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Abstract

Essential oil of Artemisia campestris L (Asteraceae) collected in Ain Temouchent region, Algeria were
evaluated for its chemical composition and larvicidal toxicity on Culex pipiens (Diptera: Culicidae)
and Ceratitis capitata Wiedemann (Diptera: Tephritidae) larvae. The main compounds of A.
campestris oil were B-pinene ,a-pinene, limonene, y-terpinene and a-phellandrene. LC50 and LC90
values were 0.041 and 0.092 pl/L for C. pipiens and 0.063 and 0.139 pl/L for C. capitata, respectively.
The active compounds of A. campestris oil are important to be used as natural alternative especially
against Tephritidae.
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1. Introduction

The most important of Asteraceae family is Artemesia, with 500 species found in worldwide
(Aljaiyash et al., 2018). Artemisia campestris L is famous by its medicinal properties with biological
properties (Aloui et al., 2016) including antimicrobial, antihypertensive, anticancer, antifungal,
anthelmintic, antivenom, insecticidal and antidiabetic properties (Erel et al., 2012; Houicher et

al., 2016).

Essential oils obtained from aromatic plants have are known by their insecticides activities. They
have repellent, insecticidal, antifeedants, growth inhibitors, oviposition inhibitors, ovicides, and
growth-reducing effects on a variety of insects (Elzen& Hardee, 2003; Tripathi et al., 2003; Pereira
et al., 2006; Sithisut et al., 2011; Regnault-Roger et al., 2012;) EO of A. campestris well known
by its activities as antibacterial, antitumor, anthelmintic, insecticidal, antioxidant, antifungal,

antimutagenic properties (Dib et al., 2017).

Insects inflict damage to humans, farm animals and crops (Hikal et al., 2017). The Mediterranean
fruit fly, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), commonly named medfly, is one
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of the world’s most destructive pests attaching both wild and cultivated plants, and it is considered
to be the most invasive of all the Tephritidae (Zucchi, 2001). This species is multivoltine and
highly polyphagous, being able to attack more than 350 different species of fruits (McQuate and
Liquido 2017), thus causing quantitative and qualitative losses to several crops (Ghabbari et al.,

2018).

Insect vectors as Culex genus are responsible for the transmission of several human diseases like
malaria, lymphatic filariasis West Nile encephalitis, dengue fever, yellow fever and chikungunya
fever (Aguiar, 2015). Asteraceae family are well known by its toxic and repellent activity against
mosquitoes.

In this study, we analyzed the constituents of essential oil of A. campestris with it insecticidal
activity on C. capitata (Wiedemann) (Diptera: Tephritidae), and C. pipiens (Diptera: Culicidae)

larvae.
2. Materials and Methods
2.1. Essential Oil extraction:

Artemesia campestris was chosen for essential oil extraction. It was collected from Ain Temouchent
region of Algeria. After rinsing the leaves of th plant with water, they were dried in the shade at 26
°C for 7 days prior to distillation in the laboratory. We conducted essential oil extraction from the
plant using hydrodistillation with the Clevenger apparatus (Clevenger, 1928). Fifty grams of leaves
from each plant were distilled in 500 mL of water (at a ratio of 1:10 plant material to water) for 3
hours. The extracts were then stored at 4°C for analysis.

2.2. Gas Chromatography/mass Spectrometry analysis (GC-MS)

The bioactives compounds present in the essential oil were identified and quantified on a Shimadzu
QP2010 gas chromatograph (Shimadzu Corporation, Kyoto, Japan), coupled with a Shimadzu
mass spectrometer detector. The injection were performed in splitless mode at a temperature
ranging from 60°C to 220°C, with a gradient of 1 mL/ min. 0.5 L of the liquid samples were
dissolved in an appropriate volume of hexane. The soluble extract was injected into the column
using a 1:5 split mode, with helium as the carrier gas. Essential oil composition was determined
based on peak areas and calculated as a percentage of the total compounds detected in the sample.
Compound identification was performed using NIST 27.

2.3. Bioassays
2.3.1. Insect rearing
- Culex pipiens:

From Ain Temouchent region, we collected C. pipiens eggs and take to the laboratory to the
University of Ain Temouchent, Algeria.

Under laboratory conditions (14:10 light and dark photo period cycle, 25-27°C) the larvae were
reared in plastic bottle water.
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A fresh food containing Biscuit-dried yeast (75:25 by weight) was used as fed larvae (Alouani et
al., 2009). After transformation to pupae, we placed it in screened cages (20x20x20cm), where the
adult emerged. After emergence, The egg-masses were kept to continue next generation.

-Ceratitis capitata:

Laboratory conditions used for rearing and bioassays were 25°C + 1°C, 60% = 10% relative
humidity (RH) and 12 h of light and 12 h of darkness. C. capitata larvae from 0.5 ml of eggs were
raised on an artificial diet containing 800 cm3 carrot pulp slurry, 16 g of yeast powder, anti- fungal

1.04 and 15 cm3 2 N HCI (Finney, 1956).

Third-instar larvae were transferred into a pupation chamber with sand and were maintained there
for at least 1 week before they were collected using a sieve. Adult flies were fed an artificial diet
comprised of 20% (wt/wt) yeast autolysate and 80% (wt/wt) sucrose.

3.2. Bio essais larvicides
- Culex pipiens:

The tests are carried out in the laboratory in 5cm diameter bottles. However, for 60 ml of
formulated water, the essential oil was diluted to three concentrations: 0.05 pl/L; 0.1 pl/L and
0.15pl/L.

In each bottle containing 20 mosquito larvae (Fourd instar) is put 1ml of diluted solution + 99 ml
of distilled water to have a volume of 100 ml, with the exception of the control bottle which
contains 100 ml of distilled water. Three repetitions are carried out for all tests. Result's reading
were at 24 and 48.The percentage mortality was corrected by Abbot's (1925) formula:

Corrected mortality (%) =(% mortality in treatment* % mortality in control) x 100

(100 * % mortality in control)
-Ceratitis capitata:

Ten third instar larvae were transferred a recipients (30 mm diam x 70 mm depth) containing 10
g of diet mixed with the essential oil, except for the control group, which had just received water
with the diet. Three concentrations were used in three repetitions : 0.05 pl/L; 0.1 pl/L and
0.15pl/L.

The recipients were covered with nylon mesh, and fixed around the edges with a rubberband. After
48 h of exposure, the number of dead larvae was counted. The percentage mortality was corrected

by Abbot's (1925) formula:

Corrected mortality (%) =(% mortality in treatment* % mortality in control) x 100

(100 * % mortality in control)

2.5. Statistical Analysis
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The LC50 regression equation was calculated by using Probit analysis. Percentages of mortality
obtained from bioassay tests were analyzed using one-way analysis of variance (ANOVA, p < 0.05).

Results:
1. Essential oil composition:

The results of the EOs are presented in Table 1.The main compounds found in the essential oils
of A. campestris were [-pinene (22.32 %),a-pinene (16.13 %), Limonene (13.99 %), y-terpinene
(13.56 %) and a-phellandrene (10.22 %). Also, we found other componds like: Germacrene D
(6.52 %), B-ocimenetrans (4.56 %), B-ocimene (5.23 %), Sabinene (1.52 %), a-thujene (1.32 %),
Davanone (1.23 %) and Terpinen-4-ol (1.01 %). The total compound identified in A. campestris
was 92.22%.

Table 1 : Chemical constituents of A. campestris, EO (Relative percentages).

Compounds Relative
percentages
a-pinene 16.13

a-phellandrene 10.22

Sabinene 1.52
B-myrcene 0.54
B-pinene 22.32

Germacrene D 6.52

Terpinen-4-ol 1.01

a-humullene 0.33

Limonene 13.99

B-caryophyllene | 0.33

Terpinolene 0.25

Aromadendrene | 0.1

p-cymen 0.99
B-ocimenetrans 4.56
a-terpinolene 0.32
Y-terpinene 13.56
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Linalool 0.09
B-ocimene 5.23
a-thujene 1.32
Camphene 0.13
Davanone 1.23
2. Bioassays
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Figure 1: Larvicidal activity of A. campestris oil against larvae of C. pipiens.
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Figure 2: Larvicidal activity of A. campestris oil against larvae of
C. capitata.
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Correction mortality of C. pipiens and C. capitata larvae differed significantly between
concentration of A. campestris oil (Figure land 2), (p < 0.001). At a concentration of 0.05 pl/L,
between 72 £ 0.12 % of C. pipiens larvaec and 44 + 0.56 % of C. capitata larvae. For concentrations
0.1ml/L and 0.15pl/L, the mortality was 100 + 0.00% for C. pipiens. C. capitata presented a
mortaliy of 71 + 0.48 % and 94 + 0.03% for concentrations 0.05pl/L and 0.15 pl/L, respectively.
Insecticidal activity of A. campestris oil on larvae of C. pipiens was more strong than larvae of and
C. capitata.

Table 2: Larvicidal activity of A. campestris oil applied for 24h and 48h on larvae of C.
pipiens and C. capitata.

Mortality of C. pipiens | Mortality of C. capitata
(%) (%)
Concentrations (pl/L) 24h 48h | 24h 48h
0.05 41+0.33 72£0.42 | 23£0.01 45+0.33
0.1 79+0.06 100+0.00 | 51+0.45 67+0.73
0.15 92+0.11 100+0.00 | 61+0.12 94+0.13

The table 2 present the mortality of larvae of C. pipiens and C. capitata for 24h and 48h. For
concentration of 0.05pl/L, we observed a high mortality for larvae of C. pipiens compared to larvae
of C. capitata with 41% and 72% after 24h and 48h respectively, for larvae of C. pipiens and 23%
and 45% after 24h and 48h respectively, for larvae of C. capitata.

Concentration of 0.1pl/L, presented a mortality of 100% for larvae of C. pipiens after 48h and
was 67% for larvae of C. capitata. The last concentrations 0.15pl/L was the most effect on larvae
of C. pipiensand C. capitata with a mortality of 100% and 94%, respectively. A. campestris present
high larvicidal activity against C. pipiens than C. capitata.

Table 3: Lethal concentrations ( LC50 and LC90) and the median lethal time (TL50) for
larvae of C. pipiens and C. capitata

LCso (ul/1) P >0 LCy, (ull) P >0 TCso (h)

C. pipiens 0.0410.011 0.0920.013 23h 44mn

C. capitata 0.0630.032 0.1390.014 52h 13mn

Basis on the LC50 and LC90 (Table 3), A. campestris oil was more toxic towards C. pipiens than
C. capitata. LC50 was 0.041 and 0.063 for C. pipiens and C. capitata, respectively and LC90 was
0.092 and 0.139 for C. pipiens and C. capitata, respectively.

TC50 present 23h 44mn to obtain mortality of 50% for larvae of C. pipiensand 52h 13mn for
larvae of C. capitata. Regarding the results of table 2, A. campestris oil present a high mortality

to larvae of C. pipiensand C. capitata with low concentration and fast time.
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Discussion

The analysis results of GC-MS of A. campestris found that the major components are B-pinene
(22.32 %),a-pinene (16.13 %), Limonene (13.99 %) and y-terpinene (13.56 %). According to
Touil et al., (2014), the major components found in A. campestris oil in Algeria are [-pinene,
limonene and y-terpinene with 20.75%, 10.46%, 10.18%, respectively. Bakchiche et al., (2014)
the found as important componds -pinene (25.6%), and Sabinene (17%). In Tunisia, Aichaet al.,(
2008), demonstrate as main componds -pinene (41.0%), p-cymene (9.9%), Terpinene (7.9%),
and Limonene (6.5%).

Chemical composition and variability are due to many conditions like extraction or distillation
technique, the parts of the plant. Also, region, climate, geographic location and harvest season.
Essential and aromatic oils produce from the plant are depends on physiological, biochemical,
metabolic regulations (Masotti et al., 2003; Figueiredo et al., 2008).

EOs have anti-feedant effects, thus affecting growth, moulting, fertility and development of insects
and mites. In general, essential oils are known as neurotoxicants with acute effects interfering with
octopaminergic transmitters of arthropods (Bastien, 2008).

Many insects are affected by botanical insecticides depending on physiological characteristics of
the insect species.

Also, B-caryophyllene extracted from F. caricaleaf, is known to stimulate strong antennal response
on C. capitata (Cossé et al. 1995). Several studies improved the larvicidal activity of the genus
Artemisia (Bailen et al., 2013; Julio et al., 2015; Aljaiyash et al., 2018) including tephritidae

species.

Rajashekar et al., (2012), present some groups of botanical insecticidal components that are
chemosterilants, repellents, attractants, feeding deterrents or antifeedants and toxicants.

Odur results are similar to Ramzi et al., (2022) that found the mortality of C. pipiens increases with
dose and contact time . A. campestris have known by its insecticidal activity most important against
C. pipiens larvae (Masotti et al., 2012; Murugesan et al., 2016; Ammar et al., 2020; Diniz et al.,
2020).

The main results of our results is that A. campestris oil have a larvicidal activity and can be used
to control the most important species of tephritidae familly like C. capitata and C. pipiens.
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