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Evaluation of in-vitro antifungal activity against Fusarium 
incarnatum of binary and ternary combinations of lemongrass, 
garlic and mustard oil-encapsulated lipid nanoemulsions

Minh-Hiep Nguyen* and Thi-Ngoc-Mai Tran

Summary   Encapsulated lipid nanoemulsions (EO-LNs) from garlic oil, lemongrass oil and mustard 
oil were prepared by a combined method of homogenization and sonication with the aim to gener-
ate highly eff ective formulations against Fusarium incarnatum (laboratory bioassays). Their combined 
binary and ternary formulations (preparations by mixing an equal volume ratio of each EO-LNs) were 
also tested. The synergistic/additive/antagonistic antifungal eff ect of the EOs (under nanoform) in 
their combined formulations was determined using the SynergyFinder software with the Bliss inde-
pendence model. Results revealed the synergistic eff ect of the combined binary and ternary formula-
tions of garlic oil-encapsulated LNs (NaG), lemongrass oil-encapsulated LNs (NaL) and mustard oil-en-
capsulated LNs (NaM). Furthermore, the ternary combination, at the same concentration of each con-
stituent EO, had higher antifungal activity than the binary combinations. Nonetheless, at 600 times di-
lution the NaLG (binary combination) inhibited 96% the mycelial growth of F. incarnatum, which was 
signifi cantly higher than the effi  cacy of NaMLG (ternary combination) in the same dilution. This could 
be possibly attributed to the 1.5-time higher concentration of each constituent EO in the binary com-
bination compared to that in the ternary formulation. In addition, NaLG, even at the high EO concen-
tration of 0.4 g/L, did not show any phytotoxicity symptoms on lettuce plants. 

Additional keywords: Antifungal activity, essential oils, synergistic eff ect

fore, the use of biological methods to con-
trol plant diseases is an urging alternative 
solution.

Plant essential oils (EOs) are increasingly 
used to control plant diseases caused by fun-
gi (Omar et al., 2019). This is because EOs are 
eco-friendly, biodegradable with negligible 
or no toxicity to mammals and plants, and 
highly eff ective against a wide range of fun-
gal diseases (Omar et al., 2019; Amini et al., 
2012). Furthermore, EOs, as other biofungi-
cides, have a multiple mechanism of action, 
hence they are less prone to the develop-
ment of resistance of pathogenic fungi (Gres-
sel et al., 2020). Lemongrass oil with geranial 
(42.2%) and neral (31.5%), garlic oil with di-
allyl disulfi de (27.1–46.8%) and diallyl trisul-
fi de (19.9–34.1%), and mustard oil with allyl 
isothiocyanate (71.06%), cyclopropyl isothi-
ocyanate (12.16%) and furfural (3.36%) have 
been previously demonstrated high fungi-
cidal activity (Satyal et al., 2017; Boukhatem 
et al., 2014; Peng et al., 2014). Other stud-
ies showed that isothyocynate and gerani-

Introduction

Every year, pathogenic microorganisms 
cause a large loss of crop yields (Jiang et al., 
2020). Fusarium incarnatum is an important 
fungal pathogen that causes diseases of the 
root, stem, leaves, and seed, leading to the 
reduction of the quality and quantity of the 
yield of many crops such as rice, banana, sor-
ghum, and maize (Akram et al., 2019). Now-
adays, chemical fungicides are commonly 
used to control this fungal pathogen (Yang 
et al., 2019). Despite their benefi ts, their use 
has been linked to environmental pollution, 
toxicity issues to humans and other organ-
isms, and resistance development of Fusari-
um strains, thus making it diffi  cult to control 
the pathogen (Zubrod et al., 2019). There-
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al could strongly inhibit the growth of fungi 
such as Fusarium graminearum, Fusarium ver-
ticillioides, Fusarium sambucinum, Alternaria 
alternata and Verticilium dahliae (Drakopou-
los et al., 2020; Roselló et al., 2015). Diallyl 
disulfi de and diallyl trisulfi de were found 
to possess a strong fungicidal activity for a 
broad spectrum of fungi (Wang et al., 2019). 
Kamsu et al. (2019) reported that lemongrass 
oil inhibited the mycelial growth and conid-
ia germination of F. incarnatum at a high 
concentration of 500 μL/L and 185 μL/L, re-
spectively. Although the antifungal activity 
of garlic oil and mustard oil against F. incar-
natum is still unknown, their eff ects on oth-
er Fusarium species at high concentrations 
have been reported (Dutta et al., 2021; Wang 
et al., 2020; Hayat et al., 2016).

High antifungal activities of EOs may 
be due to their ability to destroy the cellu-
lar structure of hyphae and cell organelles, 
leading to the leakage of both cytoplasm 
and macromolecules. Some EOs can cross 
the cell membrane, interacting with the en-
zymes and proteins of the membrane, there-
by producing a fl ux of protons towards the 
cell exterior which induce changes in the 
cells and, ultimately, cell death (Omidbeygi 
et al., 2007). Silva et al. (2008) indicated the 
inhibitory eff ect of lemongrass oil against 
Candida spp., because the oil is able to form 
a charge-transfer complex with an elec-
tron donor of fungal cells, resulting in fun-
gal death.

Neverhteless, the practical application 
of EOs in fungal control is challenging as 
EOs seem not to exhibit a strong antifun-
gal activity at low concentrations due to 
low water solubility and poor penetration 
into plants, they are easily degradable un-
der adverse environmental conditions and 
their price is often high (Nguyen et al., 2020; 
Kamsu et al., 2019; Rao et al., 2005). To over-
come these drawbacks, essential oil-encap-
sulated lipid nanoemulsions (EO-LNs) have 
been developed. LNs have a low cost, en-
hance the water dispersion of EOs by many 
times, improve the penetration of EOs into 
plant tissues and control their release, and 
protect active compounds in EOs from ad-

verse environmental conditions (Nguyen et 
al., 2020). Bedoya-Serna et al. (2018) demon-
strated that oregano oil-encapsulated LNs 
had minimal eff ective concentration against 
Fusarium sp. at an oregano oil concentration 
of 0.11μg/mL, while the native form (pure oil 
form) exhibited an eff ect against the fungus 
at a concentration of 150 μg/mL. Addition-
ally, Hassanin et al. (2017) reported that LNs 
containing thyme oil and basil oil exhibit-
ed a signifi cantly higher antifungal activity 
against Fusarium oxysporum. f. sp. cumini và 
Fusarium oxysporum than the native forms. 
Therefore, the minimal inhibitory concen-
tration of EOs could be signifi cantly reduced 
by encapsulating them into LNs, leading to a 
considerable reduction in the quantity and 
cost of EOs and enhancing their potential 
broad application as antifungal agents in 
green and sustainable agriculture. 

Some recent studies have indicated that 
combinations of EOs result in signifi cant-
ly higher antifungal activities compared to 
the antifungal activities of single EOs due to 
the synergistic or additive eff ects (Bounar et 
al., 2020; Park et al., 2017; La-Torre et al., 2016; 
Hossain et al., 2016). For example, Park et al. 
(2017) demonstrated that the synergistic ef-
fect of origanum oil and thyme oil (ratio 1:1, 
v/v) signifi cantly enhanced their inhibitory 
effi  ciency against mycelial growth of Fusar-
ium oxysporum f. sp. fragariae of 40%, 50% 
and 70% compared to origanum oil, thyme 
oil and untreated control, respectively. La-
Torre et al. (2016) reported that combined 
treatment with rosemary oil, clove oil and 
thyme oil could reduce tomato Fusarium 
wilt much more effi  ciently in comparison 
with single treatment by clove oil, thyme 
oil, or rosemary oil. Moreover, EOs extracted 
from Thymus vulgaris and Oregano vulgare 
exhibited a synergistic interaction to give a 
lower minimal inhibitory concentration and 
a higher antifungal activity against Fusarium 
spp. compared to the single forms (Bounar 
et al., 2020). 

The synergistic eff ect of EOs in a com-
bined formulation has been demonstrated 
by using the fractional inhibition concen-
tration index which was manually calculat-
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ed (Bounar et al., 2020; Hossain et al., 2016). 
Meanwhile, the SynergyFinder software 
with the Bliss independent model was re-
cently developed to demonstrate the syner-
gistic/additive/antagonistic eff ect of drugs 
(Ianevski et al., 2017), but it has not been in-
tensively applied to investigate the syner-
gistic/additive/antagonistic eff ect of EOs for 
the control of plant fungal pathogens. Only 
Nguyen et al. (2020) have successfully ap-
plied this software to demonstrate the syn-
ergistic eff ect of chili oil, cinnamon oil and 
neem oil (EO-LN forms) in nematode con-
trol. The application of the SynergyFinder 
software with the Bliss independent mod-
el to demonstrate the interaction (synergis-
tic/additive/antagonistic eff ect) of EO com-
ponents (the combined formulations) in the 
control of F. incarnatum will give the out-
come of this study more scientifi c signifi -
cance.

In the present research, the in-vitro an-
tifungal activities of these three EO-LNs 
against F. incarnatum and of their combined 
binary and ternary formulations were as-
sessed in laboratory bioassays. In addition, 
the synergistic/additive/antagonistic eff ects 
of these EOs in the combined formulations 
were determined using the SynergyFinder 
software with the Bliss independence mod-
el. Finally, the eff ect of the optimal EO-LN 
formulation on plant growth was evaluat-
ed. To our knowledge, the encapsulation of 
lemongrass (Cymbopogon citratus) oil (NaL), 
garlic (Allium sativum) oil (NaG) and mustard 
(Sinapis alba) oil (NaM) into LNs to control F. 
incarnatum has not been studied so far nor 
the antifungal activities of combined binary 
and ternary formulations of the EO-LNs.

Materials and Methods

Reagents and Biological Material
Garlic oil, mustard oil, and lemongrass 

oil were purchased from Dalosa Vietnam Es-
sential – Herbal Co., LTD. (Vietnam). Soybean 
lecithin (Junsei Chemical, Tokyo, Japan) and 
Tween 80 (Samchun Pure Chemical, Seoul, 
Korea) were used as surfactants. A F. incar-

natum strain was isolated and cultured at 
DaLat Nuclear Research Institute (Vietnam). 
Lettuce plants were purchased from a local 
market. All other chemicals were of analyti-
cal grade.

Preparation of EO-LNs 
Three diff erent EO-LNs corresponding 

to lemongrass oil (NaL), garlic oil (NaG) and 
mustard oil (NaM) were prepared using a 
combined method of homogenization and 
sonication (Nguyen et al., 2020). Briefl y, a 
mixture (10 g) of lecithin and Tween 80 (ra-
tio 1:1, w/w) was added to distilled water (80 
g) and stirred at 70oC for 45 min. Each EO (10 
g) was then added into the surfactant mix-
ture and homogenized using an Ultra Tur-
rax T25 basic homogenizer (IKA, Japan) at 
16000 rpm for 4 min. This was followed by 
sonication using an Ultrasonic Processor 
VCX750 (Sonics & Materials, U.S.) at 20% 
for 3 min to form a nanodispersion of NaL, 
NaG and NaM. 

The combined binary formulations were 
prepared by mixing two (2) EO-LNs with an 
equal volume (1:1, v/v), and the combined 
ternary formulation was prepared by mixing 
the three (3) EO-LNs at a ratio 1:1:1 (v/v/v).

Physical characterization of the EO-LNs 
and their binary and ternary combina-
tions

The mean particle size, the polydispersi-
ty index (PDI) and the zeta potential of the 
3 EO-LNs and of their combined binary and 
ternary formulations were determined using 
a Nano-ZS nano-size analyzer (Malvern, UK). 
Briefl y, samples were diluted 100 times with 
distilled water. The resulting dispersion was 
then added to a polystyrene latex cell. The 
measurements were carried out at a temper-
ature of 25oC and a detector angle of 173oC.

In-vitro antifungal activities of the EO-
LNs and their binary and ternary combi-
nations

The in-vitro antifungal activities against 
F. incarnatum of the EO-LNs and their bina-
ry and ternary combinations were evaluated 
in Petri dishes at laboratory bioassays (Kam-
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su et al., 2019). The fungus was grown on a 
PDA (potato dextrose agar) medium supple-
mented with the EO-LN formulations (sin-
gle forms or combined forms) at dilutions of 
250, 500, 600 and 750 times (corresponding 
to total EO-concentration of 0.4 g/L, 0.2 g/L, 
0.1667 g/L and 0.1333 g/L). The control was a 
sample without addition of any EO-LN for-
mulation. After 5 days, the growth of F. incar-
natum in all treatments was evaluated and 
the mycelial diameter was measured. The 
antifungal activity was determined based 
on the mycelial growth inhibition (GI %) cal-
culated using the following formula (1):

(1)

Where Dc and Dt represent the mycelial 
growth diameter of the control and treated 
sample, respectively.

Evaluation of the eff ect of EO-LN formu-
lation on plant growth

The eff ect of EO-LN formulation on plant 
growth (phytotoxicity) was investigated by 
spraying the optimal EO-LN formulation (de-
termined in the previous section) at a high 
dilution concentration (250 times) on let-
tuce plants. Particularly, lettuce plants (112 
plants/treatment) were grown in a green-
house under natural light and at a room 
temperature of 22–28oC. When the plants 
had reached the stage of 3–4 leaves, the op-
timal EO-LN formulation was sprayed on the 
plants (about 250 mL/treatment). Spraying 
with water was used as a control. The exper-
iment was repeated two more times. The av-
erage height of the plants at 3 and 7 days 
after treatment was determined, and the 
percentage of additional growth (AG %) was 
calculated using the formula (2):

(2)

Where: La is the lettuce height after 7 days
Lc is the lettuce control height

Data analysis
One-way ANOVA with the post-hoc Dun-

can test on the SPSS software (P < 0.05) was 
used for statistical analysis. The synergistic/
additive/antagonistic eff ects of NaL, NaG 
and NaM in their binary and ternary com-
binations were determined using the Syn-
ergyFinder software with the Bliss indepen-
dence model. In this software, scores < −10 
indicate that the interaction between two 
agents is likely antagonistic, scores from −10 
to 10 indicate that the interaction between 
two agents is likely additive, and scores > 10 
indicate that the interaction between two 
or three agents is likely to be synergistic (Ia-
nevski et al., 2017).

Results

Preparation of the EO-LNs 
The garlic oil-encapsulated LNs (NaG), 

lemongrass oil-encapsulated LNs (NaL), and 
mustard oil-encapsulated LNs (NaM) had a 
mean particle size of 71.81 nm, 72.06 nm, 
and 138 nm, respectively. The polydispersi-
ty index (PDI) of these EO-LNs was less than 
0.245 and their zeta potential was larger 
than -40 mV. The combined binary and ter-
nary formulations of NaG, NaL and NaM had 
a small particle size less than 120 nm, a good 
PDI value of 0.180–0.245, and a high zeta po-
tential more than -40 mV (Table 1). 

As shown in Figure 1, the lemongrass oil, 
the garlic oil and the mustard oil were poor-
ly dispersed in water (Figure 1A), while the 
dispersion of their corresponding EO-LNs 
in water was very high (Figure 1B). After the 
oils were encapsulated into LNs, the colors 
of the EO-LNs became lighter compared to 
the colors of the native EOs. 

In-vitro antifungal activities of the EO-
LNs and their binary and ternary combi-
nations

The in-vitro antifungal activities against F. 
incarnatum of the three single formulations 
(NaM, NaG, NaL) and their combined formu-
lations (NaMG, NaML, NaLG, NaMLG) were 
determined from their mycelial growth inhi-

 
GI (%) =  

Dc
 - Dt 

Dc 
 × 100    

 AG (%) = 
La – Lc 

Lc 
x 100 
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bition (GI %) values, using bioassays in Petri 
dishes (Kamsu et al. 2019). The image in Fig-
ure 2 shows that the mycelium of F. incarna-
tum in the control sample grew fast with the 
largest growth diameter after incubation for 
5 days, while the supplements of the EO-LN 
formulations in the PDA medium resulted in 
smaller mycelial growth diameters, corre-
sponding to smaller GI values. As shown in 
Table 2, at 250 times dilution, all EO-LN for-
mulations completely inhibited the growth 
of F. incarnatum. At 500 times dilution, the 
GI values of NaL, NaM, and NaG decreased 
from 100% to 20.78%, 32.55% and 43.53%, 
respectively, while the GI values of their bi-
nary (NaML, NaLG, NaMG) and ternary com-
binations (NaMLG) remained 100%. A fur-
ther increase in the dilution concentration 
to 600 times resulted in a decrease in the 
GI values of NaML, NaMG and NaMLG from 
100% to 33.33%, 56.08% and 22.35%, re-
spectively. However, the GI value of NaLG 

was above 96% at this dilution concentra-
tion. At 750 times dilution, the GI values 
of the combined formulations sharply de-
creased to below 40% each, except for NaLG 
whose GI value became 62.35%.

When the synergistic/additive/antago-
nistic eff ects of NaL, NaG and NaM in their 
combined binary and ternary formulations 
were determined, the Bliss synergy scores 
(SynergyFinder software with the Bliss in-
dependence model) of the binary combi-
nations of NaM and NaL, NaM and NaG, and 
NaL and NaG were 26.72, 19.05, and 22.37, 
respectively, while that of the ternary com-
bination (NaMLG) was 100 (Figure 3).

Evaluation of the eff ects of EO-LN for-
mulations on plant growth

Before being practically applied, the ef-
fect of optimal EO-LNs formulation on plant 
growth should be considered. Based on the 
in-vitro antifungal activities determined 

in the previous section, NaLG was chosen. 
Assssement of its eff ect on plant growth by 
spraying NaLG at 250 times dilution on let-
tuce plants, indicated that after treatment 
by NaLG for 3 and 7 days, all lettuce plants 
still developed normally, with a survival rate 
of 100%. In addition, there was no statisti-
cal diff erence in the percentage of addition-
al growth between the treated and untreat-
ed plants (control) (Table 3). The heights of 

Table 1. Physical characteristics of NaL, NaG and NaM and their combined binary, ternary 
formulations (n = 3).

EO-LNs formulations Particle size (nm) Polydispersity index 
(PDI)

Zeta potential
(mV)

NaM 138.00 ± 2.38a 0.174 ± 0.008d -46.28 ± 1.29c
NaL 72.06 ± 1.45d 0.243 ± 0.012a -41.37 ± 1.07ab
NaG 71.81 ± 1.51d 0.199 ± 0.013bc -40.65 ± 1.31ab
NaM + NaL (NaML) 106.15 ± 2.28b 0.182 ± 0.011cd -42.25 ± 0.93ab
NaM + NaG (NaMG) 107.10 ± 1.15b 0.241 ± 0.009a -43.00 ± 1.12b
NaL + NaG (NaLG) 72.22 ± 1.21d 0.215 ± 0.012b -40.10 ± 2.35a
NaM + NaL + NaG (NaMLG) 95.56 ± 1.74c 0.242 ± 0.011a -41.48 ± 1.14ab

 Binary combinations: NaML  (NaM + NaL at a ratio 1:1, v/v); NaMG (NaM + NaG at a ratio 1:1, v/v); NaLG (NaL + NaG 
at a ratio 1:1, v/v). Ternary combination: NaMLG (NaM + NaL + NaG at a ratio 1:1:1, v/v/v).

 Any two means followed by the same superscript letters in the same column are not signifi cantly diff erent by 
One-way Anova with post-hoc Duncan test in the SPSS software (P < 0.05). 

Figure 1. Water dispersion of (A) three Essential Oils (EOs) 
and (B) their corresponding Lipid Nanoemulsions (EO-LNs); M: 
mustard, L: lemongrass, G: garlic.
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lettuce plants in both cases increased by ap-
proximately 48% after 7 days.

Discussion

Based on their small mean particle siz-
es, good PDIs and high zeta potentials, it is 
clear that the EO-LNs of lemongrass, garlic 
and mustard were successfully prepared by 
a combined method of homogenization and 
sonication. The diff erence in the mean parti-
cle sizes of NaM, NaG, and NaL could be ex-
plained by the correlation between the RHLB 

Figure 3. Bliss synergy score of binary and ternary combina-
tions of NaL, NaG and NaM. The synergistic scores were deter-
mined by SynergyFinder software based on the results from 
three independent experiments. 

Figure 2. In-vitro antifungal activity against Fusarium incarnatum of NaL, NaG, NaM and their binary, ternary combina-

tions. CT: control.

Table 2. In-vitro antifungal activity againts Fusarium incarnatum of nanoemulsions NaL (lem-
ongrass), NaG (garlic), NaM (mustard) and their combined binary, ternary formulations. 

Nanoformulation
of essential oils

Growth inhibition (%)

250 times dilution 500  times dilution 600  times dilution 750  times dilution

NaM 100 ± 0a 32.55 ± 1.36c 5.88 ± 2.35e 0e
NaL 100 ± 0a 20.78 ± 3.59b 0.39 ± 1.36f 0e
NaG 100 ± 0a 43.53 ± 4.08d 2.75 ± 1.36ef 0e
NaML 100 ± 0a 100 ± 0a 33.33 ± 3.59c 13.73 ± 3.59c
NaMG 100 ± 0a 100 ± 0a 56.08 ± 2.72b 38.82 ± 2.35b
NaLG 100 ± 0a 100 ± 0a 96.08 ± 1.36a 62.35 ± 4.08a
NaMLG 100 ± 0a 100 ± 0a 22.35 ± 2.35d 7.45 ± 2.72d

 Binary combinations: NaML  (NaM + NaL at a ratio 1:1, v/v); NaMG (NaM + NaG at a ratio 1:1, v/v); NaLG (NaL + NaG 
at a ratio 1:1, v/v). Ternary combination: NaMLG (NaM + NaL + NaG at a ratio 1:1:1, v/v/v).

 Any two means followed by the same superscript letters in the same column are not signifi cantly diff erent by 
One-way Anova with post-hoc Duncan test in the SPSS software (P < 0.05). 
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(required hydrophilic–lipophilic balance) of 
each EO and the HLB (hydrophilic–lipophilic 
balance) of the surfactant mixture (Kim et al., 
2014). The high zeta potential values (above 
-40 mV) of the prepared EO-LNs indicate the 
high stability of these nanoformulations. 
The high stability can be explained by the 
fact that the high absolute value of the zeta 
potential (more than 30 mV) of the nanopar-
ticles in the nanoformulations provided re-
pulsive forces strong enough to prevent the 
particles from joining together to form larg-
er particles (Mehnert et al., 2001). In addition, 
the high dispersion of the EO-LNs in water 
compared to the dispersion of their corre-
sponding oil form (native form) re-affi  rmed 
their successful formation. On the other 
hand, after equal volume ratios of the sin-
gle EO-LNs were mixed to form combined 
binary or ternary formulations, the resulting 
formulations still maintained good physical 
characteristics nearly similar to those of their 
“parent” single formulations. In addition, no 
strange phenomena such as creaming, pre-
cipitation or chemical reaction occurred. 
These indicated that it is possible to prepare 
combined binary and ternary formulations 
from NaL, NaG and NaM.

Previous studies have reported high an-
tibacterial and antifungal activities of gar-
lic oil, lemongrass oil and mustard oil (Kam-
su et al., 2019; Roselló et al., 2015; Wang et al., 
2019). However, as mentioned before, the an-
tifungal activities of these EOs against Fusar-
ium sp. are not so strong and usually require 
a high EO concentration to exhibit an obvi-
ous eff ect (Drakopoulos et al., 2020; Kamsu et 
al., 2019; Sharif et al., 2017; Hayat et al., 2016). 
For example, Kamsu et al. (2019) showed that 
lemongrass oil (density of 0.893 g/mL) only 

moderately inhibited mycelial growth of F. 
incarnatum at a concentration of more than 
500 μL/L (approximately 0.4465 g/L). Hayat 
et al. (2016) reported that an obvious inhi-
bition against F. oxysporum of garlic extract 
was achieved at allicin concentration of ap-
proximately 3.9 g/L (10 g garlic homogenized 
in 100 mL distilled water). In addition, Dra-
kopoulos et al. (2020) also showed that mus-
tard seed powders (containing more than 28-
32% oil) could inhibit the mycelial growth of 
Fusarium graminearum at a high concentra-
tion of 20 g/L, corresponding to an approx-
imately mustard oil concentration of 6 g/L 
(Drakopoulos et al., 2020; Sharif et al., 2017). 

In this study, based on the GI values, it is 
clear that all three EO-LNs had strong anti-
fungal activities against F. incarnatum; each 
one had a GI value of 100% at 250 times dilu-
tion (corresponding to an EO concentration 
of approximately 0.4 g/L). In addition, the GI 
values at 500 times dilution indicated that 
the antifungal activity of NaG against this 
fungal strain was the highest compared to 
those of NaL and NaM. Moreover, the results 
also indicated that the binary and ternary 
combinations of these single EO-LNs were 
considerably more eff ective against F. incar-
natum, with GI values of 100% each at 500 
times dilution (corresponding to concentra-
tions of 0.1 g/L and 0.0667 g/L for each EO 
in the combined binary formulations and 
combined ternary formulation, respective-
ly). The antifungal results at 600 times dilu-
tion showed that the binary combination of 
NaL and NaG at a ratio 1:1 (v/v) (NaLG) had 
the highest antifungal activity of all binary 
combinations. This nanoformulation nearly 
completely inhibited the growth of F. incar-
natum (GI value of 96.08%) at a concentra-

Table 3. Eff ect of NaLG at 250 times dilution on the growth of lettuce plants (n = 112).

                                  Plant height
Sample Before treatment (cm) After 3 days (cm) After 7 days (cm) AG value (%)

Control 3.10 ± 0.21 3.47 ± 0.21 4.59 ± 0.29 47.97 ± 3.36a
Treated by NaLG at 250 times 
dilution 3.88 ± 0.32 4.53 ± 0.28 5.74 ± 0.38 47.94 ± 2.54a

 Any two means followed by the same superscript letters in the column of AG value are not signifi cantly diff erent 
by One-way Anova with post-hoc Duncan test in the SPSS software (P < 0.05).
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tion of 0.0833 g/L for each constituent EO. 
This EO concentration was many times low-
er than that obtained by Kamsu et al. (2019). 
This could be explained by the synergistic ef-
fect of NaL (lemongrass oil) and NaG (garlic 
oil), as indicated by a Bliss syngergy score of 
22.37 calculated by the SynergyFinder soft-
ware with the Bliss independence model. 

The ternary combination of the EOs had 
a higher Bliss syngergy score than that of 
the binary combinations, which indicates 
a higher synergistic eff ect. More specifi -
cally, although the concentration of each 
constituent EO of the binary formulation 
at 750 times dilution was 0.0667 g/L and 
equalled to that of the ternary formulation 
at 500 times dilution, the GI value of NaMLG 
reached 100%, compared to 13.73%, 38.82% 
and 62.35% of NaML, NaMG and NaLG, re-
spectively. This has illustrated that the syner-
gistic eff ect of ternary combination resulted 
in  higher antifungal acitivity against F. incar-
natum than the binary combinations. This is 
similar to the result reported in our previ-
ous study, where the ternary combination 
of chili oil-encapsulated LNs, garlic oil-en-
capsulated LNs and cinnamon oil-encapsu-
lated LNs also exhibited the highest in-vitro 
antifungal activity against Alternaria alter-
nata due to their synergistic eff ect (Nguyen 
et al., 2022). It has also been reported that 
the ternary combination of chili oil-, cinna-
mon oil- and neem oil-encapsulated LNs 
exhibited higher nematocidal activity than 
their combined binary formulations (Nguy-
en et al., 2020). Moreover, a study of Jyoti et 
al. (2019) also revealed that the ternary com-
bination of clove oil (Syzygium aromaticum), 
cinnamon oil (Cinnamomum zeylanicum), 
and lemongrass oil (Cymbopogon citratus) 
at a ratio of 1:1:1 (v/v/v) had higher synergis-
tic effi  cacy than the binary combinations in 
controlling Rhipicephalus microplus.

Nevertheless, at 600 times dilution, the 
binary combination of NaL and NaG (NaLG) 
exhibited higher antifungal activity com-
pared to the ternary combination (NaMLG) 
in the same dilution. This could be explained 
by two reasons. First, the concentration of 
each constituent EO of the ternary formu-

lation at 600 times dilution was only 0.0556 
g/L, while that of the binary formulation 
was 0.0833 (approximately 1.5 times higher). 
Secondly, at this dilution, the low concentra-
tion (0.0556 g/L) of lemongrass oil, garlic oil 
and mustard oil contained in the ternary for-
mulation might be lower than the minimal 
inhibitory concentration (MIC) needed to ef-
fectively inhibit the growth of F. incarnatum 
(Dutta et al., 2021; Eke et al., 2020; Wang et al., 
2020). Particularly, MIC for controlling Fusari-
um solani of lemongrass oil was 0.5 g/L (Eke 
et al., 2020), while MIC against Fusarium ox-
ysporum f. sp. lycopersici of mustard oil was 
0.256 g/L (Dutta et al., 2021). In addition, MIC 
against F. oxysporum and Fusarium solani of 
garlic oil was approximately 0.05 g/L (Wang 
et al., 2020). On the other hand, the combi-
nation of diff erent EOs (or EO-LNs) can also 
limit the resistance of fungal strains com-
pared to the use of single-EO (or EO-LNs) 
formulations (Hossain et al., 2016). From all 
above results and discussion, it is possible to 
conclude that NaLG was the best formula-
tion for controlling F. incarnatum. 

Furthermore, NaLG did not negative-
ly aff ect the growth of lettuce plants, even 
at the high total EO concentration of 0.4 g/L 
(corresponding to 250 times dilution). None 
of the symptoms of chlorosis, cell death 
and reduced growth was observed during 
the experiment. This might be because af-
ter spraying on plants, nano-carriers (NaLG) 
had deeply penetrated into the plant tissues 
and slowly released EOs thus maintaining 
the concentration of EOs in the plant tissue 
at a level lower than the minimal inhibition 
concentration (Rehman et al., 2021). More-
over, sulfur compounds in garlic have also 
been reported to be able to promote plant 
growth (Cheng et al., 2016). 

Conclusion

NaM, NaL, and NaG were successfully pre-
pared by a combined method of homoge-
nization and sonication with good physical 
charateristics (small mean particle size, small 
PDI and high zeta potential). Their combined 
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binary and ternary formulations were also 
successfully prepared by mixing with the 
equal volume ratio of each EO-LNs. The in-
vitro antifungal activity of NaG against F. in-
carnatum was higher than those of NaL and 
NaM. In addition, the combined binary, ter-
nary formulations exhibited higher antifun-
gal activity than the single formulations due 
to the synergistic eff ect as determined by 
the SynergyFinder software with the Bliss in-
dependence mode. The results also demon-
strated that, at the same concentration of 
each constituent EO, the ternary combina-
tion had higher antifungal activity compared 
to the binary combinations. However, at 600 
times dilution, the antifungal activity against 
F. incarnatum of NaLG (binary combination) 
achieved the highest GI value (more than 
96%), which was signifi cantly higher than 
that of NaMLG (ternary combination), possi-
bly due to the 1.5-time higher concentration 
of each constituent EO compared to that of 
the ternary formulation. In addition, NaLG at 
250 times dilution (corresponding to total EO 
concentration of 0.4 g/L) did not negatively 
aff ect the growth of lettuce plants. Therefore, 
NaLG has the potential to be widely applied 
in sustainable agriculture to protect plants 
from diseases caused by F. incarnatum.
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Αξιολόγηση της in-vitro αντιμυκητιακής δράσης έναντι 
του Fusarium incarnatum, σκευασμάτων σε μορφή 
νανογαλακτώματος με ενθυλάκωση δύο ή τριών αιθέριων 
ελαίων λεμονόχορτου, σκόρδου και λευκού σιναπιού

Minh-Hiep Nguyen και Thi-Ngoc-Mai Tran

Περίληψη   Νανογαλακτώματα με ενθυλάκωση αιθέριων ελαίων σκόρδου, λεμονόχορτου και λευκού 
σιναπιού παρασκευάστηκαν με συνδυασμένη μέθοδο ομογενοποίησης και υπερήχων με στόχο τη δη-
μιουργία αποτελεσματικών σκευασμάτων κατά του Fusarium incarnatum (εργαστηριακές βιοδοκιμές). 
Επίσης δοκιμάστηκαν διμερείς και τριμερείς συνδυασμοί τους (παρασκευάσματα με ανάμειξη ίσης 
αναλογίας όγκου κάθε αιθέριου ελαίου). Η συνεργιστική/αυξανόμενη/ανταγωνιστική αντιμυκητιακή 
δράση των νανογαλακτωμάτων στις συνδυασμένες συνθέσεις των αιθέριων ελαίων προσδιορίστηκε 
με τη χρήση του λογισμικού SynergyFinder και το μοντέλο ανεξαρτησίας Bliss. Τα αποτελέσματα έδει-
ξαν συνεργιστική δράση για τους διμερείς και τριμερείς συνδυασμούς νανο σκευασμάτων των αιθέρι-
ων ελαίων σκόρδου, λεμονόχορτου και λευκού σιναπιού. Επιπλέον, ο τριμερής συνδυασμός αιθέριων 
ελαίων, με συμμετοχή κάθε συστατικού στην ίδια συγκέντρωση, είχε υψηλότερη αντιμυκητιακή δρά-
ση από τους διμερείς συνδυασμούς. Ωστόσο, το νανογαλάκτωμα του συνδυασμού αιθέριων ελαίων 
σκόρδου-λεμονόχορτου, με αραίωση 600 φορές, ανέστειλε κατά 96% τη μυκηλιακή ανάπτυξη του F. 
incarnatum, αποτελεσματικότητα που ήταν σημαντικά υψηλότερη από αυτή του συνδυασμού των τρι-
ών αιθέριων ελαίων στην ίδια αραίωση. Αυτό θα μπορούσε πιθανώς να αποδοθεί στην κατά 1,5 φορά 
υψηλότερη συγκέντρωση κάθε συστατικού αιθέριου ελαίου στον διμερή συνδυασμό σε σύγκριση με 
εκείνη στον τριμερή. Επιπλέον, το νανογαλάκτωμα του συνδυασμού αιθέριων ελαίων σκόρδου-λεμο-
νόχορτου, ακόμα και στην υψηλή συγκέντρωση αιθέριων ελαίων των 0,4 g/L, δεν προκάλεσε συμπτώ-
ματα φυτοτοξικότητας σε φυτά μαρουλιού.
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Unraveling the role of endophytic fungi in barley salt-stress 
tolerance

R. Kouadria1,2*, M. Bouzouina2, B. Lotmani2 and S. Soualem3

Summary   Salinity is an agricultural and eco-environmental problem worldwide that decreases crop 
production. Endophytic fungi have been shown to improve plant tolerance to stressful conditions. The 
purpose of the paper is to examine the effi  ciency of Embellisia phragmospora, Fusarium equiseti and 
Fusarium graminearum to improve tolerance of pot-grown barley in greenhouse under diff erent levels 
of soil salinity (2.5, 8 and 14dS/m) by estimating growth, relative water content, mineral nutrition, pho-
tosynthetic pigments biosynthesis, proline and sugar levels. Results showed that E. phragmospora in-
creased barley emergence rate to 66.7% compared to 60% recorded by non-colonized barley under 
14dS/m soil salinity. The tested endophytes increased barley root length, shoot and root dry weights 
under salt stress. Endophytic fungi reduced Na+ accumulation and improved K+ uptake in barely under 
salinity. Fusarium equiseti and F. graminearum-inoculated barley increased proline content under salin-
ity. Fusarium graminearum-colonized barley showed the highest sugar content under salt stress. Our 
fi ndings demonstrate the feasibility of endophytic fungi bio-inoculation in improvement of barley tol-
erance to salt stress, which qualify them to be a potent tool to provide substantial benefi ts to crops 
for sustainable agriculture.

Additional keywords: Barley, Bio-inoculation, Endophytic fungi, Salt stress, Tolerance 

et al., 2006). Barley yield damages in saline 
areas are signifi cant; therefore salt stress tol-
erance is a widely sought quality in order to 
extend its cultivation to unfavorable regions 
(Baenziger et al., 2006).

Desalination and deployment of salt tol-
erant barley varieties can both be used to 
combat salinity stress. However, develop-
ment of salt tolerant varieties through tra-
ditional breeding or advanced molecular 
techniques is time consuming and highly 
expensive. Quite recently, considerable at-
tention has been paid to identifi cation of 
alternative methods to enhance plant pro-
ductivity under abiotic stresses (Wei and 
Jousset, 2017). Endophytic fungi have been 
gaining importance in recent years to ex-
plain their role in reducing negative eff ects 
of environmental stresses, such as salinity 
(Aghilia et al., 2014).

Munns and Tester (2008) showed that 
phytohormones are regulated by signaling 
genes involved in salt and osmotic stress al-
leviation under salt stress conditions. Leitão 
and Enguita (2016) have demonstrated that 
endophytic fungi can synthesize phytohor-
mones such as gibberellins, auxins (IAA) and 

Introduction

Among the abiotic stresses, salinity is one of 
the major problems that aff ect crop growth 
and development (Ruiz-Lozano et al., 2012). 
Wang et al. (2003) suggested that increased 
salinity of agricultural land is expected to 
have damaging eff ects, resulting in 30% 
land loss within the next 25 years and up to 
50% before the end of 21st century.

Salt-stressed plants suff er from K+ defi -
ciency and Na+ toxicity which disrupts pho-
tosynthesis, enzymes activity, protein bio-
synthesis (Gupta and Huang, 2014) and 
accumulation of osmolytes, such as proline 
and sugars (Majumder et al., 2010).

Barley (Hordeum vulgare L.), the most im-
portant cereal crop in the world, is consid-
ered to be moderately salt sensitive (Munns 
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abscisic acid (ABA) to improve plant toler-
ance under stressful conditions. As reported 
by Hasan (2002) the gibberellin produced 
by Fusarium spp. under salt stress condi-
tions can reduce the negative eff ect of salin-
ity and promote plant growth.

One of the examples of the feasibility 
of endophytic fungi to increase plant toler-
ance to salt stress was presented by Gill et al. 
(2016) reporting that the endophytic basidi-
omycete, Piriformospora indica, can colonize 
plants roots and improve plant tolerance un-
der salinity. Furthermore, it has been shown 
that Piriformospora indica avoids Na+ uptake 
and its translocation to leaves and increases 
K+ uptake under salt stress (Yun et al., 2018). 
Endophytic fungi increased proline (Yang et 
al., 2004) and sugar content (Robert-Seila-
niantz et al., 2007) as an osmoprotectant un-
der salt stress conditions. 

Positive impact of endophytes on wheat 
plants under salt stress conditions was 
evaluated, in vitro, in our previous study 
(Kouadria et al., 2018). The study showed 
that endophytic fungi improved wheat 
seedlings germination and growth under 
saline conditions (400, 600 and 800 meq/l 
NaCl) compared to non-inoculated plants 
where germination was inhibited under 600 
and 800 meq/l NaCl. Moreover, the endo-
phytic fungus Chaetomium coarctatum has 
been shown to improve salt stress tolerance 
of barley plants (Kouadria et al., 2020).

The paper aims to give comprehensive 
account of the ability of endophytic fungi to 
improve barley agricultural traits under salt 
stress. The ability of endophytic fungi to in-
crease barley salt stress tolerance was as-
sessed through measuring growth, relative 
water content, photosynthetic pigments 
biosynthesis, mineral nutrition and osmo-
regulation under both saline and non-saline 
conditions.

Materials and Methods

Spore suspension preparation 
Fungi strains used in this research, Em-

bellisia phragmospora, Fusarium equiseti and 

Fusarium graminearum, were isolated from 
Beta macrocarpa Guss., Salsola oppositifolia 
Desf., and Lolium rigidum Gaudin, respec-
tively (Kouadria et al., 2019).

Isolates were allowed to grow and spo-
rulate on PDA medium. Cultures were in-
cubated at 28-30°C for 7 days. Spores were 
scraped off  from the agar surface with dis-
tilled water and suspended in 0.05% Tween 
80 solution. The spore suspension was then 
collected in a sterile test tube and shak-
en for 2 min. The suspension was fi ltered 
through a double layered mesh serially di-
luted and its concentration was determined 
microscopically with Hemocytometer (Aka-
gi et al., 2015).

Endophytes-barley association – Experi-
mental set up

Barley (Hordeum vulgare var. Saida 183) 
seeds were surface sterilized (5min) by so-
dium hypochlorite solution (NaClO, 5%) 
and distilled water. Then, seeds were inoc-
ulated by immersion in fungi spore suspen-
sions (107 spores / mL) for 24 h. Non-inocu-
lated seeds (control) were placed in distilled 
water. Seeds were pre-germinated in phyto-
tron at 25°C for 24 h without substrate. 

Soils used in the experiment are natural-
ly salty soils, and their electrical conductiv-
ity was calculated by the National Institute 
of Soils, Irrigation and Drainage, El Matmar, 
Relizane, Algeria. 

Pre-germinated seedlings were trans-
ferred to pots (19 cm in diameter and 50 cm 
in length), fi lled with autoclaved soil; unsalt-
ed soil with EC=2.5 dS/m, moderate and high 
saline soil with EC=8 dS/m and EC=14 dS/m, 
respectively. In each pot ten seedlings were 
planted with three replicates for each treat-
ment (10 seedlings/pot and 3 pots/treat-
ment). The treatments comprised controls 
and endophyte-inoculated wheat plants 
under non-saline conditions (2.5dS/m), con-
trols for salt stress (8 and 14dS/m), and en-
dophyte-inoculated plants under salt stress 
conditions (8 and 14dS/m). Measurements 
of EC were conducted at the end of the tests 
to confi rm that soil salinity had not changed 
after the treatment period. The experimen-
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tal design was randomized complete block 
with four sets of treatments. The experi-
ment was carried out under greenhouse 
conditions with 12 h light, relative humidity 
of 55–65% and 25/18 °C (day/night).

Measurements

Growth parameters
Barley seedling emergence rate was es-

timated 15 days after treatment. After 90 
days of growth under salt treatments, bar-
ley seedlings were harvested at the heading 
stage. Root length and biomass production 
(root and shoot dry weights were measured 
after drying in oven 75°C for 72 h) were mea-
sured. Leaf area was calculated according to 
Li et al. (2004) using the following equation 
(5leaves/treatment): 

LA (cm2) = (MLL+MLW) x 0.75
MLL: maximum leaf length. MLW: maximum 
leaf width.

Relative water content (RWC)
The RWC of each leaf was calculated ac-

cording to Scippa et al. (2004) using the fol-
lowing equation: 

RWC (%) = [(FW−DW)/(TW−DW)]×100
where: FW is the fresh weight of the sam-
pled leaf tissue. TW is the turgid weight of 
a leaf soaked in distilled water overnight at 
4°C, and DW is the dry weight of that leaf af-
ter 48 h at 80°C.

Mineral nutrients
Potassium (K+) and sodium (Na+) con-

tents were measured using diacid method 
(nitric acid and hydrochloric acid) according 
to Chapman and Pratt (1961). Leaves were 
dried in an oven at 80° C for 48 hours and 
then ground. After cooling, 50 mg of dry 
matter were placed in crucibles, and then 
put in a muffl  e oven at 600° C for 6 h. Af-
ter cooling, the recovered ashes were sub-
jected to an acid attack in 4 mL of 35% ni-
tric acid, and the crucibles were placed on a 
sand bath until the organic matter was com-
pletely dissolved. After complete solvent 
evaporation, the mineral elements were sus-
pended in 10 mL of 0.1 mol l-1 hydrochloric 

acid (HCl) and fi ltered with Wattman # 1 fi l-
ter paper. Results were obtained after fl ame 
photometry analysis (model PFP7; Jenway, 
Stone, UK).

Chlorophyll and carotenoids content
Chlorophyll a (Chlo a), chlorophyll b (Chlo 

b), total chlorophyll (Chlo T) and carotenoids 
(CART), of fresh fully-expanded leaves were 
determined as described by Arnon (1949). 
Fresh leaf samples (0.1 g) were homoge-
nized in a mortar and extracted with 5 mL 
acetone 80 % solution using Whatman No. 
42 fi lter paper. The absorbance of the ex-
tract was recorded at 470 (A470), 663 (A663) 
and 645 (A645) nm wavelengths using a Jen-
way 67155 UV/Vis spectrophotometer.

Soluble sugar content
Soluble sugars were measured by the 

method of Schields and Burnett (1960). Fresh 
leaf tissue (100mg) was added to tubes con-
taining 5.25 mL of ethanol 80% for 24 hours. 
The extract obtained was diluted 10 times 
with ethanol 80%. To 2 mL of the homoge-
nate, 4 mL of anthrone reagent (2 g anthron 
+ 1000 mL sulfuric acid (H2SO4)) was added. 
The anthrone reagent must be prepared 4 h 
before carrying out the tests. The homoge-
nate was delicately mixed and kept in melt-
ing ice. Then the mixture was boiled in wa-
ter bath at 92° C for 8 min, and then cooled 
for 30 minutes in the dark. Absorbance was 
measured at 585 nm. A standard curve was 
established using glucose and results are 
therefore expressed in mg/g of fresh weight 
(FW).

Proline content
The method of Troll and Lindsley (1955) 

was carried out to monitor the proline con-
tent. Fresh leaf tissues (100 mg) were ho-
mogenized in 2 mL methanol 40%. To 2 mL 
of homogenate, 2 mL of acid ninhydrin (1.25 
g ninhydrin dissolved in 30 mL glacial acetic 
acid and 20 mL of 6 mol l-1 phosphoric acid) 
and 2 mL of glacial acetic acid were add-
ed. The mixture was boiled in a water bath 
at 100°C for 60 min. The boiled mixture was 
then toluenized with 5 ml of toluene. Ab-
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sorbance was measured at 528 nm. Proline 
concentration was determined by following 
a calibration curve and expressed as mg/g 
of fresh weight (FW). 

Data analysis
Experiments comprised of 10 plants 

per pot, while each treatment comprised 
of three replicates. Data were analyzed by 
means of 2-way ANOVA with 2 factors (fun-
gal inoculation * salt concentration). For 
each trait an analysis of variance (ANOVA) 
was performed to compare endophyte-col-
onized plants in each treatment to their en-
dophyte-free counterparts. Each ANOVA 
was followed by a post hoc Fischer’s least 
signifi cant diff erence (LSD) test. P-values 
less than alpha levels of 0.05 were consid-
ered signifi cant. Statistical tests were run us-
ing Statbox v6.4 statistical software.

Results and discussion

Salinity is one of the critical abiotic factors 
that severely disturb plant growth and me-
tabolism (Deinlein et al., 2014). Barley is an 
important cereal cultivated worldwide. 
However, its production is under threat due 
to ever increasing environmental stresses 
including salinity (Baenziger et al., 2006). 

The results showed that salinity (P <0.05, 
Fig. 1A) and endophytic fungi (P <0.05, Fig. 
1A) signifi cantly aff ected the emergence 
rate of barley seedlings. Moreover, emer-
gence rate of salt-stressed barley was in-
creased by fungal endophytes (P<0.05, Fig. 
1A). Barley plants had a high emergence rate 
(100%) in both colonized and uncolonized 
plants under non-saline (2.5dS/m) and mod-
erate saline conditions (8dS/m). However, 
high salinity (14dS/m) reduced barley emer-
gence rate for non-colonized barley (60%), F. 
equiseti, and F. graminearum colonized bar-
ley (36.7 and 53.3%, respectively), while E. 
phragmospora increased emergence rate to 
66.7%.

Salinity signifi cantly decreased root 
length and all tested endophytes had signif-
icant eff ects on root length (P<0.05, Fig. 1B). 

Root growth showed signifi cant diff erenc-
es between non-inoculated barley plants 
and the inoculated ones (P<0.05, Fig. 1B). 
Salinity signifi cantly decreased both root 
(P<0.05, Fig. 1C) and shoot (P<0.05, Fig. 1D) 
dry weights. The tested endophytic fungi 
had signifi cant impact on root (P>0.05, Fig. 
1C) and shoot dry weight (P<0.05, Fig. 1D), 
indicating that inoculations of barley by fun-
gal endophytes increased root and shoot 
biomass produced by salt-stressed plants 
(P<0.05, Fig. 1C and D).

Overall, salinity reduced barley emer-
gence, growth (root length and leaf area) 
and biomass production. The results are con-
sistent with other studies which have shown 
that barley growth is negatively aff ected by 
increasing salinity levels (Mallek-Maalej et al., 
2004; El Goumi et al., 2014). Moreover, Albac-
ete et al. (2008) reported that salinity aff ects 
the cytokinins / auxins hormonal balance 
disturbing growth and biomass production. 
On the other hand, the current study sup-
ports the concept that benefi cial endophyt-
ic association enhances plants growth and 
metabolism under salt stress. The tested en-
dophytes promoted emergence rate, root 
length and biomass production (shoot and 
root dry weight) of barley and also helped 
the plants to tolerate elevated salt stress as 
compared to control plants. 

Endophytic fungi have shown to control 
some physiological and biochemical pro-
cesses under stressful conditions (Dardanel-
li et al., 2009). Hamayun et al. (2010) revealed 
that endophytic could reduce the nega-
tive eff ects of salinity and progress plant 
germination, emergence, growth, and bio-
mass production, by synthesizing phyto-
hormones (gibberellins: GA1, GA4, GA8 and 
GA9, indole-acetic acid: IAA and abscissic 
acid: ABA). Also, Yurieva et al. (2018) report-
ed that Penicillium funiculosum stimulated 
soybean growth and improved the dry root 
biomass. Furthermore, Ahmad et al. (2015) 
showed that the increase in plant growth 
and biomass production after Trichoderma 
spp. inoculation may be due to its ability to 
produce gibberellins and cytokines, which 
cannot only promote growth but also pro- 
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vide plants salt stress tolerance.
The relative water content (RWC) was 

measured in order to indicate cellular vol-
ume and response level of plant to environ-
mental stresses (Tátrai et al., 2016). Kara and 
Brinis (2012) indicated that keeping high 
RWC under saline conditions is a main strate-
gy for maintaining optimal growth of plants 
under salinity. In the current study, the RWC 
decreased as salt concentration rose, while 
RWC values of salt-stressed plants were sig-
nifi cantly increased by the tested endo-
phytes under high saline conditions com-
pared to the control plants (P<0.05, Fig. 
2A). For instance, RWC of inoculated barley 
plants under non-saline stress increased in 
F. equiseti (81.3% RWC) associated barley as 
compared to E. phragmospora (68.3%) and F. 
graminearum (66.8% RWC) associated bar-

ley and control plants (68.12% RWC). While, 
under moderate saline conditions the RWC 
decreased with colonization of the tested 
endophytes and increased in control plants 
(82% RWC). However, F. equiseti-associated 
barley recorded the highest RWC under high 
salt stress (78.6% RWC) followed by E. phrag-
mospora-inoculated barley (58.4% RWC). 
The present fi nding suggests that the eff ect 
of fungi on the RWC is greater, which is in 
close agreement with fi ndings of Hashem et 
al. (2014) and Zhang et al. (2016). Siddiqui et 
al. (2014) showed that salinity signifi cantly 
decreased RWC of rice crops; however, a sig-
nifi cant increase was revealed due to Tricho-
derma spp. inoculation. 

Mineral nutrition data indicated that the 
sodium (Na+) leaf content increased in salt 
stress treatments as compared to the con-

Figure 1. Emergence rate (A), Root length (B), Root biomass (C) and Shoot biomass (D) of barley non-treated (C0) or treated 

with Embellisia phragmospora (EP), Fusarium equiseti (FE), and Fusarium graminearum (FG) under non-saline and saline con-

ditions. Means followed by the same letter are not signifi cantly diff erent (P<0.05).

           C0              EP              FE             FG 
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trol. Regarding the eff ect of endophytes on 
Na+ concentration under salt-stress condi-
tions, plant colonized with endophytes de-
creased Na+ concentration compared with 
the endophyte-free control plants (P<0.05, 
Fig. 2B). Potassium (K+) leaf content de-
creased in salt-stressed barley compared 
to control plants; however, endophytic fun-
gi increased K+ concentration compared 
to non-inoculated plants (P<0.05, Fig. 2C). 
Bouzid (2010) reported that sodium absorp-
tion by plants is caused due to increases in 
NaCl and Na2SO4 concentrations in the cul-
ture medium.. Haouala et al. (2007) showed 
that potassium contents of ryegrass leaves 
and roots were reduced at salinity exceed-
ing of 50 mM NaCl. 

The endophytes E. phragmospora and 
F. graminearum decreased Na+ content un-
der moderate and high salinity as compared 
to non-inoculated barley. Inoculation of E. 
phragmospora increased K+ content com-
pared to the non-inoculated barley under 
moderate salinity while in severe salinity E. 
phragmospora, F. equiseti and F. graminear-
um-colonized plants had higher K+ content 
as compared to non-associated ones. Li et 
al. (2017) reported that endophytic fungi 
can protect plants against the toxic eff ects 
of ions by attenuating Na+ absorption in sa-
line conditions and conserving high K+ as-
similation. Moreover, endophytic fungi can 
be a source of minerals (Shankar et al., 2008). 
Ghorbani et al. (2019) indicated that Pirifor-
mospora indica improved K+/Na+ homoeo-
stasis.

Regarding the sugar content results, 
salt treatment signifi cantly decreased sug-
ar leaves content in barley (P<0.05, Fig. 3B). 
When barley was grown under salt-stressed 
greenhouse conditions, none of fungal en-
dosymbionts tested had a signifi cant im-
pact on soluble sugar levels (P>0.05; Fig. 3B); 
however, plants subjected to salt stress and 
colonized by endophytic fungi had great-
er proline content than uninoculated plants 
(P<0.05, Fig. 3A). Widodo et al. (2009) re-
vealed that environmental changes aff ect-
ed plants metabolic homeostasis. Hu et al. 
(2014) exhibited that plants exposed to salt 

stress stimulate a range of metabolic re-
sponses, by producing several metabolites, 
such as proline and sugars. 

The sugar content in barley decreased 
with increasing salinity. The current results 

Figure 2. Relative water (A), Na+ (B) and K+ (C) con-

tents of barley non-treated (C0) or treated with Embelli-
sia phragmospora (EP), Fusarium equiseti (FE), and Fusarium 
graminearum (FG) under non-saline and saline conditions. 

Means followed by the same letter are not signifi cantly dif-

ferent (P<0.05). 

           C0              EP              FE             FG 
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are in agreement with those of Liu and Sta-
den (2001), showing that salt-tolerant soy-
beans are characterized by a decrease in su-
crose accumulation under saline conditions. 
Nevertheless, F. graminearum increased sug-
ar content compared to non-inoculated bar-
ley and the other endophytes. The study 
of Sampangi-Ramaiah et al. (2020) demon-
strates that a salt tolerant endophyte, Fusar-
ium sp., from the salt-adapted Pokkali rice, 
can be successfully transferred to the culti-
vated salt-sensitive rice variety IR-64 to con-
fer salt tolerance. Li et al. (2017) suggested 
that the high accumulation of soluble sug-
ars in Aspergillus aculeatus-associated pe-
rennial ryegrass could contribute to plant 
protective mechanisms under salt stress by 
adjusting the osmotic balance.

Our data showed that proline levels in-
creased with increasing salt concentration. 
Similar results have been shown in barley 
(Zerrad et al., 2008), durum wheat (Chorfi , 
2009) and rice (Joseph et al., 2015). Proline is 
one of the osmolytes accumulated by plants 
under stressful conditions; its accumulation 
has a role in protecting the cell membrane 
and participating in osmotic adjustment 
(Verbruggen and Hermans 2008). Inoculat-
ed barley had higher proline content com-
pared to non-inoculated plants. These re-
sults agree with those of Dardanelli et al. 
(2009), reporting an increase in proline con-

tent in plants colonized by endophytes un-
der saline stress. High proline contents have 
been reported in Aspergillus aculeatus-col-
onized perennial ryegrass under salt stress 
and therefore the endophyte was hypothe-
sized to increase the ability of the plants to 
tolerate salt stress (Li et al., 2017).

Results showed a signifi cant increase in 
chlorophyll a (P<0.05, Fig. 4A), chlorophyll 
b (P<0.05, Fig. 4B), chlorophyll total (P<0.05, 
Fig. 4C) and carotenoids (P<0.05, Fig. 4D) 
biosynthesis with increase in salt concen-
tration. However, the tested endophytic 
fungi had no signifi cant impact on photo-
synthetic pigments biosynthesis since the 
pigments (chlorophyll a, b, total and caro-
tenoids) in colonized and salt-stressed bar-
ley did not diff er from that of control plants 
(P>0.05; Fig. 4).

Rahneshan et al. (2018) revealed that salt 
tolerant plants have increased or unchanged 
levels of chlorophyll under saline conditions, 
while chlorophyll levels decrease in salt sen-
sitive plants. Results obtained by Zraibi et 
al. (2012) have shown that carotenoids are 
an eff ective antioxidant that protects and 
stabilizes photochemical processes of pho-
tosynthesis under stressful conditions. Ac-
cording to Ghorbani et al. (2018), inoculation 
of tomato plants with Piriformospora indi-
ca can promote plant growth via improv-
ing gas exchange, water potential, chloro-

Figure 3. Proline (A) and Sugar (B) contents of barley non-treated (C0) or treated with Embellisia phragmospora (EP), Fusar-
ium equiseti (FE), and Fusarium graminearum (FG) under non-saline and saline conditions. Means followed by the same let-

ter are not signifi cantly diff erent (P<0.05).

           C0              EP              FE             FG 
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phyll content and chlorophyll fl uorescence 
parameters. 

Our results on inoculation of endophyt-
ic fungi on barley in saline environment are 
similar to those by Ban et al. (2017) show-
ing that inoculation of the endophytic fun-
gus Gaeumannomyces Cylindrosporus had 
no signifi cant eff ect on photosynthetic pig-
ments in maize plants under stressful con-
ditions. However, Jogawat et al. (2013) indi-
cated that Piriformospora indica enhanced 
barley and rice salt stress tolerance by in-
creasing the activity of photosynthetic pig-
ments in colonized plants. Xie et al. (2014) 
suggested that Aspergillus aculeatus can col-
onize plants and improve photosynthesis 
and chlorophyll content and facilitate plant 
growth under stress.

The present study has revealed that en-
dophytic fungi appear to confer salt tol-
erance of barley as evident by changes in 
physiological and biochemical indexes, in-
volving several mechanisms. As the mech-
anisms by which endophytic fungi interact 
with host plants and increase plant growth 
and yield under salt stress are incompletely 
understood, future in vitro and in planta re-
search into the cellular, epigenetic and mo-
lecular mechanisms is merited. The capacity 
of endophytic fungi to increase barley tol-
erance under salinity stress and to improve 
growth could be applicable to achieve a sus-
tainable agriculture.

Figure 4. Chlorophyll a (A), Chlorophyll b (B), Chlorophyll total (C) and Carotenoid (D) contents of barley non-treated (C0) 

or treated with Embellisia phragmospora (EP), Fusarium equiseti (FE), and Fusarium graminearum (FG) under non-saline and 

saline conditions. Means followed by the same letter are not signifi cantly diff erent (P<0.05).

           C0              EP              FE             FG 
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Διερεύνηση του ρόλου των ενδοφυτικών μυκήτων στην ανοχή 
του κριθαριού στην αλατότητα

R. Kouadria, M. Bouzouina, B. Lotmani και S. Soualem

Περίληψη   Η αλατότητα του εδάφους είναι ένα γεωργικό και οικο-περιβαλλοντικό πρόβλημα σε πα-
γκόσμιο επίπεδο, που προκαλεί μείωση της παραγωγής στις καλλιέργειες. Έχει αποδειχθεί ότι οι ενδο-
φυτικοί μύκητες βελτιώνουν την ανοχή των φυτών σε συνθήκες καταπόνησης. Σκοπός της εργασίας 
είναι να διερευνήσει σε συνθήκες θερμοκηπίου την αποτελεσματικότητα των ενδοφυτικών μυκήτων 
Embellisia phragmospora, Fusarium equiseti και F. graminearum στη βελτίωση της ανοχής φυτών κρι-
θαριού που αναπτύσσονται σε γλάστρες σε διαφορετικά επίπεδα αλατότητας του εδάφους (2,5, 8 και 
14dS/m) με βάση την ανάπτυξη, τη σχετική περιεκτικότητα σε νερό και μεταλλικά στοιχεία, τη βιοσύν-
θεση φωτοσυνθετικών χρωστικών, και τα επίπεδα προλίνης και σακχάρων των φυτών. Τα αποτελέσμα-
τα έδειξαν ότι, σε αλατότητα εδάφους 14dS/m, ο μύκητας E. phragmospora αύξησε την έκπτυξη των 
φυταρίων κριθαριού στο 66,7% σε σχέση με το 60% έκπτυξη που καταγράφηκε στο κριθάρι χωρίς εν-
δόφυτα. Σε αλατούχο έδαφος, οι ενδοφυτικοί μύκητες αύξησαν το μήκος της ρίζας του κριθαριού και 
το ξηρό βάρος του στελέχους και της ρίζας, μείωσαν τη συσσώρευση Na+ και βελτίωσαν την πρόσλη-
ψη Κ+. Επίσης, σε συνθήκες υψηλής αλατότητας, φυτά με τα ενδόφυτα F. equiseti και F. graminearum εί-
χαν αυξημένη περιεκτικότητα σε προλίνη ενώ φυτά με F. graminearum εμφάνισαν τη μεγαλύτερη πε-
ριεκτικότητα σε σάκχαρα. Τα αποτελέσματα δείχνουν τη σημασία των ενδοφυτικών μυκήτων στη βελ-
τίωση της ανοχής του κριθαριού στην καταπόνηση λόγω αλατότητας του εδάφους ως ένα εν δυνάμει 
ισχυρό εργαλείο με σημαντικά οφέλη στις καλλιέργειες στο πλαίσιο της βιώσιμης γεωργίας.

Hellenic Plant Protection Journal 16: 12-22, 2023
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SHORT COMMUNICATION

First record of the scale insect Stotzia ephedrae in Greece

G.J. Stathas1*, E.D. Kartsonas2 and A.I. Darras2

Summary   The scale insect Stotzia ephedrae (Newstead) (Hemiptera: Coccomorpha: Coccidae) was re-
corded for the fi rst time in Greece οn 20 April 2021. It was found on Ephedra foeminea Forssk. (Ephed-
raceae: Gnetales) in Athens. From preliminary studies it was found that S. ephedrae is an oviparous, bi-
parental species completing one generation per year.

Additional keywords: Ephedra foeminea, Greece, Stotzia ephedrae

corded in Algeria (MacGillivray, 1921), Azer-
baijan (Ben-Dov, 1993), Egypt (García Mo-
rales et al., 2016), France (Foldi and Germain, 
2018), Georgia (García Morales et al., 2016), 

Stotzia ephedrae (Newstead) (Hemiptera: 
Coccomorpha: Coccidae) was recorded for 
the fi rst time in Greece on Ephedra foeminea 
Forssk (Ephedraceae: Gnetales) at Lecabet-
tus Hill (37º58´ N, 23º44´ E, altitude: 270m) 
in Athens, on 20 April 2021. It was found to 
be settled on Ε. foeminea shoots as oviposit-
ing female adult with a waxy ovisac (Figs. 1, 
2). The confi rmation of the species S. ephed-
rae was made by Professor Giuseppina Pel-
lizzari, Dipartimento di Agronomia, Animali, 
Alimenti, University of Padua, Italy. Vouch-
ers of permanent slides of the scale insect 
(two slides with one preoviposting female 
adult on each slide, collected on 26-3-2022, 
and one slide with two preoviposting fe-
male adults, collected on 3-4-2022) are kept 
in the Laboratory of Agricultural Entomolo-
gy and Zoology, Department of Agriculture, 
School of Agriculture and Food, University 
of the Peloponnese.

The genus Stotzia Marchal 1906 
(Hemiptera: Coccomorpha: Coccidae) in-
cludes the species S. chrysophyllae, S. ephed-
rae, S. fuscata and S. maxima (García Morales 
et al., 2016). Stotzia ephedrae has been re-

Figure 2. Stotzia ephedrae ovipositing female with ovisac.

Figure 1. Ephedra foeminea infested by Stotzia ephedrae.
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Iran (Kozár et al., 1996; Fallahzadeh and Ja-
poshvili, 2017), Israel (Bodenheimer, 1935), 
Italy (Pellizzari, 2003), Morocco (García Mo-
rales et al., 2016), Sardinia (Pellizzari, 2003) 
and Spain (Ben-Dov, 1993).

The host plants of S. ephedrae, belong to 
six plant genera and fi ve Families: Bupleurum 
(Apiaceae), Asparagus (Asparagaceae), Ephe-
dra (Ephedraceae), Coronila (Fabaceae), Geni-
sta (Fabaceae) and Tamarix (Tamaricaceae).

World-wide, 25 scale insect species from 
four Families have been recorded on Ephe-
dra species: four species of Coccidae, 15 of 
Diaspididae, fi ve of Eriococcidae and one of 
Pseudococcidae (García Morales et al., 2016). 
The records in Greece are mainly made by 
Koroneos (1934): Leucaspis riccae Targioni 
Tozztti (Diaspididae) on E. (vulgaris) distachya 
in Athens and on E. (campylopoda) foemin-
ea in Lecabettus Hill - Athens and in Ano 
Lechonia - Magnessia; Dynaspidiotus (Aspid-
iotus) ephedrarum (Lindinger) on E. (campy-
lopoda) foeminea in Lecabettus Hill - Ath-
ens. The latter species was recorded later on 
Ephedra distachya in Kato Sounio, near Ath-
ens (Szitaet al., 2017).

Preliminary studies on biology and ecol-
ogy of S. ephedrae, after its fi rst record in 
Athens, show that the scale is an oviparous 
biparental species (Fig. 3) completing one 

generation per year. Also, natural enemies 
of the scale are recorded, including coccinel-
lid predators and hymenopteran endopara-
sites (personal communication).

The senior author expresses his gratitude to 
Professor Giuseppina Pellizzari (Dipartimen-
to di Agronomia, Animali, Alimenti), Universi-
ty of Padua, Italy, for the confi rmation of Sto-
tzia ephedrae. 
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Figure 3. Stotzia ephedrae adulds: (a): male, (b): preovipost-
ing female.
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του κοκκοειδούς Stotzia ephedrae στην 
Ελλάδα

Γ.Ι. Σταθάς, Ε.Δ. Κάρτσωνας  και Α.Ι. Δάρρας

Περίληψη   Η εργασία αποτελεί την πρώτη καταγραφή στην Ελλάδα του κοκκοειδούς εντόμου Stotzia 
ephedrae (Newstead) (Hemiptera: Coccomorpha: Coccidae). Το έντομο βρέθηκε στις 20 Απριλίου 2022 
επί του φυτού Ephedra foeminea Forssk. (Ephedraceae: Gnetales) στο λόφο του Λυκαβηττού στην Αθή-
να. Από τρέχουσες προκαταρκτικές μελέτες διαπιστώθηκε ότι το είδος S. ephedrae είναι ωοτόκο, αμφι-
γονικό και συμπληρώνει μία γενεά το έτος.

Hellenic Plant Protection Journal 16: 23-25, 2023
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SHORT COMMUNICATION

First record of the scale insect Lineaspis striata on Picea glauca 
“Conica” 

G.J. Stathas1*, A.I. Darras2 and E.D. Kartsonas2

Summary   The scale insect Lineaspis striata (Newstead) (Hemiptera: Coccomorpha: Diaspididae) was 
recorded for the fi rst time infesting a species of the family Pinaceae. Heavily infested ornamental shrubs 
of Picea glauca “Conica” by pre-ovipostiting and oviposting female adults of L. striata, were found in 
March 2018 and by a minor population consisting of pre-ovipositing female adults in February 2021, in 
Attica, Greece. The scale was settled on the base of the needles of the host plant.

Additional keywords: Lineaspis striata, Picea glauca “Conica”, scale insect

2012; Pellizzari et al., 2015; García Morales 
et al., 2016; Szita et al., 2017; Normark et al., 
2019). Lineaspis striata has been recorded on 
host plants species of nine Genera that be-
long to four plant Families: Callitris, Cupres-
sus, Juniperus, Platycladus, Tetraclinis, Callitris 
and Thuja (Cupressaceae), Iris (Iridaceae), Ar-
ceuthobium (Santalaceae) and Taxus (Tax-
aceae) (García Morales et al., 2016).

In Greece, L. striatahas been recorded by 
Koroneos (1934) under the synonym Chio-
naspis striata Newstead on Thuja orientalis 
in Volos, on Cupressus sempervirens in Pelo-
ponnese and Pelion, on Juniperus macrocar-
pa in Voula (Attica) and on Juniperus phoe-
nicea in Vouliagmeni (Attica). Later it was 
recorded on Cupressus sp. in Dionysos (At-
tica) (Katsoyannos, 1993) and on Cupressus 
sempervirens and Cupressus sp. in Crete (Pel-
lizzari et al., 2011). 

In March 2018 and in February 2021, L. 
striata was found during the present study 
on shrubs of Picea glauca “Conica” (Pinace-
ae) in a southern suburb of Athens, Ano 
Glyfada, Attica (37º53´ N, 23º45´ E, altitude: 
105m) (Fig.1). The confi rmation of the scale 
species was made by Professor Giuseppina 
Pellizzari (Dipartimento di Agronomia, An-
imali, Alimenti, University of Padua, Italy). 
This is the fi rst record of L. striata on a plant 
of the family Pinaceae. 

In March 2018 high population of L. stri-

The scale insect species reported on Picea 
glauca “Conica” belong to the family Dias-
pididae: Chionaspis pinifoliae (Fitch) and 
Hemiberlesia ithacae (Ferris) and Coccidae: 
Coccus hesperidum hesperidum (L.), Physok-
ermes hemicryphus (Dalman) and Physok-
ermes inopinatus Danzig (García Morales et 
al. 2016). Other arthropod pests of P. glau-
ca “Conica” include the curculionids Otio-
rhynchus sulcatus (Fabricius) and Otio-
rhynchus ovatus (Linnaeus) (Coleoptera: 
Curculionidae) (Fisher, 2006), and the mite 
Oligonychus ununguis Jacobi (Acari: Tetrany-
chidae) which is reported as a serious pest of 
the plant (Kiełkiewicz et al., 2005)

Lineaspis striata (Newstead) is a scale in-
sect species of the Palearctic region, distrib-
uted to Algeria, Armenia, Corsica, Egypt, 
France, Georgia, Greece, Israel, Jordan, Ka-
zakhstan, Morocco, Sardinia, Spain, Syria 
and Turkey (Koroneos, 1934; Bodenheim-
er, 1953; Balachowski, 1954; Avidov and Ha-
paz, 1969; Pellizzari et al., 2011; Ben-Dov, 
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ata was recorded consisting mainly by pre-
ovipositing female adults and less by ovipos-
iting female adults. In February 2021 it was 
found in a lower infestation level, consisting 
by pre-oviposting female adults. Moreover, 
the scale was recorded to be oviparous and 
at the end of the hibernating period (Feb-
ruary and March) as female adult. The scale 
was settled on the base of the needles of the 
host plant. The plants were also heavily in-
fested by mites which were not identifi ed. 
In both years exit holes of parasitoids were 
recorded on the female adult scale covers 
but no alive parasitoid was found to enable 
identifi cation of the species.

According to studies by Katsoyannos 
(1993) on the phenology and the natural en-
emies of L. striata in Dionysos (Attica), the 
scale is oviparous, hibernated as pre-ovipos-
iting female adult and completed three gen-
erations per year. The start of oviposition of 
the hibernated females was recorded in May, 
in July and in September (1st, 2nd and 3rd gen-
eration, respectively). The average fecun-
dity was 50 eggs (Standard Deviation: 12.4) 
per female. The earlier start of oviposition in 
Ano Glyfada (in March) compared to Diony-
sos (in May) could be attributed to the dif-
ferent climatic conditions between the two 
areas (Ano Glyfada is a warmer area than Di-
onysos) and to diff erences of the host plants 
(families Pinaceae and Cupressaceae).

The main natural enemy of the scale re-
ported by Katsoyannos (1993) was the en-
doparasitoid Physcus testaceus Masi (Hy-
menoptera: Aphelinidae) parasitizing the 
female adult of the scale (parasitism rate was 
recorded up to 44.8%). Individuals of the ec-
toparasitoid Aphytis sp. (Hymenoptera: Aph-

elinidae) and the predator Chilocorus bipus-
tulatus L. (Coleoptera: Coccinellidae) were 
also observed (Katsoyannos, 1993). Other 
natural enemies of L. striata in the bibliog-
raphy include the parasitoids Aphytis myti-
laspidis (Le Baron), Coccobius testaceus (Masi) 
(=Physcus testaceus), Encarsia citrina (Craw) 
and Encarsia lounsburyi (Berlese and Paoli) 
(Hymenoptera: Aphelinidae), and the preda-
tors Pharoscymnus setulosus (Chevrolat) and 
Pharoscymnus varius Ahmad (Coleoptera: 
Coccinellidae) and Mitromica africana (Rolán 
and Fernandes) (Gastropoda: Costellariidae) 
(García Morales et al., 2016).

The senior author expresses his gratitude to 
Professor Giuseppina Pellizzari (Dipartimen-
to di Agronomia, Animali, Alimenti, Universi-
ty of Padua, Italy), for the confi rmation of Lin-
easpis striata.
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του κοκκοειδούς εντόμου Lineaspis striata 
σε Picea glauca “Conica” 

Γ.Ι. Σταθάς, Α.Ι. Δάρρας και Ε.Δ. Κάρτσωνας 

Περίληψη   Το κοκκοειδές έντομο Lineaspis striata (Newstead) (Hemilptera: Coccomorpha: Diaspididae) 
καταγράφηκε για πρώτη φορά να προσβάλλει είδος της Οικογένειας Pinaceae. Βρέθηκαν έντονα προ-
σβεβλημένα φυτά Picea glauca “Conica” από ωοτοκούντα και από προωοτοκίας θήλεα ακμαία του L. 
striata τον Μάρτιο του 2018, καθώς και λιγότερο προσβεβλημένα από θήλεα ακμαία προ-ωοτοκίας τον 
Φεβρουάριο του 2021, στην περιοχή της Άνω Γλυφάδας (Αττική). Το έντομο εγκαθίσταται στη βάση 
των φύλλων του φυτού ξενιστή του.

Hellenic Plant Protection Journal 16: 26-28, 2023



© Benaki Phytopathological Institute

Hellenic Plant Protection Journal 16: 29-39, 2023
DOI 10.2478/hppj-2023-0005

 Institute of Biosciences and Applications, Laboratory 
of Chronobiology, NCSR ‘Demokritos’, Patr. Gregoriou 
E & 27 Neapoleos Str., GR-153 41 Agia Paraskevi, Attiki, 
Greece.

* Corresponding author: galeou@bio.demokritos.gr

Evaluation of the antibacterial activity of essential oil of Laurus 
nobilis against Pseudomonas syringae pv. phaseolicola and 
potential biocidal action

S. Mamoucha, A. Prombona and A. Galeou*

Summary   With a continuously growing human population on our planet, the chemical burden of 
our environment is also growing. In addition, the resistance of microorganisms, like bacteria, to wide-
ly used chemicals is evident. Therefore, the application of bactericidal products that reduce the risks 
for development of resistance as well as the environment and human safety is of great benefi t. In this 
work, we have screened the essential oil extracted from plants of Laurus nobilis L. (laurel) grown at the 
base of the Greek mountain Olympus for its antimicrobial activity against two strains of the Phaseolus 
vulgaris pathogen, Pseudomonas syringae pv. phaseolicola as well as human pathogenic bacteria (bi-
ocidal use). Our results, obtained with established methods, like Well diff usion and Disc diff usion as-
say, reveal that laurel essential oil is a very eff ective bacteriostatic and bactericidal agent. Importantly, 
the activity of laurel essential oil as growth inhibitor of the plant pathogen Pseudomonas syringae pv. 
phaseolicola is reported for the fi rst time. This opens the fi eld for more extended investigations regard-
ing its use in crop protection. Additionally, the laurel essential oil tested showed signifi cant antibacte-
rial properties against several human pathogenic bacteria, namely Micrococcus luteus, Escherichia coli, 
Staphylococcus aureus and Bacillus subtilis.

Additional Keywords: phytopathogenic bacteria, Pseudomonas syringae pv. phaseolicola, Well- Disc- diff usion 
assay

the fi rst twenty-fi ve Global Biodiversity 
Hotspots on our planet with 25.000 native 
and endemic plant species (Myers et al., 
2000). Greece, which is located in the East-
ern Mediterranean, hosts the largest plant 
biodiversity of the Basin per unit of area 
with up to 1520 taxa. This large plant diversi-
ty is attributed to the climate, the geograph-
ical position and geomorphology of Greece. 
Interestingly, many of the endemic species 
are characterized as AMPs (Georghiou and 
Delipetrou, 2010).

The plant family Lauraceae compris-
es over 2.500 species. Laurus nobilis L. (Lau-
raceae) is a broadly and wildly growing 
evergreen AMP which is endemic in the 
Mediterranean Basin where it grows spon-
taneously or it is cultivated (Greece, Turkey, 
Spain, Portugal and Morocco) (Stace, 2010). 
It is locally known as bay laurel, sweet bay, 
bay, true laurel, Grecian laurel or laurel tree. 
Laurel is known from the ancient times for 
its benefi cial medicinal properties (Stefano-
va et al., 2020). Pedanius Dioscurides, the an-

Introduction

In modern times there is a continuously 
growing interest of researchers to explore 
the bioactive and bioeff ective properties of 
plants for therapeutic or food preservative 
purposes, as a green alternative or in com-
plement to established synthetic, chem-
istry-based agents (Elshafi e and Camele, 
2017). The plant extracts with such biologi-
cal activity belong to the secondary metab-
olites (SMs) of plants. Plants which accumu-
late bioactive SMs are known as “Medicinal 
plants”. The plants that produce also aro-
matic SMs (volatiles) are known as “Aromatic 
and Medicinal plants” (AMPs) (Hussein and 
El-Anssary, 2018). 

The Mediterranean Basin is one among 
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cient Greek botanist and pharmacologist, 
mentions the therapeutic values of this AMP 
in his book “De Materia Medica”. According 
to this work, crushed leaves can “heal bee 
and wasp stings and any kind of infl amma-
tion” (Dioscurides, 77AC, 2001). As to the 
Greek mythology, the plant was dedicated 
to the God Apollo, whose priestess, Pythia, 
used to chew L. nobilis leaves and uttered 
her famous prophecies (Giesecke, 2014).

The essential oil (EO) of L. nobilis has 
been recognized to possess many inter-
esting medicinal properties such as anti-
microbial, antioxidant (Ramos et al., 2012), 
anti-infl ammatory (Kupeli et al., 2007) and 
anticarcinogenic (Saab et al., 2012) ones. EO 
extracted from all the parts of this plant is 
reported to exhibit antimicrobial activity 
(Bennadja et al, 2013). Since laurel is well ac-
knowledged in the fi eld of traditional medi-
cine, the chemical composition of its EO has 
been studied extensively. The main chemi-
cal classes of volatiles in L. nobilis EO are ox-
ygenated monoterpenes, monoterpene 
hydrocarbons, phenylpropanoids, sesquit-
erpene hydrocarbons and oxygenated ses-
quiterpenes (Pino et al., 1993). The metab-
olite 1.8-cineole was reported as the major 
component in the EO of laurel plants from 
Argentina (Huergo et al., 1978), Tunisia (Bou-
zouita et al., 2001), Turkey (Kilic et al., 2005), 
Croatia–Serbia (Politeo et al., 2007), Ita-
ly (Flamini et al., 2007) and Iran (Moghtad-
er and Farahmand, 2013). The spicy aroma of 
leaves is attributed to benzene compounds 
(eugenol, methyl eugenol, and elemicin) 
present in percentages ranging between 1% 
and 12% (Pino et al., 1993). Additionally, the 
stressful Mediterranean climate (heat and 
drought stress) is thought to be one reason 
for the biosynthesis of a broad spectrum of 
active metabolites (Mamoucha et al., 2018).

The chemical components of EO from L. 
nobilis growing in Greece (mountain Athos) 
and Georgia, and their antimicrobial activity 
against 20 human pathogenic microorgan-
isms i.e., Enterococcus faecalis, Staphylococ-
cus aureus and Candida albicans have been 
formerly studied by the authors (Stefano-
va et al., 2020). Previous work by Bozkurt et 

al. (2020) has provided evidence of inhibi-
tory activity of EO of L. nobilis against gall-
forming phytopathogenic bacteria (Rhizobi-
um radiobacter, Pseudomonas savastanoi pv. 
savastanoi and P. savastanoi pv. nerii). Here, 
the antibacterial activity of the Greek L. no-
bilis EO is tested on the growth of Pseudomo-
nas syringae pv. phaseolicola, an important 
plant pathogen which causes the disease 
‘halo blight’ in Phaseolus vulgaris. Halo 
blight is ascribed globally yield losses of up 
to 45%, but the phytoprotection against this 
disease is mainly based on preventive mea-
sures. For chemical control, mainly copper 
preparations are used, which are known to 
be particularly burdensome for the environ-
ment and for the human health (Arnold et 
al., 2011). Moreover, the Greek laurel EO was 
tested against several human pathogen-
ic bacteria for its potential biocidal activity, 
namely Micrococcus luteus, Escherichia coli, 
Staphylococcus aureus and Bacillus subtilis. 
Our work contributes to the research on de-
velopment of alternative to chemical com-
pounds for use in crop protection and as bi-
ocides. 

Material and methods

Plant material
The upper part (young leaves) of L. no-

bilis plants was collected during the period 
of full fl owering, from a cultivated area at Li-
tochoro (300 m altitude), at the base of the 
eastern side of mountain Olympus (Greece). 
The plant tissue was collected on sunny 
days, under an atmospheric temperature 
of approximately 20oC and was kept under 
shade, in open wooden basket, for 1 hour 
until used.

Extraction of essential oils and prepara-
tion

The EO extraction process was conduct-
ed using the hydrodistillation method, in a 
modifi ed Clevenger-type apparatus for 3 
h with 3 l of H2O. One thousand grams of 
leaves were extracted and yielded 9 ml of 
EO. Fresh leaves were chopped, placed in a 
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volumetric fl ask and water was added. The 
temperature was maintained at approxi-
mately 100oC. EO was removed with a Pas-
teur pipette and stored at refrigeration tem-
perature (4oC) in glass fl asks wrapped in 
aluminum foil.

For the antibacterial screening, pure and 
diluted EO was used. The dilution was per-
formed in diff erent emulsifying agents (eth-
anol 70%, 80%, 90% (v/v), DMSO 0,2%, 0,5%, 
5%, 20% (v/v) and Tween20 0,5%, 5%, 20% 
(v/v)). Additionally, a combination of 0,02% 
Tween and LB broth (PanReac, U.S.A.) was 
tested.

Preparation of bacterial cultures
Human pathogenic bacteria, common-

ly used to evaluate antimicrobial activity of 
EOs, were obtained from the American Type 
Culture Collection ATCC; the Gram-posi-
tive Bacillus subtilis (ATCC9372), Staphylococ-
cus aureus (ATCC29213), Micrococcus luteus 
(ATCC9341) and the Gram-negative Escheri-
chia coli (ATCC25922). The plant pathogen-
ic bacteria, Pseudomonas syringae pv. phase-
olicola strains, were kindly provided by Dr. 
Jesus Murillo (strain 1448A, race 6) and Dr 
Maria Holeva (strain BPIC593, Benaki Phy-
topathological Institute Collection, Dr A. 
Alivizatos, 1976). All strains were stored in 
glycerol stock solution, at -80o C. To ensure 
optimal growth conditions and purity, all 
the ATCC strains were sub-cultured in Blood 
and Mac Conkey Agar plates (Oxoid, UK) be-
fore each test. Accordingly, P. syringae pv. 
phaseolicola was cultured in Nutrient Broth 
Agar (PanReac, U.S.A.). The bacterial strains, 

the incubation conditions and the culture 
media used are given in Table 1.

Antimicrobial screening
For the antimicrobial assays, both in liq-

uid and on solid bacterial cultures, the ap-
plied techniques assure repeatable results 
due to the continuously direct contact of EO 
with the bacteria. Laurel ΕΟ extracted from 
L. nobilis leaves was tested in the screen-
ing using two standard methods with agar 
plates: the Disc diff usion assay (DDA) and 
the Well diff usion assay (WDA). Moreover, 
the minimal inhibitory and the bactericid-
al concentration (MIC and MBC) of the EO in 
liquid medium were determined. 

Inoculum suspension
The bacterial inoculum was prepared ac-

cording to Clinical and Laboratory Standards 
Institute (2015) direct colony suspension 
method. Briefl y, 24-hour bacterial colonies 
grown on solid media were suspended in 
sterile saline solution (0.9% NaCl) to achieve 
a turbidity of 0.5 McFarland (OD630= 0,05) 
standard, corresponding to approximately 1 
to 2×108 colony-forming units (CFU)/ml. The 
turbidity was measured using a spectropho-
tometer. For the broth dilution method, the 
inoculum (0.5 McFarland) was diluted 1:1000 
in fresh LB broth for ATTC strains or NB for 
P. syringae pv. phaseolicola strains to obtain 
a concentration of 1-5×105 CFU/ml (Nation-
al Committee for Clinical Laboratory Stan-
dards, 2015). The inoculum was used within 
15 minutes from its preparation. 

Table 1. The bacterial strains, culture media and growth conditions used in this study for the 
evaluation of antibacterial activity of the essential oil of Laurus nobilis.

Microorganisms Culture media Incubation conditions
(time/temperature)

Pseudomonas syringae pv. phaseolicola BPIC593 Nutrient Broth Agar 24-48 hours/22 ˚C
Pseudomonas syringae pv. phaseolicola 1448A Nutrient Broth Agar 24-48 hours/22 ˚C
Bacillus subtilis ATCC 9372 Blood Agar 24 hours/ 37˚C
Micrococcus luteus ATCC9341 Blood Agar 24 hours/ 37˚C
Staphylococcus aureus ATCC29213 Blood Agar 24 hours/ 37˚C
Escherichia coli ATCC25922 Mac Conkey Agar 24 hours/ 37˚C
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Disc diff usion assay
Five hundred μl of the inoculum in sa-

line solution (1-5×105 CFU/ml) was spread 
over the plates of pre-dried Mueller–Hin-
ton agar (MHA, Oxoid) using a sterile cotton 
swab (National Committee for Clinical Labo-
ratory Standards, 2015). It was allowed to dry 
for 1 min. Then, sterile fi lter paper discs of 6 
mm diameter (Schleicher and Schuell, Das-
sel, Germany) were placed on the plates and 
immediately 8 μl of the L. nobilis ΕΟ extract-
ed in this work were spotted. The negative 
and positive controls were sterile saline so-
lution and antibiotics containing discs (gen-
tamicin, 10 μg/ml for the ATCC strains and 
kanamycin, 50 μg/ml for the P. syringae pv. 
phaseolicola strains), respectively. The plates 
were incubated at 37oC for 24 h for the ATCC 
strains or at 22oC for 48 hours for the P. syrin-
gae pv. phaseolicola strains. The antimicrobi-
al activity was determined by measuring the 
diameter of the inhibition zone around the 
paper disks. Each bioassay was carried out 
three times.

Well diff usion assay
Similarly to the procedure used in the 

Disc diff usion method, the Mueller–Hinton 
agar plate surface was inoculated by spread-
ing 500 μl of the bacterial inoculum in saline 
solution (1-5×105 CFU/ml) over the entire 
agar surface. Then, a hole with a diameter of 
6 mm was punched aseptically with a ster-
ile tip and 8 μL of the L. nobilis EO extract-
ed in this work was added into the well. 
Then, agar plates were incubated at 37°C for 
20 hours for the ATCC strains or at 22oC for 
40 hours for the P. syringae pv. phaseolicola 
strains and the inhibition zones around the 
wells were measured. 

Minimum Inhibitory Concentration (MIC)
The Tube Dilution Assay was performed 

as following: The MIC values of the EO were 
determined using a two-fold broth dilution 
procedure to get a concentration of the EO 
in the medium ranging from 5.0 to 0.156%, 
according to the Clinical and Laborato-
ry Standards Institute M27-A3 guidelines 
(Clinical and Laboratory Standards Institute, 

2008). Briefl y, 20 μl of the EO were added to 
the fi rst test tube containing 380 μl LB for 
the ATCC strains or Nutrient broth for the P. 
syringae pv. phaseolicola strains. Then, 200 μl 
from the fi rst tube were transferred and seri-
ally diluted into the next tubes, which con-
tained 200 μl of the same medium. This two-
fold dilution was continued until the 10th 
tube. The 200 μl from the 10th tube were dis-
carded. The 11th tube was used as the sterile 
control (negative control: the medium with-
out bacterial inoculum) and the 12th tube 
was reserved for the growth control (posi-
tive control: the medium with bacterial in-
oculum). Then, 200 μl of the bacterial inoc-
ulum containing 105 CFU/ml were added in 
tubes 1 to 10 and 12. All the tubes contained 
fi nally the same volume (400 μl) of medi-
um. Ampicillin for the ATCC strains (100 μg/
μl) or kanamycin (50 μg/μl) for P. syringae pv. 
phaseolicola strains were also used as pos-
itive antibacterial controls in an extra tube 
containing 200 μl of the antibiotic contain-
ing medium and 200 μl of the bacterial in-
oculum. Finally, tubes were incubated in the 
dark on an orbital shaker (160 rpm) at 37°C 
for 20 hours (Kavanaugh et al., 2012) for the 
ATCC strains or at 22oC for 40 hours for the 
P. syringae pv. phaseolicola strains. The low-
est concentration of EO preventing visible 
growth (no turbidity) of a strain was identi-
fi ed as the MIC and expressed as % (v/v) of 
EO in culture medium. For S. aureus, 100 μl 
instead of just 20 μl of EO were also tested 
for antibacterial activity.

Minimum Bactericidal Concentration (MBC)
The complete absence of growth was 

considered as the MBC. To confi rm the re-
sults of the MBC, 10 μL of the bacterial sus-
pensions of the tube dilution assay (see 
2.4.4), withdrawn from the tubes with little 
or no visible growth, were streaked on 1,5 
% w/v LB-agar plates for the ATCC stains or 
1.5 % w/v NB-agar plates for P. syringae pv. 
phaseolicola strains. Then the plates were in-
cubated for 24 h at 37°C for checking of vi-
able cells (National Committee for Clinical 
Laboratory Standards, 2015) for the ATCC 
strains or at 22oC for 48 hours for the P. syrin-
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gae pv. phaseolicola strains. Total absence of 
bacterial colonies on the agar plate was de-
termined as the MBC. Both the growth con-
trol (containing inoculum but no EO) and 
negative control (containing EO but not in-
oculum) were also plated on agar plates. 
Values were recorded as % (v/v) of EO in cul-
ture medium.

Statistical analysis
The mean values of the diameter (mm) 

of the inhibition zones ± standard devia-
tions were calculated from three indepen-
dent experiments.

Results

All the emulsifying agents used for the dilu-
tion of the laurel EO did not permit the pro-
duction of a homogenous solution. There-
fore, pure laurel EO, instead of diluted, was 
used for all the antibacterial assays.

Zones of inhibition
The zones of inhibition that were pro-

duced by the L. nobilis EO extracted from 
plants grown in the Greek area of the moun-
tain Olympus are given in Table 2 and Fig-
ure 1. In the Disc diff usion assay, the EO in-
hibited the growth of all applied bacterial 
strains. Depending on the strain, the diam-
eters of inhibition zones ranged from 7.5 to 

20.8 mm. The EO exhibited the greatest an-
tibacterial eff ect against the M. luteus with 
a diameter of inhibition zone 20.8±3 mm, 
followed by the P. syringae pv. phaseolicola 
that exhibited an inhibition zone of 15.0±3 
mm (strain 1448A) and 14.0±3 mm (BPIC593 
strain). A smaller inhibition zone was ob-
served against E. coli (10.0±2 mm) and S. au-
reus (8.0±2 mm). The weaker antibacterial 
activity was noted against B. subtilis (7.5±2 
mm). Negative control discs (saline solution) 
did not produce any zones of inhibition. Pos-
itive inhibition controls included: a) kanamy-
cin disks (50μg/ml) that caused an inhibition 
zone of 19 mm for P. syringae pv. phaseoli-
cola strain 1448A, and b) gentamicin disks 
(10μg/ml) that caused an inhibition zone of 
23 mm for all other bacteria.

In the Well diff usion assay, the diame-
ter of the inhibition zone for M. luteus was 
18.0±3 mm and it was the biggest one. On 
the other hand, the smallest zone was not-
ed for E. coli (9.0±3 mm), B. subtilis (8.0±3 
mm) and S. aureus (8.1±2 mm). P. syringae pv. 
phaseolicola displayed a zone of 14.5±3 mm 
for strain 1448A and of 18.0±2 mm for the 
BPIC593 strain. 

The MIC and MBC of the EO
The EO was tested by the broth dilution 

method to determine the MIC visually and the 
MBC by growth on agar medium, expressed 
as a percentage of % (v/v) of EO in the medi-

Table 2. Zones of bacterial growth inhibition of six bacterial strains by essential oil of Laurus 
nobilis using two agar diff usion methods. 

Method

Diameter* of the zone of growth inhibition of six bacterial strains 
(mean of three replicates ± standard deviation in mm)

Pseudomonas
syringae pv. 
phaseolicola 

(1448A)

Pseudomonas
syringae pv. 
phaseolicola 

(BPIC593)

Bacillus
subtilis 

ATCC 9372

Micrococcus
luteus

ATCC9341

Staphylococcus
aureus

ATCC29213

Escherichia 
coli

ATCC25922

Disc
diffusion 
assay

15.03 14.0±3 7.5±2 20.8±3 8.0±2 10.0±2

Well
diffusion 
assay

14.5±3 18.0±2 8.0±3 18.0±3 8.1±2 9.0±3

*The diameter of the paper discs was 6 mm.
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um. Since the addition of solvents and deter-
gents in EO did not result in a homogenous 
solution, pure EO was used. As the antibac-
terial activity of the EO might be aff ected by 
the shaking rate and air exchange during cul-
ture (Wang et al., 2016), all liquid antibacte-

rial assays were performed under constant 
agitation conditions on an orbital shaker 
(160 rpm) in tubes of 5 ml volume. By doing 
so, a direct-contact of bacteria and EO was 
achieved as well as the aeration of the me-
dia. Each experiment was performed three 
times. The results are summarized in Table 
3. The EO was more potent against M. luteus 
(MIC and MBC were 1.25% and 2.5% respec-
tively). The EO was also very eff ective against 
P. syringae pv. phaseolicola displaying a MIC 
of 1.25% for both strains and an MBC of 5% 
for the 1448A strain and 2.5% for the BPIC593 
strain. The MIC for B. subtilis and E. coli were 
2.5% and the MBC were 5% and 2.5%, respec-
tively. On the other hand, the lowest antibac-
terial activity was displayed against S. aureus, 
since starting with 20 μl of EO in the fi rst of 
the ten tubes for the antibacterial screening 
did not aff ect its growth. Therefore, 100 μl of 
EO were also used in the fi rst tube instead of 
20 μl. The MIC recorded was 1.563% and the 
MBC was 6.25%.

Table 3. Growth inhibitory eff ect of serially diluted essential oil of Laurus nobilis against six 
bacterial strains. 

Bacterial strain
EO (v/v%)

5 2.5 1.25 0.625 0.3126 0.156 GrCa StCb SoCc

Pseudomonas syringae
pv. phaseolicola*
(1448A)

MIC - - - + + + + - -

MBC - + + + + + + - -
Pseudomonas syringae
pv. phaseolicola*
(BPIC593)

MIC - - - + + + + - -

MBC - - + + + + + - -

Bacillus subtilis* 
ATCC 9372

MIC - - + + + + + - -
MBC - + + + + + + - -

Micrococcus luteus* 
ATCC9341

MIC - - - + + + + - -
MBC - - + + + + + - -

Escherichia coli*
ATCC25922

MIC - - + + + + + - -
MBC - - + + + + + - -

Staphylococcus aureus**
ATCC29213

MIC
12.5 6.25 3.125 1.563 0.781 0.391 GrCa StCb SoCc

- - - - + + + - -
MBC - - + + + + + - -

a: Growth control (tube containing bacteria), b: Sterile control (tube without bacteria), c: Solvent control,  
-: no growh, + : growth 
* B. subtilis, M. luteus, E. coli and P. syringae pv. phaseolicola were incubated with 20 μL EO in the 1st tube 
** S. aureus was incubated with 100 μL (20 μL EO did not inhibit its growth). 

Figure 1. Histogram of inhibition zones (mm) measured in 
Disc diff usion assay (DDA) and Well diff usion assay (WDA) for 
the evaluation of the antibacterial activity of the essential oil 
of Laurus nobilis on six bacterial strains. Details are given in 
Τable 2. Error bars represent the mean ± standard error from 
three independent experiments.
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Discussion

Many EOs extracted from AMPs have been 
reported to have antimicrobial properties 
(Horváth and Ács, 2015). Therefore, in vitro 
studies including EOs which have been used 
in traditional medicines from the medieval 
times are important to improve antimicro-
bial treatments. EOs have unique metabolic 
profi le (co-existence of phenols, fl avonoids, 
alkaloids, terpenes, tannins etc) and exhib-
it their activity by many diff erent inhibition 
mechanisms. Consequently, they can aff ect 
a variety of pathogens by changing mem-
brane permeability, denaturing proteins and 
inhibiting enzymes (Nazzaro et al., 2013). 

Standardizing the experimental methods 
for the bioassays

Testing plant EOs in liquid antimicrobi-
al bioassays encounters problems mainly 
due to the EOs’ water insolubility and com-
plexity, i.e., a non-homogenous distribution 
of the oil through the medium appears and 
gives bacteria a greater chance of survival. 
To avoid these diffi  culties, many research-
ers propose the use of diff erent solvents 
(methanol, ethanol, DMSO, Tween) (Wang et 
al., 2016). Unfortunately, the chemical prop-
erties of EOs do not permit a standardized 
methodology to dissolve them and the ap-
propriate method depends on the EOs’ na-
ture. Laurel EO in this work was one of these 
cases, i.e., the low dispersion of water insol-
uble compounds of EO in the liquid growth 
medium (Tan and Lim, 2015). Diff erent sol-
vents and detergents (DMSO and Tween20) 
were tested. The dilution of laurel EO in all 
emulsifying agents resulted in a white ‘col-
or’ suspension when the culture medium 
was added. The presence of the suspension 
did not permit the determination of MIC. 
The suspension might be caused by the li-
pophilic molecules of the laurel EO which 
form micelles, thereby suppressing EO’s at-
tachment to the microorganisms. These hy-
drophobic molecules interact with the lipids 
of the bacterial cell membrane, disturb cell 
structures and render them more perme-
able (Chouhan et al., 2017).

Only by using pure laurel EO with con-
tinuous shaking during incubation could we 
observe the antibacterial activity. Thus, for 
the in vitro investigation of the laurel EO an-
timicrobial activities in liquid culture, shak-
ing could prevent the adherence clumping 
and phase separation between aqueous 
phase and EO. Additionally, Juergensmeyer 
et al. (2007) reported that shaking causes a 
decreased lag phase and a higher fi nal yield. 
Our method is based on the National Com-
mittee for Clinical Laboratory Standards rec-
ommended standards for broth dilution as-
says. Moreover, the use of pure EO (without 
solvent) enhances the antibacterial activi-
ty. Undoubtedly, modifi cations should be 
made on proposed techniques since not all 
the EOs have the same diff usibility and sol-
ubility in liquid cultures (Rios et al., 1988). 
In fi eld experiments, a totally diff erent ap-
proach has to be applied. In this case, the 
EO/water dilution mixture would be direct-
ly sprayed on leaves.

In order to better evaluate the antimi-
crobial eff ectiveness of laurel EO, two dif-
ferent methods were applied, the Disc dif-
fusion and the Well diff usion assay. The Disk 
diff usion assay is accepted by the FDA (Food 
and Drug Administration of the USA) and is 
established as a standard assay for the anal-
ysis of antimicrobial activity by the Nation-
al Committee for Clinical Laboratory Stan-
dards (2015). The Well diff usion assay off ers 
a higher sensitivity, faster and better diff u-
sion of the EO into the agar (Valgas et al., 
2007). Both antimicrobial assays resulted in 
similar results. We concluded that the Disc 
diff usion assay is an easier and less demand-
ing technique than the Well diff usion assay. 
In the Well diff usion assay the main disad-
vantage is the diffi  culty in making the well.

In addition to the method of agar plates, 
a broth dilution method was used to deter-
mine the MIC of EO against the tested bac-
teria. The main advantage of MIC is the small 
quantity of reagents and samples required, 
which enables a greater number of repeti-
tions and, thus, increases the reliability of 
the results. MBC was also evaluated, which 
is reported to be helpful in severe infectious 
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diseases (Nemeth et al., 2015).

Antibacterial properties of laurel EO
This work aims to perform an initial 

screening of the antibacterial properties of 
the specifi c EO, with emphasis on its prop-
erties over a plant pathogen. Data from our 
study has confi rmed the antimicrobial po-
tential of EO of L. nobilis. Furthermore, this 
is the fi rst report regarding the antibacteri-
al eff ect of laurel EO on the growth of two 
stains of P. syringae pv. phaseolicola, the 
well-studied 14484A and the strain BPIC593 
isolated from plants grown in the Regional 
Unit of Florina, Greece. 

P. syringae pv. phaseolicola is an impor-
tant plant pathogen that mainly aff ects P. 
vulgaris crop production (Arnold et al., 2011). 
From our results it is well documented that 
the EO has a signifi cant eff ect on the P. sy-
ringae pv. phaseolicola growth. Therefore, 
this study, together with previous research 
work by Bozkurt et al. (2020) on EO of L. no-
bilis against gall-forming phytopathogen-
ic bacteria, establishes the grounds for the 
potential use of laurel EO as natural com-
pounds alternative to chemically synthe-
sized plant bactericides, whose use has 
already been deemed problematic (Lamich-
hane et al., 2015). Moreover, other EOs have 
been shown to exhibit in vitro antibacterial 
activity against P. syringae pv. phaseolicola, 
e.g. EO of Origanum species (Della Pepa et 
al., 2019). As there are increasing eff orts in 
research to combat phytopathogenic bac-
teria with natural agents, we should note 
that most relevant studies employ culturing 
methods to assess the antibacterial eff ect 
of EOs on phytopathogenic bacteria and do 
not consider the viable but non culturable 
condition (VBNC) that may occur with bac-
terial cells. Therefore, in order to assess such 
phenomena, future studies should also in-
corporate viability testing using additional 
methods e.g., RT-PCR.

The EOs of L. nobilis growing in diff erent 
countries have been reported to display an-
tibacterial activity. Moghtader and Farah-
mand (2013) and Ouibrahim et al. (2013) not-
ed antibacterial activity of laurel EO (by the 

Disc diff usion assay) against E. coli. In our 
screening, we noticed a rather small inhib-
itory activity of laurel EO towards S. aureus. 
This fi nding is in agreement with the results 
of Bennadja et al. (2013). Interestingly, even 
though M. luteus is a notoriously pathogen-
ic microorganism in skin acne (Chiller et al., 
2001) and L. nobilis EOs are used in cosmet-
ics (Sahin Basak and Candan 2013), we found 
only few papers investigating L. nobilis EOs’ 
antibacterial activity against M. luteus. In our 
work, we noticed the largest zone of inhibi-
tion for M. luteus.

Being an AMP, L. nobilis biosynthesizes 
a variety of active secondary metabolites. 
There are numerous phytochemical inves-
tigations on Mediterranean L. nobilis EOs. 
According to their results, the major con-
stituents in laurel EOs are 1.8-cineole (euca-
lyptol), linalool and a-terpinyl acetate (Saab 
et al., 2012; Sahin Basak and Candan 2013). 
They are terpenoids and belong to the 
chemical subclass of oxygenated monot-
erpenes. 1,8-cineole is the major chemical 
component in leaf-derived EOs for the ma-
jority of medicinal species of Eucalyptus sp. 
followed by a-terpinyl acetate (Silva et al., 
2011). Along the same line, Stefanova et al. 
(2020) have found in EO from Greek L. no-
bilis leaves the highest content in 1,8-cin-
eole (30.8% of total ion current), but also a 
high content of α-terpineol (8%) and sabi-
nene (7.9%) which belong to the oxygenat-
ed monoterpenes and monoterpene hydro-
carbons, respectively. Other studies report 
the antimicrobial activity of these metabo-
lites, such as linalool and 1,8-cineole. Sato 
et al. (2007) noted the highest antimicrobi-
al activity for 1,8-cineole. According to the 
results by Hendry et al. (2009), a synergistic 
antimicrobial activity was noted for 1,8-cin-
eole and chlorhexidine digluconate. The an-
timicrobial activity of 1,8-cineole might be 
attributed to the reduction of cellular activ-
ity by interacting with membrane enzymes 
and proteins (Stojković et al., 2011). Thus, the 
high content of oxygenated monoterpenes 
may, in a synergistic eff ect with minor com-
pounds, provide the high antimicrobial ac-
tivity of the Greek L. nobilis EO.
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Conclusions

The current study reports, for the fi rst time, 
the antibacterial activity of the Greek me-
dicinal plant L. nobilis assessed by diff erent 
in vitro assays against the plant pathogen 
P. syringae pv. phaseolicola and four human 
pathogenic bacterial species. Its EO is a valu-
able source of bioactive compounds that 
apparently have antimicrobial properties 
that inhibit the growth of diff erent strains 
of the Gram-positive and Gram-negative 
bacteria tested. The chemical character-
ization of individual compounds could fur-
ther shed light on the most eff ective combi-
nation that can be used as an antimicrobial 
agent. In conclusion, in a world of increasing 
antibiotic resistance of pathogenic bacteria, 
where there is an urgent need for new bio-
active compounds, this initial step sets the 
basis for future use of natural agents of low 
cost and low environmental imprint to con-
trol bacterial plant and human pathogens.
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Αξιολόγηση της αντιβακτηριακής δράσης αιθέριου ελαίου 
δάφνης, Laurus nobilis, έναντι του βακτηρίου Pseudomonas 
syringae pv. phaseolicola, και πιθανής βιοκτόνου δράσης

Σ. Μαμούχα, Α. Προμπονά και Α. Γαλέου

Περίληψη   Με τη συνεχή αύξηση του ανθρώπινου πληθυσμού στον πλανήτη μας, η επιβάρυνση του 
περιβάλλοντος από χημικά επιδεινώνεται συνεχώς. Επιπλέον, μεγάλο πρόβλημα αποτελεί η εμφάνιση 
ανθεκτικότητας των μικροοργανισμών, όπως τα βακτήρια, σε ευρέως χρησιμοποιούμενες χημικές ου-
σίες. Ως εκ τούτου, η εφαρμογή βακτηριοκτόνων προϊόντων που μειώνουν τους κινδύνους ανάπτυ-
ξης ανθεκτικότητας, για το περιβάλλον και την ανθρώπινη υγεία είναι εξαιρετικά ωφέλιμη. Στην πα-
ρούσα εργασία εξετάσαμε το αιθέριο έλαιο που εξάγεται από φυτά του είδους Laurus nobilis L. (δάφ-
νη), τα οποία καλλιεργούνται στις παρυφές του όρους Όλυμπος, για την αντιμικροβιακή του δράση 
έναντι δύο στελεχών του παθογόνου Pseudomonas syringae pv. phaseolicola που προσβάλλει το φυτό 
Phaseolus vulgaris, και παθογόνων βακτηρίων για τον άνθρωπο (βιοκτόνος δράση). Τα αποτελέσματά 
μας, που ελήφθησαν με καθιερωμένες μεθόδους, όπως η Well diff usion assay και η Disc diff usion assay, 
αποκαλύπτουν ότι το αιθέριο έλαιο δάφνης είναι πολύ αποτελεσματικός βακτηριοστατικός και βακτη-
ριοκτόνος παράγοντας. Για πρώτη φορά αναφέρεται η δράση του αιθέριου ελαίου δάφνης ως αναστο-
λέα της ανάπτυξης του φυτοπαθογόνου βακτηρίου P. syringae pv. phaseolicola. Έτσι, η παρούσα εργα-
σία ανοίγει το πεδίο για πιο εκτεταμένες έρευνες σχετικά με τη χρησιμοποίησή του στη φυτοπροστα-
σία. Επιπλέον, το αιθέριο έλαιο δάφνης που δοκιμάστηκε έδειξε σημαντικές αντιβακτηριακές ιδιότητες 
έναντι πολλών παθογόνων βακτηρίων για τον άνθρωπο, όπως τα Micrococcus luteus, Escherichia coli, 
Staphylococcus aureus και Bacillus subtilis.
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