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Abstract

The potential pathogens of cultivated and wild common caraway (Carum carvi L.) seeds of 2001-2004 harvest
were studied. Ripe seeds were collected in various localities of Birzai, Kaunas, Raseiniai, Silute, Ukmergé, Varéna
and Vilnius districts in June—July.

The fungi of 18 species and 14 genera attributable to potential pathogens, the agents of plant spots, wilts and
rots, were identified in common caraway seeds. They were detected in almost all seed samples each year and
their frequency of occurrence amounted to up to 44.0% in total. The fungi of Alternaria genus prevailed and their
isolates accounted for 86.9% of the total amount of potential pathogens. Among other potential pathogens Phoma
spp., Phomopsis diachenii, Stemphylium botryosum, Ascochyta biforae, Fusarium avenaceum, Botrytis cinerea
were detected more frequently. Although the occurrence of some potential pathogens was not very high, in the
individual seed samples their incidence was quite high and could be important for the spread of diseases in caraway
crops. The potential pathogens ascertained in the seeds of cultivated and wild caraway had very high qualitative
and quantitative similarity; however, they differed significantly between years and localities.

Aggressive strains (Fusarium avenaceum 11212 and Phoma anethi 11201) were ascertained in pathogenicity test
of fungi, detected in common caraway seeds. They affected caraway seedlings in vitro. The common caraway
variety ‘Kancevitskij’ was the most resistant to these pathogens. In pot trials, infected plants exhibited a poorer
over-winter survival and produced seeds of lower quality.

Because the application of chemical measures in common caraway crops is problematic, the use of resistant
varieties, accumulating higher contents of essential oils and antagonistic bacteria might be an advisable alternative

for the control of seed-borne pathogens.
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Introduction

Increased interest in healthy diet and natu-
ral products has expanded the demand for medicinal
and spice plants (Gabler, 2002). Their growing and ap-
plication in pharmaceutical, food, cosmetics and other
processing industries are among the most significant de-
veloping fields in the world recently. Increasing extent
of medicinal and spice plants’ cultivation resulted in
concentration of their crops and rising number of patho-
gens, which can cause considerable economic losses in
yield and its quality. Seed health, which depends on the
presence or absence of disease-causing organisms, is an
important factor for the successful cultivation of crops.
The fungi form a major group among seed pathogens.
They are seed-borne as well as seed-transmitted and are
frequently responsible for the spread of diseases in crops,
including caraway.

In recent years, diseases of common caraway
are being investigated more extensively. Various patho-
gens were described in neighbouring countries. It is indi-

cated that anthracnose (the agent Mycocentrospora ace-
rina (Hart.) Deighton) is widespread in the Netherlands
(Evenhius, 1998), septoriosis (the agent Septoria carvi
Syd.) in Poland (Zalewska, Machowicz-Stefaniak, 2003;
Zalewska, 2008) and Austria (Bedlan, 2005). This patho-
gen was observed in common caraway crops in Czech
Republic and Germany as well (Ondfej, 1983; Gabler,
Machowicz-Stefaniak, 2004). Phomopsis diachenii Sacc.
was identified in 1998 in Germany (Gabler, Ehrig, 2000;
Gabler, 2001), later in Bulgaria (Rodeva, Gabler, 2004),
Hungary (Nagy, 2009), Poland (Machowicz-Stefaniak,
2009). Other common caraway disease agents are as
follows: Alternaria alternata (Fr.) Keissl., A. tenuis-
sima (Kunze) Wiltshire, Ascochyta carvi Ondfej, Botry-
tis cinerea Pers., Colletotrichum dematium (Fr.) Grove,
C. gloeosporioides (Penz.) Penz. & Sacc., Erysiphe
heracley DC, Phoma exigua var. exigua Desm., Ulocla-
dium consortiale (Thim) E.G. Simons, Fusarium spp.,
Rhizoctonia solani J.G. Kiihn, Sclerotinia sclerotiorum
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(Lib.) de Bary (Mazur, Nawrocki, 2004; Machowicz-Ste-
faniak, Zalewska, 2008; Zalewska, 2010). In Lithuania,
diseases of common caraway have not been studied yet.
It has only been noted that Sclerotinia and Fusarium root
rot are widespread in caraway crops and no description
of the disease agents and indication of their species have
been given (Dastikaite, 1997). Many of the mentioned
common caraway pathogens are found in seeds and can
be seed-transmitted (Duczek, Slinkard, 2003; Mazur,
Nawrocki, 2004; Odstri¢ilova, 2007).

The objective of the present study was to ascer-
tain the extent of potential pathogens’ infection on com-
mon caraway seeds and to search for measures suppress-
ing their growth.

Materials and methods

Evaluation of fungal infection. The seeds of cul-
tivated (‘Gintaras’, ‘Kancevitskij’, ‘Rekord’) and wild
common caraway (Carum carvi L.) of the 2001-2004
harvest were analysed in the Laboratory of Phytopatho-
genic Microorganisms, Lithuanian Institute of Botany.
Ripe seeds were sampled in various localities of Birzai,
Kaunas, Raseiniai, Siluté, Ukmergé, Varéna and Vilnius
districts in June—July. A total of 21 seed samples were
tested. The blotter and pure culture methods were applied
for the detection of fungi on and inside the seeds (Mathur,
Kongsdal, 2003; Mackinaité, 2010; 2011). Fungi devel-
oped from each seed were estimated and identified based
on their morphological and cultural characteristics ac-
cording to the different manuals for fungi identification.
The frequency of occurrence (FO) of separate species
(percent ratio of number of seeds where the species was
detected to the total number of tested seeds) and the spe-
cies relative density (RD) (percent ratio of particular spe-
cies isolate number to the total number of isolates) in the
tested common caraway seeds were calculated (Gonzalez
et al., 1995). The FO indicates the distribution of a par-
ticular species in a tested object as the RD denotes its
abundance against other fungi species detected there. The
qualitative and quantitative similarity of potential patho-
gens, ascertained in the seeds of cultivated and wild cara-
way as well as in the seeds of different harvest years and
localities was compared by calculating Sorenson’s index
(SI). The similarity of fungal complexes is small if SI
amounts to 39.0%; moderate if SI makes up from 40.0%
to 49.0%; high if SI makes up from 50.0% to 59.0%; and
very high if SI amounts to more than 60.0% (Maguran,
1988). The classification of fungi was based on “Dictio-
nary of Fungi” (Kirk et al., 2008) and Index Fungorum
(http://www.indexfungorum.org). The pure isolates have
been deposited in the collection (BILAS) of Institute of
Botany, Nature Research Centre, Vilnius, Lithuania.

Evaluation of the pathogenicity. The patho-
genicity of fungi, detected in common caraway seeds,
was tested on C. carvi ‘Kancevitskij’ seedlings in vitro
(Blok, 1997). Seven strains of the most frequent poten-
tial pathogens were selected for study: Alternaria alter-
nata 11214, Fusarium avenaceum 11212, 11219, 11220,

F. sambucinum 11226, F. sporotrichioides 11222, and
Phoma anethi 11201. The single spore cultures of tested
pathogens were plated in Petri dishes on malt extract
agar (MEA) and incubated for 20 days at 24°C in dark-
ness. The seeds of C. carvi ‘Kancevitskij’ were sterilized
with 3% NaOClI for 1 min, rinsed with sterile water three
times and drained with sterile filter paper. The surface
sterile seeds were plated in Petri dishes on 2% water agar
(WA) and incubated at 24°C. Evenly sprouted seedlings
(about 1 c¢cm in length) were inoculated with mycelium
of the tested fungus and planted in sterile test tubes with
Knoop’s nutrient solution agar (one seeding per tube). In
addition, each seedling was inoculated by placing a piece
of tested fungus mycelium on the seedling root. The
tubes were placed in climatic chamber with 16 h light
and 8 h darkness period and constant 26°C temperature.
The pathogenicity of the tested fungi was evaluated after
14 and 30 days according to the seedling length and the
amount of healthy, injured and dead seedlings. The ex-
periment was carried out in five replications.

Evaluation of resistance. The resistance of
common caraway to the potential pathogens was stud-
ied in pot experiment. The seeds of C. carvi ‘Gintaras’,
‘Kancevitskij’ and ‘Record’ were sterilized with 3%
NaOCl for 1 min, rinsed with sterile water three times and
sprouted in Petri dishes on 2% WA at 24°C temperature.
The single spore cultures of Fusarium avenaceum 11212
and Phoma anethi 11201, which demonstrated the high-
est aggressiveness in vitro test, were plated in Petri dishes
on MEA and incubated for 15 days at 24°C in darkness.
The pots were filled with sterile soil, infected with pure
culture of tested pathogen. One Petri dish per pot was
taken. Ten seedlings with 1-cm long roots were planted
per pot. In the control treatment the seedlings were grown
in an infection-free soil. The experiment was carried out
in three replications. The resistance of the tested common
caraway varieties was evaluated according to the amount
of healthy plants after 30 days and over-winter as well as
in the end of the first and second vegetation periods.

The quality of matured seeds (germination, ger-
minating power, 1000 seed weight) was assessed in ac-
cordance with the standards and methods of seed quality
evaluation (Mathur, Kongsdal, 2003). The investigation
was carried out in four replications with 100 seeds per
replication.

The study of fungicides and caraway essential
oil impact on potential pathogens’ growth in vitro. The
disk-diffusion method was applied for the study (Klement
et al., 1990). The impact of nine chemical agents: Dith-
ane M-45 (mancozeb 800 g kg'), Zato 50 WG (trifloxy-
strobin 500 g kg!), Signum 334 WG (boscalid 267 g kg'!
+ pyraclostrobin 67 g kg™), Efector (dithianon 700 g kg™),
Euparen Multi 500 WG (tolylfluanid 500 g kg!), Kemi-
kar T (carboxin 200 g kg + thiram 200 g kg™), Cruiser
OSR (tiamethoxam 280 g I'' + fludijoxonil 8.0 g I +
matalaxil-M 33.3 g I'"), Maxim 025 FS (fludijoxonil 25 g
I'Y), Previcur 607 SL (propamocarb hydrochloride 607 g
I'") and stream-distilled undiluted (100%) caraway essen-
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tial oil on in vitro growth of fungi, frequently detected in
C. carvi seeds, was tested. Eight strains of fungi, isolated
from common caraway seeds, collected in various locali-
ties, were selected: Alternaria alternata 11215, 11331,
A. radicina 11332, Fusarium avenaceum 11212, 11335,
F sporotrichioides 11337, Phoma anethi 11201, and Ulo-
cladium oudemansii 11334. The powder of tested chemi-
cal was mixed with sterile distilled water to achieve 0.1%
concentration. The sterile filter paper discs were soaked
with tested chemical or essential oil and arranged (three
discs per Petri dish) around the tested single spore 3-day
old fungus colony on MEA. The control involved ste-
rile discs soaked with sterile distilled water. Petri dishes
were incubated at constant 24°C temperature in the dark.
The experiment was carried out in three replications. The
impact of the tested chemical preparation and caraway es-
sential oil on fungus growth was evaluated after 3, 10 and
20 days according to the mycelium growth rate and na-
ture. The mycelium growth inhibition of the tested fungus
was estimated according to the formula:

CGI = [(D, = D_}/D] * 100 %, where CGI —
fungus colony growth inhibition (%), D_ — diameter of
fungus colony in the control, D, — diameter of fungus
colony in the experiment.

The study of bacteria impact on fungi growth in
vitro. The impact of five strains (No. 1128, 1132, 1134,
1136, 506) saprotrofic Erwinia genus bacteria, isolated
from common caraway seeds, on the growth in vitro of
fungi (Alternaria alternata 11215, Fusarium avenaceum
11212, Phoma anethi 11201), widespread in C. carvi
seeds, was studied. The interaction of microorganisms
was tested in vitro in dual-plate assay on MEA (Logrieco
et al., 1994). The plates were incubated at constant 26°C
temperature in the dark. The impact of bacteria was eva-
luated after 7, 10 and 25 days. The experiment was car-
ried out in three replications.

Statistical analysis. The SPSS 17 statistical
package was used to analyze the obtained data. The sig-
nificance of correlation and mean differences as well as
standard error were calculated in the analyses of patho-
genicity, resistance and fungicide or caraway oil impact
on fungi growth.

Results and discussion

The research showed that common caraway
seeds are heavily contaminated with fungi. Micromyce-
tes of 78 species, two varieties and 54 genera, belonging
to Ascomycota, Basidiomycota and Zygomycota phyla,
Sordariomycetes, Dothideomycetes, Leotiomycetes, Eu-
rotiomycetes, Sacharomycetes, Agaricomycetes and In-
certae sedis classes were detected and identified inside
and on the investigated common caraway seeds. Fungi
attributable to potential pathogens, the agents of plant
spots, wilts and rots, belong to 18 species and 14 genera
(Table 1). They were detected in almost all seed samples
each year and their frequency of occurrence amounted to
up to 44.0% in total.

Fungi of Alternaria genus prevailed among the
potential pathogens and their isolates accounted for 39.84%

of the total isolate amount. The RD of potential pathogens
from other genera amounted to 0.02-1.21% (Fig. 1).

Four potential pathogenic species of Alternaria
genus were detected in common caraway seeds. They
made up 86.9% of the total isolate amount of potential
pathogens. Alternaria alternata and A. radicina pre-
vailed among them (RD 71.2% and 14.1% among po-
tential pathogens, accordingly) (Fig. 2). Phoma spp. (RD
2.6 %), Phomopsis diachenii and Stemphylium botryo-
sum (RD 1.8%), Ascochyta biforae and Fusarium aven-
aceum (RD 1.7%), Botrytis cinerea (RD 1.1%) could be
ascribed to more frequent ones among the potential pa-
thogens. The RD of other potential pathogens identified
in common caraway seeds did not exceed one percent
and accounted for 2.8% (Fig. 2).

The occurrence of fungi as well as potential pa-
thogens in common caraway seeds depended on the har-
vest year and sampling locality (Mackinaité, 2010; 2011).

The potential pathogens in infected seeds of cul-
tivated and wild caraway had very high qualitative and
quantitative similarity (Sorenson’s indices (SI) 68.4%
and 92.2%, accordingly), however they significantly
differed between years and localities. The comparison
of potential pathogens’ similarity in common caraway
seed samples, collected in various localities showed that
46.2% and 35.2% of them had very high and high quali-
tative and quantitative similarity, accordingly (SI ranged
between 50.0-100.0%). While 22.0% and 26.4% seed
samples of wild caraway and 33.3% and 19.0% seed
samples of cultivated caraway, accordingly, show very
high qualitative and quantitative similarity. The higher
qualitative similarity of potential pathogens, both in the
wild and cultivated common caraway seed samples, col-
lected in different localities, was ascertained.

The study of pathogenicity in vitro of five fungi
species, occurring in common caraway seeds, showed
that all seven strains tested are pathogenic to C. carvi
‘Kancevitskij’ seedlings (Table 2). The most aggres-
sive among them were F. avenaceum 11212, 11220 and
P anethi 11201. The length of common caraway seed-
lings infected with F. avenaceum 11212 reached only
50.3% of that of the control seedlings and they all died
after 14 days’ cultivation. Slightly less aggressive were
F. avenaceum 11220 and P. anethi 11201. The length of
the seedlings infected with these pathogens after 30 days
of growing reached 66.1% and 37.8% of that of infection-
free seedlings. 40.0% of seedlings died and 60.0% wilted
after infection with F. avenaceum 11220, and 80.0% of
seedlings were killed and only 20.0% remained healthy
after infection with P. anethi 11201. A. alternata 11214,
F. avenaceum 11219, F. sambucinum 11226 and F. sporo-
trichioides 11222 demonstrated lower aggressiveness on
the common caraway seedlings in vitro (Table 2). Posi-
tive correlation (» = 0.657) between seedling length and
number of healthy plants and negative correlation (r =
—0.520) between seedling length and number of dead or
injured plants significant at 0.01 level were established.



182 Potential pathogens of common caraway (Carum carvi L.) seeds and search for measures suppressing their spread

Table 1. The occurrence of potential pathogens in common caraway seeds

Number of isolates

Fungi FO % RD %
2001 2002 2003 2004 Total

Alternaria alternata (Fr.) Keissl. 103 213 659 700 1675 31.31 32.62
A. dauci (J. G. Kithn) J. W. Groves & Skolko 0 0 0 24 24 0.45 0.47
A. petroselini (Neerg.) E. G. Simmons 0 0 11 0 11 0.21 0.21
A. radicina Meier, Drechsler & E. D. Eddy 57 105 85 89 336 6.28 6.54
Ascochyta biforae Bond.-Mont. 0 2 25 14 41 0.77 0.80
Ascochyta sp. 0 0 5 1 6 0.11 0.12
Botrytis cinerea Pers. 10 3 0 12 25 0.47 0.49
Cylindrocarpon destractans (Zinssm.) Scholten
(Neonectria radicicola (Gerlach & L. Nilsson) 0 1 0 0 1 0.02 0.02

Mantiri & Samuels)

Fusarium avenaceum (Fr.) Sacc.
(Gibberella avenacea R. J. Cook)

F. oxysporum Schltdl. 0 0 13 0 13 0.24 0.25

F. solani (Mart.) Sacc. (Haematonectria haematococca

0 2 30 7 39 0.73 0.76

(Berk. & Broome) Samuels & Rossman 0 ! 3 0 4 0.07 0.08
Helminthosporium sp. 6 0 0 0 6 0.11 0.12
Mortierella sp. 2 0 0 0 2 0.04 0.04
(peosphoerela et (ers.) P 000 e 00
Phoma eupyrena Sacc. 0 0 0 1 1 0.02 0.02
Phoma spp. 9 36 3 12 60 1.12 1.17
Phomopsis diachenii Sacc. 0 0 42 0 42 0.79 0.82
Phomopsis sp. 0 0 3 5 8 0.15 0.16
Rhizoctonia sp. 2 0 1 2 5 0.09 0.10
Sclerotinia sclerotiorum (Lib.) de Bary 1 0 0 0 1 0.02 0.02
Septoria umbelliferarum Kalchbr. 0 0 0 1 1 0.02 0.02
Septoria sp. 0 0 0 1 1 0.02 0.02
Stemphylium botryosum Sacc. 6 36 1 0 43 0.80 0.84
S. sarciniforme (Cavara) Wiltshire 0 1 0 0 1 0.02 0.02
Verticillium albo-atrum Reinke & Berthold 0 0 7 0 7 0.13 0.14

FO — frequency of occurrence, RD — relative density

Table 2. The pathogenicity of fungi, isolated from common caraway seeds for ‘Record’ seedlings in vitro

Length of seedlings Number of seedlings %
Fungus species, strain after 14 days after 30 days

- " - " dead injured healthy
Control 53.3 +£5.0¢ 100.0 133.5+£5.7% 100.0 0x 0* 100.0*
Alternaria alternata 11214 54.8+£8.2 102.8 113.6£5.6 85.1 0 20.0 80.0
Fusarium avenaceum 11212 26.8 £ 5.4 50.3 - - 100.0* 0 0x
F. avenaceum 11219 62.2+42 116.7 105.6 £15.0 79.1 0 80.0¢ 20.0%
F. avenaceum 11220 64.4+13.6 120.8 88.2 £ 20.7% 66.1 40.0* 60.0* 0x
F. sambucinum 11226 498+ 7.4 93.4 114.4 +£23.8 85.7 20.0 0 80.0
E sporotrichioides 11222 63.6 £4.7 119.3 115.8+4.9 86.7 0 20.0 80.0
Phoma anethi 11201 39.8 +4.6% 74.7 50.4 £4.2% 37.8 80.0~ 0 20.0%

Note. %* — calculated from control, * — marked values in each column are significantly different from control at 0.05 level.



ISSN 1392-3196

ZEMDIRBYSTE=AGRICULTURE

Vol. 99, No. 2 (2012) 183

Verticillium 0.14

Botrytis 0.49

Stemphyllium 0.86
Ascochyta 0.92

Phompsis 0.97
Fusarium 1.09
Phoma 1.21

Alternaria 39.84

Helminthosporium 0.12
Rhizoctonia 0.10

Mortierella 0.04
Septoria 0.04

Cylindrocarpon 0.02

Figure 1. The occurrence of potential pathogens’ genera in common caraway seeds (RD % among total isolates)

Phoma spp. 2.6

Fusarium
avenaceum 1.7

Botrytis
cinerea 1.1

Ascochyta
biforae 1.7

A. radicina 14.3

Phomopsis
diachenii 1.8

Stemphyllium
botryosum 1.8

Others 2.8

Alternaria alternata
P2

Figure 2. The occurrence of most frequent potential pathogens in common caraway seeds (RD % among pathogens)

The study of resistance of the three common
caraway vatieties (‘Gintaras’, ‘Kancevitskij’, ‘Rekord”)
to F. avenaceum 11212 and P. anethi 11201 indicated
‘Kancevitskij’ to be most resistant among the studied va-
rieties, whereas ‘Rekord’ exhibited the lowest resistance
to the tested disease agents. However, the evaluation of
common caraway wintering performance showed the

best over winter survival of the variety ‘Rekord’, while
the lowest survival was exhibited by the ‘Kancevitskj’
plants. It should be noted that pathogen-infected plants
exhibited a poor over winter survival compared to the
control. The highest number of dead plants (40-75%)
after winter was detected in the treatment infected with
F. avenaceum 11212 (Table 3).

Table 3. The resistance of common caraway varieties to Fusarium avenaceum and Phoma anethi

Healthy seedlings %
Treatment ‘Gintaras’ ‘Kancevitskij’ ‘Rekord’
I I I I I I
Control (not infected) 100 £ 0° 76.7 0.9 100 £ 0° 63.3+0.9° 100 £ 0° 86.7+0.3
Infected with F. avenaceum 11212 63.0+£0.3° 36.8+£0.9° 67.0£0.3° 25.0+1.2° 50.0+0.6° 60.0+0.6°
Infected with P. anethi 11201 70.0 £ 0° 57.1+0.6° 73.0+0.7° 455+1.2° 60.0+£0.6° 66.7+1.2°

Notes. The evaluation of seedlings injury: I — after 30 days and at the end of the first year’s vegetation period, II — after overwinter-
ing and at the end of the second year’s vegetation period. Means followed by the different letters within each column are signifi-
cantly different at p < 0.05.
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Infected common caraway plants produced
seeds of lower quality. Infestation with F. avenaceum
11212 worsened seed quality mostly. The plants infected
with this pathogen produced seeds of considerably lower
germination. Seed germination and germinating power

of ‘Kancevitskij’ decreased by 34.0% and 38.1%, and of
Gintaras’ by 23.4% and 20.4%, respectively compared to
the control. The pathogen infection had lowest impact on
C. carvi ‘Rekord’ seed quality (Table 4).

Table 4. Seed quality indices of common caraway, infected with Fusarium avenaceum and Phoma anethi

Var. ‘Gintaras’ ‘Kancevitskij’ ‘Rekord’
No. Germination Germinating 1000 seeds Germination Germinating 1000 seed ~Germination Germinating 1000 seed
% power % weight g % power % weight g % power %  weightg
I 800+1.2* 68.7+0.7* 1.74+£0.01* 89.0+£0.7* 84.0+1.2* 1.76+0.02* 88.0+1.2* 82.0+1.2* 2.03*=+0.11
oI 613+13" 547+1.8 1.56+0.09* 587+1.8 52.0+1.2° 1.71+0.03®* 80.7+1.8° 75.3+1.8" 2.02*+0.09
I 66.7+1.8 633+0.7° 1.68+0.004* 88.7+0.7>* 82.7+1.8"™ 1.60+0.09° 853+1.8" 78.0+ 1.2 1.94°+0.16

Notes. 1 — control (not infected); 11— infected with F. avenaceum 11212; III — infected with P. anethi 11201. Means followed by
the same letters within each column are not significantly different at p < 0.05.

In search of measures reducing the impact of
potential pathogens on the common caraway, the ef-
fect of six fungicides (Dithane M-45, Efector, Euparen
Multi 500 WG, Previcur 607 SL, Signum 334 WG, Zato
50 WG) and three seed treatments (Kemikar T, Cruiser
OSR, Maxim 025 FS) on the mycelium growth in vitro
of eight fungal strains, most frequent in common cara-
way seed, were tested. The following strains were inves-
tigated: A. alternata 11215, 11331, A. radicina 11332,
F avenaceum 11212, 11335, F. sporotrichioides 11337,
P anethi 11201, U. oudemansii 11334. Studies have
shown that the tested agents inhibited the growth of fun-
gi in vitro. Among the fungicides Signum was the most
effective, significantly decreased the growth of all the
tested fungi and of some of them even stopped (P. anethi

11201, U. oudemansii 11334, F. avenaceum 11335). Zato
demonstrated slightly weaker effect, especially against
Fusarium fungi. The mycelium of investigated fungi
surrounded the disks moistened with this fungicide, but
did not overgrow them. Dithane stopped P. anethi 11201
and A. alternata 11215 growth after 10 days only. Other
fungicides, while slowing down the growth of mycelium,
did not stop it and the mycelium gradually overgrew
the discs. Previkur had the weakest effect on growth of
the tested fungi. This fungicide slightly stopped growth
U. oudemansii 11334 and A. alternata 11215 only, but on
the 10" day of growth, most of tested fungi filled Petri
dishes completely and luxuriantly overgrew disks mois-
tened with this preparation (Table 5).

Table 5. The impact of fungicides, seed treatments and caraway oil on fungi growth in vitro

Treatment CD mm CGI % CD mm CGI % CD mm CGI %
after 3 days after 10 days after 20 days
1 2 3 4 5 6 7
Phoma anethi 11201
Control 60.8 £0.8 0 90.0+0 0 - -
Euparen 30.7+1.9 496+14 472+33 446 £0.8 52.5+£0.6 -
Efector 22.3+0.3 63.2+0.7 50.7+£2.2 43.7+1.8 90.0+0 -
Signum 16.3+0.3 73.1£0.7 17.7+0.7 80.4+£0.7 17.7+0.7 -
Zato 30.3+£1.8 50.1+£29 474+£1.7 472+1.9 52.2+0.3 -
Dithane 40.8+0.9 328+1.6 55.5+0.8 38.3+09 55.5+0.8 -
Previcur 22.3+0.9 63.3+1.5 68.8£0.7 23.5+£0.8 90.0+£0 -
Maxim 222+1.0 63.5+1.7 28.0£0.6 68.9+0.6 447+1.2 -
Cruiser 21.5+0 64.6+0 27.8+0.7 69.1 £0.8 29.2+0.8 -
Kemikar 24.5+0.3 59.7+0.5 412+1.0 524+1.1 51.5+03 -
Caraway oil 18.8+0.4 69.0 £ 0.7 18.8+0.4 79.1+£0.5 18.8 0.4 —
Alternaria alternata 11215
Control 61.2+0.7 0 90.0 = 0¢ 0 - -
Euparen 433+0.7 292 +1.1 90.0 £ 0 0 — —
Efector 433+1.1 202 +1.8 90.0 £+ 0¢ 0 - -
Signum 25.240.8 589+14 28.7+0.4 68.1+0.5 43.2+£0.6 -
Zato 353+0.7 423+1.1 53.3+£0.7 40.7£0.7 58.0£0.6 -
Dithane 36.0£0.9 412+14 53.5+£0.3 40.6 £0.3 53.5+0.3 -
Previcur 553+0.9 96+14 90.0 + 0¢ 0 - -
Maxim 273+0.2 554+03 36.8+0.9 59.1+£1.0 53.3+0.2 -
Cruiser 26.8+1.2 56.2+2.0 26.8+1.2 702+1.4 38.8+£29 -
Kemikar 22.5+0.3 63.2+0.5 29.8+1.2 66.8+1.3 46.2+0.6 -

Caraway oil
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Table 5 continued

1 2 3 4 5 6
Alternaria alternata 11331
Control 495+0.5 0 90.0+0 0 -
Euparen 322+0.5 344+1.0 583+1.7 352+1.9 90.0+0
Efector 32.7+0.6 340+1.2 722+0.3 19.8 £ 0.4 -
Signum 26.3+0.6 46.8+1.2 342+1.7 62.0+19 56.0+0.9
Zato 285+0.3 42.4+0.6 433+1.3 51.8+£1.5 73.7+1.8
Dithane 33.0+0.3 33.3+0.6 73.8+0.9 18.0+£1.0 90.0+0
Previcur 24.8+0.7 498+1.3 40.3+0.2 55.2+0.2 60.8+1.4
Maxim 322+£0.7 350+1.5 55.0+0.8 389+0.9 57.6+£0.6
Cruiser 17.0£0.8 65.6+1.6 30.0£0.8 66.7+0.8 582+24
Kemikar 26.7+0.9 46.1+1.9 20.8+1.1 66.8+1.2 541+£19
Caraway oil 20.0+0.3 59.6 0.6 20.0+0.3 77.8+0.3 90.0£0
Alternaria radicina 11332
Control 392+04 0 90.0+£0 0 -
Euparen 297+ 1.1 243+2.8 48.7+04 46.6 + 1.1 90.0£0
Efector 27.3+0.7 303+1.7 423+0.9 529+1.0 75.8+£2.1
Signum 19.2+0.3 51.1+£0.8 21.8+1.6 757+ 1.8 29.0+0.5
Zato 16.8 £0.4 571+1.1 33.3+19 63.0+2.1 61.5+14
Dithane 27.8+0.2 29.0+ 0.4 46.5+1.0 483+1.2 60.7+0.9
Previcur 36.0+0.6 82+1.5 53.5+03 40.6 £ 0.3 72.8+0.4
Maxim 19.0+£0.3 51.5+£0.7 19.0+0.3 789+0.3 433+1.3
Cruiser 28.7+0.9 269+124 51.2+09 43.1+£1.0 90.0+0
Kemikar 20.0+0.3 49.0+0.8 27.3+04 69.6£0.5 90.0+0
Caraway oil 192+£0.6 51.1+£1.5 192+0.6 78.7+0.7 90.0+0
Ulocladiun oudemansii 11334
Control 455+0.3 0 90.0 + O* o -
Euparen 31.0£0.5 312+ 1.1 90.0 + 0¢ 0% -
Efector 282+0.2 38.1+04 70.7+0.3 21.5+04 -
Signum 16.7+0.3 63.3+1.0 16.7+0.3 81.5+04 16.7+0.3
Zato 23.8+0.2 302+1.0 90.0 £ 0¢ (0 -
Dithane 27.7+04 392+1.0 56.7+0.9 370+ 1.0 90.0+0
Previcur 433+04 48+1.0 90.0 + 0¢ o -
Maxim 17.2+0.8 62.2+1.8 19.3+0.7 783 +0.8 43.5+0.8
Cruiser 16.0£0.8 64.7+1.7 18.5+0.3 79.8+0.2 90.0+0
Kemikar 192+04 58.0+0.8 327+1.5 63.7+1.6 51.7+03
Caraway oil 16.2+0.2 64.4+0.4 16.2+0.2 82.0+0.2 16.2+0.2
Fusarium avenaceum 11212
Control 69.8 £0.4 0 90.0 + 0 o -
Euparen 48.0+ 0.5 31.2+0.7 90.0 + 0¢ o -
Efector 453+ 1.1 350+ 1.6 90.0 + 0 o -
Signum 30.3+0.3 56.5+0.5 48.5+0.9 46.1+1.0 572+1.6
Zato 422 +0.6 39.6+0.9 725+1.3 19.5+14 90.0+0
Dithane 47.8+0.7 31.5+1.0 90.0 £+ 0¢ (0 -
Previcur 67.3+0.2 35+£0.2 90.0 + 0¢ o -
Maxim 333+1.1 523+1.6 433+3.6 52.0+4.0 483+2.7
Cruiser 25.0+1.5 642+22 262+1.4 709+1.5 33.0+1.3
Kemikar 29.5+0.8 57.7+1.1 345+1.0 61.7+1.2 41.0+1.0
Caraway oil 253+0.9 63.7+1.3 253+0.9 71.8+1.0 90.0+0
Fusarium avenaceum 11335
Control 732+0.2 0 90.0 + 0 o -
Euparen 68.2 £ 0.6 6.8+0.8 90.0 £ 0* 0* -
Efector 455+ 1.0 379+ 14 90.0 + 0¢ o -
Signum 27.3+0.3 62.6+0.5 425+1.0 52.8+1.1 425+1.0
Zato 47.5+0.8 35.1+1.0 77.3+0.2 14.1+£0.2 90.0+0
Dithane 505+1.3 31.0+1.7 90.0 £ 0¢ (0 -
Previcur 62.8+1.3 142+1.8 90.0 + 0 o -
Maxim 365+ 1.8 50.1+£25 45.8+0.7 49.1+0.8 555+1.0
Cruiser 37.5+2.8 48.8+3.9 522+0.7 42.0+0.8 54.8+0.7
Kemikar 31.3+0.3 572+0.5 39.7+0.9 559+1.0 43.0+0.3

Caraway oil
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Table 5 continued

1 2 3 4 5 6 7
Fusarium sporotrichioides 11337
Control 90.0 + 0~ 0% — — — —
Euparen 90.0 + 0¢ (0 - - - -
Efector 90.0 £ 0% 0% - - - -
Signum 73.0+0.1 18.9+0.6 90.0 = 0~ - - -
Zato 71.7+0.2 20.3+1.9 90.0 + 0% - - -
Dithane 70.5+£0.2 21.7+2.6 90.0 + 0% - - -
Previcur 90.0 £ 0* 0 90.0 £ 0% - - -
Maxim 70.7 £0.03 21.5+04 90.0 + 0% - - -
Cruiser 70.0 £0.02 22.2+0.3 90.0 + 0% - - -
Kemikar 69.5+0.1 228+ 1.7 90.0 + 0~ - - -
Caraway oil 42.0+0.1 53.3+0.9 90.0 + 0¢ — — —

Notes. CD — colony diameter, mm, CGI — colony growth inhibition, %. All mean differences from control, except marked (*) ones,

in each column are significant at 0.05 level. The values of CD after 20 days were not statistically evaluated.

The impact of seed treatments on the fungal
growth was similar. They all inhibited the mycelium
growth of the tested fungi. Fungal mycelium at the place
of its contiguity with discs sustained lyses and did not
overgrow the discs. However, the growth did not stop
and continued between discs after 10 days. Cruiser de-
monstrated the highest inhibitory effect on most of the
tested fungi, especially on P. anethi 11201, A. alternata
11215 and F. avenaceum 11212. Maxim was most effec-
tive against 4. radicina 11332 and U. oudemansii 11334
mycelium growth, whereas Kemicar — against F. avena-
ceum 11335 (Table 5). These preparations had the least
impact on the mycelium growth of F. sporotrichioides
11337, which luxuriantly overgrew discs moistened with
them. This fungus was most resistant to the impact of all
fungicides tested as well. Although many tested prepara-
tions slightly stopped the mycelium growth of this fun-
gus, it continued to grow, luxuriantly overgrew disks and
after 10 days completely filled Petri dishes (Table 5).

The effect of caraway essential oil on the my-
celium growth of six fungi isolated from C. carvi seeds
(Alternaria alternata 11331, A. radicina 11332, Fusari-
um avenaceum 11212, F. sporotrichioides 11337, Phoma
anethi 11201, and Ulocladium oudemansii 11334) was
very conspicuous during the first growing days. The in-
fluence of essential oil considerably slowed down the
growth of fungal mycelium and its luxuriance. Colony
growth inhibition of most of the tested fungi amounted
up to 51.1-69.0% on the third day of growth. Their my-
celium did not grow till the 10® day. However, the im-
pact of essential oil on the growth of many of the tes-
ted fungi disappeared after 20 days and their mycelium
luxuriantly overgrew the discs. The growth stopped only
for P, anethi 11201 and U. oudemansii 11334 mycelium
(Table 5). The study results suggest that the content of
essential oil in common caraway seeds has an impact on
the spread of fungi in them and imply that seeds accu-
mulating more essential oils should be less contaminated
with fungi. Weakening effect of the essential oil on fungi
growth over time, might be explained by its decreasing
concentration in the environment.

It is known that some bacteria inhibit the growth
of fungi and are successfully used as a fungal antagonist,
in order to reduce the harmfulness of fungi (Moline et al.,

1999; Wang et al., 2003). We tested the impact of five
saprotrophic Erwinia strains, isolated from common car-
away seeds, on the mycelium growth of Alternaria alter-
nata 11215, Fusarium avenaceum 11212, F. culmorum
11211, F. heterosporum 11210, and Phoma anethi 11201
in vitro. The investigation evidenced that at first the bac-
teria inhibit growth of fungus, but on the 10" day of the
common growth the mycelium of most of the tested fungi
comes near to the bacteria colonies and starts to overgrow
them. Strain No. 1136 exhibited the highest antagonism.
Due to its impact, the mycelium growth of all the tested
fungi slowed down markedly and it was not as exuberant
as in the control treatment. The strains No. 1128 and No.
1134 stopped growth of Alternaria alternata 11215 and
Phoma anethi 11201 mycelium (Fig. 3).

Erwinia 1128 x Alternaria alternata 11215

" o L - 4

Erwinia 1136 x Phoma anethi 11201

Figure 3. The impact of Erwinia genus bacteria on fungi
growth in vitro after 25 days (left — control)
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Our research evidenced that the spread of po-
tential pathogens in common caraway seeds depends
on harvest year and cultivation locality. The pathogenic
strains which can be responsible for diseases incidence in
crops were ascertained among them. In our experiment,
they caused decay of common caraway seedlings and
their aggressiveness depended on the species and strain
of pathogen. The study showed poor overwintering of
infected plants, which resulted in seed quality deterio-
ration. Consequently the losses in yield and its quality
can be sustained unless appropriate control measures are
introduced. Fungicide application and the use of resistant
varieties are the main means of disease control in disease
management of many crops. Unfortunately, the lack of
approved fungicides and their toxicity limit the use of
chemical agents in medicinal and spice crops. Chemi-
cal disease management has proved impractical, mainly
due to the appearance of fungicide-resistant strains, con-
cern over the presence of chemical residues in the food
chain, and problems of environmental pollution (Chérif
et al., 2002). Therefore, despite the fact that the tested
fungicides had fungistatic effect on pathogens in our in-
vestigation, their application is problematic. In the de-
velopment of environmentally friendly control strategies
biological control has emerged as a harmless alterna-
tive. The use of microbial agents has shown significant
potential. Therefore the search for potential application
of antagonistic bacteria in the control of caraway seed
pathogens as one of the biocontrol measures might be
advisable. The spread of pathogens can be reduced by us-
ing resistant varieties which accumulate higher contents
of essential oils.

Conclusions

1. The fungi of 18 species and 14 genera attribut-
able to potential pathogens, the agents of plant spots, wilts
and rots, were identified in common caraway seeds. They
were detected in almost all seed samples annually and their
frequency of occurrence amounted to up to 44.0% in total.

2. The fungi of Alternaria genus prevailed and
their isolates accounted for 86.9% of the total amount of
potential pathogens. Phoma spp., Phomopsis diachenii,
Stemphylium botryosum, Ascochyta biforae, Fusarium
avenaceum, Botrytis cinerea were more frequent among
potential pathogens detected. Although the incidence of
some of the potential pathogens was not very high, in the
individual seed samples it was quite large and could be
important in the spread of diseases in caraway crops.

3. The potential pathogens in infected seeds of
cultivated and wild caraway had very high qualitative and
quantitative similarity (Sorenson’s indices (SI) 68.4%
and 92.2%, accordingly), however they significantly dif-
fered between years and localities.

4. Aggressive strains (Fusarium avenaceum
11212 and Phoma anethi 11201), injuring caraway seed-
lings in vitro, were ascertained among the potential patho-
gens tested. Carum carvi ‘Kancevitskij’ was most resistant
to them. In pot trials, infected plants exhibited a poorer
over-winter survival and produced seeds of lower quality.

5. The tested fungicides, common caraway es-
sential oil as well as tested strains of Erwinia genus bac-
teria produced fungistatic effect on seed pathogens of
common caraway.
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Paprastojo kmyno (Carum carvi L.) séklu potencialus
patogenai ir juy plitima stabdancios priemonés

R. Mackinaité

Gamtos tyrimy centro Botanikos institutas

Santrauka

Tirtas laukinio ir kulttrinio paprastojo kmyno (Carum carvi L.) 2001-2004 m. derliaus sékly uzsikrétimas po-
tencialiais patogenais. Séklos surinktos joms subrendus, birZelio—liepos ménesiais, jvairiose augavietése Birzy,
Kauno, Raseiniy, Silutes, Ukmergeés, Utenos, Varénos ir Vilniaus rajonuose.

Paprastojo kmyno sé¢klose buvo aptikti ir identifikuoti 18 rusiy bei 14 genciy grybai, priskirtini potencialiems
patogenams, augaly démétligiy, vytuliy ir puviniy sukéléjams. Jie buvo aptikti beveik visuose sékly éminiuose
kiekvienais metais, o jy aptikimo daznis sieké 44,0 %. Tirtose séklose vyravo Alternaria genties grybai, sudare
86,9 % bendro potencialiy patogeny izoliaty kiekio. Dazniau buvo aptinkami ir Phoma spp., Phomopsis diachenii,
Stemphylium botryosum, Ascochyta biforae, Fusarium avenaceum, Botrytis cinerea. Nors kai kuriy potencialiy
patogeny aptikimo daznis néra labai didelis, kai kuriuose sékly éminiuose jie aptinkami gana gausiai ir gali buti
reikSmingi ligy plitimui paprastojo kmyno pasélivose. Laukiniy ir kultliriniy kmyny séklose nustatyti potencialis
patogenai turi labai didelj kokybinj bei kiekybinj panasuma, taciau jie gerokai skiriasi jvairiy augavieciy ir skirtingy

derliaus mety kmyny séklose.

Tiriant paprastojo kmyno séklose aptikty gryby patogeniskuma, nustatyti agresyviis Fusarium avenaceum 11212
ir Phoma anethi 11201 kamienai. Jie pazeidé kmyny daigus in vitro. Siems patogenams buvo atspariausias
veislés ‘Kancevitskij’ paprastasis kmynas. Vegetacinio bandymo rezultatai parod¢, kad infekuoti augalai sunkiau

perziemoja ir subrandina prastesnés kokybés séklas.

Kadangi cheminiy priemoniy taikymas paprastojo kmyno paséliuose yra problemiskas, atspariy veisliy,
sukaupianc¢iy daugiau eteriniy aliejy ir antagonistiniy bakterijy, panaudojimas galéty buti reikSminga alternatyva

kontroliuojant sékly patogenus.

Reik$miniai zodziai: Carum carvi, séklos, grybai, patogenai, aptikimo daznis, patogeniskumas, atsparumas, kontrolé.



