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Abstract

The aim of the present study was the evaluation of antifungal activity of essential oil (EO) extracted from two medicinal and aromatic
plants (Pulicaria mauritanica and Micromeria debilis) as biological treatment for Alternaria spp., a pathogenic mould that causes early
blight on tomato plants. EO was extracted by hydrodistillation and antifungal activity was analyzed in vitro using direct contact on agar
against ten isolates of Alfernaria spp. Extraction yield was 0.30 and 0.045% for P. mauritanica and M. debilis, respectively. Both EOs had
inhibitory effect against mycelial growth of all studied isolates. However, the antifungal effect of EO isolated from P. mauritanica was
stronger than for that from M. debilis, with 100% inhibition against Alternaria tenuissema (isolates A18 and A57), Alternaria alternata
(isolate AT4), Alternaria solani (A37) and Alternaria tomatophila (AT01), when used at 1.1 uL mL"' concentration. EO from M. debilis
had 100% inhibition against isolates A42 and A57 of A. solani and A. tenuissema when used at 1.1 uL mL' concentration. The antifungal
activity of the EOs might due to the synergic effects of their chemical compounds, mainly monoterpenes and sesquiterpenes.
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Introduction

In Algeria, similar to other countries, tomato (Solanum
lycopersicum L.) is the second most consumed vegetable
after potatoes, revealing its economic importance (Foolad
2007). Tomato crops are challenged by several diseases,
among which early blight, a fungal disease caused by
species of the genus Alternaria and destroying plant foliage
and fruit, is one of the most common and costly diseases,
decreasing tomato fruit size and yield by up to 78% (Rotem
1994; Chohan et al. 2015). The disease is more abundant in
areas with high dew incidence, abundant precipitation and
high relative humidity (Roy et al. 2019).

The fungi of the genus Alternaria belong to the phylum
Ascomycota, order Pleosporales and family Pleosporaceae
(Simmons 2007). Alternaria spp. with imperfect forms
belongs to the division Deuteromycota. The genus is
characterized by production of dark-coloured conidia
with transverse and longitudinal septa (phaeodictyospore;
Pryor, Gilbertson 2000). While some Alternaria spp. are
saprophytes, many of them are highly pathogenic for
several animals and plants (Rotem 1994; De Hoog, Horre
2002; Lawrence et al. 2013).
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Chemical fungicides are the main method used to
control Alternaria in tomato fields, but their use needs to
be restricted due to their toxicity, environmental pollution
and negative impacts on human health (Bernard et al.
1997). Therefore, it is important to look for alternatives
to control the fungal agent of early blight of tomato. The
safest approach is using vegetable-originated products,
since they are biodegradable and not toxic for both human
and environment. Previous studies revealed antimicrobial
activity of some samples of essential oil (EO) extracted
from medicinal and aromatic plants (Soliman, Badeaa
2002; Bourkhiss et al. 2007; Jazet-Dongmo et al. 2009;
Magina et al. 2009). In particular, many types of EO have
good antifungal activity (Hu et al. 2007; Bakkali et al. 2008;
Lang, Buchbauer 2012 )

Flora of aromatic plants is highly diverse and abundant
in Algeria, and many species are used as therapeutic plants.
The genus Pulicaria belongs to the Asteraceae family and
contains more than 100 species, distributed in Europe,
North Africa, the Mediterranean basin and Asia (Williams
et al. 2003). Many Pulicaria species have antibacterial and
antifungal activity (Hanbali et al. 2005) because of their
high level of phytochemical active components (Fahmi
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et al. 2018). Pulicaria mauritanica Coss., locally known
under the vernacular of Mariwa Sfayrya (Gherib 2014), is
an aromatic and endemic plant that grows in Algeria and
Morocco (Xu et al. 2015; Hamdouch et al. 2018).

Micromeria debilis Pomel (Lamiaceae), formerly known
as Satureja briquetii Maire, is an endemic plant that grows in
Algeria and Morocco (Gherib et al. 2016). Species of genus
Micromeria have been used by Mediterranean indigenes
for thousands of years as medication (Azab 2016). Diverse
biological properties of the EO and other biological extracts
of Micromeria have been reported, mainly pharmacological
(Gulluce et al. 2004), antioxidant (Oztiirk et al. 2009; Samec
etal. 2015), insecticidal, antibacterial and antifungal activity
(Oztiirk et al. 2011).

The aim of the present study was to evaluate antifungal
activity of EO extracted from the two aromatic and
medicinal plants, Pulicaria mauritanica and Micromeria
debilis, against ten isolates of Alternaria spp., the etiological
agent of early blight of tomato, in vitro.

Materials and methods

Fungal material

Alternaria spp. isolates were collected from tomato plants
growing at different places of Algeria (Oran, Mostaganem
and Ain Temouchent). Fungal isolation was performed
from leaves, stems and fruits of tomato showing Alternaria
blight symptoms (Rapilly 1968; Table 1). The obtained
isolates were then purified by monosporic culture (Rapilly
1968) and identified by morphological characterization
(Simmons 2007).

Plant material

Plant samples of P. mauritanica and M. debilis were collected
in Ndama province (southwest of Algeria) in the Ain Sefra
region (Djbel Mekter for P mauritanica and Mograr for
M. debilis) during February 2019 and November 2018,
respectively. Plant identification was confirmed by Prof. A.
Marouf (University of Ndama, Algeria).

Extraction of EO

Plants were dried in the laboratory at room temperature
for eight days and EO was extracted from 50 g of dried
aerial parts by hydrodistillation for 2 to 3 h in a Clevenger
apparatus. The collected EO samples were stored at 4 °C in
opac sealed tubes until use (Msaada et al. 2012).

In vitro antifungal activity of EO

The antifungal activity of EOs was evaluated on the mycelial
growth of highly pathogens Alternaria spp. using the
method of direct contact on agar (Fandoham 2004), with
minor modifications. Briefly, different concentrations (0.95
or 1.1 pL mL™") were obtained by adding 14.25 and 16.5 puL
of EO samples to 15 mL of supercooled Potato Dextrose
Agar medium (PDA) at 45 °C containing Tween 20 (Sigma
0.5%, v/v). The mixture was homogenized by vortexing and
poured into Petri dishes (90 mm). Mycelial discs (6 mm)
were taken from the periphery of the 10-day-old fungal
colonies and aseptically deposited at the middle of the
Petri dishes containing PDA medium mixed with different
concentrations of EO. The experiment was conducted in
triplicate. Petri dishes containing 15 mL PDA medium
supplemented with Tween 20 without EO were used as a
positive control. Petri dishes were incubated in dark at 25
+ 2 °C for 10 days. Mycelial growth was measured daily
during incubation, starting from day 3 by measuring two
perpendicular diameters of the colonies. The antifungal
activity of EO isolated from P. mauritanica and M. debilis
was determined by calculating the inhibition rate of
mycelial growth (Kasmi et al 2018):

Percentage of mycelial growth inhibition (%) = [(DC -
DT) / DC] x 100,

where DCis an average diameter (mm) of the fungal colony
in the control and DT is the average diameter (mm) of the
fungal colony in the treatment.

Statistical analysis

All measurements were conducted in triplicate. Comparison
of inhibitory rates of mycelial growth of Alternaria spp. by
EO was performed by an ANOVA test, using Excel 2010
software. Results were considered significant at P < 0.05.

Table 1. Origin and taxonomic identity of Alternaria spp. isolates used in this study

Isolate code  Species Geographic origin Date Organ of tomato plant
Al A. tenuissema Mostaganem (Stidia) 18.03.2015 Fruit
Al0 A. alternata Mostaganem (Ouriah) 18.03.2015 Fruit
Al18 A. tenuissema Mostaganem (Ouriah) 18.03.2015 Fruit
A37 A. solani Oran (Sidi Maarouf) 25.03.2015 Leaves
A42 A. tomatophila Oran (Sidi Maarouf) 25.03.2015 Leaves
A57 A. tenuissema Oran (Bousfer) 24.04.2015 Leaves
ATO1 A. tomatophila Mostaganem (Stidia) 18.03.2015 Stem
ATO04 A. alternata Mostaganem(Ouriah) 18.03.2015 Stem
A51 A. solani Ain Temouchent 10.04.2015 Leaves
A45 A. tomatophila Oran (Bousfer) 24.04.2015 Leaves
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Results

Yield and characterization of EO
EO extracted from dried aerial parts of both plants had
amber yellow color in the case of P. mauritanica and light
green color for M. debilis. Both EOs had a strong odor.

The essential oil yield of the two plants was expressed as
a mass percentage by weight relative to the dry matter. The
extraction yields were 0.30 and 0.045% for P. mauritanica
and M. debilis, respectively.

In vitro evaluation of antifungal activity of EO

Antifungal activity of EO from P mauritanica and M.
debilis against the mycelial growth of the phytopathogenic
Alternaria spp. are summarized in Table 2 and Fig. 1.

Both EOs had inhibitory effect against all Alternaria
strains, however, the antifungal activity varied between
isolates. Increasing EO concentration resulted in increased
inhibition of mycelial growth and consequently a decrease
in the colony diameter on the Petri dish.

EO from P. mauritanica had stronger antifungal activity
compared to that from M. debilis and resulted in a total
inhibition (100%) of the mycelial growth of A. tenuissema
(isolates A18 and A57), A. alternata (isolate AT4), A. solani
(A37) and A. tomatophila (AT01) when used at highest
concentration (1.1 uL mL™). These results suggest that this
EO has significant activity and inhibits mycelial growth of
all Alternaria spp. isolates at different concentrations (P
= 0.000317). Each isolate was influenced differently (P =
0.027384). When used at a concentration between 0.95 and
1.1 uL mL, EO from P. mauritanica EO not fully inhibited
mycelial growth of Alternaria isolates.

Isolates of Alternaria spp. had similar sensitivity to EO
from M. debilis at 0.95 or 1.1 pl mL™" concentration, and
the difference between the two concentrations was not
significant (P = 0.063141). However, there was a significant
difference of the inhibitory effect of M. debilis EO between
the isolates (P = 0.043158). Mycelial growth of isolate A42
from A. solani and isolate A57 from A. tenuisserna were
highly inhibited at 1.1 uL mL™" by EO from M. debilis.

The two EOs significantly inhibited growth of
Alternaria isolates at both concentrations (P = 0.000897)
and each isolate was influenced differently (P = 0.015405).
A. tenuissema (A57 isolate) was the most inhibited by
both EOs while A. solani strain (A51 isolate) were the least
inhibited.

Discussion

The present study confirmed antifungal activity of EO
samples extracted from P mauritanica and M. debilis
against Alternaria isolates, agents of early blight of tomato.
While both EOs were effective at low concentrations, the
antifungal activity differed between pathogenic species,
depending on their virulence level and the composition of
the EO.

Table 2. Growth inhibition effect of essential oils from Pulicaria mauritanica and Mecromiria debilis on Alternaria isolates. Each value is presented as mean + standard deviation (n = 3)

Mecromiria debilis

Pulicaria mauritanica

Control

Isolate

1.1

0.95

1.1

0.95

Growth
inhibition (%)
79.21 + 2.57
55.03+11.24
71.11 + 3.05

Growth Colony
50.77 £1.97

inhibition (%)
68.82 + 0.84

Growth Colony

inhibition (%)
77.53 +2.57

Growth Colony
inhibition (%)

Colony

Colony

diameter (mm) diameter (mm) diameter (mm)

diameter (mm)

diameter (mm)

18.33 £ 1.53
42.50 £9.12

24.5 £ 0.50

19.33 £ 1.53
33.50 £ 8.19

74.72+5.9

21.00 + 3.50
47.00 £ 1.73

65.33 + 2.52
87.17 £ 1.04
79.83 £ 0.76
82.17 £ 0.76
79.00 £1.50

Al

54.50 £ 1.32 40.25 £ 1.63

66.12 + 10.08

49.49+£2.13

Al0
Al8

27.33 £2.25
43.50 £ 1.50

66.14 £ 3.10

31.00 + 2.29
53.33 £2.08
52.67 £1.26

100 £ 0

6.00 = 0.00
6.00 = 0.00
28.00 £6.95
31.00 + 3.00

37.50 £3.28

69.53 + 8.65
61.49 +14.48

28.50 + 6.38
3533 +11.03
40.83 +£3.51

37.86 £2.73

100£0
69.86 + 9.52

A37
A42
A45

100+ 0
69.05 £ 1.63

6.00 £0.00

29.83 £1.26

36.07 £1.72

52.28 +4.81

65.8£2.28
47.39 £ 6.40

32.33£1.76

67.53 £ 3.90
55.21 + 4.66

40.50 £ 6.76 55.19 + 8.78
45.50 £ 2.29

83.00 £ 1.32

47.63 £ 6.45

42.83 +4.54
6.00 = 0.00
43.00 £ 4.00

43.00 £ 4.50

44.33 £ 1.61

76.33 £2.52
78.50 + 5.50

A51

100+ 0
51.84 +5.21

100+ 0
44.90 + 3.81

6.00 = 0.00
48.33 £2.93

6.00 = 0.00 100+ 0
4233 £1.26

6.00 = 0.00
6.00 = 0.00

A57 32.83 +1.89 62.99 + 2.61

AT1
AT4

100 £ 0

61.82 + 5.42
70.22 +5.55

35.33+4.16

82.83 +0.76
82.67 +2.08

60.65 + 2.94

36.17 £ 2.25

52.61 +1.64

100+ 0

28.83 +4.25
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Control 0.95uLmL™ 110 pL mL™ Control 0.95uLmL™  1.10 pL mL™

=
OO

Fig. 1. Effect of different concentration of essential oil from Pulicaria mauritanica (A) and Micromeria debilis (B) on mycelial growth of
Alternaria isolates within 10 days of incubation.
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The effectiveness of antifungal activity of both EOs
can be linked to differences in their chemical composition,
mainly regarding monoterpenes such as carvotanacetone,
2-5-dimethoxy-p-cymene, [B-pinene and linalool; and
sesquiterpenes such as germacrene D and p-eudesmol
(Cowan 1999; Tan et al. 1999; Nakamura et al. 2004).
Furthermore, the high level of oxygenated monoterpenes,
mainly carvotanacetone, in P. mauritanica might explain its
high antifungal activity. EOs with high level of oxygenated
terpenes are shown to have higher antimicrobial activity
as compared to EOs with high level of hydrocarbons
(Knobloch et al. 1987). The above can explain why EO
from P. mauritanica was more effective against Alternaria
isolates as compared to that from M. debilis.

P mauritanica had an inhibitory effect on mycelial
growth of Alternaria spp. after seven days of incubation at
25 °C, with a minimum inhibitory concentration of 2 pL
mL" (Gherib et al. 2016a; Znini et al. 2013). A recent study
reported that Alternaria spp. and Aspergillus brasiliensis
were totally inhibited by 0.25 pL mL"! of P. mauritanica EO
after six days of incubation at 25 °C (Bammou et al. 2019).

EO extracted from Pulicaria jaubertii has a strong
antimicrobial activity, especially on Candida albicans
(minimum inhibitory concentration 300 ug mL™"),
and the inhibitory effect might due to its high level
of carvotanacetone (93.5%; Al-Fatimi et al. 2015).
Furthermore, strong antimicrobial activity of oxygenated
monoterpenes results from their ability to block enzymatic
activity of cell wall synthesis, leading to rearrangement
of lipids and changes in functions and properties of cell
membrane, including permeability (Zambonelli et al. 1996).

The effectiveness of EO from P. mauritanica might be
the result of the presence of phenolic compounds such
as thymol and carvacrol. These phenolic compounds
contribute to antifungal activity of EO through synergy
with other active compounds (Ultee et al. 2002). It was
confirmed that fungi are sensitive to carvacrol and thymol
(Kim et al. 1995; Curtis et al. 1996). Thymol is the major
component of EO from Thymus eriocalyx (63.8%) and
Thymus x-porlock (31.7%) (Rassoli et al. 2006). The authors
correlated the high level of thymol with the morphological
alterations of the hyphae observed during the treatment
of the Aspergillus niger mycelium with the two EO from
different thyme species.

Hydrocarbonated monoterpenes (a-pinene and
B-pinene) were highly abundant in M. debilis EO,
representing 21.2% of the total composition (Gherib et al.
2016b). It is possible that antifungal activity of EO from M.
debilis against Alternaria spp. was mainly due to the high
level of B-pinene (19.3%). These findings are in agreement
with the results that diverse dematiaceous moulds, mainly
Alternaria brassicola, are sensitive to [-pinene, with
minimum inhibitory concentration of 125 uL mL™! (Moreira
2007). Likewise, pinenes have effective antimicobial activity
against yeast and pathogenic moistures (Gayoso et al. 2004;

Lima et al. 2005). However, f-pinenes are more active on
Candida albicans than are a-pinénes (Hammer et al. 2003).
In addition, EO from M. debilis had a wide spectrum of
antimicrobial activity, especially against Candida albicans
with a minimum inhibitory concentration of 2.0 uL mL™!
(Gherib et al. 2016b).

It also seems that the high level of linalool (6.5%),
a monoterpene alcohol, might increase the antifungal
activity of EO from M. debilis (Gherib et al. 2016b). The
antimicrobial activity of monoterpene alcohols has been
attributed to their high affinity for cell membranes and
strong bounding properties with molecular structures such
as proteins or glycoproteins and altering cell permeability
leading to leakage of cytoplasmic material (Hemaiswarya
et al. 2009; Wang et al. 2012).

These findings provide an alternative solution to more
safe and ecologically-friendly ways of control of Alternaria
blight in tomato plants. Validating our results in vivo would
be the next step to determine the host-pathogen-essential
oil interaction.
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