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Abstract: The toxicity of oil extracts of five medicinal plants was evaluated against the woolly apple 
aphid, Eriosoma lanigerum (Homoptera: Aphididae). Oils were extracted from Achillea santolina,  
Artemisia seiberi, Salvia officinalis, Thymus Vulgaris and Senecio vernalis. Each oil extract was used 
at three concentrations, 100, 1000 and 10,000 ppm. Mortalities were corrected using Abbott’s formula 
and TableCurve fitting program (Jandel Scientific®) was used to predict the LC50 and LT50 of each oil 
extract. Results revealed that LC50 after 24 hr post treatment is 7070, 6161, 6667, 19090 and 9034 ppm 
for A. santolina,  A. seiberi, S. officinalis, T. Vulgaris and S. vernalis, respectively. As time response, 
LT50 is obtained at  <1, <1, <1, 37 and 14 hr of using A. santolina,  A. seiberi, S. officinalis, T. Vulgaris 
and S. vernalis oils, respectively at  a concentration of 10, 000 ppm. At 1000 ppm, LT50 is obtained at 
66, 61, 62,75 and 71 hr post treatment of  A. santolina,  A. seiberi, S. officinalis, T. Vulgaris and S. 
vernalis oils, respectively. LT50 is achieved at 73, 78, 75, 98 and 95 hr post treatment of 100 ppm of  
oil extracts of A. santolina,  A. seiberi, S. officinalis, T. Vulgaris and S. vernalis, respectively. Finally, 
A. seiberi oil extract was the most toxic to woolly apple aphid in terms of dose and time responses  
compared with other tested oil extracts, but it was not as toxic as the imidacloprid insecticide that was 
used at recommended field rate of application (0.25 mL L-1 ). Nevertheless, oil extracts  of A. seiberi 
and S. officinalis provide valuable mortality rates for the woolly apple aphid and can be used as 
botanical insecticides as part of the integrated pest management programs of this insect pest. 
 
Key words: Achillea santolina, Artemisia seiberi, botanical insecticide, IPM, LC50, LT50, Salvia      
                    officinalis, toxicity, woolly apple aphid. 

 
INTRODUCTION 

 
Aphids are serious pests of a wide range of agricultural crops in; they can cause severe damage directly by 

depriving the plant of its essential nutrients or indirectly by transmitting viruses (Blackman & Eastop, 2000). 
Most aphid species are host specific and known to feed on a restricted range of host plants (Eastop, 1986). WAA 
has become a more severe pest in apple production in Jordan in the past two decades (Ateyyat and Al-Antary, 
2009). WAA infests both the aerial and edaphic (root) parts of the apple tree (Lloyd, 1961). Its infestation 
reduces shoot growth and hence production capacity (Brown and Schmitt, 1990; Brown et al., 1995). Adult 
females over-wintering on the roots, continue to slowly develop and reproduce (Thwaite and Bower 1983). 
Spring migration of crawlers from the roots into the tree is the major source of re-infestation each year (Hoyt 
and Madsen, 1960). 

Historically, plants and plant derived materials played an important role in the management of pests. Plants 
produce different types of secondary metabolites that are believed to be a corner stone in plant natural defense. 
Monoterpenes, sesquiterpene lactones and triterpenes are examples of such metabolites that may have 
commercial applications (Heywood et al., 1977; Barney et al., 2005). At present, some plant-derived products 
are used against wide variety of pests (Isman, 2006). For example, neem oil obtained from the seeds of the 
Indian neem tree, Azadirachta indica (Meliaceae), is effective against soft-bodied insects and mites and is also 
useful in the management of phytopathogens (Isman, 2006). Azadirachtin, one component of the neem seed 
extract and it is a triterpene limonoid, is widely used as an insect antifeedant and a growth regulator (Immaraju, 
1998). Plant essential oils, which have long been used as fragrances and food flavorings, demonstrated fumigant 
and contact insecticidal activities to a wide range of pests (Hamaraoui  and Regnault-Roger, 1997). Such 
activity resulted in commercial production of essential oils by many botanical sources (Isman, 2006). Botanical 
pesticides are generally regarded as more eco-friendly than synthetic pesticides. For example, the above-
mentioned botanicals are characterized by low mammalian toxicity, reduced impact on non-target organisms 
and short persistence in the environment (Georges et al., 2007). Thus, in the present study the toxicity of oil 
extracts of five Jordanian plants known to have medicinal activity, were investigated against the woolly apple 
aphid as botanical insecticides. 
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MATERIAL AND METHODS 
Oils: 

Oils were extracted from Achillea santolina,  Artemisia seiberi, Salvia officinalis, Thymus Vulgaris and 
Senecio vernalis. Three concentrations (100, 1000, and 10000 ppm) of each extract were prepared by dissolving 
the oil extract in 0.01 (v/v) dimethyl sulfoxide (DMSO) solution. 

 
Control Treatments: 

Two control treatments were used in each experiment. The negative control was DMSO that was dissolved 
in water to form a concentration of 0.01 (v/v), in which oil extracts were dissolved. Imidacloprid (Confidor® 
200SC, Bayer Crop Science, Jordan) insecticide was used as positive control treatment at 0.0625, 0.125 and 
0.25 of the recommended field application rate of 0.25 mL L-1. DMSO at a concentration of 0.01 (v/v) showed 
no significant mortality effect against peach trunk aphid (Ateyyat and Abu-Darwish 2009) compared with water 
and for this; it was used as negative control. 

 
Insect: 

The insecticidal activity of the above mentioned oil extracts was tested against the woolly apple aphid 
(WAA). Insects were collected from the apple fruits orchard in Ash-Shoubak University College in 2006. A col-
ony of aphids was established from a single apterous virginoparae adult in a glasshouse (at 25 ± 5°C) in Ash-
Shoubak University College on 2-year old seedlings of apple, Malus domestica Borkhausen. Offspring were 
used to infest more seedlings of apple. Subsequent colonies were reared in a glasshouse at 25 ± 5°C and in a 
cycle of 16 h light, 8 h dark (L 16:D 8), inside fine net cages to protect them from parasites and predators. 

 
Bioassays to WAA: 

A cut-shoot bioassay, adapted from the method developed by Desprez-Loustau (1990), was used. Colonies 
of WAA were established on 10-cm length excised twigs under laboratory conditions (with temperature ranging 
from 20 to 25°C and relative humidity of 45 to 70%) from adult apterous virginoparae collected from the 
greenhouse. From the laboratory colonies, about 30 apterous parthenogenetic adults of WAA were taken to be 
placed on a damaged portion of an excised twig confined within a sleeve cage. The twigs with caged aphids 
were placed in plastic vials half-filled with water and placed on a test-tube rack. After one day, any new born 
nymphs as well as adults failing to settle on the excised twigs were removed.  

The excised twigs with aphids attached to them were dipped into the required solution for about 10 seconds. 
Five replicates for each concentration were used. Observations of mortality were carried out each 12 h for five 
days, using a magnifying lens (×4). Adults of WAA that failed to settle on the excised twigs were considered as 
dead. The number of dead aphids and those failed to settle on each twig was counted along with the numbers left 
in the plastic vial attached to that plant. The percentage of mortality was calculated by taking the numbers of 
dead adults and those failed to settle on the twig, as a percentage of the total number of aphids before starting 
the tests. The experiment was repeated three times. 

 
Statistical Analysis: 

Data were corrected for control mortality using Abbott’s (1925) formula before analysis. TableCurve 
program 2D program (Jandel Scientific®) was used to predict the Median  

Lethal Concentration (LC50) and Median Lethal Time (LT50)of each oil extract along with the used 
imidacloprid insecticide. 

 
RESULTS  AND DISCUSSION 

 
The toxicity of oil extracts of five Jordanian plants known to have medicinal activity was investigated 

against the woolly apple aphid as botanical insecticides. These plants are Achillea santolina,  Artemisia seiberi, 
Salvia officinalis, Thymus Vulgaris and Senecio vernalis. Toxicity was measured in terms of median lethal 
concentration (LC50) and median lethal time (LT50). The tool used for data processing is TableCurve 2D 
program (Jandel Scientific®). This tool  has been selected for its richness with nonlinear distributions, and 
because it allows fitting data to simple linear regression.   

Extracted  oils of A. seiberi  showed to be toxic to woolly apple aphid with a predicted LC50 of 6161 ppm 
(Fig. 1). Mortality of WAA due to  A. seiberi oil extract can be obtained by using the following formula: 

y=0.204710464 +4.81454e-05 x  ………………………………………………..equation 1.        
where: 
y=Percent Mortality of WAA using A. seiberi oil extract. 
x= Concentration of A. seiberi oil extract(ppm). 
r2 Coef Determination=0.8679107807, P>|t| of b=0.00026 
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Also this plant extract showed to be fast in killing WAA with LT50 of <1, 61 and 78 hr at concentrations 
10000, 1000 and 100 ppm, respectively (Table 1). A. seiberi  is a well-known traditional medicinal plant in 
Jordan and Middle East and has an Arabic name of Sheeh (Al-Eisawi 1998). It is used for treatment of  
antidiabetic, high blood pressure and gastrointestinal ailments (Suleiman et al., 1988; Gharaibeh et al., 1988).  
Artemisia spp. produce a myriad of terpenoid compounds in their glandular trichomes such as the 
sesquiterpenoid lactones, which are biologically active as fungicides, herbicides, antimicrobials, insecticides, 
and insect antifeedants (Duke et al., 1988). Artemisia herba-alba and Artemisia absinthium have shown a very 
efficient insecticidal activity against Acanthoscelides obtectus (Derwich et al.,  2009). 

On the basis of promising results achieved with essential oil of sage, S. officinalis against the various 
classes of pest organisms (Bazzoni et al., 2002; Daferera et al., 2000; Kostić et al., 2007;  Moretti et al., 1998; 
Popović, 2006;  Kostić et al., 2007), toxicity of this plant oil extract was bio-assayed against WAA and showed 
to be as toxic as A. seiberi . The predicted LC50 is 6667 ppm (Fig. 1), obtained by using the following formula: 

y=0.177350280  +4.88568e-05  x  ………………………………………………..equation 2.        
where: 
y=Percent Mortality of WAA using S. officinalis oil extract. 
x= Concentration of S. officinalis oil (ppm). 
r2 Coef Determination=0.7993012392   , P>|t| of b=0.00115 
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Fig. 1: Curve fitting of  % mortality of apterous woolly apple aphid exposed to Achillea santolina, Artemisia  
             seiberi, Salvia officinalis, Thymus Vulgaris and Senecio vernalis oil extracts.  

 
Table 1: Predicted LT50 of Achillea santolina,  Artemisia seiberi, Salvia officinalis, Thymus Vulgaris and Senecio vernalis oil extracts used  
             at different  concentrations against apterous woolly apple aphid. 

Extract Conc. 
(ppm) 

LT
50 

(hr) 

r2 Coef 
Determination 

y=a+b x 

Achillea santolina 10,000 <1 0.9217617271    y=0.573666667  + 0.003652778  x   
 1000 66 0.9188942892    y=-0.00333333  + 0.007638889 x   
 100 73 0.9638916750    y=-0.12666667  + 0.008611111 x   
     
Artemisia seiberi 10,000 <1 0.7121915672    y=0.625666667  + 0.002847222 x  
 1000 61 0.7243854450    y=0.143000000  + 0.005875000 x  
 100 78 0.9204545455    y=0.016666667  + 0.006250000  x 
     
Salvia officinalis 10,000 <1 0.6970559071 y=0.565666667  + 0.003375000  x 
 1000 62 0.8855363985    y=0.130000000  + 0.005972222  x 
 100 75 0.9646302251    y=-0.12000000  +0.008333333  x 
     
Thymus Vulgaris 10,000 37 0.853102683 y=0.281000000+ 0.006041667  x 
 1000 75 0.7399392522 y=0.095666667  + 0.005458333  x 
 100 98 0.9097744361    y=-0.01666667  + 0.007638889  x 
     
Senecio vernalis 10,000 14 0.5910379578    y=0.440333333  + 0.004291667  x 
 1000 71 0.9202845735    y=0.030666667  + 0.006694444  x 
 100 95 0.8779625921    y=-0.06033333  +0.005902778  x 

     
The predicted LT50s of using  S. officinalis oil extract against WAA are <1, 62 and 75 hr post treatment at 

10000, 1000 and 100 ppm, respectively (Table 1). Extracts of sage with terpenoid constituents have  been shown 
to inhibit cholinesterase (Eidi et al., 2006; Kennedy et al., 2006) and this indicates that sage may act on the 
nervous system of WAA in a way similar to that obtained by organophosphorous and carbamate insecticides. 
However, essential oil of this plant was tested against Leptionotarsa decemlineata  and  caused low mortality of 
both larvae and adults (Kostić et al., 2007). Sage is a well-known medicinal and culinary herb that has been 
used for many centuries in the Mediterranean region. In Jordan, twenty species of salvia are grown widely 
throughout the territories of country (Al-Eisawi, 1982). Essential oil extracted from S. officinalis exhibited 
antioxidant and antimicrobial properties (Dragan et al., 2003). it is also included as an ingredient in many 
phytopreparations, for mouth and throat gargling, for the treatment of inflammations and catarrhs, because it 
vitalizes the mucous tissue (tannin effect) and has antiseptic effect (Amr et al., 2000). 

The predicted LT50 of A. santolina oil extract are  <1, 66 and 73 hrs post treatment of WAA at 10000, 1000 
and 100 ppm, respectively (Table 1). Oil extract of A. santolina has LT50  similar to that obtained by A. seiberi 
and S. officinalis, but this oil extract has lower toxicity to WAA as the predicted LC50 is 7070 ppm (Fig. 1), 
obtained by using the following formula: 

y=0.119023029+5.41006e-05x  ………………………………………………..equation 3.        
where: 
y=Percent Mortality of WAA using A. santolina oil extract. 
x= Concentration of A. santolina oil extract (ppm). 

r2 Coef Determination=0.9393989518, P>|t| of b=0.00002 
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Twaij et al. (1988) reported an insecticidal activity of volatile oil extracted from this plant on both domestic 
flies and honeybees.  The extracts of A. santolina  caused 70% mortality to the larvae of Culex pipiens molestus 
after 7 days of treatment at a concentration of 200µg/ml (Mustafa and Al Khazaraji,  2008). Ethanol extract of 
A. santolina caused 42.2 % inhibition of the phytopathogenic fungus, Fusarium oxysporium (Dababneh and 
Khalil, 2007). This medicinal plant is used as stomachic, carminative, anthelmintic and expectorant (Jaradat, 
2005). 

Senecio vernalis requires longer time to achieve LT50 compared with A. santolina,  A. seiberi and S. 
officinalis (Table 1).  The predicted LT50 are 14, 71 and 95 hr post treatmet at 10000, 1000 and 100 ppm, 
respectively (Table 1). The  predicted LC50 is 9034 ppm (Fig. 1), obtained by using the following formula: 

y=0.117962963  +4.22923e-05  x  ………………………………………………..equation 4.        
where: 
y=Percent Mortality of WAA using S. vernalis oil extract. 
x= Concentration of S. vernalis oil extract (ppm). 
r2 Coef Determination=0.6793785078, P>|t| of b=0.00628 
 

Senecio spp. Have a variety of pyrrolizidine alkaloids,  sesquiterpenoids and diterpenoids (Bohlmann and 
Ziesche, 1981; Bohlmann et al., 1986; Rucker et al., 1999). Different biological activities were reported for 
Senecio extracts such as antibacterial, molluscicidal and antimicrobial (El-Shazly, 2002; Grace and Khattab, 
1998; Perez, 1999 ). In traditional medicine, the use of Senecio species for wound healing and treatment of 
coughs, bronchitis, asthma and eczema have been reported (Hammond et al., 1998;  Uzun, 2004). 

Thyme, Thymus vulgaris oil extract is very slow in killing WAA with LT50 of 37, 75 and 98 hr post treatmet 
at 10000, 1000 and 100 ppm, respectively (Table 1). Also, it has very weak insecticidal activity against WAA as 
very high concentration is required to achieve the LC50 that is predicted to be 19090ppm by using the following 
formula: 

y=0.195230888  +1.60297e-05  x  ………………………………………………..equation 5.        
where: 
y=Percent Mortality of WAA using T. Vulgaris oil extract. 
x= Concentration of T. Vulgaris oil extract(ppm). 
r2 Coef Determination=0.4249149547, P>|t| of b=0.05712 
  
The present results concerning the insecticidal activity of T. vulgaris oil extract on WAA do not agree with 

Aroiee et al.  (2005) who reported an insecticidal activity of thyme essential oil against greenhouse whitefly, 
Trialeurodes vaporariorum. Also, thyme oil showed to be toxic to Sitotroga granarius L. and Acanthoscelides  
obtectus (Kalinović et al., 1997).  Pavela (2009) and Jeong et al. (2008 ) reported mosquitocidal and acaricidal 
activity of T. vulgaris . 

Imidacloprid insecticide was used as a positive control treatment at the recommended field application rate 
of 0.25 mL L-1.  None of the tested plant oil extracts (at 10000 ppm) was able to be as toxic as imidacloprid to 
WAA (Fig. 2) . However, all the tested plant oils showed significant differences with the control treatment, and 
A. santolina,  A. seiberi and S. officinalis provided a mortality above 65 % at 10,000ppm (Fig. 2). 

 

 
Fig. 2: Percent mortality of apterous woolly apple aphid exposed to Achillea santolina,  Artemisia seiberi, 

Salvia officinalis, Thymus Vulgaris and Senecio vernalis oil extracts used at a  concentration of 10,000 
ppm, and imidacloprid insecticide. 
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