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S u m m a r y

Studies on the diversity of fungi colonizing and damaging selected plant parts were con-
ducted in 2007–2009. They were performed on productive plantations of savory (Satureja 
hortensis L.) grouped in south-eastern Poland. Fungi were isolated from superficially disin-
fected roots, stems and leaves by means of a mineral medium. Fungi from Fusarium spp., 
Phoma spp. and Rhizoctonia solani were obtained from the roots and stem bases showing 
necrosis and tissue narrowing. Botrytis cinerea was obtained from the stems with the symp-
toms of necrosis, breaking and tissue disintegration. 
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INTRODUCTION

Savory (Satureja hortensis L.) from the Lamiaceae family is a herb frequently cul-
tivated in south-eastern Poland. Due to the rich and differentiated chemical com-
position of Saturejae herba, raw material is used in pharmaceutical and food indu-
stries [1]. Savory with all its antibacteriostatic and fungistatic properties resulting 
from biologically active substances, particularly secondary metabolites and essen-
tial oils including carvacrol and phenolic compounds, is known to be affected by 
phytopathogens [2, 3]. The most important diseases in the United States are po-
wdery mildew caused by Erysiphae cichoracearum, rust caused by Puccinia menthae 
and leaves spot caused by Ramularia spp. [2].

Studies conducted in the last few years on the healthiness of herbs from Lamia-
ceae family in the lubelskie province gave the information about the occurrence 
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of the plant and its organs being injured by different fungi, including species not 
reported in Poland so far [4-7].

The present paper which is a continuation of a cycle of studies on mycoses of 
medicinal plants from the family Lamiaceae, discusses the results of three-year-
long studies on the diversity of fungi occurring and damaging different part of 
savory. 

MATERIAL AND METHODS

The studies conducted in 2007–2009 concerned three plantations of one-year-
old savory plantations situated in the Fajsławice and Suchodoły commune (lubel-
skie province). The forecrop on the examined plantations were most frequently 
other herbs such as thyme, lemon balm or sage. The percentage of plants with 
necrotic symptoms on the stems and the leaves was determined each year at the 
beginning of vegetation and at full vegetation, directly in the fields. Plant samples 
with disease symptoms were taken for laboratory studies. The presence of fungi 
was assumed on the basis of etiological symptoms observed on the infected parts 
of plants, and on the basis of mycological analysis conducted by the method of 
artificial cultures. Fungi was isolated from the roots, the stems up to the height 
of 15–25 cm from the base and the leaves superficially disinfected, using a mi-
neral medium [8]. After segregation and after making single-spore cultures, the 
obtained fungi colonies were identified to the species on the maltose medium or 
standard media [9-14].

RESULTS

During the studies, different symptoms on savory plants were observed. Small, 
necrotic, regular spots were formed seperately (fig. 1). At the time such spots 
often merged together occupying the greater part of the leaf blade. Etiological 
sings in the form of conidia with the features typical of Alternaria genus were fo-
und on the infected leaves. The symptoms of necrosis and tissue narrowing were 
observed on the stems up to the height of 3–7 cm from the base (fig. 2ab). The 
reduction of the roots and symptoms of necrosis were observed on the roots of 
such plants (fig. 2a). Besides, breaking of the shoots of the main stems up to the 
height of 20 cm from the base and breaking of the shoots of lateral stems often 
accompanied with disintegration of those parts tissue were observed (fig. 3). Such 
disease symptoms were formed at the beginning of vegetation, and at the full of 
vegetation they were intensified. Conidia and conidiophores with the features 
typical of Botrytis genus were found on the infected parts. Moreover, the necrosis 
of the leaves starting on the tops of the leaf blade and progressing on the whole 
leaves was observed. It resulted in dying out of the leaves (fig. 4). Etiological sings 
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in the form of conidia with the features typical of Alternaria and Botrytis were fo-
und on such leaves. The percentage of plants with above-discussed disease symp-
toms ranged in the studied years from 15 to 25% at the beginning of vegetation, 
and from 30 to 45% of plants at full vegetation. 

Figure 1. Necrotic spots of the leaves from which Alternaria alternata was isolated. 
Photo: B. Zimowska

Figure 2.  a – Necrosis of the stem bases and reduction of the roots, b – necrosis and narrowing of 
the stems. Photo: B. Zimowska

Figure 3. Symptoms of stems breaking and tissue disintegration from which Botrytis cinerea was 
isolated. Photo: E. Zalewska
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In total, 2424 isolates of fungi were obtained from the analyzed parts of savo-
ry plant, and the most cultures were isolated from the leaves, slightly less from 
the stems and the least from the plant roots (tab. 1). A. alternata belonged to the 
species that was most frequently isolated from all examined parts (tab. 1). The 
greatest number of cultures was obtained from the leaves, and they constituted 
83.12% of all fungi isolated from this part (fig. 5). Fusarium spp. were isolated from 
the roots, stems and the leaves, and the mean proportion of the isolates of those 
fungi constituted, 46.71%, 25.34% and 0.34%, respectively, of all fungi obtained 
from these parts (fig. 5). Isolates of B. cinerea were obtained from the all examined 
parts, and the most cultures were isolated from the stems and from the leaves 
(tab. 1). The mean proportion of the isolates of this fungus constituted, 19.46% 
and 11.17% respectively, of all fungi obtained from those plant parts (fig. 5). P. 
exiqua var. exiqua was isolated from the roots and the stems, and the cultures of 
this fungus constituted, respectively, 6.16% and 4.16% of all fungi obtained from 
the examined parts (fig. 5). R. solani was isolated from the same plant parts, and 
cultures of this fungus constituted 5.34% and 3.30% respectively of all fungi ob-
tained from the roots and the stems of savory plants (fig. 5). Culindrocarpon spp., 
Gliocladium spp. and Trichoderma spp. belonged to the species which were isolated 
mainly from the roots (tab. 1).

Figure 4.  Necrosis of the leaves from which Botrytis cinerea and Alternaria alternata was isolated. 
Photo: B. Zimowska
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Ta b l e  1 .

Fungi isolated from savory (Satureja hortensis L.) in 2007-2009

fungus species
number of isolates

roots stems leaves total (%)

Alternaria alternata (Fr.) Keissler 72 269 729 1070(44.14)

Botrytis cinerea Pers. 2 159 98 259 (10.68)

Cladosporium cladosporioides (Fres. de Vries) 16 24 40 (1.65)

Chaetomium globosum Kunze 2 3 5 (0.21)

Cylindrocarpon didymum (Hartnig) Wollenw. 28 1 29 (1.20)

Cylindrocarpon obtusisporum (Cooke et Harkness) Wollenw. 15 15 (0.62)

Epicoccum purpurascens Ehrenberg 7 14 21 (0.87)

Fusarium avenaceum (Fr.) Sacc. 82 54 1 137 (5.65)

Fusarium culmorum (W.G.Sm.) Sacc. 112 63 175(7.22)

Fusarium equiseti (Corda) Sacc. 91 48 2 141 (5.82)

Fusarium oxysporum Schlecht. 56 42 98 (4.04)

Gliocladium catenulatum Gilman et Abbott 33 14 1 48 (1.98)

Gliocladium fimbriatum Gilman et Abbott 28 25 53 (2.19)

Mucor hiemalis Bainier 5 5 (0.21)

Penicilium decumbens Thom 6 3 9 (0.37)

Phoma capitulum Pawer, Mathur et Thirumalachar 12 12 (0.50)

Phoma exigua Desm. var exigua 45 34 3 82 (3.38)

Phoma glomerata (Cda.) Wollenw. et Hochafp. 12 8 20 (0.83)

Rhizoctonia solani Küchn 39 27 66 (2.27)

Trichoderma aureoviride Rifai 15 13 28 (1.16)

Trichoderma harzianum Rifai 22 8 2 32 (1.32)

Trichoderma koningii Oud. 31 11 42 (1.73)

Trichoderma polysporum (Link. et Pers.) Rifai 9 10 19 (0.78)

Trichoderma viride Pers. ex Gray 15 3 18 (0.74)

total 730 817 877 2424 (100)

DISCUSSION

The present studies confirmed the occurrence of disease symptoms caused by 
fungi on savory plants cultivated in the plantations of south-eastern Poland. Ne-
crotic symptoms on the roots and lower parts of stems together with the tissue 
narrowing were probably the consequence of the pathogenic effect of soil-borne 
fungi. Such a conclusion is justified by the fact of frequent isolation from these 
parts of plants of fungi from the genus of Fusarium and the species of P. exigua var. 
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exigua as well as R. solani, well-known polyphagous species of cultivated plants, 
including spices and herbs [5-8, 15]. The diversity of Fusarium spp. documented in 
the present studies deserves attention. The species that most frequently occurred 
on herbs and were also isolated from savory included F. avenaceum, F. equiseti, F. 
culmorum and F. oxysporum [18]. The same species in California and Oregon in the 
United States cause dying out of common sage [19]. The forms of F. oxysporum, 
living in the soil, include the forms of different degrees of pathogenicity, in fa-
vourable conditions having infectious abilities [20]. Considering the progressing 
warming of the climate in Poland and the thermophilous character of the fungus, 
it can be supposed that the obtained isolates of F. oxysporum are likely to have 
played a role in the necrosis of the roots and the lower parts of stems of savory. 
However, in order to confirm this thesis, pathogenicity tests must be conducted 
according to Koch’s postulates. In Poland, the positive results of such tests confir-
med the pathogenic character of isolates of F. culmorum, F. avenaceum and F. equiseti 
towards the seedlings of lemon balm and common thyme [21, 22]. 

On the basis of the studies conducted and the information from literature, the 
species of R. solani can be included within the complex of fungi that could have 
caused necrotic symptoms of the roots and the lower parts of savory stems. The 
fungus was isolated earlier from the plants of common thyme, lemon balm, St Joh-
n’s wort, peppermint, common sage and motherwort, which show similar disease 
symptoms [5-8, 15]. In India, the pathogenic effect of the fungus towards mint 
and fenugreek was shown [18, 23]. Considerable harmfulness of the fungus was 
described in Poland for the roots and shoots of ginseng [24] and in the regions 
where basil is grown, for the seedlings of this plant[17].

The fact of obtaining P. exigua var. exigua from the roots and the stem base of 
savory points to the presence of the fungus in the cultivation environment of this 
plant. It was earlier shown that the species under discussion can colonize the 
internal and external tissues of the sowing material of herbs [25]. Besides, the 
fungus isolates were obtained from the underground and the aboveground parts 
of plants from the genera of Leonurus, Melisa, Hypericum, Thymus, Salvia and Mentha 
[5-8, 15]. Common isolation of P. exigua var. exigua from herbaceous plants as well 
as experimentally proved ability of the fungus to cause necrosis of the sprouts and 
seedlings of common thyme and lemon balm [26] point to the possibility that P. 
exigua var. exigua isolates obtained in the present studies cause necrotic symptom 
of the roots and the stem base of savory. Considering the occurrence of a complex 
of the fungi discussed above in the cultivation environment of the studied savory 
plants, the polyphagous character of parasitism of these species should be taken 
into account while choosing the proper crop rotation. Root and pulse plants [27], 
which are recommended as the right forecrop for savory, are very frequently hosts 
to the above mentioned fungi species [28]. It should be supposed that following 
the lack of rotation in savory cultivation, where other herb species composed the 
forecrop, such fungi were accumulated in the soil environment. Considering the 
above, it is necessary to include phytosanitary plants, i.e. maize or grass mixtu-
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res, into the rotation with a simultaneous break of a few years in the cultivation 
of savory. Such a system of cultivation brought positive results as far as plants’ 
healthiness on mint plantations is India is concerned [18].

The isolation of the species of B. cinerea from the decaying leaves and stems 
with the symptoms of necrosis breaking and narrowing of tissues as well as the 
presence of conidia and conidiophores of B. cinerea point to the role of this fungus 
in causing such symptoms. They were most probably the result of enzymatic abi-
lities of this pathogen. It is known that it is just enzymes, especially endopolyga-
lacturonase, which play an important role in pectin degradation [29, 30]. B. cinerea 
is considered the most dangerous pathogen to many herb species, including basil 
cultivated in Italy and Israel. Similar symptoms in the form of necrosis and stem 
and leaf decay are observed on basil plants [31]. B. cinerea as a well-known necro-
trophic species colonizes the seeds of numerous species, including herbaceous 
ones [25, 32]. This is connected with decreased vitality and decay of seeds and 
even the occurrence of post-emergence rot [33]. Taking the above into conside-
ration, when a savory plantation is established, only the sowing material from 
qualified mother plantations inspected in phytosanitary respects should be used. 
It frequently happens that contamination of the seed surface and colonization of 
the seeds by B. cinerea and other fungi species, i.e Fusarium spp. and Phoma spp. 
[25] can constitute a threat for plants in the conditions of their field cultivation. 
Since B. cinerea spores penetrate into the plant before the injury and the presence 
of a drop of water in necessary for infection to take place, the cutting of savory 
plants, which is usually performed at the beginning of July in order to obtain the 
second harvest, should take place in dry weather. Studies conducted on basil 
plants by Israeli scientists showed that fresh injuries are most susceptible to in-
fection. In the course of time this susceptibility decreases and such places are resi-
stant to the penetration of the pathogen already after 48 hours. This is connected 
with the presence of a greater amount of suberin, callosis and lignin, which are 
the polymers taking part in resistance reactions in plants [34].

 Results of the mycological analysis, the presence of etiological signs and 
abundant information in literature point out that colonization by A. alternata was 
the cause of the occurrence of regular necrotic spots on the leaves [7, 18]. Fre-
quent isolation of fungi cultures from the examined plants and the well-known 
harmfulness of this fungus connected with toxin-forming activity give the basis to 
consider it as economically important species in herb production.

 On the other hand, the fact that species from the genera Trichoderma and 
Gliocladium are obtained from parts of savory should be considered a positive phe-
nomenon since those fungi are known for their antagonistic effect on different 
pathogens of plants. In Japan, a selected strain of T. harzianum was used in the 
production of mint seedlings free from disease [18].
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S t r e s z c z e n i e

W latach 2007–2009 na plantacjach produkcyjnych cząbru ogrodowego (Satureja horten-
sis L.) zgrupowanych w południowo-wschodniej Polsce przeprowadzono badania nad 
grzybami zasiedlającymi i uszkadzającymi podziemne i nadziemne organy roślin. Grzy-
by izolowano metodą sztucznych kultur z powierzchniowo odkażonych korzeni, łodyg 
oraz liści przy zastosowaniu pożywki mineralnej. Z korzeni oraz dolnych części łodyg 
z objawami nekrozy i przewężenia tkanek izolowano grzyby z rodzaju Fusarium, Phoma 
oraz Rhizoctonia solani. Z łodyg wykazujących symptomy w postaci nekrozy, załamywania 
i rozmiękczenia tkanek uzyskano gatunek Botrytis cinerea.

Słowa kluczowe: cząber ogrodowy, Satureja hortensis, grzyby, występowanie 


