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In vitro evaluation of the inhibitory activity of essential oils from Lippia origanoides H.B.K. on mycelial growth and sclerotial production of Sclerotium cepivorum Berk.
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Abstract
Essential oils obtained from leaves and flowers of different samples of Lippia origanoides cultivated in Valle del Cauca, Colombia, were tested in vitro against mycelial growth and sclerotial formation in Sclerotium cepivorum, the pathogen responsible for onion white rot. All the evaluated oils in concentrations ranging from 250 to 1350 µL/L exhibited inhibitory activity against both the mycelium and sclerotia of the pathogen. However, those corresponding to the chemotype I (minimum inhibitory concentration, MIC = 120 µL/L) reached the strongest inhibition results regarding the evaluated pathogen structures. Hence, the chemotype I of L. organoides can be said to have potential inhibitory activity against onion white rot.
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Resumen
Se evaluó la capacidad in vitro de aceites esenciales obtenidos de hojas y flores de diferentes muestras de Lippia origanoides cultivada en condiciones del Valle del Cauca, Colombia, para inhibir el crecimiento micelial y la formación de esclerocios de Sclerotium cepivorum, patógeno causante de la pudrición blanca en cebolla.  Todos los aceites evaluados mostraron efecto inhibitorio tanto en el crecimiento micelial como en la formación de esclerocios, en concentraciones de 250 - 1350 µL/L, no obstante, aquellos obtenidos a partir del quimiotipo I presentaron el mayor poder inhibitorio en el crecimiento del micelio (concentración mínima inhibitoria, CMI = 120 µL/L) y en la formación de esclerocios.  Así, el quimiotipo I de L. origanoides puede ser utilizado potencialmente para el control de la pudrición blanca en cebolla.
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Introduction
Generation of products from biological origin is seen as a strategy for pest and disease control in frame with innovative practices for a sustainable and competitive agriculture.  Moreover, it is one of the strategies to achieve competitiveness in the agricultural production and marketing at the national level.  Re-search, development, design and formulation of fungistatic products from biological origin are strategies with a positive impact on the environment and health of farmers and consumers.  Additionally, these products fa-vor vegetable and fruit marketing abroad, since international markets have strict laws about trace amounts of agrochemicals. 
Biologically active compounds from natural sources are interesting to researchers working on infectious disease control on both, humans and plants (Clark and Hufford, 1993).  In the last years, the interest on plant extracts with antimicrobial activity has raised, especially on those extracts with potential activity against plant pathogens in vegetable crops, like Sclerotium cepivorum Berk., which causes the white stem rot in bulb onion (Pinto et al., 1998; Smolinska and  Horbowicz, 1999).  In Colombia, this disease has been registered on cold climate production areas, such as Nari-ño, Boyacá and Tenerife (Valle del Cauca).  According to the Ministry of Agriculture and Rural Development of Colombia (MADR) in 2003 Colombia had a bulb onion production area of 11,020 ha, the production was 231,632 t and the partial productivity of the land was 21.69 t/ha, which is higher than the world average (17.45 t/ha).  Production is concentrated on nine departments high-lighting Boyacá as the highest producer with the best yield per hectare (Melo et al., 2006).
Lippia (Verbenaceae) genus comprises 200 species of grasses and bushes.  These species are distributed in Central America (Mexico, Guatemala, Cuba) and South America (Venezuela, Brazil, Colombia).  Many of these plants are used in infusion to control gas-trointestinal and respiratory diseases and, their leaves are used to season food (Pascual et al., 2001).  In South America they are used against cold, flu, bronchitis, cough and asthma.  In the case of Lippia origanoides H.B.K., it is used as condiment for food, as infusion to treat diarrhea, as analgesic, anti-inflammatory and antipyretic (Morton, 1981) and for its properties as antioxidant, anti-septic, painkiller, cicatrizant, digestive and stimulant (Terblanché and Kornelius, 1996).  
Since essential oils (EO) from L. origanoides have antimicrobial properties (Dos Santos et al., 2004), the objective of the present study was to evaluate its effect on the inhibition of mycelial growth and sclerotial production of the fungi S. cepirovum in bulb onion, an important produce of Colombian agriculture. 
 
Materials and methods
Samples used in this study were taken from adult plants of L. origanoides grown in the Experimental Center of the Universidad Nacional de Colombia in Palmira (CEUNP), where the work Collection of Native Medicinal Plants is located.  The original accessions are coming from a recollection done in 2003 in Jordan Sube (canyon basin of the Chica-mocha river, Santander, Colombia). 
Extraction of essential oils (EO) was done in 200 g of fresh tissue (leaves and flowers) subjected to 3 h of stem distillation.  After ex-traction, anhydrous sodium sulfate was used to remove water.  Essential oils were kept in dark vials and refrigerated until their further use in antifungal activity experiments (Gutiérrez et al., 2009).  Concentrations were expressed as volume of EO/volume of Petri dish.

Antifungal activity determination 
Samples of S. cepivorum were collected in Rancho Alegre farm located in Tenerife, Palmira, Valle del Cauca, from plant tissue of infested onion (bulb, leaves, roots) and soil.  Sclerotia iso-lated were disinfected with 1% sodium hypochlorite and 70% ethanol, then they were submerged in distilled water for one minute and sown on petri dishes with PDA.  Successive sowings were done to obtain clean cultures which were used for the antifungal evaluation of the EO (Jones et al., 2004).
	Antifungal activity was determined based on the evaluation of mycelial growth by the agar dilution method (Sahin et al., 2004).  In the center of each petri dish a mycelial disc of 5 mm diameter was sown with 20 mL of PDA (potato-dextrose-agar).  At least five concen-trations of EO diluted in Tween-20 were added, they were between 1350 µl/l and 15 µl/l.  A control treatment was added as well.  Petri dishes were sealed and incubated for four days.  Mycelial diameter was scored daily in EO treatments and control until mycelia in the control treatment reached the size of the petri dish.  Sclerotia counts were done at the end of three weeks of fungi incubation.  Inhibition percentage for mycelia and sclerotia was calculated based on the equation pro-posed by Manici et al. (1997): 




EO until a concentration of 650 µl/l totally inhibited mycelial growth.  From that concen-tration on lower concentrations were evalua-ted until the minimum inhibitory concen-tration (MIC) at which there is not significant mycelial growth was found.  Treatments were applied in a completely randomized design with four replications.  Data were processed with the Statistical Analysis System software (SAS, 1990) using the Duncan multiple test range to compare between treatments. 

Results and discussion
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)All evaluated EO showed capacity to inhibit mycelial growth of S. cepivorum in a con-centration range from 250 to 1350 µl/l, with exception of the oils from sample III and from leaves of sample II (Table 1, Picture 1).  EO from sample I both from flowers and leaves had the highest inhibitory activity, MIC of 120 µl/l.  Reduction in EO concentrations in all the treatments showed a lower inhibitory effect.
Sclerotia formation process (sclerotia are S. cepivorum structures of asexual reproduction that can stay in the soil in a latent stage for 20 years) was completely inhibited by EO of sample I and flowers EO of sample II.  Leaves and flowers EO of sample III and flowers EO of sample II allow mycelial growth until scle-rotia formation, showing a lower inhibition percentage (Table 2).
EO chemical composition analyzed by gas chromatography coupled to mass spec-trometry, showed a different chemical profile for each sample evaluated (Table 3), which is in agreement with preliminary results from Potes (2007).  In leaves and flowers of sample I, thymol – a compound with proven anti-fungal action (Braga et al., 2007) - was the main component showing a really high pro-portion in comparison with the other two samples.  This explains its high inhibitory ac-tivity for both, mycelial growth and sclerotia formation.  
A study of monoterpene activity on mycelial growth (Lucini et al., 2006) shows that borneol, camphor, 1,8-cyneol (eucalyptol), geraniol, linalool, menthol and thymol had MICs of 400, 1200, 1200, 400, 700, 500 and 400 µl/l, respectively.  These results de monstrate the inhibitory activity of the EO evaluated in this study and suggest that such
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Picture 1.
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)activity is not due to only one component but to the synergistic effect of all the EO components. 
INHIBITORY ACTIVITY OF ESSENTIAL OILS OF LIPPIA ORIGANOIDES H.B.K. (…)
IN SCLEROTIUM CEPIVORUM BERK.




[bookmark: _GoBack]Conclusions
· Thymol, γ-terpinene and p-cymene were identified as main components of L. origanoides essential oils samples (chemotypes).
· Essential oils samples from L. origanoides that were evaluated showed their potential use to control onion white rot caused by S. cepivorum.
· S. cepivorum mycelial growth and sclerotia formation were affected by the application of L. origanoides essential oils. 
· The highest inhibitory activity was found in the essential oils with the highest content of thymol (leaves and flowers of sample I). 

Acknowledgements
To the research group on Genetic Resources of Aromatic Medicinal and Seasoning Plants; Evaluation, Recollection, Production and Postharvesting; and to the Research Direction of the Universidad Nacional de Colombia, Palmira.

References
Braga, P. C.; Alfieri, M.; Culici, M.; and Dal Sasso, M. 2007. Inhibitory activity of thymol against the formation and viability of Candida albicans hyphae. Mycoses 50(6):502 - 506.
Clark, A. M.; and Hufford, C. D. 1993. Discovery and development of novel prototype antibiotics for opportunistic infections related to the acquired immunodeficiency syndrome. En: Human medical agents from plants. American Chemical Society. Symposium series 534. Washington, D. C. p. 228 - 241.
Dos Santos, F. J.; Lopes, A. D.; Cito, G. L.; De Oliveira, E. H.; De Lima, S. G.; and Reis, F. 2004. Composition and biological activity of essential oils from Lippia origanoides H.B.K. J. Essent. Oil Res. 16:504 - 506.
Gutiérrez, M. M.; Stefanazzi, N.; Werdin-González, J.; Benzi, V.; and Ferrero, A. A. 2009. Actividad fumigante de aceites esenciales de Schinus molle (Anacardiaceae) y Tagetes terniflora (Asteraceae) sobre adultos de Pediculus humanus capitis (Insecta, Anoplura, Pediculidae). Bol. Latin. Caribe Plantas Med. Arom. 8 (3):176 - 179.
Jones, E. E.; Mead, A.; and Whipps, J. M. 2004. Effect of inoculum type and timing of application of Coniothyrium minitans on Sclerotinia sclerotiorum:  control of sclerotinia disease in glasshouse lettuce. Plant Pathol. 53 (5):611 - 620.
Lucini, E. I.; Zunino, M. P.; López, M. L.; and Zygadlo, J. A. 2006. Effect of monoterpenes on lipid composition and sclerotial development of Sclerotium cepivorum Berk. J. Phytop. 154:441 - 446.
Manici, L. M.; Lazzeri, L.; and Palmieri, S. 1997. In vitro fungitoxic activity of some glucosinolates and their enzyme-derived products toward plant pathogenic fungi. J. Agric. Food Chem. 45(7):2768 - 2773.
Melo, L. I.; Melo, M. M.; and Rodríguez, L. F. 2006. Competitividad del sistema agroalimentario de la cebolla de bulbo con enfoque de cadena productiva en el distrito de riego del Alto Chicamocha (Boyacá). Agron. Col. 24(2):367 - 377.
Morton, A. 1981. Atlas of medicinal plants of middle america: Bahamas to Yucatan. Charles C. Thomas Publisher Ltd., Springfield, Illinois. p. 745 - 750.
Pascual, M. E.; Slowing, K.; Carretero, E.; Sánchez, M. D.; and Villar, A. 2001. Lippia: traditional uses, chemistry and pharmacology: a review. J. Ethnophar. 76:201 - 214.
Pinto, C. M. F.; Maffia, L. A.; Casali, V. W. D.; and Cardoso, A. A. 1998. In vitro effect of plant leaf extracts on micelyal growth and sclerotial germination of Sclerotium cepivorum. J. Phytopath. 146:421 – 425. 
Potes, S. J. A. 2007. Extracción, caracterización y evaluación del potencial agroindustrial del aceite esencial de dos quimiotipos de Lippia origanoides en condiciones del Valle del Cauca. Trabajo de Grado. Universidad Nacional de Colombia sede Palmira. 69 p.
Sahin, F.; Güllüce, M.; Daferera, D.; Sökmen, A.; Sökmen, M.; Polissiou, M.; Agar, G.; Özer, H. 2004.    
Biological activities of the essential oils and methanol extract of Origanum vulgare ssp. vulgare in 
the Eastern Anatolia region of Turkey. Food Control 15(7): 549-557.
SAS/STAT. 1990. SAS/STAT. User guide. Versión 6. SAS Institute Inc., Cary, NC. USA.
Smolinska, U. and Horbowicz, M. 1999. Fungicidal activity of volatiles from selected cruciferous plants against resting propagules of soil-borne fungal pathogens. J. Phytopath. 147:119 - 124.
Terblanché, F. C. and Kornelius, G. 1996. Essential oil constituents of the genus Lippia (Verbenaceae).-A literature review. JEOR. 8:471 - 485.





image1.png
Inhibicién (%) = [1 — (Didmetro micelio tratado/Diiametro micelio control)]x100




image2.png
Inhibicién (%) = [1 — (Nimero esclerocios tratamiento /Niumero esclerocios control)]x100




image3.emf

image4.emf

image5.emf

