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Abstract

Studies on the diversity of fungi colonizing and damaging various parts of herbs
from Lamiaceae family were carried out in 2004-2009. Phoma nepeticola was obtained
from the motherwords (Leonurus cardiaca) leaves and stems with symptoms of
small, regular, necrotic spots. The species Phomopsis sclarea was isolated from sage
(Salvia officinalis) stems, showing symptoms of necrosis, peeling off and bark
breaking. Phoma strasseri was commonly obtained from peppermint (Mentha pipe-
rita) rhizomes and stems with symptoms of necrosis and tissue disintegration.
These species had not been found in Poland earlier.
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Introduction

In recent years, in south-eastern Poland spice and medicinal plants from the
Lamiaceae family, e.g. motherwort (Leonurus cardiaca), sage (Salvia officinalis), savory
(Satureja hortensis) and peppermint (Mentha piperita) have been often cultivated.
Grouping the herbaceous plants in the region causes their frequent return to the
same field, which contributes to accumulation of fungi decreasing the quality and
quantity of the yield (Zechinni et al. 1995, Zimowska and Machowicz-Stefaniak
2004, Zimowska 2007).

The present paper discusses the results of a several-year-long studies on the di-
versity of fungi occurring and damaging the underground and aboveground parts
of herbs from Lamiaceae family, with particular regard to the species recorded for
the first time in Poland.
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Material and methods

The studies conducted in 2004-2006 concerned three plantations of
two-year-old motherword plants, sage plants and peppermint and in 2007-2009
three one-year-old plantations of savory plants. The productive plantations were
grouped in the Fajstawice, Dziecinin and Suchodoty communes (Lublin province,
south-eastern Poland). The percentage of plants with necrotic symptoms on stems
and leaves, and in the case of peppermint, also on rhizomes, was determined each
year at the beginning of vegetation and at full vegetation, directly in the field.
Plants with disease symptoms were taken for laboratory studies. The presence of
fungi was established on the basis of etiological symptoms occurring on the in-
fected plant parts, and on the basis of mycological analysis. Fungi were isolated
from the superficially disinfected roots, the stems up to the height of 25 cm from
the base, leaves and peppermint rhizomes. The plant material was disinfected in
10% sodium hypochlorite and the mineral medium was used for the isolation of
fungi (Zimowska and Machowicz-Stefaniak 2004). The obtained fungal colonies,
after segregation and after obtaining single-spore cultures, were grown on maltose
medium or on standard media and identified to species (Rifai 1969, Ellis 1971,
Ramirez 1982, Nelson et al. 1983, Uecker 1988, Boerema et al. 2004).

Results

During the studies, different disease symptoms on all examined plant parts
were observed. Regular, necrotic spots of 3-5 mm diameter occurred on
motherword leaves and stems up to the height of 5-20 cm from the base. Etiologi-
cal symptoms in the form of conidia with features typical of Phoma genus were
found on such plant parts. Intensification of these disease symptoms occurrence
was observed at full vegetation. At that time, yellowing of such leaves and their
earlier falling followed. The above-described symptoms occurred in 10-20% of
plants at the beginning of vegetation and on 25-40% of plants at full vegetation.

Characteristic disease symptoms were observed on sage stems at the height of
10-20 cm from the base. Those were brown, oblong spots, that frequently merged
together, covering the stem around. Peeling off and breaking of the bark occurred in
such places. Conidioma and conidia with the morphological features characteristic
of Phomopsis genus were found in the stem bark cracks. The percentage of plants with
the disease symptoms described above ranged from 10 to 20% at the beginning of
vegetation and from 15 to 30% at full vegetation in the studied period.

Breaking of the shoots of the main stems up to the height of 20 cm from the base
and breaking of the shoots of the lateral stems, often accompanied by disintegration
of those parts tissues, were observed on savory plants studied at full vegetation. It
resulted in dying out the leaves on such shoots. Conidia and conidiophores with the
features typical of Botrytis were found on the infected parts. The percentage of plants
with the above discussed disease symptoms ranged from 20 to 30%.
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Characteristic disease symptoms on peppermint rhizomes and stems were ob-
served: progressing necrosis, accompanied by symptoms of softening and macera-
tion of the tissues. In the case of the stems, necrosis occurred up to the height of
about 7-10 cm from the base, whereas narrowing was observed on the border of
diseased and healthy tissue. The hyphae with pycnidia, including conidia with the
features typical of Phoma genus were found on infected stems and rhizomes. The
percentage of plants with such disease symptoms ranged in the study years from
10 to 25% at the beginning of vegetation and from 30 to 45% at full vegetation.

The symptoms of root necrosis and their reduction, accompanied by tissue dis-
integration occurred on all the studied herb plants. Besides, symptoms of disease
in the form of necrotic changes were observed on lower parts of stems. Conidia
typical of Fusarium genus were found on such plants parts.

Irregular, necrotic spots occupying the majority of the leaf blade occurred on
the examined plants leaves, and conidia of Alternaria alternata were found on them.

Phoma nepeticola was isolated from the stems and the leaves showing small, reg-
ular, necrotic spots (Table 1, Phot. 1). The mean proportion of the isolates of the
species constituted 11.74% and 8.57% of all fungi obtained from the studied parts,
respectively (Table 2). Phomopsis sclarea was obtained from the sage stems with
symptoms of necrosis and peeling off and bark breaking (Phot. 2). The isolates of
the species constituted 8.86% of all fungi obtained from that part (Table 2). Phoma
strasseri was commonly isolated from the stems and the rhizomes of peppermint
showing symptoms of necrosis and tissue disintegration (Phot. 3). The mean pro-
portion of the isolates of the fungus constituted 9.47% and 15.15% of all fungi ob-
tained from the examined parts (Table 2). Isolates of Botrytis cinerea were obtained
from dying out savory stems. The frequency of the fungus occurrence ranged in the
studied years from 5 to 15% (Table 1). The roots and the lower parts of the stems
showing symptoms of necrosis and tissue softening were colonized by fungi from
genera Fusarium, Phoma, Rhizoctonia solani, Cylindrocarpon, Trichoderma and Gliocla-
dium (Table 1). Alternaria alternata was isolated from necrotic, irregular spots on the
leaves (Table 1).

Discussion

The present studies pointed to big diversity of fungi occurring in the cultivation
environment of the studied herb species from Lamiaceae family. Disease symptoms
specific of this group of plant pathogens were observed on all plant parts. Special
attention should be drawn to the fact of obtaining fungi species new to Polish con-
ditions. One of these fungi is P. nepeticola, which was obtained from the stems and
leaves of motherwort with regular necrotic spots. The fungus is described in litera-
ture as a commonly occurring pathogen of nepeta (Nepeta cataria) and other species
from genus Nepeta (De Gruyter et al. 2002). Monographic studies also provide in-
formation on the possibility of the infection by the above mentioned species of
other plants from the Lamiaceae family, e.g. motherwort and peppermint (Mel’'nik
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Table 1
Fungi isolated from herbs from Lamiaceae family in 2004-2009
Species of fungus Salvia officinalis | Leonurus cardiaca | Satureja hortensis Mentha piperita

a b c a b c a b c a b c d
Alternaria alternata b e o i o I o T R e S N B o o o R TP S RS
Botrytis cinerea + + + + ++ | ++ | + + + +
Chaetomium globosum + |+ + +
Cladosporium clado- + + + + + + + + + + +

sporioides
Colletotrichum gloeo- +
sporioides

Cylindrocarpon spp. ++ | + ++ + + + + +
Epicoccum purpurascens | + | + | ++ + | ++ + | + + | +
Fusarium spp. B I e o e e o B S R e o IS A
Gliocladium spp. ++ | ++ + + + + + + +
Penicillium spp. + + + + + + + +
Phoma capitulum + + + + + +
Phoma eupyrena +
Phoma exigua var. exigua| ++ | + + + | ++ | + | ++ ]+ + | ++ | + +
Phoma glomerata + + + + + + + + + + + +
Phoma herbarum +
Phoma labilis + + + + +
Phoma memophilae +
Phoma nepeticola +4+ | +
Phoma pereupyrena + + +
Phoma septicidalis ++ | + +
Phoma strasseri + | ++ 4+
Phoma subglomerata + + + +
Phomopsis sclarea ++
Rhizoctonia solani + + +4+ | + ++ | + + + +
Talaromyces flavus + + + +
Trichoderma spp. B o o S I o o S S I o o A S B +4+ | ++
Trichothecium roseum + + +

a —roots, b — stems, c — leaves, d — rhizomes.
+ — frequency up to 5%, ++ — frequency from 5 to 15%, +++ — frequency from 15 to 30%.

2000, De Gruyter et al. 2002, Boerema et al. 2004). The list of synonyms of species
P. nepeticola given by Mel’nik (2000) includes it under the name of Ascochyta leonuri,
which could point to the pathogenic affiliation of this species in relation to Leonurus
cardiaca (Mel’'nik 2000, Boerema et al. 2004). Frequent isolation of P. nepeticola
from motherwort leaves and stems, indicating the characteristic disease symptoms
in the form of regular, necrotic spots as well as information from literature suggest
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Phot. 1. Phoma nepeticola: a — pycnidium SEM x 590, b — conidia SEM x 8350
(photo by M. Wrdbel)
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Table 2
Participation of Phoma strasseri, Phoma nepeticola and Phomopsis sclarea isolates
in fungal communities obtained from examined part of herbs
from Lamiaceae family in 2004-2006 (number and in brackets — percentage)

Mentha piperita Leonurus cardiaca Salvia officinalis
Organ Phoma other Phoma other Phomopsis | other

strasseri fungi total nepeticola | fungi total sclarea | fungi total
Roots 3 (0.43) 699 702 - 873 873 - 791 791
Rhizomes |120 (15.15) 672 792 - - - - - -
Stems 75 (9.47) 717 792 120 (11.74)| 902 | 1022 |89 (8.86) 916 | 1005
Leaves - 364 364 | 89 (8.57) 949 | 1038 - 947 947
Total 198 (7.47) | 2452 | 2650 209 (7.13) | 2724 | 2933 |89 (3.24) | 2654 | 2743

that such symptoms have resulted from the pathogenic effect of the fungus iso-
lates. However, in order to confirm this thesis it is necessary to conduct infection
tests according to Koch’s postulates.

The species of P. sclarea was recognized the main cause of specific symptoms on
sage stems, in the form of necrotic spots and breaking of the bark (Uecker 1988).
Such a conclusion is justified by the fact of isolating the fungus from the infected
places and the presence of etiological symptoms in the form of fungal conidia.
Among many species from genus Phomopsis, over 60 are regarded important patho-
gens to different host plants, including the herbaceous ones (Uecker 1988). The
latter include, for example, P. diachenii, occurring on caraway and causing dying out
of umbels (Gabler and Ehrig 2000, Machowicz-Stefaniak 2009), P. subordinaria,
causing necrosis and dying out of buckthorn plantain inflorescences (Laine 2003),
P. lavendulae, lavender pathogen commonly occurring in Europe (Beus 2005) and P.
sclarea, isolated in Poland for the first time (Uecker 1988, Zimowska 2010).

The species of P. strasseri was recognized as the cause of necrosis, and then rot of
peppermint stems and rhizomes (Boerema et al. 2004). Common isolation of the
fungus from the dying parts, the presence of etiological symptoms on them as well
as positive results of pathogenicity tests justify such conclusions (Zimowska unpub-
lished). Black rot of mint stems and rhizomes also called mint phomopsis is at pres-
ent one of the most severe diseases of plants cultivated in India, Japan, the United
States and in Europe (Melouk and Horner 1972, Kalra et al. 2004, Zimowska 2007).
Yield losses reaching up to 90% are caused by quickly proceeding tissue degradation re-
sulting from the enzymatic decomposition of pectin compounds by polygalacturonase
and macerating enzymes produced by P. strasseri (Melouk and Horner 1973).

Isolation of the fungus from dying savory stems with symptoms of necrosis,
breaking and softening of tissues as well as the presence of B. cinerea conidia on
them point to the role of this fungus in causing such disease symptoms. The fun-
gus is considered the most dangerous pathogen of a number of herb species, in-
cluding basil cultivated in Italy and Israel. Basil plants show similar symptoms in
the form of necrosis, breaking and maceration of the stem tissue of the main shoot
and lateral shoots (Garibaldi et al. 1997, Gamliel and Yarden 1998).
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Phot. 2. Phomopsis sclarea: a — conidioma SEM X 450, b — conidia o and p SEM x 6450
(photo by M. Wrébel)
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Phot. 3. Phoma strasseri: a — pycnidium SEM X 1100, b — conidia SEM X 8350
(photo by M. Wrdbel)



Diversity of fungi occurring on herbs... 13

The occurrence of root necrosis starting from the roots and softening of the
lower stem parts were most probably the result of the pathogenic effect of
soil-borne fungi (Reuveni 1992, Kalra et al. 2004). Such a conclusion is justified by
the fact of frequent isolation of Fusarium spp. and the species of Phoma exigua var.
exigua as well as Rhizoctonia solani, well-known polyphagous pathogens of culti-
vated plants, including herbs, from these parts of plants (Kalra et al. 2004, Macho-
wicz-Stefaniak and Zalewska 2004, Zalewska and Machowicz-Stefaniak 2004,
Zimowska 2007, Machowicz-Stefaniak et al. 2008). The toxin-forming species
Altenaria alternata was recognized as the cause of irregular, necrotic spots occurring
on leaves of the studied plants. Common isolation of the fungus from such places,
the presence of etiological symptoms on them and information from literature jus-
tify the thesis (Kalra et al. 2004, Sandoval et al. 2006, Zimowska 2007).

The occurrence of fungi from genera Trichoderma and Gliocladium, known for
their antagonistic effect on pathogens of different cultivated plants, including her-
baceous ones, in the cultivation environment of the studied plants should be con-
sidered positive (Sandoval et al. 2006, Kanfa et al. 2006).

Streszczenie

ROZNORODNOSC GATUNKOWA GRZYBOW
WYSTEPUJACYCH NA ZIOLACH Z RODZINY LAMIACEAE

W badaniach uwzgledniono cztery gatunki ziét z rodziny Lamiaceae: serdecznik
pospolity (Leonurus cardiaca), szatwie lekarska (Salvia officinalis), czaber ogrodowy
(Satureja hortensis) oraz miete pieprzowa (Mentha piperita). Kazdego roku dwukrot-
nie w okresie wegetacji bezposrednio na plantacji oceniano procent roélin z obja-
wami nekrozy na todygach i lisciach, a w przypadku miety réwniez na roztogach.
Obecnos¢ grzybow okresélano na podstawie oznak etiologicznych wystepujacych na
porazonych czesciach roélin oraz analizy mikologicznej przeprowadzonej metodg
sztucznych kultur. Z korzeni i podstawy todygi wszystkich badanych gatunkéw
zi6t powszechnie izolowano grzyby rodzajéw Fusarium i Phoma oraz Rhizoctonia sola-
ni. Z liSci najcze$ciej otrzymywano kultury Alternaria alternata. Z todyg czabru ogro-
dowego z objawami nekrozy i rozmigkczenia tkanek izolowano Botrytis cinerea. Do
gatunkow nie notowanych dotychczas w Polsce nalezaty Phoma nepeticola uzyskany
z lidci i fodyg serdecznika pospolitego, Phomopsis sclarea otrzymany z todyg szatwii
lekarskiej oraz Phoma strasseri wyosobniony z fodyg i roztogéw miety pieprzowe;j.
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