Evaluation of insecticidal, biological and biochemical effects of monoterpenes against the cotton leafworm, Spodoptera littoralis Boisd. (Lepidoptera: Noctuidae) 
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Abstract
[bookmark: _GoBack]Insecticidal, biological and biochemical activities of the three commercial oxygenated monoterpenes, 1,8-cineole, fenchone and menthol, were evaluated against the cotton leafworm, Spodoptera littoralis, using different application methods. The ovicidal activity showed that the concentration of 4% of menthol achieved 100% mortality in treated eggs, while fenchone and 1,8-cineole recorded only 49.11% and 36.24%, respectively. 
Contact toxicity assay demonstrated that the most potent compound against S. littoralis larvae was menthol with LC50 value of 0.01 mg/cm2, followed by fenchone and 1,8-cineole with LC50 values of 0.05 and 0.12 mg/cm2, respectively. 
In fumigation assay, fenchone was more potent than 1,8-cineole against 4th instar larvae of S.  littoralis. Values of LC50 were 2.7, 5.31 and <50 mg/cm2 for fenchone, 1,8-cineole and menthol, respectively.
Larval mortality percentages of the three compounds used as a residual film were 20.0, 20.0 and 31% for 1,8-cineole, fenchone, and menthol, respectively, compared with 4.0% for control. Menthol significantly decreased percentage of pupation to 70% compared with 96% for control. Menthol at a concentration of 2.5% caused 23.0 and 27.5% reduction in male and female pupal weights, respectively. 
Menthol significantly decreased percentage of adult emergence of S. littoralis to 54% compared with 88% for control, while adult emergence percentages were 63 and 65% for 1,8-cineole and fenchone, respectively. Mentohl caused higher antifeedant activity than fenchone and 1,8-cineole. Topical application assay demonstrated that 1,8-cineole, menthol and fenchone at a concentration of 50% caused percentages of pupation of 2.5, 17.5 and 35%, respectively. 
The most potent inhibitor of larval acetylcholinesterase activity was 1,8-cineole with I50 value of 1.865 mM followed by menthol and fenchone with I50 values of 3.082 and 5.303 mM, respectively. Fenchone showed the strongest total proteases inhibition activity with I50 value of 1041.48 mM followed by menthol and 1,8-cineole with I50 values of 1278.59 and 2254.14 mM, respectively.
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