

Electroantennogram and Behavioural Response of Chrysoperla carnea (Stephens) to the volatile compounds of Brassica
ABSTRACT
Thirty volatile compounds were identified in the extracts of Brassica species (Brassica napus, B. nigra, B. rapa, B. juncea and B. carinata). Quantitative and qualitative differences were found among the volatiles extracted from uninfested plant, aphid infested plant and prey. This study aimed to evaluate the effects of extracted volatile compounds on the electroantennogram (EAG) and behavioral responses of the predator Chrysoperla carnea. Twenty four hosts related synthetic compounds belonging different groups (hydrocarbons, organic volatile compounds) were also tested for same effect against both insects. In EAG studies, both male and female of Chrysoperla carnea was found more sensitive to volatiles of aphid infested plant than uninfested plant and prey. The same treatments were also compared for their attractiveness in multi-arm olfactometer. Among the treatments tested, volatiles aphid infested plant attracted maximum number of predators. The per cent attraction responses of C. Carnea to the volatiles compounds of host plant and aphids were significantly higher over control (Fisher’s LSD, p < 0.05). The implication of these findings was discussed in contest of their ecological and biological significance.
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1. INTRODUCTION
Green lacewing (Chrysoperla carnea) is considered important bioagents under field conditions. Both species of predators are polyphagous in nature and the larvae feed on soft body insects including aphids (Khuhro et al., 2014). They are widely used in biological control programme for management of insect-pests (Canard et al., 1984). But establishment of their population in sufficient number under field condition is very difficult (Messelink et al., 2014). Using semiochemicals that modified the behaviour of insects may improve their searching efficiency by reducing dispersal rate. 
A number of compounds that affect the behaviour of natural enemies have been identified. Generally these compounds are identified from aphid honeydew or the pheromone released by prey (Koczor et al., 2010). It has been well established that plant volatiles play key role in process of host plant location (Bruce and Pickett, 2011 and Dicke and Baldwin, 2010). Moreover, the composition of these volatiles may change qualitatively and quantitatively after herbivores attack. The volatiles induced by herbivores damage are known as herbivore induced plant volatiles (HIVPs). These compounds are utilized by plant to defend against herbivores via attracting predators and parasitoids (Bruce et al., 2005).Organic volatile compounds (OVCs) are the compounds of low molecular weight which are volatile at room temperature (Pennerman et al., 2016). These compounds are emitted from plant and utilized by one organism to communicate with other (Selvaraj, 2015). Previous studies have addressed that plant volatiles such as caryophyllene, methyl salicylate and 2-phenylethanol and benzaldehyde attract predators including C. Carnea (Jones et al., 2011; Jemes 2006 and Zhu et al., 2005). But there is a lack of information on importance of volatiles of host plant and prey in the orientation behaviour of C. carnea. 
In present investigation, we screened the volatiles of uninfested plant, aphid infested plant and prey or aphids with twenty four synthetic by electroantennogram technique. Eight-arm olfactometer was used to compare the attractiveness of the odour of host plant, prey and related synthetic compounds. Our study indicates the potential of these compounds in host plant location behaviour of lacewing that could be used to increase the effectiveness of both species of predators in Brassica ecosystem. 
2. METHODS AND MATERIALS
2.1 Plant materials: The experiments were conducted at experimental farm of Division of Entomology, ICAR-IARI, New Delhi (India) at end of November month during 2016-17. Five different species of Brassica viz., B. napus (Linn.), B. carinata (A. Braun), B. nigra (Linn.), B. rapa (Linn.) and B. juncea (Linn.) were separately sown in each plot. All the agronomic practices were followed as per the recommended package of practices for growing mustard crop.  
2.2 Chrysoperla carnea (Stephens): The culture of C. carnea was maintained in laboratory on frozen eggs of Corcyra cephalonica (Stainton) (Lepidoptera: Pyralidae). The newly hatched larvae were reared in individual vials. Approximately one cubic centimetre (18000-20000 eggs) of the laboratory host of C. cephalonica is generally sufficient for rearing about 5-6 larvae of Chrysoperla carnea. Each rearing cell contained a single larva along with adequate quantity of host eggs, which were then covered with a sheet of white paper. The container was subsequently closed with a lid and maintained in a controlled environment at 27 ± 2ºC temperature and 65 ± 5% relative humidity to allow normal development (Satpathy, 2012). After 3-4 days, additional host eggs were supplied to each cell by gently sprinkling them from the top of the container without disturbing the larvae until cocoon formation. By the end of the week, the formed cocoons were carefully collected and transferred to a separate cage for adult emergence. Ten pairs of newly emerged adults were placed in a jar containing a cotton swab soaked in 20% honey solution, along with pollen grains provides as food. The jars were covered with black cloth, as the predator shows a preference for laying eggs on dark surfaces. Eggs deposited on the cloth were collected daily by cutting the stalk at the point of attachment using a sharp blade. Both males and females of C. carnea were used for electroantennogram and olfactometer studies. 
2.3 Extraction and identification of volatiles: The plant samples were collected just before dawn and immediately immersed in chilled hexane and the bottles were labelled and stored in refrigerator only to be extracted next day. The extraction of plant material was performed following the described by Seenivasgan and Paul (2011). Thirty gram sample of each species (uninfested and aphid infested plant) were transferred separately in 500mL conical flask and left 24 hrs in refrigerators. After that, the extracts were filtered through Whatman no. 1 filter paper. The obtained filtrate was subsequently subjected to column chromatography for further purification. The glass column (100 x 2.5 cm) was packed with anhydrous sodium sulphate 25g, 150g silica gel (60-120 mesh) followed by activated charcoal 25g. Chilled HPLC grade n-hexane was added as and when required to elute the entire sample. The column elute was concentrated by vacuum evaporator at 25±1ºC and 30-35 RPM. The leftover residue was rinsed with 1ml HPLC grade hexane and volume makeup up to 2 mL. This final volume (2 mL) was considered as stock from which different concentrations were made for further studies. Volatile compounds from above elute of host plant was identified with the help of GC-MS. The all condition required for sample running in GC-MS was similar to our previous study (Kumar et al., 2018). 
Plants infested with aphids were removed gently without disturbing aphids. The aphids were gently removed from plant in a 100mL beaker (previously weighed) by camel hair brush and left for 30 minutes for aphids to settle. After 30 minutes the beaker was weighed and the weight of aphids in the beaker was determined. To this beaker 50 mL of chilled hexane was added and the entire contents of the beaker was poured into a conical flask and the kept for 24 hrs in refrigerator. All the subsequent process of extraction and clean-up is same as that of plant samples mentioned above. 
Final concentrated volume (2 mL) of uninfested plant, plant infested with aphids and aphids were considered as stock solution from which five concentrations viz., 0.0001, 0.001, 0.01, 0.1 and 1 per cent were made by serial dilution. These concentrations were used for both electroantennogram and olfactometer analysis. Fourteen host-related synthetic compounds of groups including hydrocarbons (Table 1) and organic volatile compounds (Table 2) were also selected for above studies.
2.4 Electroantennogram Bioassay: The Electroantennogram response of male and female of both insects was measured to a range of concentration of uninfested plant, plant infested with aphids and fourteen host related compounds. The EAG setup and protocol used for this study was similar to those described by Kumar and Paul (2024, 2025) and Kumar et al. (2017b, 2018). The newly emerged (2-4 days) male and female of lacewing were for EAG experiment. Few segments were removed from the tip of antenna and it was fixed between the electrodes.  For chemical assay, 10 µL of extracts or concentration of compounds was delivered after solvent presentation. Each recording session started with application of air as stimulus followed by solvent and treatment stimuli. EAG 2000 (Syntech, Germany) software was used for recording and analysis of data.
2.5 Olfactometer Bioassay: Initially five concentrations were tested for their attractancy and the concentration which attracts maximum number of adult was used in eight arm olfactometer bioassay. The air flow into the olfactometer was maintained at 7.15 ml/min at each arm in an all glass olfactometer of 20×20×20 cm size. Twenty microliter volume of each extracts or compounds was pipette on to 1.5×0.5 cm strips of Whatman no. 1 filter and placed inside the olfactometer arm. Three treatments (uninfested plant, plant infested with aphids and aphids) with control was transferred to eight-arm olfactometer while remaining alternative four arms were left empty. In case of synthetic compounds, seven compounds and hexane (control) was placed to olfactometer arm by forceps. One male or female (1-3 day old) was released at the centre of olfactometer after anesthetization. A group of 10 individual insects were considered as one replicate and average response of the wasp was taken for analysis. The insect’s response to each source was recorded by counting number of insects landing on stimuli filter against hexane (control).
The electroantennogram (EAG) amplitude values (-mV) obtained from the antennal receptor of the test insects for each stimuli at a 10 µg dose were analyzed using  one way ANOVA (Analysis of variance), and Fisher’s LSD test was applied to compare and separate the treatment means. 
2.6 STATISTICAL ANALYSIS
The volatile compounds extracted from the five Brassica species were subjected to Principal Component Analysis (PCA) using ExcelStat software (version 2016) to determine the degree of separation among volatile profiles of uninfested plants, aphid-infested plants, and aphid extracts. The electroantennographic (EAG) and behavioural responses of *Chrysoperla carnea* were analyzed using one-way Analysis of Variance (ANOVA), and treatment means were separated by Fisher's Least Significant Difference (LSD) test at a significance level of p < 0.05. All statistical analyses were performed using ExcelStat software (version 2016).
3.0 RESULTS AND DISCUSSIONS
The GC/MS analysis of Brassica species indicated the presence of 30 volatile compounds and among which dodecane, hexadecane, tridecane, heptadecane, heneicosane and Tetradecane were identified as the predominant compounds across the species. A qualitative and quantitative difference in volatile compounds was found between uninfested and aphid infested plant (Table 2). Compounds 2-hexanone, 2-hexanol and 3-hexanol were detected in all extracts of both uninfested plant and aphid infested plants, although their concentrations were comparatively higher in B. napus than in the other species. However, no significant variation was noticed among the compounds detected in Brassica species (Table 2). Compounds octane, hexadecane, dodecane, henecosanol and n-hptedecanol-1 were the major constitutes of aphids extracts. 
A principal component analysis (PCA) on volatile compounds of host plant (uninfested and aphid infested plant) and its prey resulted a clear separation. The PCA of B. rapa, B. napus, B. nigra, B. carinata, B. Juncea explained 77.50, 61.98, 61.38, 59.53, 50.10% of the variance respectively (Fig. 1). The PC 1 of B. rapa, B. nigra and B. Carinata separated aphid infested plant from other two extracts and the second PCA further separated uninfested plant extract from extract of aphids (Fig. 1) except B. carinata where the second further separated aphid extracts from uninfested plant. The PCA of B. napus and B. juncea separated the uninfested plant from aphid infested plant and aphids and the second PCA further separated aphids from aphid infested plant (Fig. 1).  
The hexane extract of different Brassica species was serially diluted from 1 to 0.001% to determine the effective doses for both males and females of C. carnea. The EAG response of Brassica species was found to be dose dependent and higher response was observed at 1% concentration (Fig. 2, 3). The response of males was slightly higher than females but the difference was not significant (Student t-test, p < 0.05). Plant infested with aphids was more sensitive to both genders than uninfested plant and aphids (Table 3). No significant difference was noticed among the EAG response elicited by Brassica species in males of C. carnea (Fisher’s LSD, p < 0.05). The response elicited by B. napus in both sexes was similar (0.70mV) (Fig. 2, 3).  
Fifteen compounds (Table 1) were selected for this investigation is mostly detected in Brassica extracts. The response was found to be increase from 0.0001 to 0.001 doses and increased subsequently. Higher EAG amplitude was obtained at 1% dose (Fig. 4). In females, maximum EAG response was produced by docosane (0.61 ± 0.05 mV) and heptadecane (0.56 ± 0.02 mV). However, the male was more sensitive to dotricontane (0.56±0.05mV), hexatricontane (0.55±0.04 mV) and heneicosane (0.55±0.06 mV). Both sexes showed similar sensitivity to Eiocosanic acid (Table 4).
Eight-arm olfactometer was used to differentiate the stimuli of uninfested plant, plant infested with aphids and prey or aphids. The stimuli of aphid infested plant of each species attracted more adults of C. carnea followed by uninfested plant and aphids (Table 5). The stimuli of uninfested B. carinata was least preferred by adult insects, however the numbers of non-responding individuals that were not attracted to any test odour was less than other species. But the attractancy of B. carinata plant was observed to be increased in presence of aphids. The stimuli of aphids attracted more number of adults when they were maintained on B. carinata compared to other species (Table 5). 
Seven plant-derived hydrocarbons were evaluated for their attractiveness to Chrysoperla carnea using an eight arm olfactometer. Among the tested compounds, Hexadecane attracted highest proportion of adult C. Carnea, followed by tricosane, with the attraction percentage of 20.00 ± 4.05% and 16.60 ± 2.47%, respectively (Table 6). Statistical analysis revealed no significant differences in the adult preference among most hydrocarbons, except Hexadecane which showed a significantly higher response (Fisher’s LSD, p < 0.05). The attractancy of triacontane and docosane to C. carnea was nearly similar (8.30). 
The available literature suggests that limited attention has been paid to the role of plant volatiles in influencing the behavioural responses of natural enemies of aphids within Brassica ecosystem. However, several studies have reported that the braconid parasitoid of Plutella xylostella (Linn.) utilizes volatiles emitted by Brassica plants to identify suitable host (Seenivasagan and Paul, 2011, Wang et al., 2002, and Bogahawatte and van Emden, 1996). Furthermore, the amount of volatile compounds detected in Brassica species was found to be higher in plants infested with aphids compared to uninfested plants, as well as in aphid extracts themselves. To date, there are very few published reports describing the interaction between Brassica volatiles and natural enemies of aphids such as Chrysoperla carnea Stephens. Previous gas chromatography (GC) studies on cruciferous host plant including cauliflower, cabbage, knol khol, broccoli, and Brussels sprouts have revealed the variations in both quantity and composition of hydrocarbons in plant extracts. A total of twelve hydrocarbons within the C10-C30 carbon range were detected in cauliflower extracts, among which nonacosane (C29) was present at comparatively higher concentrations than the other compounds (Seenivasagan and Paul, 2011). Recent GC-MS analysis of two varieties of Brassica rapa Linn. Namely B. rapa var toria and B. rapa var yellow sarson, demonstrated stage-dependent differences in the level of volatile compounds. In total, twenty-two compounds were identified from hexane extracts of both varieties of B. rapa. The concentrations of these volatile compounds were found to be higher during pod stage compared with the vegetative and flowering stage (Kumar et al., 2017a). 
Our observations also revealed significant differences in both the quantity and quality volatile compounds among Brassica species (B. rapa, B. juncea B. napus, B. nigra, and B. Carinata) in aphid-infested plants, uninfested plants and aphids themselves. Aphid-infested Brassica plants emitted a greater number of volatile compounds than uninfested plants and aphids. Plant typically releases a complex mixture of volatiles chemicals, the composition of which may change either quantitatively or qualitatively in presence of insect-pests (Dicke, 1999). The qualitative alterations involve the production and release of more compounds that are not emitted by plant without herbivores (Cai et al., 2015). However, the volatile blends of plant may differ in their attraction in response to same herbivore (De Moraes and Lewis, 1999 and Drost et al., 1988) and a considerable variation in attraction can be noticed within plant of same species. In our experiments, we investigated the EAG response of both sexes of C. carnea to volatiles of Brassica species, related hydrocarbons. The antenna of both species was found equally sensitive to all tested compounds. Such similarity in EAG response to host-related compounds between both species of lacewing has been reported for several phytophagous insect species (Fitzpatrick etal., 1989 and Light etal., 1988). We also found differences in EAG responses between males and females of both species however, the differences were not significant. Variations in EAG responses to the same compound by both sexes are be related to functional adaptation with regards to the relative importance of certain odorants in insect communication. 
The results obtained with olfactometer provide an evidence for the attraction of predator green lacewings, C. carnea towards the odours of host plant and sensitivity of antennal receptors to a range of concentrations. Several studies showed that the adults of green lacewings use volatile cues released from the plants, typically induced by herbivore attack to finds the host or prey, to locate suitable oviposition sites and feeding site such as honeydew (Kunkel and Cottrell, 2007). For instance, 2-phenylethanol emitted from corn and alfalfa attracted the adults of C. carnea which is the predator of its prey (Zhu et al., 2005). Similarly, Chrysoperla rufilabris (Burmeister), Chrysoperla comanche (Banks), Chrysopa nigricornis (Burmeister), attracted to pecan trees (Carya illinoensis K.) infested by Monellia caryella (Fitch), black margined aphids; they were not attracted to uninfested trees (Kunkel and Cottrell, 2007, Petersen and Hunter, 2002). Similar to these findings, in our results, the adults of C. carnea was attracted to Brassica plants when they were infested by aphids rather than uninfested plants and aphids alone. A thorough perusal of literature indicated that very few studies have been carried out on attraction behaviour of the chrysopids predators in mustard ecosystem.  Several studies have showed that chrysopids are attracted to the chemical cues emitted from pepper (Capsicum annum Linn.), Okra (Abelmoschus esculentus Linn.) and eggplant (Solanum melongena Linn.) infested with mites, Tetranychus ludeni (Zacher) than uninfested plants (Reddy, 2002). Similarly, Hen and Chen, (2002) also noticed higher attraction of Chrysoperla sinica (Tjeder) to the volatiles released from tea bushes (Camellia sinensis Linn.) when infested with aphids, Toxoptera aurantii (Boyer) as compared to uninfested bushes. The above studies showed the attraction of adults towards herbivore infested plants only but we found the attraction of adult C. to uninfested plants of Brassica. This might be due the different extraction techniques we employed. It has been well established that the volatiles cues released by the plant are more important to host plant selection process than those emitted from their host or prey (Fukushima et al., 2002, Takabayashi et al., 1995).Therefore, the adult lacewings seem to use chemical cues emitted from damaged host plants to find or locate its host. These volatiles could be used to increase the effectiveness of lacewing in Brassica ecosystem for the ecofriendly and sustainable management of aphids or other sucking pests.
4.0 CONCLUSION
The GC/MS analysis of five Brassica species revealed 30 volatile compounds, with alkanes such as dodecane, hexadecane, heptadecane, and heneicosane as predominant constituents. Both qualitative and quantitative differences were observed between aphid-infested and uninfested plants, with infested plants consistently emitting a greater diversity of volatiles. Principal component analysis effectively discriminated between volatile blends of uninfested plants, aphid-infested plants, and aphid extracts across all species examined.
Electroantennographic recordings demonstrated dose-dependent antennal responses in both sexes of Chrysoperla carnea, with docosane and heptadecane eliciting the strongest responses in females, while dotricontane and heneicosane were most stimulatory in males. Olfactometric bioassays confirmed that volatiles from aphid-infested Brassica plants were significantly more attractive to adult C. carnea than those from uninfested plants or aphids alone, with hexadecane demonstrating the highest attractancy among individual hydrocarbons. These findings establish that C. carnea actively exploits herbivore-induced plant volatiles as foraging cues, and the identified semiochemicals hold considerable potential for development of lure-based strategies for ecologically sustainable aphid management in Brassica agroecosystems.
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Figure 1. Principal component analysis based on 30 volatile compounds extracted from Brassica plant (Uninfested plant and aphid infested plant) and aphid’s body extract. Code for each species: A. B. nigra, B. B. napus, C. B. rapa, D. B. carinata and E. B. juncea. The score plot visualizes the structure of the samples according to the first two principal components (PCs) with explained variance in parenthesis. Code for each compound:1.2-Hexanone, 2. 3-Hexanol, 3. Octane, 4. 2-Hexanol, 5. Nonane, 6. Mesitylene, 7. Decane, 8. D-Limonene, 9. Dodecane, 10. Tridecane, 11. Undecane, 12, Octadecane, 13. Hexadecane, 14. Tetradecane, 15. Caryophyllene, 16. Pentadecane, 17. Heneicosane, 18. N-Heptadecanol-1, 19. Eicosane, 20.Tricosane, 21. Heneicosanol, 22. Heptadecane, 23. Dotriacontane, 24. Triacontane, 25. N-Nonadecanol-1, 26. N-Tetracosanol-1, 27. Tetracosane, 28. Hexatricontane, 29 Nonadecane, 30. Hexacosane.
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Figure 2. Dose-response analysis of female C. carnea. Mean±SEM (n=5) with common letter are not significantly different (Fisher’s LSD,P< 0.05). Code for each figure, A: uninfested plant, B: aphid infested plant, C: Aphids.
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Figure 3. Dose-response analysis of male C. carnea. Mean±SEM (n=5) with common letter are not significantly different (Fisher’s LSD,P< 0.05). Code for each figure, A: uninfested plant, B: aphids infested plant, C: Aphids.
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Figure 4. Dose-response analysis of C. carnea to plant hydrocarbons. Mean±SEM (n=5) with common letter are not significantly different (Fisher’s LSD,P< 0.05).
List of Tables
Table 1. List of hydrocarbons used in EAG studies and their purity
	Compounds
	Source
	Purity (%)a

	Docosane
	Aldrich
	99

	Pentacosane
	Sigma
	99

	Tetracontane
	Sigma
	95

	Tricosane
	Sigma
	99

	Hexatricontane
	Sigma
	98

	Hexacosane
	Sigma
	99

	Octatricontane
	Aldrich
	95

	Heneicosane
	Sigma
	98

	Triacontane
	Sigma
	98

	Hentriacontane 
	Sigma
	98

	Octadecane
	Sigma
	99

	Dotriacontane
	Sigma
	97

	Tetracosane
	Sigma
	99

	Octacosanoic acid
	Aldrich
	98

	Eiocosanic acid
	Sigma
	99


aLabel information
Table 2. Chemical compounds identified from different stage of Brassica species by GC-MS
	
	
	
	B. nigra
	B. napus
	B. rapa
	B. carinata
	B. juncea

	RT
	Name of  Compounds
	Uninfested plant
	Aphid infested plant
	Aphids
	Uninfested plant
	Aphid infested plant
	Aphids
	Uninfested plant
	Aphid infested plant
	Aphids
	Uninfested plant
	Aphid infested plant
	Aphids
	Uninfested plant
	Aphid infested plant
	Aphids
	

	5.45
	2-Hexanone
	0.74
	2.26
	-
	-
	0.53
	-
	-
	0.92
	0.17
	-
	0.25
	-
	-
	0.75
	-
	

	5.60
	3-Hexanol
	0.62
	  2.06
	-
	-
	0.62
	-
	-
	0.51
	0.16
	-
	0.26
	-
	-
	1.10
	-
	

	5.65
	Octane
	1.44
	3.09
	4.62
	3.82
	1.58
	1.46
	2.33
	7.35
	1.91
	0.62
	0.55
	0.45
	0.45
	4.58
	3.78
	

	5.75
	2-Hexanol
	0.36
	2.29
	
	-
	1.05
	-
	-
	2.05
	0.16
	-
	1.02
	-
	-
	1.52
	-
	

	8.11
	Nonane
	-
	0.32
	1.15
	1.00
	-
	0.35
	0.20
	0.27
	0.88
	0.32
	0.27
	0.27
	-
	0.22
	1.68
	

	9.67
	Mesitylene
	-
	-
	-
	0.13
	2.79
	-
	0.10
	-
	-
	-
	2.39
	-
	-
	1.11
	-
	

	10.11
	Decene
	-
	0.98
	-
	-
	-
	0.00
	-
	-
	-
	-
	-
	-
	0.11
	-
	-
	

	10.90
	D-Limonene
	0.25
	2.15
	-
	-
	1.25
	0.2
	-
	1.02
	0.11
	-
	1.52
	-
	-
	0.85
	0.1
	

	13.01
	Dodecane
	2.05
	21.94
	0.65
	4.08
	12.08
	1.23
	1.71
	6.96
	0.78
	1.67
	9.22
	1.17
	1.45
	17.04
	1.49
	

	13.89
	Tridecane
	-
	9.11
	0.63
	-
	0.11
	-
	0.64
	5.64
	-
	-
	5.48
	0.32
	0.49
	5.09
	1.81
	

	15.44
	Undecane
	0.12
	2.02
	0.14
	4.44
	0.41
	-
	1.61
	5.82
	0.52
	1.45
	0.94
	7.12
	9.24
	0.96
	0.64
	

	16.80
	Octadecene
	1.54
	0.55
	0.34
	-
	3.27
	0.74
	0.30
	0.16
	0.19
	1.40
	0.98
	0.77
	0.81
	1.41
	0.41
	

	16.90
	Hexadecane
	2.99
	10.87
	2.42
	1.48
	7.44
	2.24
	2.67
	9.22
	1.45
	2.21
	8.40
	2.38
	1.53
	11.36
	1.72
	

	16.90
	Tetradecane
	0.88
	0.53
	1.46
	0.96
	1.60
	1.36
	2.87
	3.34
	1.82
	0.98
	4.30
	1.97
	0.19
	4.02
	1.55
	

	17.47
	Caryophyllene
	0.85
	3.56
	-
	0.15
	1.50
	-
	-
	1.25
	-
	0.25
	0.89
	-
	-
	1.23
	-
	

	18.26
	Pentadecane
	0.61
	2.15
	-
	0.66
	4.32
	-
	0.76
	1.40
	0.15
	0.34
	2.15
	0.74
	0.43
	1.96
	0.13
	

	18.82
	Heneicosane
	1.01
	3.05
	1.14
	1.14
	2.20
	0.63
	0.64
	4.23
	0.48
	0.91
	2.33
	0.39
	0.52
	3.60
	0.58
	

	19.46
	n-Heptadecanol-1
	0.94
	0.76
	-
	-
	1.69
	1.41
	-
	-
	-
	-
	4.11
	1.45
	0.35
	2.45
	1.60
	

	21.37
	Eicosane
	-
	0.36
	-
	0.97
	2.83
	0.44
	0.81
	0.15
	-
	1.30
	-
	-
	1.75
	0.27
	0.68
	

	21.85
	Tricosane
	1.83
	-
	-
	0.90
	2.87
	-
	-
	-
	-
	1.13
	-
	-
	-
	-
	-
	

	21.85
	Henecosanol
	2.17
	0.30
	1.37
	-
	5.47
	1.37
	0.79
	-
	1.83
	2.78
	1.46
	2.21
	1.64
	1.46
	0.81
	

	21.91
	Heptadecane
	2.14
	6.95
	1.58
	1.11
	5.38
	1.52
	0.70
	6.37
	0.74
	1.70
	5.71
	1.15
	1.35
	7.46
	1.43
	

	23.49
	Dotriacontane
	0.18
	0.33
	-
	-
	0.39
	-
	-
	0.15
	-
	-
	0.14
	-
	-
	-
	-
	

	23.95
	Triacontane
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.67
	-
	-
	-
	-
	-
	

	24.19
	n-Nonadecanol-1
	-
	0.32
	-
	-
	-
	0.37
	-
	-
	-
	-
	-
	-
	-
	-
	-
	

	24.19
	n-Tetracosanol-1
	-
	-
	-
	0.61
	-
	0.43
	0.47
	-
	-
	-
	1.22
	0.11
	1.12
	0.14
	0.42
	

	24.25
	Tetracosane
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.15
	-
	-
	

	25.53
	Hexatricontane
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.22
	1.91
	-
	-
	-
	-
	

	25.61
	Nonadecane
	-
	0.15
	-
	-
	-
	0.00
	-
	-
	-
	-
	-
	-
	-
	-
	-
	

	25.93
	Hexacosane
	-
	0.11
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	


-Not detected

Table 3. EAG response of C. carnea to the volatile compounds of uninfested-plant, Aphids-infested and aphids 
	S. No.
	Host plant
	Uninfested plants
	Aphid infested plants
	Aphids

	
	
	Female
	Male
	Female
	Male
	Female
	Male

	1.
	B. napus
	0.70±0.05a
	0.70±0.07a
	0.98±0.07ab
	0.77±0.33a
	0.43±0.02a
	0.47±0.05a

	2.
	B. nigra
	0.67±0.02ab
	0.66±0.04a
	1.05±0.09a
	0.90±0.11a
	0.36±0.00b
	0.45±0.03a

	3.
	B. rapa 
	0.61±0.01ab
	0.62±0.02a
	0.76±0.02c
	0.78±0.03a
	0.38±0.03b
	0.40±0.01a

	4.
	B. juncea
	0.63±0.05ab
	0.72±0.05a
	1.03±0.08ab
	1.12±0.15a
	0.39±0.01ab
	0.41±0.01a

	5.
	B. carinata
	0.57±0.05b
	0.58±0.06a
	0.85±0.05bc
	1.07±0.05a
	0.38±0.01b
	0.40±0.02a


Mean (±SEM) (n=5) with common letter in line are not significantly differ (Fisher’s LSD, p< 0.05)
Table 4. EAG response of C. carnea to synthetic hydrocarbons compounds
	S. No. 
	Compounds
	C. carnea

	
	
	Female
	Male

	1.
	Docosane
	0.61±0.05a
	0.34±0.05d

	2.
	Tetradecane
	0.51±0.06abc
	0.40±0.04d

	3.
	Tetracontane
	0.47±0.03bcd
	0.42±0.02cd

	4.
	Tricosane
	0.51±0.03abc
	0.43±0.05cd

	5.
	Hexatricontane
	0.53±0.05abc
	0.55±0.04ab

	6.
	Heptadecane
	0.56±0.02ab
	0.44±0.04bcd

	7.
	Octatricontane
	0.44±0.01bcd
	0.41±0.02cd

	8.
	Triacontane
	0.37±0.02de
	0.43±0.02cd

	9.
	Heneicosane
	0.47±0.11bcd
	0.55±0.06ab

	10.
	Hexadecane
	0.26±0.03ef
	0.53±0.03abc

	11.
	Dotriacontane
	0.25±0.01f
	0.56±0.05a

	12.
	Tetracosane
	0.21±0.03f
	0.37±0.02d

	13.
	Octacosanoic acid
	0.31±0.0ef
	0.36±0.06d

	14.
	Eiocosanic acid
	0.43±0.01cd
	0.43±0.02cd

	15.
	Dodecane
	0.37±0.01de
	0.37±0.01d

	16
	Air
	0.01±0.00g
	0.001±0.00f

	17.
	Hexane
	0.20±0.01f
	0.1±0.02e


Mean (±SEM) (n=5) with common letter in line are not significantly differ (Fisher’s LSD, p< 0.05)
Table 5. Percentage of C. carnea responding to plant extracts in olfactometer
	Treatment 
	B. napus
	B. nigra 
	B. rapa
	B. juncea
	B. carinata

	Uninfested plant
	26.30±2.35b
	30.00±3.05ab
	26.30±2.21b
	32.60±2.55b
	25.00±3.05b

	Aphid infested plant
	40.00±4.66a
	35.00±3.85a
	43.30±5.06a
	40.00±3.21a
	41.60±4.55a

	Aphids
	20.00±2.65bc
	18.30±2.11c
	20.00±3.03bc
	16.60±2.04c
	21.60±2.91bc

	Control
	1.60±0.36e
	1.60±0.56e
	3.30±0.61e
	3.30±0.41e
	3.30±0.81e

	No response
	11.60±1.60d
	15.00±1.78cd
	8.30±1.05d
	10.00±1.33cd
	10.00±2.06d


Mean (±SEM) (n=5) with common letter in line are not significantly differ (Fisher’s LSD, p< 0.05)
Table 6. Response (%) of C. carnea to plant hydrocarbons in multi arm-olfactometer.  
	S. No.
	Treatment 
	C. carnea

	1.
	Control
	3.3±0.06c

	2.
	No response 
	11.6±2.07abc

	3.
	Hexadecane
	20.0±4.05a

	4.
	Triacontane
	8.3±1.11bc

	5.
	Tricosane
	16.6±2.47ab

	6.
	Tetracosane
	15.0±3.21ab

	7.
	Heneicosane
	10.0±1.21bc

	8.
	Pentacosane
	6.6±0.47bc

	9.
	Docosane
	8.3±0.91bc


Mean (±SEM) (n=5) with common letter in line are not significantly differ (Fisher’s LSD, p< 0.05)

