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Abstract. The olive psylla Euphyllura olivina (Costa) is an economic olive pest in its native regions that attacks its various
organs of olive. In this study, we were carried out in order to determine the insecticidal potential of Thymus vulgaris, Satureja
calamintha nepeta, and Eucalyptus globulus essential oils. The contact effect of the three essential oils against the 4th and 5th larval
stage of the olive psylla was investigated. While the oils of S. calamintha nepeta, and E. globulus essential oils showed the same
strong insecticidal activity against E. olivina (LD50 = 0.13% and 0.15%, respectively), the oil of 7. vulgaris revealed poor activity
against the insect (LD50 = 0.28%). The components of the essential oils were obtained and identified. Chromatographic analysis
(GC-MS) of S. calamintha nepeta essential oil demonstrated that Pulegone (38.75%) is the main constituent. And as for the E.
globulus the highest components were Alpha-pinene (22.76%). And the main components of the 7. vulgaris essential oil were

determined as Carvacrol (43.30%).
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INTRODUCTION

The olive tree (Olea europaea L.) is the main fruit
species due to its social and economic importance in
the countries of the Mediterranean basin [17]. Olive
cultivation occupies a privileged place in Algerian
agriculture [11], and it presents a remarkable flexibility
and endurance, allowing him to produce in difficult
conditions. In Algeria, the most important
phytophagous insects that have been recorded and
which are considered serious pests in the cultivation of
olive trees are Bactrocera oleae, Parlatoria oleae,
Euphyllura olivina, and Liothrips oleae [12]. In some
studies conducted in the world, it has been reported
that Olive psyllids [Euphyllura olivina Costa and E.
straminea Loginova (Hemiptera: Psyllidac)] are a
significant pest and cause economic damage in olive
orchards [2, 5, 29, 31, 38, 50]. Euphyllura olivina
(Costa, 1839) (Homoptera: Psyllidae) is the major pest
of the olive tree, feeds by penetrating and sucking olive
shoots, inflorescence and flowers, and cause damage
by the formation of fumagine with the waxy and
sugary substance they emit during nymphal
development and led to significant losses in the olive
production [29, 31, 33]. The olive psyllid is mostly
abundant in spring [19, 35, 37], when olive trees are
flowering and causes up to 60% yield loss in some
parts of the Mediterranean Basin [25, 46]. Damage
begins to appear as soon as the colony exceeds 7 to 8
late instar larvae (L4 and L5) per floral cluster [23].
Natural larvicides based on essential oils of plants
present advantages over synthetic larvicides because
they are prepared from renewable resources and are
readily biodegradable [45]. However, the management
of insect pests in many storage systems relies
principally on applying synthetic insecticides. Use of
these synthetic pesticides in agricultural and forest
areas causes many adverse effects [41]. Recently, eco-
friendly methods have been developed to control
insects. Natural products are generally preferred
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because they are innately biodegradable and less toxic
to non-target organisms. In order to solve this problem
and minimize this damage, every method to be used in
Integrated Pest Management (IPM) is of great
significance [18]. Insecticidal activity of many plant
products against various insect pests has been
demonstrated by many researchers [13, 15, 20, 26, 32,
34, 49, 52]. This study was carried out with the aim of
contributing to the protection of olive trees against
Euphyllura olivina by using a bio-insecticide to better
protect the environment. In the current study, three
essential oils derived from the plant species Thymus
vulgaris, Satureja calamintha nepeta, and Eucalyptus
globulus were tested as contact insecticides on the 4th
and 5th larval instars of Euphyllura olivina under
laboratory conditions.

MATERIALS AND METHODS

Test insects. The insects used for bioassays were
taken directly from the field, and they have not been
reared in the laboratory because of the failure to
provide about nutritional factors and climatic
requirements of the species' biological cycle. The
infested olive trees of the same age and similar in size,
shape, height, vigour and infestation were chosen.
From each tree, five small branches (15 cm in length)
were randomly picked from each direction, from the
two farms (Ain fares and oued taria) for each sampling
interval. The picked samples were put in paper or
polyethylene bags and transferred to the laboratory for
counting stages of that insect using the binocular
microscope. All the branches were examined for the
4th and 5th instars were counted and recorded; the
branches were placed in cups containing a mixture of
water and honey at 3%, and all branches contained 10
larvae for each stage. The larvae of E. olivina were
placed to experiments in the laboratory at 26.7 °C, at
70% relative humidity, and at lighting conditions of
16:8 h (light, dark).
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Essential oil extraction. The aerial parts of the
tested plants belong to 3 different botanical species and
were collected at their vegetative stage from the
northwestern Algeria steppe, Mascara in 2020 (Thymus
vulgaris, Satureja calamintha nepeta, and Eucalyptus
globulus) were collected for the extraction of the
essential oil. The collected plant materials were dried
in a shaded place and ground in a grinder. The dried
plant samples (500 g) were placed to hydrodistillation
using a Clevenger-type apparatus for 3 to 4 hours. The
yields were based on the dry materials of plant
samples. The oil was stored at 4 °C for use in trials.
The essential oils were dried over anhydrous Na,SO,
and stored in the refrigerator at 4 °C until used for
toxicity bioassays.

The bioassay tests. In order to determine the
larvicidal effect of the essential oil obtained from T.
vulgaris, S. calamintha nepeta and E.globulus against
E. olivina larvae, firstly all the branches were
examined for the 4th and 5th instars were counted and
recorded. Based on preliminary results, a range of
volumic doses of 0.015 mL/uL, 0.025 mL/uL, 0.05
mL/uL, 0.1 mL/uL, 0.15 mL/puL, 0.25 mL/uL, 0.5
mL/uL, 0.7 mL/pL, 1 mL/uL, 2 mL/ulL were
formulated using 50% of EGO as an active ingredient,
30% solvent (ethanol) as a stabilizer and 20% Tween
80 as an emulsifier. The control formulation (T,)
consisted of 50% of distilled water, 30% of ethanol,
and 20% of Tween 80 and was used as a control under
the same conditions. Each sample was replicated three
times at each dose. The infested branches with about
30 larvae of each stage were sprayed with different
concentrations. The branches were placed in cups
containing a mixture of water and honey at 3%, then
covered with sterile plastic bags to avoid the moisture.
The branches were stored under laboratory conditions
at 25°C, 70% RH, and a 12:12 h (L: D) photoperiod.
After application, the mortality of the 4th and 5th larval
instars was recorded at 24, 48, and 72 hours.

Statistical analysis. Insect mortality was control-
corrected [1] and Arcsine transformed when required
to meet assumptions of normality and homogeneity of
variances. The difference among treatments in the rate
of mortality was determined by analysis of variance
(ANOVA) and Tukey’s method was used to compare
mean significant differences among treatments
(p<0.05) using SPSS 26 statistical software. A log
probit analysis was used to determine the LCs and LTs
through the R package 'ecotox' [22].

Gas  Chromatography/Mass Spectrometry
(GC/MS). Chromatography—mass spectrometry (GC-
MS) using (GC-MS TQ 8030, USA) fitted with a
detector flame ionizer (FID) wusing an HP-5
(phenylmethyl siloxane, 30m x 0.32mm ID x 0.25 pum
df) capillary column. The carrier gas was helium and
the oven temperature was held at 60°C for 8 min, then
to 230°C (5°C / min.), a split mode was 1:1500. The
injector temperature was 230°C and the compounds
were identified by comparison to the NF ISO 4731
standard.
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RESULTS

The yield of the essential oil of Eucalyptus globulus
(0.20%) was lower than that obtained for Thymus
vulgaris and Satureja calamintha nepeta with 0.94%
and 1.63% respectively. Three plants EOs were tested
to evaluate their larvicidal activity, and the tested oils
revealed various mortality percentages at different
concentrations (Table 1). The majority of the tested
oils showed 100% mortality at 2 mL/uL final
concentration. After 24 hours of exposure, S.
calamintha nepeta and E. gobulus showed a mortality
rate of more than 50% for both larval stages at 0.25
mL/uL, while 7. vulgaris showed less than 50%
mortality for the same concentration. Further, the oils
started to affect the larvae life at different
concentrations; the lowest concentration that caused
equal or more than 10% mortality was 0.015 mL/uL
for both E. globulus and S. calamintha nepeta, 0.05
mL/pL for T. vulgaris (Table 1). The 24h DL50 and
DL90 values obtained from the larvicidal activity test
of EOs extracted from the three plants are presented in
Table 2. Satureja calamintha nepeta and E. globulus
were the most efficient with (0.13 mL/pL and 0.15
mL/pL respectively) DL50 and (3.92 mL/pL and 3.26
mL/pL respectively) LC90, while T.vulgaris was the
least efficient (0.28 mL/uL DL50 and 3.95 mL/puL
DL90). Likewise, the influence degree of increasing
one unit of EOs concentration on their larvicidal
activity was different. The essential oil of S.calamintha
nepeta is more toxic on E. globulus after 48 h because
the DL50 and DL90 obtained are about two (2) times
lower than those observed with 7. vulgaris. The
toxicity results of the extracts 7. wvulgaris, S.
calamintha nepeta and E. globulus at different
concentrations were significantly (P<0.05) effective
against E. olivina larvae.

The Lethal Dose (LD) for the 4th and 5th larval
instar of E. olivina treated with different concentrations
of E. globulus; S. calamintha nepeta and T. vulgaris
are presented in table 3 and 4. The highest efficiency
was observed with the essential oils obtained from S.
calamintha nepeta and E. globulus with DL50 values
of (0.034 mL/uL for L4, 0.058 mL/pL for L5) and
(0.047 mL/uL for L4, 0.08 mL/uL for LS5); DL90
values of (0.77 mL/uL for L4, 1.78 mL/uL for L5) and
(0.85 mL/uL for L4, 1.7 mL/pL for LS) respectively.
The least effectiveness against olive psylla was
observed for 7. vulgaris essential oil with DL50 equal
to (0.094 mL/uL for L4, 0.18 mL/pL for L5) and DL90
values equal to (1.33 mL/pL for L4 and 2.43 mL/pL
for L5). In general, median lethal times to kill 25%
(LT25), 50% (LT50), 75% (LT75), and 90% (LT90)
decreased with increased concentrations of essential
oils (Table 4 and 5). The constituents of essential oils
for each test plant were analysed by gas
chromatography-mass spectrometry (GC/MS) and are
presented in Table 6, Figures 1, 2 and 3. Chemical
analysis showed that the essential oils of S. calamintha
nepeta, E. globulus and T. vulgaris contained mainly
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Table 1. Concentrations, exposure time and cumulative mortality of 4th and 5th instar larvae Euphyllura olivina caused by Eucalyptus globulus; Satureja calamintha nepeta and Thymus vulgaris with different concentrations

Plant H 0 0,015 0,025 0,05 0,075 0,1 0,15 0,25 0,5 0,7 1 2 F salue

24 0bt0 16.7ab+0.52  23.3ab +0.58 26.7ab £0.63  30ab +0.67 36.7ab+0.72  40a+0.77 53.3a+0.84 63.3a+0.94 66.7a+0.99 73.3a+1.14 933a+1.44 32875 0
Nepeta 48  0b+0  30ab+0.65 333ab+0.72  40ab+0.77 43.3ab+0.8 50ab+0.99 56.7a+1.01 66.7a+1.09 70a+1.19 73.3a+1.09 90a+1.32 96.7a+t1.48 21.541 0

72 O0bx0  40ab+0.8 46.7ab+0.85 53.3ab+0.89  63.3ab+0.98  70ab+1.06 76.7ab+1.15 86.7a+1.22 90a+1.31 93.3a+1.44 100a+0.0 100a+0.0 17.825 0

24 0c+0 23.3bc+0.46  26.7bc+0.54 30bc+0.58 33.3bc+0.62  40abc+0.68 46.7ab+0.74 53.3ab+0.84  63.3ab+0.94 66.7ab+0.99  73.3ab+1.09  90a+1.32 44.647 0
Eucalyptus 48  0b+0  33.3ab+0.6 40ab+0.67 43.3ab+0.74  46.7ab+0.77  66.7ab+0.89  70a+0.94 73.3a+1.01 76.7a+1.07 83.3a£1.09  90a+1.32 96.7a+£1.48 28.636 0

72 O0bx0  50+0.7ab 53.3ab+0.77 56.7ab+0.85 66.7ab+0.94  70ab+1.04 76.7ab£1.1 83.3a+1.25 90a+1.31 93.3a+1.44 100a+0.0 100a+0.0 20.054 0

24 0c+0 3.3bc+0.16 6.7bc+0.26 16.7abc+0.45  20abc+0.51  26.7abc+0.57 33.3abc+0.63  43.3abc+0.73  50ab +0.8 60ab+0.93 66.7a+1.04 83.3a+1.09 41417 0
Thyme 48 0ct0  10bc+0.35 16.7bc+0.45 23.3abc+0.57  30abc+0.63  33.3abc+0.68  50abc+0.8 56.7ab+0.91 66.7ab+1.02  73.3ab+1.08  80ab+1.17 933at1.44 34636 0

72 0Ocx0  23.3bc+0.53  30abc+0.61 33.3abc+0.68  40abc+0.75  46.7abc+0.82  60abc+0.91 66.7ab+1.02  76.7ab+1.12  86.7ab+1.29 93.3ab+1.44 100a+0.0 37.141 0

Table 2. Toxicity of Eucalyptus globulus, Satureja calamintha nepeta and Thymus vulgaris according to time for fourth and fifth instar olive psyllid

Plant Time/ Hours DL10 DL30 DL50 DL90 DL99 Slope.SE Chi? P
24 0.0046 0.0336 0.134 3.9277 61.6724 0.8736 £0.084  11.0493 0.9449
Nepeta 48 0.0019 0.012 0.0423 0.9261 11.4712 0.9559 £0.0917 19.4361 0.4937
72 0.0014 0.0064 0.019 0.2664 2.295 1.1172 £ 0.1129  16.5901 0.6794
24 0.0078 0.0465 0.1599 3.2632 38.1489 0.9784 £0.0862 11.5951 0.9293
Eucalyptus 48 0.003 0.0176 0.0604 1.2361 14.4847 0.9775 £0.0897 19.4978 0.4897
72 0.0027 0.0107 0.0275 0.2778 1.832 1.2754£0.1161 11.5879 0.9295
24 0.021 0.0985 0.2877 3.9503 33.4272 1.1265+0.0911 12.6795 0.8907
Thyme 48 0.0106 0.0467 0.131 1.6246 12.657 1.1719 £0.0918 13.8281 0.8391
72 0.0059 0.0244 0.0651 0.7147 5.0382 1.2318 £0.0985 21.0971 0.3914

Table 3. Lethal Dose (LD) for the 4th and 5th larval instar of E. olivina treated with different concentrations of E. globulus; S. calamintha nepeta and T. vulgaris

Plant Larva DL10 DL 30 DL 50 DL 90 DL 99 Slope.SE Chi? p
Nepeta L4 0.0015 0.0096 0.0343 0.778 9.9187 0.9451 £0.0762 92.5531 0

L5 0.0019 0.0144 0.0584 1.7819 28.9243 0.8632 +£0.0706 73.0791 0
Eucalyptus L4 0.0025 0.0142 0.0468 0.8597 9.2315 1.0135+£0.076  82.8555 0

L5 0.0037 0.0228 0.0797 1.7035 20.6754 0.9637 £0.0716  74.435 0
Thyme L4 0.0067 0.0319 0.0943 1.3336 11.5578 1.114£0.0746  59.4433 0.0016

L5 0.0144 0.0655 0.1871 2.439 19.7808 1.1493 £0.0741 53.1143 0.008
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Table 4. Lethal Time (LT) for 4th and 5th instar E. olivina treated with different concentrations of E. globulus; S. calamintha nepeta and T. vulgaris.

Plant Larva LT25 LTS50 LT75 LT90 Slope.SE Chi* P
Nepeta L4 7.8371 22.893 66.8731 175.493 1.4488 £0.2016 363.8908 0
LS 9.2422 29.8966 96.7086 278.1894 1.3229 £ 0.1977 304.0891 0
Eucalyptus L4 8.0273 25.0976 78.4682 218.9096 1.3624 +0.1995 363.7047 0
LS 10.2204 33.9148 112.5411 331.2508 1.2948 £ 0.197 325.3221 0
Thyme L4 9.2047 35.399 136.1362 457.5891 1.153 £0.1962 359.6965 0
L5 14.2171 58.6425 241.8873 865.9501 1.096 £ 0.1975 3494 0

Table 5. Lethal Time (LT) in day (mL/uL) values of Eucalyptus globulus,

Euphyllura olivina.

Thymus vulgaris and Satureja calamintha nepeta essential oils against

Dose LT25 LT50 LT75 LT90 Slope.SE Chi? P
0.015 25.4578 69.2305 188.2675 463.2536 1.5524 £0.5013 1.1322 0.8891
0.025 19.9182 55.8223 156.4462 395.5312 1.507 +0.491 1.4822 0.8298
0.05 15.4567 46.9016 142.3175 386.4887 1.3992 + 0.485 2.0781 0.7214
0.075 15.0416 38.6113 99.1137 231.5389 1.6474 +£0.4872 2.3373 0.674
0.1 12.7313 28.3521 63.1388 129.7919 1.9398 +0.4983 2.5023 0.6442
Eucalyptus 0.15 12.0596 25.2466 52.8537 102.7707 2.1021 +0.5098 2.0554 0.7256
0.25 10.5106 21.1302 42.4796 79.6413 2.224 £0.5324 2.4024 0.6622
0.5 8.3422 16.4275 32.3489 59.529 2.2919 +£0.5785 4.5311 0.3389
0.7 7.0542 14.8197 31.1338 60.729 2.0921 £0.576 6.9385 0.1392
1 6.9761 12.004 20.6557 33.6658 2.8615 +0.8234 5.9964 0.1994
2 4.9554 8.344 14.05 22.4572 2.9805 + 1.2961 1.9336 0.748
0.015 32.5158 98.5893 298.9273 811.2278 1.4001 +0.5158 0.8564 0.9307
0.025 22.6015 75.5081 252.2614 747.0312 1.2875 £ 0.4958 1.3449 0.8537
0.05 19.6183 54.5026 151.4165 379.8108 1.52 £ 0.4905 1.6398 0.8016
0.075 18.3299 44.5475 108.2643 240.7648 1.7489 + 0.4902 1.7786 0.7764
0.1 14.7582 33.3074 75.171 156.3938 1.908 +0.4929 3.7453 0.4416
Nepeta 0.15 12.9739 28.4971 62.5935 127.0856 1.9738 £ 0.499 3.1181 0.5383
0.25 10.9867 22.233 44.9915 84.8514 2.2033 +£0.5254 3.0291 0.553
0.5 7.6668 16.5803 35.8567 71.7897 2.0135 +0.5495 4.8568 0.3023
0.7 7.0542 14.8197 31.1338 60.729 2.0921 £0.576 6.9385 0.1392
1 8.5533 13.952 22.7581 35.3503 3.1741 £ 0.823 3.8996 0.4198
2 2.3716 4.6852 9.2558 17.0822 2.2811 +1.3104 2.3513 0.6714
0.015 67.517 167.618 416.1297 943.3182 1.708 £ 0.6217 4.4306 0.3509
0.025 51.9996 118.7737 271.2941 570.5577 1.8803 +0.5843 2.3743 0.6673
0.05 30.5415 112.7946 416.5682 1350.0869 1.1887 £ 0.5106 4.5774 0.3335
0.075 22.6978 83.2266 305.1695 982.6745 1.1953 +0.4963 4.3546 0.3601
0.1 17.5092 62.0251 219.7195 685.8929 1.2279 + 0.4876 4.3808 0.3569
Thyme 0.15 14.0317 41.6942 123.8915 330.1607 1.4261 £ 0.4842 0.8428 0.9326
0.25 9.5915 27.5654 79.222 204.8767 1.4711 +0.4884 2.7876 0.594
0.5 8.6927 21.3404 52.3903 117.5726 1.7292 + 0.5069 2.6411 0.6196
0.7 6.9991 15.8193 35.7547 74.4863 1.9046 + 0.5465 4.1917 0.3807
1 5.4803 11.8203 25.4948 50.9219 2.0205 +0.6133 6.6258 0.157
2 5.1737 9.3592 16.9306 28.8651 2.62 +0.9009 2.4255 0.658
(73.97%, 72.37% and 93.32% respectively). The DISCUSSION

insecticidal constituents of many plant extracts and
essential oils are monoterpenoids. The GC-MS
analyses of S. calamintha nepeta EO identified 38
constituents. The toxic effects of S. calamintha nepeta
could be attributed to major constituents such as
Pulegone (38.75%), piperitone (7.10%),
aromadendrene (3.69%) and p-menthone (2.96%)
which were the most abundant chemical compounds.
The chromatographic analysis of the essential oil E.
globulus by GC/MS allowed the recording of 27
compounds. The majority of the compounds in this oil
are Para-cymene (22.76%), Cryptone (11.13%),
Spathulenol  (10.13%), Eucalyptol (9.45%) and
Carvacrol (3.36%). This composition is different from
previously published data for the same species with a
rate of (64.80%). Chromatographic analysis conducted
on T. vulgaris essential oil with 18 compounds,
consists mainly of a high rate of carvacrol (43.30%),
thymol (20%), para-cymene (11.55%) and y-Terpinene
(9.17%).
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The leaves of Satureja calamintha nepeta and
Thymus vulgaris produce more essential oil than that of
Eucalyptus globulus. Indeed, S. calamintha nepeta
showed an extraction yield of 1.63%; T. vulgaris
showed a remarkable yield of 0.94%; on the other
hand, E. globulus oil has the lowest yield of 0.2%. This
result is fairly close to that obtained by Hassani et al.
(2017) [21] in Algeria, who obtained by
hydrodistilation method a fairly high yield in T.
vulgaris with 1,8%. Comparable yields are also
recorded in samples of S. calamintha nepeta from
different regions of Algeria and Morocco [7, 30]. On
the other hand, the essential oil yield of E.globulus
which is 0.2% is very low compared to that obtained
by the essential oil yields in the values found in the
literature, but according to Russo et al. (2015) [51],
there are no significant differences in the essential oil
yield of young and mature leaves of E. globulus. These
differences are likely due to several factors including:
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geographical origin, ecological factors includeing
climatic factors (temperature and humidity), the plant
species itself, the plant organ, the stage of growth, the
picking period, conservation of plant material and
extraction methods, even genetic factors [4, 10, 16].
Due to their high volatility, essential oils and their
constituents exert insecticidal effects and can reduce or
disrupt the growth of the insect. In the current study,
the chromatographic analysis of the three plants tested
showed the presence of important quantities of
chemicals compounds. The toxic effects of T. vulgaris

intensiry
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could be attributed to major constituent such as
carvacrol (43.30%), and thymol (20%). This
monoterpenoid phenol has very interesting biological
effects [18, 54]. Other authors conclude that the
powder of Santoline chamayciparisus and Thymus
vulgaris at doses of 0.5 and 1 g play a very important
role as a bio insecticide to test their biocidal effect on
different biological parameters studied on C. chinensis;
they had life expectancy, low fertility and a longer life
cycle compared to the control [47, 48]. The essential
oil doses of LC 10, LC 30 and LC 50 were estimated to
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Figure 1. GC-MS chromatogram of Satureja calamintha nepeta essential oil.
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Figure 3. GC-MS chromatogram of Thymus vulgaris essential oil.
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be 0.107%, 0.188% and 0.279% for T. vulgaris, on the
feeding efficiency of 4th instar larva of Glyphodes
pyloalis Walker (Lepidoptera: Pyralidae); was more
toxic [55] In a previous study, the LCs, values of T.
vulgaris was recorded as 57.48 mg/L against P.
shantungensis nymphs using the leaf dipping bioassay,
and 75.80 mg/L against P. shantungensis adults using
the spray bioassay method. Regarding volatile
components identified in 7. vulgaris oil, the LCs,
values of carvacrol and thymol using the leaf dipping
bioassay against P. shantungensis nymphs were 56.74
and 28.52mg/L, respectively [44]. This EO was
previously assessed by Nabti and Bounechada (2019)
[42] against the Culiseta longiareolata Macquart.
Larvae (Diptera: Culicidae) larvae; however, its
toxicity against C. longiareolata (LC50=25.64 ppm,
LC90=50.53 ppm) was more than that shown by our 7.
vulgaris EO. Conversely, T. vulgaris essential oil
showed a lower potency in the larval toxicity test
compared to the other two plants tested. This can be
explained by its richness in highly volatile
monoterpenes such as pulegone, cryptone, Menthone
and 1,8-cineole as reported in many aromatic plants
[24]. The main compounds of the thyme oil are
oxygenated monoterpens thymol, carvacrol, and
linalool, and non-oxygenated monoterpene p-cymene

[27]. The essential oil of S. calamintha nepeta was the
most effective against the 4th and 5th larval instars of
E. olivina. indeed, the higher insecticidal potential of S.
calamintha nepeta could be attributed to the high levels
of pulegone, menthone and menthol, three oxygenated
monoterpenes well known for their high insecticidal
activity [6] .Concerning the essential oil of Satureja the
lethal effect on olive psyllid is due to the important
toxic effect of the major compounds pulegone. Our
results are similaire to [8, 9], who noted that the
chemical composition of the essential oil of the species
of Serbian origin contains predominantly pulegone
(75.5%) by comparison with that of Morocco, Ech—
chahad et al. (2013) [16], noted the dominance of
borneol (34.52%). Toxicity and repellency of three
Algerian medicinal plants against pests of stored
product: Ryzopertha dominica (Fabricius) (Coleoptera:
Bostrichidae) showed that the essential oil of S.
calamintha nepeta has a highly significant biocidal
effect with a 100 % mortality at a concentration of 5
puL (F Cal = 3.49 et F Théo = 0.61) even the first hour
of treatment [49]. The results obtained in our work
showed a high efficiency of E. globulus essential oil.
This later had one of the major repellent activities on
E. olivina. The essential oil of E. globulus is known to
have bio insecticides, repellents and antiappetizing [20,

Table 6. Chemical composition (%) of Satureja calamintha nepeta, Eucalyptus globulus and Thymus vulgaris essential oils

Satureja calamintha nepeta Eucalyptus globulus Thymus vulgaris
Composition (%) Composition (%) Composition (%)
Pulegone 38.75 Para-cymene 22.76 Carvacrol 433
Piperitone 7.1 Eucalyptol 9.45 Thymol 20
Borneol 2.64 Cryptone 11.13 Para-cymene 11.55
P-Menthone 2.96 Aromadendrene 10.13 y-Terpinene 9.17
Para-cymene 1.52 Carvacrol 3.36 Linalool 2.46
Isomenthol 2.63 Pulegone 0.59 a-Terpinene 1.73
Aromadendrene 3.69 Pinocarveol « trans » 1.66 Borneol 1.31
Carvacrol 1.84 Phellandral 1.37 B-Pinene 1.28
Limonene 0.92 Benzaldehyde 491 Limonene 0.7
y-Terpinene 0.68 4-Isopropylphenol 1.07 Terpinen 0.71
Eucalyptol 0.24 Thujone 0.4 Caryophyllene 0.28
B-Pinene 0.27 Globulol 1.14 Aromadendrene 0.31
3-Octanol 1.2 Trans-piperitol 0.46 4-Thujanol 0.24
D-Germacrene 0.68 Spathulenol 0.45 D-Carvone 0.06
Piperitenone-oxide 0.8 Pinocarvone 0.37 Isospathulenol 0.03
Delta- Cadimene 0.71 Limonene 0.31 Verbenol 0.1
Caryophyllene 1.36 Terpinen-4-ol 1.28 Pelargol 0.01
D-Carvone 0.32 B-Pinene 0.12 Deta-Cadinene 0.08
Naphthalenol 0.36 Bicyclopropyl 0.23
Isospatholenol 0.16 y-Terpinene 0.17
a-Elemol 0.22 a-Terpineol,dihydro 0.06
Dehydroxy-isocalamindiol 0.27 1,2-Expoxylinalool 0.12
Sabinene 0.12 Isomenthone 0.08
a-Terpinene 0.1 Lanceol « Cis » 0.27
4-Thujanol 0.13 Neodihydro-carveol 0.29
P-Mentha-3.8-diene 0.15 Campholaldehyde 0.07
Camphor 0.1 a-Fenchol 0.12
Linalool 0.24
a-Gurjunene 0.09
Trans-Carveol 0.09
Humulene 0.12
Verbenol 0.09
D-Germacrene 0.68
Myrtenol 0.11
Caryophyllene-oxide 1.18
1.2-Campholide 0.24
Bicyclogermacrene 0.47
Piperitenone-oxide 0.83
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51, 52]. It also has a strong repellent action against two
stored grain insect pests Tribolium castaneum and
Sitophilus oryzae [39], and low repellent activity
against Aedes aegypti and larvae of Cydia pomonella
[53]. The contact toxicity observed in the essential oil
of E. globulus can be attributed to the richness of para-
cymene, Spathulenol, cryptone and eucalyptol. The
insecticidal properties of E. globulus essential oil on
psylla is poorly documented. Under laboratory
conditions, E. globulus is reported to have insecticidal
activity on aphids: Aphis nerii, Aphis gossypii and
Aphis fabae [20, 36, 52], on stored insect pests 7.
castaneum and Tribolium confusum [14, 50] and even
an acaricide action against Tetranychus urticae [3].
Recently, Russo et al. (2018) [52] also showed the
insecticidal properties of essential oil against 4. nerii,
after 30 min of exposure, treatment with 0.20 pL/cm’
had 35% dead adults, while all insects died at the
highest concentrations (0.15 and 0.20 pL/cm?) at 24
and 48 hours, respectively. The same authors found a
LD50 value of 0.099 puL/cm’ on filter discs at 12 h
exposure under laboratory conditions. In open field
testing, Mousa et al. (2013) [40] also showed that E.
globulus, the 3% diluted oil, is effective in reducing by
80.66% the populations of two aphids species
Macrosiphum sp. and Aphis craccivora in Faba bean
fields. The essential oil of Fucalyptus globulus grown
in Dehradun, India has shown that the dominant
compounds being Eucalyptol (1,8- cineole) 54.79%, o-
pinene 18.54% o-pinene 11.46 %, a-eudesmol 4.68%, a-
phellandrene 2.06% Para cymene 1.60% and Gamma-
eudesmol 1.20% [28]. In this study, the results justify
the repellent and biocidal potential of the three plants
studied against the 4th and 5th larval instar of the olive
psylla. The EOs extracted from the aromatic medicinal
plants and their principal components may serve as
safe products to control Euphyllura olivina larvae in
Algeria; nevertheless, their practical application
remains a fundamental step to evaluate their field
efficacy and to note their possible secondary effects on
non-targeted organisms.
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