Bioactivity of Artemisia afra essential oil and extracts and their ability to reduce disease symptoms in wheat caused by the Russian wheat aphid.
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ABSTRACT
The toxic and repellent effect of the essential oil and polar, and non-polar extracts of Artemisia afra were investigated, together with their ability to reduce disease symptoms in wheat caused by the Russian wheat aphid. The main constituents of the essential oil and dichloromethane (DCM) extract were identified by GC-MS as α-and β-thujone, eucalyptol and camphor. Phenolic compounds and terpenes were some of the components present in the polar extracts. The essential oil possessed strong contact toxicity against the RWA with an LC50 – value of 0.396 mg mL-1. The oil and DCM extract also proved to be the most repellent in the olfactometer bioassay during a 10 minute interval. This can be ascribed to the ability of the identified volatile compounds to act as fumigant and neurotoxic substances towards insects. During the first 2 hours post infection (hpi) the essential oil and the extracts significantly reduced aphid settling by up to 53.12 % on the susceptible cultivar, while the same treatments only somewhat limited the settling ability in resistant wheat. At 72 hpi however, susceptible plants treated with the water extract significantly reduced aphid settling by 60%. Over a 7 day period, aphid population and disease symptoms on susceptible and resistant wheat leaves were reduced significantly by the polar extracts. These polar extracts showed to be weak repellents in the olfactometer bioassay, thus its ability to lower aphid settling may be associated with other factors, probably the induction or priming of the defense response of wheat plants by compounds acting as elicitors. The results are indicative of the potential of A. afra extracts to control the RWA in crop plants when applied either correctively or preventatively.
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1. INTRODUCTION
The Russian wheat aphid (RWA; Diuraphis noxia: Kurdjumov) is considered a harmful pest in South Africa and many other parts of world. Artemisia afra, is rich in bioactive compounds which are widely used in different industries. Constituents in the essential oil and extracts were partially identified and their possible role in providing protection against aphids served as the rationale for this study. The reduction of disease symptoms in wheat by the essential oil and extracts of A. afra were investigated, together with their ability to kill and repel the Russian wheat aphid.
2. MATERIALS AND METHODS
The essential oil of the leaves was obtained by hydrodistillation and analyzed by gas chromatography-mass spectrometry (GC-MS). Dried macerated leaf material (20 g) were successively extracted using water, methanol and dichloromethane (DCM) as solvents [1:20 (w/v)] to obtain crude extracts. Thin layer chromatography (TLC) studies were conducted as an initial screening process and separated compounds identified based on their Rf values, developing system used for separation and the color reaction of spots when detection spray reagents were applied (Barbetti et al., 1986; Jork et al., 1990; Wagner and Bladt, 1996). A laboratory assay as described by Singh et al. (2010), of the different plant extracts and essential oil were carried out on RWA to assess the bio-efficacy of the extracts. Determination of the initial repellent effects of the essential oil and extracts were done by means of an olfactometer bioassay according to Pettersson (1994), while a no-choice aphid settling test (Ninkovic et al., 2002) was used to assess aphid settling on treated plants. Symptom development on plants was analyzed according to an adapted method by Tolmay et al. (1999), using a 1-10 damage rating scale. For the latter two assays, the different plant extracts were applied as a foliar spray to 17-day-old (three-leaf growth stage) susceptible and resistant wheat plants at a concentration of 1 g L-1 as described by Cawood et al. (2010). RWA infestation procedures were done as described by Du Toit (1988). The statistical analysis of experimental data was performed by using the SAS Institute Inc. (2009) statistical software package.
3. RESULTS AND DISCUSSION
Thirteen compounds were identified in the essential oil, making up a total composition of 92.24%. Compounds found in high abundance were eucalyptol (12.87%), camphor (15%), α–thujone (29%), β-thujone (12%) and 1,8-cineole (7.42%). In comparison to the essential oil, the DCM extract contained 15 compounds of which only four were also detected in the oil. Alpha-and β-thujone were identified as the major constituents in the DCM extract and consists of 66.86 % of the total area.
After spraying the TLC’s with the general detection reagent p-anisaldehyde-acetic acid, the identification of sugars (green), phenolic compounds (green), sapogenins (yellow), terpenes (pink) and steroids (blue) were possible. In the polar extracts, pink spots were visible, indicating the presence of terpenes. Phenolic compounds was determined using ferric chloride solution and prominent blue-grey color spots in the methanol extract indicated the presence of phenolic compounds.
The essential oil possessed strong contact toxicity against the RWA with an LC50 – value of 0.396 mg mL-1. The properties of many oils is their repellency effect and insecticidal role against many insects due to their volatility and toxicity (Nerio et al., 2010). Alpha-thujone is a biological active compound and is useful as an insecticide and an anthelminthic agent for the treatment of parasitic worms (Hold et al., 2000). Eucalyptol (1,8-cineole) and camphor are also found in the essential oils of A. vulgaris and according to studies by Wang et al. (2006); the essential oil showed good fumigant activity against Tribolium castaneum at varying concentrations. The toxicity of oils to insects’ works via contact action and this can affect biological systems that results in feeding dormancy of a pest (Matsumura and Beemen, 1982).
The oil and DCM extract proved to be the most repellent in the olfactometer bioassay during a 10 minute interval. It is the excitation of receptors in an insect’s olfactory system that brings about their behavioral response (Webster et al., 2012). The compounds present in the oil and DCM extract may act singularly or in a combined synergistic manner to bring about repellency (Webster et al., 2012). Some monoterpenes found in the essential oil such as, α-pinene and cineole have already been described as providing repellency to mosquitoes (Park et al., 2005). The oil’s properties range from deterring a specific pest by repellency and interference with the growth and development of the insect (Mann and Kaufman, 2012), but can have no effect on possible predators of the pest, as they may not be harmed by the residue effects of the oil, unlike with conventional insecticides. 
During the first 2 hpi, the essential oil and all the extracts significantly reduced aphid settling by up to 53.12 % on the susceptible cultivar, while the same treatments only somewhat limited the settling ability in resistant wheat when compared to the controls. The essential oil and DCM treatments proved not to be successful in managing aphid settling on both susceptible and resistant wheat cultivars over a 72 h period. However, at 72 hpi, susceptible plants treated with the water extract significantly reduced aphid settling by 60%.  
The treated plants were left for 7 days and analyzed for phenotypic damage caused by the aphids. The water extract managed to lower disease symptoms in such a manner that resistance was achieved in the susceptible cultivar and also significantly lower disease symptoms in the resistant wheat. Various factors influence an aphid’s performance on settling on host plants, including the plant genotype and the developmental stage (Reinink et al., 1989). The developmental stage is a crucial part as aphids are known to leave older plants in search of younger plants (Harrington and Taylor, 1990). This may be attributed to nutritional quality or preference for softer tissue as older foliage is harder and tougher, making it difficult to penetrate. The plant genotype plays a crucial role in establishing what the mechanism of resistance is used against the aphid and whether antibiosis, antixenosis or tolerance strategies are employed (Thomas and Waage, 1996). Aphids feed on a plant only when they accept it as food source and the number of aphids settling on treated plant leaves is a good indicator of their preference. Plants treated with the water extract seems to exhibit antibiosis as the number of aphids present after 7 days was lower than the control plants. Plants that exhibit antibiosis affect biological development of an insect and in turn limit the level of infestation (Goggin, 2007). The polar extracts showed to be weak repellents in the olfactometer bioassay, thus their ability to lower aphid settling and disease symptoms may be associated with other factors, probably the induction or priming of the defense response of wheat plants by compounds acting as elicitors.
4. CONCLUSIONS
The initial aim of the project were met, with the plant extracts having been shown to provide protection in some way through their application against the RWA.
With the aid of thin layer chromatography, terpenes and phenolic compounds were identified in the polar extracts, while the GC-MS analysis of the essential oil and DCM extracts revealed the presence of volatile compounds with various activities.
The insecticidal activities of the extracts were confirmed in terms of their ability to reduce biological fitness and numbers through direct spraying in laboratory tests. The essential oil proved to be extremely toxic in killing up to 98% of aphids after 24 h.
The initial test for repellent properties of the extracts was positive in the olfactometer bioassay and the DCM extract and essential oil proved to repel the RWA in closed chambers. Interestingly, the application of the water extract on wheat plants enhanced resistance, for instance, disease symptoms were lowered after seven days and a lesser amount of aphids were observed to settle on wheat plants within the first 72 hours, compared to the controls. 
The exact mechanism of how these plant extracts provide resistance through toxicity, repellency and reduction of disease symptoms is unknown, but it may be caused by a particular compound or one can suggest that the compounds found in the extracts act synergistically. Further research needs to be done through fractionation and isolation of individual compounds from these extracts and through bioassays to identify the active compound/s. However, the plant extracts possess the ability to aid in the control of the RWA through various mechanisms and their integration in pest management strategies may prove to be beneficial.
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