which show strong competitive abilities towards 
S. carvi, may mask the symptoms of septoriosis in the initial stage of the disease 
and make it difficult to diagnose the primary cause of the disease.

REFERENCES

1. Sutton BC. The Coelomycetes. Fungi Imperfecti with Pycnidia, Acervuli and Stroma. Kew 1980.
2. Teterevnikova-Babayan DN. Griby roda Septoriya w SSSR. Erevan 1987.
3. Farr DF, Bills GF, Chamuris GP, Rossman AY. Fungi on plants and plant products in the United States. St. 

Paul, Minesota 1995.
4. Machowicz-Stefaniak Z, Zalewska E, Zimowska B. Fungi colonizing various organs of lemon balm 

(Melissa officinalis L.) cultivated in South-East Poland. Plant Protect. Sci., 38, Special Issue 2, Proc. 6 th 
Conf. EFPP, Prague 2002:347-50.

5. Machowicz-Stefaniak Z, Zalewska E. Biodiversity of fungi colonizing various organs of caraway (Carum 
carvi L.). Electron J Pol Agric Univ, Ser. Horticultura, 11 (1), # 21, http://www.ejpau.media.pl/volume11/
issue1/art-21.html, 2008.

6. Zalewska E. Occurrence and characterization of Septoria carvi Syd. (Coelomycetes, Sphaeropsidales). Herba 
Pol 2008; 54:25-33.

7. Machowicz-Stefaniak Z, Zalewska E. Grzyby zagrażające uprawie wybranych gatunków ziół z rodziny 
Apiaceae w południowo-wschodniej Polsce. Folia Univ Agric. Stetin, Agricultura, 2004; 239 (95):223-8.

8. Bedlan G. Septoria carvi an Kümmel. Gemüse 2005; 11:25.
9. Zalewska E, Machowicz-Stefaniak Z. Septoria carvi Syd. – a pathogen dangerous to caraway (Carum carvi 

L.). Herba Pol 2003; 39:414-15.
10. Mańka K. Zbiorowiska grzybów jako kryterium oceny wpływu środowiska glebowego na choroby roślin. 

Zesz Probl Post Nauk Roln 1974; 160:9-23.
11. Mańka K, Mańka M. Próba oceny dotychczasowych badań nad fitopatogenicznym znaczeniem grzybów 

w środowisku rośliny gospodarza. Materiały z Sympozjum „Biotyczne środowisko uprawne a zagrożenie 
chorobowe roślin”, Olsztyn 7-9.09.1993, 1994:35-46.

12. Łacicowa B. Niektóre aspekty wykorzystania grzybów z rodzaju Trichoderma i Gliocladium w biologicznej 
ochronie roślin. Ochr Rośl 1989; 3:8-10.

13. Zalewska E. Effect of phyllosphere microorganisms on the growth of Monilia coryli. Phytopathol Pol 
1999; 18:57-67.

14. Machowicz-Stefaniak Z. Antagonistic activity of epiphytic fungi from grape-vine against Botrytis cinerea 
Pers Phytopathol Pol 1998; 16:45-52.

15. Machowicz-Stefaniak Z, Zalewska E. Grzyby występujące na nadziemnych organach leszczyny. In: 
Lisiewska M, Ławrynowicz M (ed.). Monitoring grzybów. Poznań-Łódź 2000:153-66.

16. Mańka K, Mańka M. A new method for evaluating interaction between soil inhabiting fungi and plant 
pathogens. IOBC/WPRS Bull 1992; 15/1:73-5.

17. Król E, Machowicz-Stefaniak Z. Biotic effect of fungal communities inhabiting grapevine phyllosphere 
on Phoma negriana Thüm. Biologia, Bratislawa 2007, 63:466-70.

18. Mańka M. Non-pathogenic soil fungi reflecting soil environment. In: Mańka M. (ed.) Environmental Biotic 
Factors In Integrated Plant Disease Control. Proceeding of 3rd Conference of European Foundation for 
Plant Pathology. Poznan, Poland, 5-9 September 1994, 1995:27-36.

19. Papavizas GC. Trichoderma and Gliocladium: biology, ecology and potential for biocontrol. Ann Rev 
Phytopathol 1985; 23:23-54.

20. Fokkema NJ. Strategies for biocontrol of foliar fungal diseases. In: Environmental biotic factors in 
integrated plant disease control. Proceedings of the 3rd Conference of European Foundation for Plant 
Pathology, Poznań, Poland, 5-9 September 1994, 1995:69-79.

21. Cohen A, Elad Y, Abir H, Balum B, Barazani A. Control of grapevine gray mould with Trichodex (Trichoderma 
harzianum T39). In: XIth International Botrytis Symposium. Programme and book of abstracts. 23-27 
June 1996, Wageningen 1996:74.



80
Z. Machowicz-Stefaniak, E. Zalewska, E. Król

22. Zimowska B. Biotic effect of phyllospheric fungi on the growth and development of Seimatosporium 
hypericinum (Ces.) Sutton. Electron J Pol Agric Univ, Ser. Horticultura , 2004.

23. Sutton JC, Li De-Wei, Peng G, Yu H, Zhang P. Gliocladium roseum as a biocontrol agent against Botrytis 
cinerea. In: XIth Intrernational Botrytis Symposium. Programme and book of abstracts. 23-27 June 1996, 
Wageningen 1996:72.

24. Kiecana I, Perkowski J. Zasiedlenie ziarna owsa (Avena sativa L.) przez toksynotwórcze grzyby Fusarium 
poae (Peck.) Wr. i Fusarium sporotrichioides Sherb., Zeszyty Nauk. AR Kraków 1998; 57:881-4.
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S t r e s z c z e n i e

Obiektem badań był izolat K 1860 Septoria carvi oraz izolaty 18 gatunków grzybów 
wybranych losowo z własnej kolekcji kultur zgromadzonej w latach 2001–2006 w wyniku 
badań nad chorobami kminku zwyczajnego. Biotyczne relacje między grzybami określano 
metodą szeregów biotycznych stosując pożywkę PDA (Difco). Oddziaływanie poszczegól-
nych gatunków grzybów na S. carvi wyrażano indywidualnym, ogólnym oraz sumarycznym 
efektem biotycznym. Wykazano, że S. carvi jest słabym konkurentem, bowiem wzrost pa-
togenu ograniczały wszystkie badane gatunki grzybów, reprezentujące fylosferę kminku 
zwyczajnego. Trichoderma spp., Gliocladium catenulatum i Epicoccum purpurasens uznano za 
pozytywnych i efektywnych antagonistów S. carvi. Fusarium spp., Rhizoctonia solani, Colle-
totrichum spp., Botrytis cinerea, Alternaria spp. i Phoma exigua będące również patogenami 
kminku zwyczajnego i innych roślin okazały się silnie konkurencyjne dla S. carvi, przez co 
mogą maskować objawy septoriozy w początkowej fazie choroby. 

Słowa kluczowe: Septoria carvi, grzyby fylosferowe, biotyczne oddziaływanie, kminek zwyczajny 


