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ABSTRACT

Seed infection with Alternaria spp. is an important source of severe carrot diseases. The aim of the study
was to evaluate the effects of carrot seed treatments with acetic acid, grapefruit extract and volatile com-
pounds of fir (Abies alba Mill.) and thyme (Thymus vulgaris L.) essential oils on their germination, vigour
and health. Seeds of two samples were soaked for 30 min in 0.5, 1 and 2% acetic acid, 0.5 and 1% Biosept
Active (33% of grapefruit extract), or treated for 72 h or 96 h with volatile compounds of fir and thyme oils
individually (10 pl), and jointly (5+5 ul). Controls were untreated seeds and seeds soaked in distilled water.
Acetic acid effectively controlled A. alternata and A. radicina in both samples, and did not affect adversely
seed germination, however, at the highest concentration deteriorated seed vigour. Biosept Active was less
effective, however at 1% concentration decreased seeds infestation with A. alternata in sample I, and at
concentrations of 0.5 and 1% reduced percentages of seeds infested with A. alternata and A. radicina in
sample II. Essential oils treatments in some cases favoured growth of A. dauci and A. radicina.
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INTRODUCTION

Seed associated species of genus Alternaria had
been shown to be a major source of severe diseases
of carrot (Daucus carota L.). The most important
among them are Alternaria dauci (Kiithn) Groves et
Skolko, causing leaf blight, and A. radicina Meier,
Drechsler et Eddy, responsible for black root rot.
Moreover, severe infection with these fungi results in
seed decay and seedling damping-off [Tylkowska
1992]. Alternaria alternata (Fr.) Keissl., commonly
occurring on seeds of many plants as saprotroph, is
also considered by some researchers as weak patho-
gen of carrot, which may negatively affect seed ger-
mination [Tylkowska 1991]. Some fungicides, such
as iprodione, can control Alternaria spp. on carrot
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seeds efficiently, but their use in organic farming is
restricted. This, in turn, could have adverse implica-
tions for yield quality and quantity. Therefore,
several alternative control strategies, such as non-
chemical seed treatment, have been proposed. Natu-
ral products, such as organic acids, plant extracts and
essential oils, may potentially replace synthetic fun-
gicides. Some of them, because of antifungal, anti-
bacterial and antioxidative properties, have been
commonly used in medicine, food production and
cosmetic industry.

Vinegar, containing 6% or 10% of acetic acid, is
well known food preservative. Acetic acid naturally
occurs in many fruits as metabolic intermediate and,
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together with lactic acid, is one of the main products
of lactic acid bacteria (genera in the order Lactobacil-
liales) [Stiles 1996]. There are several reports that
acetic acid may successfully control fungi associated
with seeds [Sholberg and Gaunce 1996, Sholberg et
al. 2006, Szopinska 2013].

Antimicrobial and antioxidative properties of
grapefruit extract — a complex of hydroxybenzen
diphenole, which contains numerous flavonoids and
glycosides, namely naringenin rutinoside, hesperidin,
kaempferol, dihydrokaempferol, quercetin, apigenin
rutinoside, nobiletin and some proteins — are also
well known [Angioni et al. 1998, Kedzia 2001,
Orlikowski 2001, Cvetni¢ and Vladimir-KneZevié¢
2004, Dorna et al. 2004, 2005]. Commercial prod-
ucts, obtained from seeds and pulp of grapefruit,
contain usually 33% of an extract. They are used in
foodstuff production, medicine and cosmetic indus-
try, moreover, they have been also effectively applied
in plant protection [Dorna et al. 2004, 2005, Pigta
et al. 2004, 2005, 2007, Patkowska 2006, 2008,
Szopinska et al. 2007].

Essential oils are volatile, complex compounds
formed naturally by aromatic plants as secondary
metabolites. Antibacterial, antifungal, antiviral, in-
secticidal and antioxidative properties of essential
oils are strongly associated with their chemical com-
position. They contain a variety of volatile molecules
such as terpenes and terpenoids, phenol-derived aro-
matic compounds and aliphatic compounds [Bakkali
et al. 2008]. The main components of fir oil, obtained
from needles and cones of Abies alba Mill., are
a-pinene, f-pinene, camphene and limonene [Serban
et al. 2011], whereas in the composition of thyme oil,
obtained from Thymus vulgaris L. plants, thymol,
p-cymene, y-terpinene, carvacrol and S-caryophyllene
prevail [Sokovi¢ et al. 2009]. Our previous experi-
ments and some other reports confirmed antimicro-
bial activity of fir oil [Serban et al. 2011], but anti-
bacterial and antifungal activities of thyme oil are
better known. Analysis performed by Zambonelli et
al. [2004] showed that commercial essential oils of
T. vulgaris contain usually 22-38% of thymol and
1-2% of carvacrol. However, the young (2 years old)
plants of 7. vulgaris may contain much more
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monoterpene phenols, i.e. 51.2% and 4% of thymol
and carvacrol, respectively [Hudaib et al. 2002].
According to Zambonelli et al. [2004] fungicidal
activity of thyme oil is correlated mainly with thymol
content. The authors reported that thyme oils, as well
as thymol itself, caused degeneration of fungal hy-
phae, i.e. increased vacuolization of the cytoplasm
and accumulation of lipid bodies, undulations of the
plasmalemma, and alterations of the mitochondria
and endoplasmic reticulum. Several authors con-
firmed that thyme oil may completely inhibit or sig-
nificantly limit growth of fungal plant pathogens
[Zambonelli et al 1996, 2004, Daferera et al. 2003,
Dorna et al. 2008, Barrera-Necha et al. 2009, Koch
et al. 2010, Riccioni and Orzali 2011, Lopez-Reyes
et al. 2016].

Continuous use of synthetic chemicals may result
in contamination of the environment with residues of
pesticides and the development of pathogen resis-
tance, hence it is strictly limited in organic farming.
Therefore, the aim of this experiment was to investi-
gate the possibility to use natural products, i.e. acetic
acid, grapefruit extract (plant origin preparation Bio-
sept Active) and fir and thyme oils for carrot seed
treatment.

MATERIALS AND METHODS

Two commercially produced carrot seed samples,
cultivars ‘Amsterdam 3’ (sample I) and ‘Flakkese 2’
(sample II), obtained from TORSEED Seed Com-
pany in Torun, were used in the experiment.

For seed treatment: acetic acid obtained from
Sigma Aldrich Co., preparation Biosept Active
(a. 1. 33% grapefruit [Citrus paradisi Macfad] ex-
tract) produced by Cintamani Poland Majewscy and
Koc Co. in Piaseczno, and fir (Abies alba Mill.) and
thyme (Thymus vulgaris L.) essential oils obtained
from Avinacea-OIL Co. in Wroctaw were applied.

Seed treatment. Seed health, germination and
vigour tests were performed for: untreated seeds
(control), seeds soaked in distilled water for 30 min
(water control for seeds soaked in the solutions of
acetic acid and Biosept Acitve), seeds soaked for
30 min in 0.5, 1 and 2% solutions of acetic acid and
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0.5 and 1% solutions of Biosept Active, and seeds
treated with volatile compounds of fir and thyme
essential oils. For essential oil treatment 1 g of seeds
was placed in glass containers of 50 cm’ volume and
1 cm” pieces of filter paper imbibed with 5 or 10 pl
of fir or thyme oil were hung over the seeds surface.
The seeds were treated at the amount of 10 pl of oil if
oils were used individually, but in combined treat-
ments, each of essential oils was applied at the
amount of 5 pl. Next the containers were tightly
closed with glass plugs and placed for 72 or 96 h at
20°C in darkness. After acetic acid treatment seeds
were washed three times with distilled water, and
next surface dried with a filter paper. Seeds soaked in
distilled water (water control), as well as seeds
treated with Biosept Active solutions, were surface
dried with a filter paper directly after the treatment.

Seed germination test. Seed germination test was
conducted at 20°C in darkness, on six replications of
50 seeds for each treatment. Seeds were placed in
9 cm diameter Petri dishes containing six layers of
filter paper moistened with distilled water. The per-
centages of normal seedlings (germination at the first
and final count), abnormal diseased seedlings and
dead seeds were determined after seven and fourteen
days of incubation according to the rules of Interna-
tional Seed Testing Association — ISTA [Interna-
tional Rules for Seed Testing 2012].

Seed vigour test. For vigour tests six replications
of 50 seeds from each treatment were incubated for
14 days in 9 cm diameter Petri dishes on six layers of
filter paper moistened with distilled water (50 seeds
per dish), at 20°C in darkness. Germination rates,
characterizing speed and uniformity of germination
i.e.: T{ — time to 1% of the percentage of germinating
seeds (Gpnax), Ts0 — time to 50% of G and U755 —
time between 25 and 75% of Gy, Were determined
on the basis of the number of seeds with visible radi-
cle, counted daily.

Seed health analysis. Seed health was evaluated
according to the ISTA rules [International Rules for
Seed Testing 2014a, 2014b] by means of the deep-
freeze blotter test. Two hundred seeds, five replica-
tions of 40 seeds, for each treatment were examined.
Seeds were placed in 9 cm diameter Petri dishes on
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six layers of filter paper moistened with distilled
water, 20 seeds per dish, and incubated for three days
at 20°C in darkness, then transferred to —20°C for
20 h and subsequently incubated for eight days at
20°C, under 12 h alternating cycles of NUV light and
darkness. After incubation the fungi were identified
on the basis of their growth and sporulation using
a stereomicroscope and a compound microscope
[Machado et al. 2002, Mathur and Kongsdal 2003].
Additionally the percentage of seeds free of fungi
was evaluated.

Data analysis. SeedCalculator version 2.1 soft-
ware [Jalink and Van der Schoor 1999] was applied
to analyze vigour data. All results were compared by
means of variance analysis followed by the Duncan’s
multiple range test.

RESULTS

Seed germination. In sample I, in most cases, the
applied treatments did not affect seed germination at
the first and final counts, as well as the percentages
of abnormal diseased seedlings and dead seeds
(tab. 1). A decrease in germination at the first count
was observed only if seeds were treated with thyme
oil for 72 h, whereas a reduction in germination at the
final count was found after combined treatment with
fir and thyme oils for 96 h. In sample II, all applied
treatments, except treating seeds jointly with fir and
thyme oils for 72 h, resulted in an increase in germi-
nation at the first count. An improvement of germina-
tion at the final count was observed only if seeds
were soaked in 0.5 and 1% Biosept Active solutions.
Other treatments did not affect this parameter. Soak-
ing seeds in the solutions of acetic acid and Biosept
Active, regardless of concentration, as well as treat-
ing seeds with fir oil for 96 h reduced the percentage
of abnormal diseased seedlings in sample II. More-
over, soaking seeds in the solutions of acetic acid at
the concentrations of 1 and 2%, and in the solutions
of Biosept Active at the concentrations of 0.5 and
1%, as well as treating seeds with thyme oil for 72 h
and with both oils together for 96 h decreased the
percentage of dead seeds. Other treatments did not
show significant effect on these parameters.
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Table 1. The effect of acetic acid, grapefruit extract (Biosept Active) and essential oils on germination of carrot seeds

Germination at the Germination at the Abnormal diseased

Treatment first count (%) final count (%) seedlings (%) Dead seeds (%)
Sample I
Control* 713  be** 783 b-d 10.7 a-c 30 ab
Water control 753 ¢ 79.7 cd 9.7 a-c 2.7 ab
AA 0.5% 69.3 a-c 82.0 «cd 90 a 43 ab
AA 1% 66.7 a-c 783 b-d 11.7 a-c 3.0 ab
AA 2% 67.7 a-c 82.0 «cd 7.7 ab 47 ab
BA 0.5% 753 ¢ 843 d 73 a 30 ab
BA 1% 693 a-c 797 cd 80 ab 1.7 a
F/10ul/72h 63.7 ab 763 ad 123  a-c 2.7 ab
F/10u1/96h 66.7 a-c 703 a-b 16.0 bce 3.0 ab
T/10ul/72h 59.7 a 74.0 a-c 170 ¢ 3.0 ab
T/10u1/96h 723 bce 763 ad 11.0 a-c 3.0 ab
F+T/5+5ul/72h 753 ¢ 793 «cd 83 ab 5.7 ab
F+T/5+5u1/96h 64.0 ab 683 a 13.0 a-c 57 b
Sample 11

Control 393 a 557 a 123 f 10.7 f
Water control 60.7 ¢ 65.0 a-c 8.7 df 40 a-e
AA 0.5% 56.0 bc 64.7 a-c 20 ab 47 cf
AA 1% 543 bc 64.7 a-c 5.7 be 2.7 ad
AA2% 56.7 bc 65.7 a-c 0.7 a 1.3 ab
BA 0.5% 587 ¢ 723 ¢ 3.0 a-c 1.7 ab
BA 1% 62.0 ¢ 69.0 bc 23 ac 0.7 a
F/10ul/72h 523 bc 63.7 a-c 7.0 d-f 7.7 d-f
F/10u1/96h 57.0 bce 64.7 a-c 40 b-d 6.3 cf
T/10ul/72h 59.0 ¢ 63.7 a-—c 10.0 ef 2.3 a-c
T/10u1/96h 60.0 c 65.7 a-c 57 cf 6.7 d-f
F+T/5+5ul/72h 46.0 ab 59.3 ab 9.3 ef 7.7 ef
F+T/5+5u1/96h 56.0 bc 62.7 a-c 63 cf 3.7 b-e

*Untreated seeds

Water control — seeds soaked in distilled water for 30 min

AA 0.5%, AA 1%, AA 2% — seeds soaked in 0.5, 1 and 2% acetic acid solutions for 30 min

BA 0.5%, BA 1% — seeds soaked in 0.5 and 1% solutions of Biosept Active for 30 min

F/10ul/72h, F/10u1/96h — seeds treated with 10 pl of fir oil for 72 and 96 h

T/10ul/72h, T/10u1/96h — seeds treated with 10 pl of thyme oil for 72 and 96 h

F+T/5+5ul/72h, F+T/5+5ul/96h — seeds treated with fir and thyme oils, 5 pl of each, for 72 and 96 h

**Means in columns, for each sample separately, followed by the same letters are not significantly different according to the Duncan’s test at the
level o =0.05
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Table 2. The effect of acetic acid, grapefruit extract (Biosept Active) and essential oils on speed and uniformity of carrot
seed germination

Treatment T;* (days) Tso (days) Uss.25 (days)
Sample I
Control 1.81 ab 275 a-—c 0.75 a
Water control 1.89 ab 267 a 0.70 a
AA0.5% 1.83 ab 2.83 b-d 0.75 a
AA 1% 1.92 bc 2.81 a-—c 0.74 a
AA 2% 218 ¢ 297 d 0.71 a
BA 0.5% 218 ¢ 290 cd 0.65 a
BA 1% 1.97 bc 2.85 b-d 0.71 a
F/10ul/72h 1.87 ab 2.80 a-c 0.72 a
F/10u1/96h 1.73 ab 271 ab 0.84 a
T/10ul/72h 1.94 bc 2.86 b-d 0.73 a
T/10u1/96h 1.99 bc 290 cd 0.75 a
F+T/5+5ul/72h 1.64 a 278 a-c 0.81 a
F+T/5+5u1/96h 1.87 ab 279 a-c 0.77 a
Sample 11
Control 1.99 ab 295 a-c 0.78 a
Water control 191 ab 281 a 0.85 a
AA0.5% 201 ab 298 a-—c 098 a
AA 1% 217 b 320 d 101 a
AA2% 271 ¢ 427 e 1.70 b
BA 0.5% 2.09 ab 3.03 b-d 0.88 a
BA 1% 2.06 ab 3.05 b-d 0.89 a
F/10ul/72h 1.86 ab 296 a-c 101 a
F/10u1/96h 181 a 2.88 ab 0.87 a
T/10ul/72h 2.03 ab 290 a-—c 0.86 a
T/10u1/96h 2.00 ab 309 cd 097 a
F+T/5+5ul/72h 1.99 ab 298 a-c 098 a
F+T/5+5u1/96h 1.81 a 293 a-c 092 a

* Time to 1% of Gax (percentage of germinating seeds)
Tso — time to 50% of Gax

Uys5.05— time between 25 and 75% of Gax

For further explanations see table 1
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Seed vigour. Acetic acid applied at the concentra-
tion of 2% negatively affected the speed of seed ger-
mination, expressed by T; and Ts, parameters, in
both samples (tab. 2). Furthermore, soaking seeds in
0.5% solution of Biosept Active prolonged time to
1% of Gpux in sample I and treating seeds with 1.0%
acetic acid solution increased significantly Tsy, pa-
rameter in sample II. Deterioration of the uniformity
of germination was observed only in sample II, if
seeds were treated with acetic acid solution at the
highest concentration. Other treatments did not affect
vigour of the seeds in both samples.

Seed health. Seeds of sample I were frequently
infested with: Alternaria alternata (Fr.) Keissl.,
A. radicina Meier, Drechsler & E.D. Eddy, Epicoc-
cum nigrum Link., Fusarium spp. and Melanospora
simplex (Corda) D. Hawksw. (tabs 3 and 4). Other
fungi, i.e.: Alternaria dauci (J.G. Kiihn) J.W. Groves
& Skolko, Bipolaris sorokiniana Shoemaker,
Cladosporium spp., Penicillium spp., Rhizopus stolo-
nifer (Ehrenb.) Vuill,, Stemphylium botryosum
Wallr., Ulocladium spp. and Verticillium spp. were
detected on the seeds sporadically (data shown only
for selected fungi). Soaking seeds in the solutions of
acetic acid increased the percentage of seeds free of
fungi in relation to untreated seeds and seeds soaked
in distilled water. The largest number of these seeds
was observed when acetic acid at the highest concen-
tration was applied (tab. 3). It was connected mostly
with a reduction in seed infestation with A. alternata.
The percentage of seeds infested with this fungus
decreased also if seeds were soaked in 1% Biosept
Active solution. None of the treatments controlled
A. dauci on the seeds. Moreover, treating seeds with
fir oil for 72 h and jointly with fir and thyme oils for
72 h increased seed infestation with this pathogen.
All oil treatments increased also the percentage of
seeds infected by A. radicina. However, soaking
seeds in acetic acid solutions, regardless of concen-
tration, resulted in a reduction in seed infestation with
this fungus. In case of Cladosporium spp., soaking
seeds in 1 and 2% acetic acid solutions decreased the
percentage of seeds infested with these fungi,
whereas application of 0.5% solution resulted in an
increase in seed infestation. Treating seeds with fir
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and thyme oils individually for 72 and 96 h also fa-
voured growth of Cladosporium spp. on the seeds.
Soaking seeds in the solutions of acetic acid and
Biosept Active reduced seed infestation with E. ni-
grum. Only acetic acid treatments controlled growth
of Fusarium spp. on the seeds. Treating seeds with
acetic acid, Biosept Active, thyme oil for 72 and
96 h, and jointly fir and thyme oils for 72 and 96 h, as
well as soaking seeds in water, limited significantly
seed infestation with M. simplex.

Seeds of sample II were mostly infested with
A. alternata and A. radicina (tab. 3). Other fungi, i.e.:
A. dauci, B. sorokiniana, Cladosporium spp., E. ni-
grum, Fusarium spp., R. stolonifer, S. botryosum and
Ulocladium spp. were found on seeds sporadically
and in some cases only after the treatment (tab. 4,
data shown only for selected fungi). All treatments,
including soaking seeds in water, resulted in an in-
crease in the percentage of seeds free of fungi. The
largest numbers of these seeds were noted after soak-
ing seeds in the solutions of acetic acid at concentra-
tions of 1.0 and 2.0% and in the solutions of Biosept
Active at concentrations of 0.5 and 1% (tab. 3).
All applied treatments decreased the incidence of
A. alternata compared with untreated seeds and water
control. Treating seeds with acetic acid and grapefruit
extract reduced seed infestation with this fungus to
the largest extent. The highest seed infestation with
A. dauci was observed after soaking seeds in distilled
water. This pathogen was detected also after treating
seeds with thyme oil for 96 h and jointly with fir and
thyme oils for 72 and 96 h, but the percentage of
infected seeds was only 0.5. Soaking seeds in the
solutions of acetic acid and Biosept Active, regard-
less of concentration, significantly decreased the
percentage of seeds infected by A. radicina compared
with untreated seeds and water control. Moreover,
0.5 and 2% acetic acid eradicated this pathogen from
seeds. Soaking seeds in the solutions of Biosept Ac-
tive and 2% acetic acid completely eliminated
Cladosporium spp. from the seeds (tab. 4). However,
treating seeds with 0.5% acetic acid increased sig-
nificantly the incidence of these fungi in relation to
both controls. Soaking seeds in distilled water re-
sulted in an increase in seed infestation with E. nigrum,
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Table 3. The effect of acetic acid, grapefruit extract (Biosept Active) and essential oils on the percentage of seeds free of
fungi and carrot seed infestation with Alternaria spp. (the percentage of infested seeds)

Treatment Seeds frE.:e Alternaria Alterna(‘ia Alter.nqria
of fungi alternata dauci radicina
Sample I
Control 0 a 99.5 ef 1.5 ac 165 b
Water control 75 ¢ 895 ¢ 45 b-e 180 b
AA0.5% 150 d 720 b 25 ad 30 a
AA 1% 210 d 76.0 b 0.5 ab 20 a
AA2% 320 e 580 a 20 ad 25 a
BA 0.5% 1.5 ab 96.5 de 0 a 85 b
BA 1% 25 be 945 «cd 25 ad 75 b
F/10ul/72h 0 a 955 ef 9.0 e 375 ¢
F/10u1/96h 0 a 955 ef 45 c-e 375 ¢
T/10ul/72h 0 a 955 ef 3.0 b-e 405 ¢
T/10u1/96h 0 a 955 ef 4.0 c-e 400 ¢
F+T/5+5ul/72h 0 a 100.0 f 85 de 315 ¢
F+T/545u1/96h 0 a 955 ef 25 ad 325 ¢
Sample 1T
Control 0 a 870 f 0 a 90 b
Water control 115 b 860 f 45 b 125 b
AA 0.5% 655 f 70 b 0 a 0 a
AA 1% 925 gh 35 ab 0 a 05 a
AA 2% 96.0 h 20 a 0 a 0 a
BA 0.5% 86.0 g 95 b 0 a 05 a
BA 1% 915 gh 75 b 0 a 05 a
F/10pl/72h 215 cd 71.0 e 0 a 70 b
F/10u1/96h 165 ¢ 715 e 0 a 95 b
T/10ul/72h 48.0 e 385 ¢ 0 a 45 b
T/10u1/96h 465 e 46.0 cd 05 a 80 b
F+T/5+5ul/72h 295 d 63.0 e 05 a 70 b
F+T/5+5u1/96h 320 d 59.0 de 05 a 55 b

For explanations see table 1
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Table 4. The effect of acetic acid, grapefruit extract (Biosept Active) and essential oils on carrot seed infesta-
tion with Cladosporium spp. Epicoccum nigrum, Fusarium spp. and Melanospora simplex (the percentage of
infested seeds)

Treatment Cladosporium spp. E‘l;l ;i;f::m Fusarium spp. Me;zzz;f xora
Sample I
Control 35 be 225 b 85 d-f 28.0 d
Water control 0 a 125 b 15.0 ef 0 a
AA 0.5% 85 de 05 a 1.0 ab 0 a
AA 1% 0 a 0 a 1.0 a-c 0 a
AA 2% 1.0 a 1.0 a 05 a 0 a
BA 0.5% 35 bd 20 a 6.5 cf 0 a
BA 1% 20 ab 05 a 30 ad 05 a
F/10ul/72h 10.0 ef 215 b 95 df 290 d
F/10u1/96h 95 ef 180 b 9.0 d-f 300 d
T/10ul/72h 200 g 135 b 4.0 ad 35 b
T/10ul/96h 17.5 fg 190 b 55 b-e 85 ¢
F+T/5+5ul/72h 100 c-e 165 b 145 f 240 d
F+T/5+5ul/96h 35 bd 150 b 45 b-e 145 ¢
Sample 1T
Control 3.0 be 35 be 1.0 a 0 a
Water control 55 ¢ 135 d 125 b 95 b
AA 0.5% 225 d 0.5 ab 05 a 0 a
AA 1% 0.5 ab 0.5 ab 0 a 0 a
AA 2% 0 a 0.5 ab 0 a 0 a
BA 0.5% 0 a 0 a 0 a 0 a
BA 1% 0 a 0 a 0 a 0 a
F/10ul/72h 45 be 25 ac 0 a 0 a
F/10u1/96h 1.5 a-c 45 «cd 0 a 05 a
T/10ul/72h 20 a-c 1.5 a-c 05 a 0 a
T/10ul/96h 20 a-c 35 bd 0 a 75 b
F+T/5+5ul/72h 20 a-c 45 cd 05 a 0 a
F+T/5+5u1/96h 0.5 ab 35 be 0 a 0 a

For explanations see table 1
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Fusarium spp. and M. simplex. Additionally, M. sim-
plex was detected on seeds treated individually with
fir and thyme oils for 96 h. Soaking seeds in 0.5 and
1% Biosept Active solutions decreased seed infesta-
tion with E. nigrum in relation to untreated seeds and
water control. Acetic acid and Biosept Active treat-
ments effectively controlled Fusarium spp.

DISCUSSION

From among applied treatments acetic acid most
effectively reduced carrot seed infestation with
pathogenic and saprotrophic fungi, especially A. al-
ternata, A. radicina and Fusarium spp., and signifi-
cantly increased the percentage of seeds free of fungi.
Strong antimicrobial properties of acetic acid, mostly
applied in gaseous form, confirmed many authors.
There are reports that vapour of acetic acid efficiently
controlled common bunt (7illetia spp.) in wheat
[Sholberg et al. 2006], decay of tomato fruits caused
by Alternaria alternata Fr. Keisl. and Botrytis cine-
rea Pers. [Alawlaqi and Alharbi Asmaa 2014] and
a growth of Aspergillus flavus Link ex Fries during
canola, corn, rice, and wheat seed storage [Sholberg
and Gaunce 1996]. Szopinska [2013] found that
soaking common zinnia (Zinnia elegans Jacq.) seeds
in 1, 2.5 and 5% acetic acid solutions significantly
reduced their infestation with A. alternata, Alternaria
zinniae M.B. Ellis and Fusarium spp., but negatively
affected seed germination and vigour, especially if
2.5 and 5% solutions were applied. Phytotoxic effect
of acetic acid observed also Pasini et al. [1997] on
roses sprayed in the field with 0.25% and 0.5% acetic
acid against powdery mildew (Podosphaera pannosa
(Wallr.) de Bary). Success of acetic acid treatment
seems to be strongly associated with a form of its
application (gaseous or liquid), its concentration in
the solution or in the air, and morphological charac-
teristic of treated seeds. Generally, the pathogens
which contaminate seed/fruits surface or infect exter-
nal seed/fruits tissues (seed coat and pericarp), such
as fungi of genus Alternaria, are more susceptible for
this type of treatment. Dipper penetration of acid into
seed tissues may result in a damage of the embryo.
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Moreover, we observed that the fruits, such as schizo-
carps of carrot or achenes of zinnia, better than true
seeds tolerate acetic acid treatment. Presumably the
pericarp additionally protects the embryo from toxicity
of the acid. Despite this, our previous experiments
showed that the seeds/fruits have to be washed after
the treatment, because prolonged contact with acetic
acid negatively affected their viability.

Grapefruit extract, unlike acetic acid, effectively
controlled fungi associated with carrot seeds mostly
in one sample, nevertheless in this case an enhance-
ment of seed health was connected with a significant
improvement in final germination. Mazur and Naw-
rocki [2007] reported that spraying carrot plants three
times during vegetation with grapefruit extract (Bio-
sept 33 SL at the concentration of 0.2%) effectively
controlled Alternaria blight in the field. Moreover, in
the laboratory conditions Biosept 33 SL significantly
limited the size of necrosis of petioles infected by
A. alternata and A. radicina. Grapefruit extract was
also effectively applied against seed-borne Botrytis
spp. on onion [Dorna et al. 2004, 2005], to protect
leguminous crops against Pythium oligandrum [Pigta
et al. 2004, 2005, 2007, Patkowska 2006, Patkowska
2008] and to control Alternaria brassicicola, Botrytis
aclada and B. cinerea, and A. zinniae on cabbage,
onion and zinnia seeds, respectively [Szopinska et al.
2007]. Grapefruit seed extract include many antim-
icrobial and antioxidative compounds [Angioni et al.
1998, Kedzia 2001, Orlikowski 2001, Cvetni¢ and
Vladimir-KneZevi¢ 2004] and probably not only
a reduction in seed infestation with fungi but also an
activity of antioxidants was responsible for the im-
provement in carrot seed germination.

There are several reports about antimicrobial
properties of essential oils. Especially antibacterial
and antifungal activities of thyme oil components are
well known [Sokovi¢ et al. 2009]. Thyme oil com-
pletely inhibited or significantly controlled the
growth of fungal plant pathogens, such as: Botrytis
cinerea Pers., Colletotrichum lindemuthianum (Sacc.
et Magn.) Briosi et Cav., Fusarium culmorum
(Wm. G. Sm.) Sacc., F. solani (Mart.) Sacc, F. ox-
ysporum Schltdl., Gibberella zeae (Schwein.) Petch
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(syn. F. graminearum Schwabe), Globisporangium
ultimum (Trow) Uzuhashi, Tojo et Kakish. (syn. Py-
thium ultimum Trow.), Mpycosphaerella rabiei
Kovatsch. ex Gruyter (syn. Ascochyta rabiei (Pass.)
Labr, Pyrenophora chaetomioides Speg. (syn.
Drechslera avenae (Eidam) Scharif), and Rhizoctonia
solani Kiithn. [Zambonelli et al. 1996, 2004, Daferera
et al. 2003, Barrera-Necha et al. 2009, Riccioni and
Orzali 2011]. Some experiments revealed that thyme
oil may be effectively used also to control Alternaria
spp. on carrot seeds [Dorna et al. 2008, Koch et al.
2010, Riccioni and Orzali 2011, Lopez-Reyes et al.
2016]. Properties of fir oil are less known, however
its chemical composition may indicate antimicrobial
activity. In vitro experiment of Serban et al. [2011]
showed inhibitory activity of fir oil against Candida
albicans strain ATCC 10231. Unfortunately, in our
experiment, essential oils treatments resulted in
a significant increase in seed infestation with
A. radicina, Cladosporium spp. and M. simplex in
sample I, although generally they did not affect nega-
tively seed germination. On the other hand, in sam-
ple II in most cases a decrease in the incidence of
A. alternata, an increase in the percentage of seeds
free of fungi and an improvement of germination at
the first count was observed after essential oils treat-
ments. This discrepancies between results obtained
for examined samples point out a necessity of further
research.

CONCLUSIONS

1. Acetic acid treatment significantly increased
the percentage of seeds free of fungi and decreased
the incidence of A. alternata and A. radicina in both
samples, and E. nigrum and Fusarium spp. in sample 1.
Treating seeds with acetic acid solutions did not af-
fect adversely seed germination, however, at the
highest concentration it deteriorated seed vigour in
both samples.

2. Biosept Active applied at the concentration of
1% decreased the percentage of seeds infested with
A. alternata and E. nigrum in sample I, and at the
concentrations of 0.5 and 1% reduced seed infesta-
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tion with A. alternata, A. radicina and E. nigrum in
sample II. Moreover, especially in sample II, Biosept
Active treatments improved seed germination, with-
out negative effects on seed vigour.

3. Generally, treating seeds with essential oils im-
proved germination at the first count, increased the
percentage of seeds free of fungi and decreased
the incidence of A. alternata in sample II, however
in sample I these treatments favoured growth of
A. radicina, and, in some cases, A. dauci.
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