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  RESUMEN



  En Colombia se conoce la existencia de cerca de 120 especies de abejas nativas sin aguijón, muchas de las cuales tienen importantes usos y representaciones para diversos grupos sociales y culturales. A pesar de que su cría y manejo (meliponicultura), es una actividad que viene creciendo y tecnificándose en Latinoamérica y otras regiones del mundo, sus características y desarrollo en Colombia han sido poco documentados. Se presentan los resultados de entrevistas y visitas a 75 personas en 16 departamentos de Colombia, que cultivan 25 especies de abejas sin aguijón, agrupadas en 12 géneros. Se encontraron al menos nueve especies más sin identificación completa, se reportan cuatro nuevos registros para el país y se amplía la distribución para 21 taxones. Se presenta información sobre la distribución regional y altitudinal, el cultivo urbano y las denominaciones locales para las abejas. Se revisan algunas características de los géneros cultivados más comunes (Tetragonisca, Melipona, Paratrigona, Scaptotrigona y Nannotrigona) y se discute la importancia del vínculo entre diversidad biológica y cultural que se manifiesta en los nombres locales reportados. Ante un escenario mundial de expansión de la meliponicultura, se resaltan necesidades de investigación y riesgos para la conservación y manejo de la diversidad de abejas sin aguijón y los conocimientos asociados.


  >Palabras clave: biodiversidad, etnoecología, insectos benéficos, productos naturales no maderables, zoocría.

  


  ABSTRACT


  There are close to 120 species of native stingless bees in Colombia, many of them with important uses and meanings for diverse social and cultural groups. The stingless beekeeping (meliponiculture) is an activity in process of growth and technification in Latin America and other regions, but there are a little information about their characteristics and development in Colombia. Through information collected by interviews to 75 stingless beekeepers of 16 departments of Colombia, 25 species of stingless bees were identified, grouped in 12 genera. Approximately nine more uncertain species were also found, four new records for the country are presented, and geographical distribution, urban beekeeping and vernacular names reported. The characteristics of most common cultivated genera (Tetragonisca, Melipona, Paratrigona, Scaptotrigona and Nannotrigona) are presented, and the importance of the link between biological and cultural diversity revealed in vernacular names, are discussed. Facing a growing of meliponiculture in the world, some research needs and risks for the conservation and management of the diversity of stingless bees and related knowledge are remarked.


  Keywords: beneficial insects, biodiversity, indigenous knowledge, nontimber forest products, wild animal breeding.

  


  INTRODUCCIÓN


  El término meliponicultura fue propuesto por primera vez en Brasil por Nogueira-Neto (1953) para denominar la cría o cultivo de abejas sin aguijón de la tribu Meliponini. Para el Neotrópico se estiman 33 géneros con aproximadamente 400 especies de meliponinos, distribuidas desde México hasta Argentina y algunas islas del Caribe; desde cero hasta aproximadamente 4000 msnm (Camargo y Pedro, 2013). A pesar de su nombre común, las hembras poseen un aguijón modificado y reducido, pero no funcional, y son el único grupo de abejas nativo de América que posee comportamiento altamente social y colonias perennes que se reproducen por enjambres (Schwarz, 1948; Nates-Parra, 2005). Construyen sus nidos expuestos o en cavidades preexistentes (huecos de árboles, termiteros, bajo tierra), utilizando cerumen (cera mezclada con resinas), barro y otros materiales. Los panales de cría están dispuestos de forma horizontal o en racimos y almacenan la miel y el polen en potes elipsoidales (Schwarz, 1948; Nogueira-Neto, 1953). En Colombia hay aproximadamente 120 especies, pertenecientes a 14 géneros y nueve subgéneros, distribuidas desde el nivel del mar hasta los 3400 msnm, concentradas especialmente entre los 500 y 1500 msnm (Nates-Parra, 2005).


  Diversos grupos humanos originarios de América han utilizado a las abejas nativas sin aguijón para la obtención de productos alimenticios, la fabricación de utensilios, o con fines medicinales u ornamentales, y en muchas culturas su importancia trasciende la utilidad material para ocupar un espacio simbólico, mítico y cosmogónico (Posey, 1983; De Jong, 1999; Falchetti y Nates-Parra, 2002). Además de la recolección y aprovechamiento de colonias silvestres, algunos pueblos aborígenes desarrollaron técnicas para la cría de meliponinos, como los antiguos mayas en la península de Yucatán (México), o ciertos grupos culturales de lo que hoy es Colombia y Venezuela (Patiño, 1990; De Jong, 1999).


  En las últimas décadas ha surgido un renovado interés por ampliar el conocimiento acerca de estas abejas, en respuesta a las alertas sobre la disminución de polinizadores (Freitas et al., 2009; Venturieri et al., 2012) y a recientes tendencias de mercado que estimulan el consumo de productos "diferenciados" o "especiales" como la miel de los meliponinos (Vit et al., 2013). Es así que se han documentado las características de la meliponicultura en países como Australia, Brasil y México entre otros, en donde esta actividad ha tenido un crecimiento notable (Rasmussen y Castillo, 2003; Cortopassi-Laurino et al., 2006; González-Acereto et al., 2006; Venturieri et al., 2012; Aguilar et al., 2013; Halcroft et al., 2013), y se han desarrollado tecnologías para el mantenimiento y reproducción de colonias y la caracterización, producción y manejo de miel (Contrera et al., 2011; Villas-Bôas, 2012).


  En Colombia la fauna de abejas sin aguijón ha sido estudiada parcialmente, pero aun así es quizá el grupo de abejas más conocido en el país. Se han realizado investigaciones sobre riqueza y diversidad para algunas regiones o localidades específicas y se conocen generalidades sobre la distribución y biología general de algunos géneros y especies (Nates-Parra y González, 2000; Nates-Parra, 2001; Nates- Parra, 2005). Sin embargo, la información sobre la meliponicultura en el país se encuentra principalmente en memorias de eventos académicos (por ejemplo: Nates-Parra y Gómez, 2004; Nates-Parra et al., 2008a), o dispersa y con acceso limitado. Debido a la importancia de las abejas sin aguijón como parte del patrimonio biológico y cultural de Colombia, el propósito de este artículo es contribuir a la consolidación y análisis del conocimiento existente sobre la meliponicultura en el país, particularmente en cuanto a las especies cultivadas, su distribución y las denominaciones que reciben en algunas regiones.


  MATERIALES Y MÉTODOS


  Entre los años 2004 y 2012 se efectuaron salidas de campo a 16 departamentos de Colombia con el fin de conocer algunas de las características de la meliponicultura en el país. A través de referencias de productores, comercializadores, investigadores, organizaciones o instituciones con los cuales existen vínculos profesionales o personales, se adelantó un muestreo intencionado de informantes clave, entendidos como cualquier persona que pueda brindar información detallada sobre las abejas sin aguijón, procedente de su experiencia y conocimiento. En 43 localidades de diferentes zonas del país (Tab. 1; Fig. 1, se realizaron entrevistas informales y semiestructuradas (Alexiades, 1996) a 75 personas que crían abejas sin aguijón (meliponicultores), indagando cuáles especies de abejas son cultivadas y qué nombres reciben localmente. Se colectaron especímenes de abejas depositados en la colección entomológica del Laboratorio de Investigaciones en Abejas LABUN (Facultad de Ciencias, Universidad Nacional de Colombia, sede Bogotá), que fueron identificadas con el uso de claves taxonómicas (Schwarz, 1932; Schwarz, 1948; Camargo y Moure, 1994; Silveira et al., 2002; Nates-Parra, 2005; Jaramillo, 2012) y se compararon con ejemplares de Colombia y Brasil depositados en esta colección. Para este trabajo se consideraron colonias que han sido objeto de manipulación o cuidados por parte del hombre, incluyendo aquellas que no se han trasladado a colmenas, pero que están ubicadas en un meliponario. Como complemento a la información sobre las abejas cultivadas y su distribución, en algunos casos la identificación se realizó hasta el nivel de género utilizando fotografías de los nidos y las abejas, y se reportan algunos nombres comunes recopilados en salidas de campo del LABUN a localidades de Cundinamarca entre 1976 y 1978 (Rodulfo Ospina, 2012, comunicación personal).
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  RESULTADOS


  Se identificaron 25 especies de abejas sin aguijón cultivadas por los meliponicultores y aproximadamente nueve especies más aún sin identificar, agrupadas en 12 géneros (Tab. 2 tabla). Se encontraron cuatro nuevos registros de meliponinos para Colombia. Melipona (Michmelia) costaricensis: tres hembras. Santander, Lebrija, Vda. Cuzamán. 29/04/2008. M. Cepeda. LABUN: 19966-19968. Tres hembras. Santander. Floridablanca, vereda Casiano. 01/05/2008. M. Cepeda. LABUN: 20314-20316. 17 hembras. Santander, Lebrija, vereda San Nicolás. 28/04/2008. M. Cepeda. LABUN: 19948-19959; 19963-19965; 20130- 20131. Melipona (Eomelipona) marginata: un macho; una hembra. Boyacá, Otanche, vereda La Curubita. 04/11/2007. M. Cepeda. LABUN: 19161 (macho); 19164 (hembra). Nannotrigona tristella: tres hembras. Santander, Lebrija, vereda San Nicolás. 28/04/2008. M. Cepeda. LABUN: 20156-20158. Scaptotrigona barrocoloradensis: 12 hembras. Cauca, Caloto, pueblo. 27/03/ 2008. M. Cepeda. LABUN: 20338-20340; 20344-20346; 20350-20355. Seis hembras. Cauca, Caloto, vereda La Bodega. 27/03/2008. M. Cepeda. LABUN: 20329-20334. Tres hembras. Cauca, Buenos Aires, vereda Honduras. 01/04/2008. M. Cepeda. LABUN: 20246-20248. Tres hembras. Cauca, Buenos Aires, vereda Cascajillo. 01/04/2008. M. Cepeda. LABUN: 20220-20222. Tres hembras. Sucre, Sincelejo, ciudad. 14/05/2008. A. Rodríguez. LABUN: 20428-20430.


  Se registró la cría y manejo de 927 colonias de abejas sin aguijón bajo el cuidado de los meliponicultores, instaladas en colmenas y otro tipo de domicilios (Tab. 2). El 35 % (26/75) de los meliponicultores tiene menos de cinco colonias, el 61 % (46/75) menos de diez, y únicamente un meliponicultor está a cargo de más de 200 colonias ( Fig. 2A ), pero la cantidad de colmenas por meliponicultor es dinámica y cambia de acuerdo con la mortalidad y la adquisición o formación de nuevas colonias. El 69 % (52/75) de los meliponicultores cría una o dos especies de meliponinos y el máximo encontrado es de nueve especies por parte de una sola persona (Fig. 2B).


  En ambientes urbanos y semiurbanos se encontraron colmenas de 14 especies de meliponinos, agrupadas en siete géneros y que representan cerca del 30 % de las colonias reportadas (Tab. 2 ).


  DISCUSIÓN


  Uso de la diversidad de abejas sin aguijón


  Los resultados muestran que al menos 34 especies de abejas sin aguijón se crían en Colombia, lo cual representa entre el 28 % (Nates-Parra, 2005) y el 32 % (Ascher y Pickering, 2013) de las especies reportadas para el país. Sin embargo, aún se conoce poco de regiones como Amazonía, Orinoquía y Pacífico, así como de algunos departamentos de las regiones con mayor representatividad en este estudio (Andina y Caribe), como por ejemplo Nariño y la Guajira. Adicionalmente, el estimativo de la diversidad debe tener en cuenta el impedimento taxonómico: algunos géneros como Frieseomelitta, Nannotrigona, Scaptotrigona, Tetragona, Tetragonisca, Plebeia y Scaura necesitan ser revisados; así mismo, el trabajo de Schwarz (1932) sobre el género Melipona requiere una actualización, ya que se han identificado nuevas especies y ha cambiado el estatus taxonómico de otras (Pedro y Camargo, 2013), y la identificación se dificulta debido a la gran variación de los caracteres diagnósticos (coloración de la pilosidad y del tegumento), aún en ejemplares de la misma colonia.


  De acuerdo con los estimativos de diversidad, las especies reportadas como cultivadas y en comparación con otros países en los que se desarrolla la meliponicultura, es considerable la diversidad y uso de abejas sin aguijón en Colombia (Tab. 3 >). Algunas especies no se mantienen en colmenas pero sí son aprovechadas in situ por cazadores de miel y pobladores locales para la obtención de miel y otros productos, por lo que se hace evidente la necesidad de incrementar los esfuerzos de investigación, no solo sobre la diversidad biológica, sino también sobre los usos y prácticas asociadas.
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  Por ejemplo, en algunas regiones de México la meliponicultura tiene sólidas raíces históricas y por razones culturales M. beecheii ha sido tradicionalmente cultivada casi con exclusividad, pero cerca de 12 especies se crían actualmente, y al menos otras cuatro son aprovechadas de otras maneras (De Jong, 1999; González-Acereto et al., 2006; Ayala et al., 2013). Por su parte, en Australia la cría de meliponinos es una actividad reciente y la diversidad es menor, pero se cultiva un mayor porcentaje de las especies existentes (Halcroft et al., 2013). En estos dos países, al igual que en Brasil, Costa Rica y Colombia en donde se ha documentado el aprovechamiento de colonias silvestres, hoy se cultivan especies distintas a las que tradicionalmente se han usado para la obtención de miel y otros productos para consumo, comercialización o uso medicinal. Esto puede obedecer, por una parte, a la reciente adopción de la meliponicultura como un pasatiempo o en proyectos educativos, y a que algunas especies han comenzado a cultivarse con el propósito casi exclusivo de su uso como polinizadores de cultivos (Rosso et al., 2001; Venturieri et al., 2012; Aguilar et al., 2013; Ayala et al., 2013; Halcroft, et al., 2013).


  En ciudades y pueblos de climas medios y cálidos, es común encontrar nidos de ciertas abejas sin aguijón alojados en paredes, postes de cemento, tumbas de cementerios o bajo construcciones. Si bien algunas especies se adaptan muy bien a los ambientes urbanos (p. ej. T. angustula), otras son más susceptibles a estas perturbaciones, lo cual plantea un escenario incierto para su conservación. La meliponicultura urbanaproporciona locales de nidificación alternativos y recursos alimenticios para las colonias que son manejadas por el hombre (Nates-Parra et al., 2008b).


  Abejas sin aguijón cultivadas en Colombia


  En Colombia algunos géneros y especies se encuentran con mayor frecuencia, de acuerdo con el número de colonias registrado en este trabajo (Tabla 2). Sobresalen especies más conocidas, con un rango de distribución más amplio y con fácil adaptación a entornos alterados como las ciudades. Al no ser común el comercio de colonias entre regiones, los meliponicultores dependen especialmente de la disponibilidad local de nidos. Si bien no existe información suficiente sobre el estado de conservación de la mayoría de las especies, se encontraron colmenas de abejas sin aguijón con cierto nivel de amenaza como es el caso de M. eburnea (Friese, 1900) y M. favosa (Fabricius, 1798), las cuales han sido categorizadas como vulnerables de acuerdo con las categorías de la UICN (Nates-Parra, 2007); así mismo, se cultivan especies con distribución geográfica restringida como M. nigrescens (Friese, 1900) (Fig. 3 E), endémica de Colombia, poco común, y la única especie de Melipona que ha sido encontrada por encima de los 3000 msnm.


  Tetragonisca angustula Latreille, 1811


  Es la especie más común (57 % de todas las colonias registradas), conocida popularmente como "angelita" (Fig. 3 L y 3M). La "miel angelita" es muy apreciada y utilizada medicinalmente, y casi se ha convertido una denominación genérica popular para las mieles de abejas sin aguijón. Es una especie muy plástica, que se adapta muy bien incluso en domicilios urbanos, y tiene un rango de distribución que va desde cero hasta casi los 2000 msnm, pero con mayor frecuencia entre 500 y 1500 msnm (Nates-Parra, 2005). Se distribuye desde el sur de México hasta el norte de Argentina, y es posiblemente la especie más utilizada en meliponicultura en América (Cortopassi-Laurino etal., 2006). El género tiene cuatro especies, de las cuales solamente T. angustula se registra para Colombia, pero debido a diferencias morfológicas y de hábitos de nidificación, es posible que bajo esta denominación se encuentren varias especies aún sin describir (Camargo y Pedro, 2013).
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  Género Melipona


  Algunas especies de este género son muy utilizadas y apreciadas en la meliponicultura de otros países como Brasil, en donde se cultivan 19 especies, diez de ellas en la región amazónica (Venturieri et al., 2012). En contraste, para Centroamérica se ha reportado la cría de cinco especies y para otros países de Suramérica (Argentina, Perú, Venezuela), cinco especies (Rasmussen y Castillo, 2003; Cortopassi-Laurino et al., 2006; González-Acereto et al., 2006; Aguilar et al., 2013; Roig-Alsina et al., 2013). Para Colombia se encontraron 106 colonias (11 %) de 12 especies (Tabla 2) y en ciertas regiones no se registraron nidos de este género, a pesar de tener información sobre su presencia en la zona. Las especies de este género son muy sensibles a modificaciones del ambiente, de manera que no es frecuente encontrar sus nidos en ambientes altamente fragmentados y modificados (Silveira et al., 2002).


  El género cuenta con cerca de 70 especies organizadas en cuatro subgéneros (Eomelipona, Melikerria, Melipona y Michmelia), todos ellos con representantes en Colombia: 17 especies según Camargo y Pedro (2013) y 30 especies según Nates-Parra (2005).


  Dentro del subgénero Melikerria (diez especies), en Colombia se encuentra el grupo compressipes con cuatro especies, dos de ellas cultivadas por meliponicultores: M. grandis Guérin, 1844 y M. salti Schwarz, 1932 (Fig. 3D). Son abejas grandes, generalmente oscuras, que se caracterizan por tener un penacho de pelos rojizos en los ángulos laterales superiores del escuto y marcas claras en la cara.


  Para el subgénero Melipona (13 especies) se registra el grupo favosa (nueve especies) (Camargo y Pedro, 2013), con dos representantes en Colombia: M. favosa (Fig. 3F) en las sabanas de la costa Caribe y M. phenax Cockerell, 1919 en las llanuras de la Orinoquía y en la zona Andina. Ambas tienen bandas amarillas muy conspicuas en los tergos abdominales y se encuentran desde el nivel del mar hasta los 1500 msnm, especialmente en ecosistemas secos.


  El subgénero Michmelia (Fig. 3C) presenta cuatro grupos, todos con especies en el país, algunas de las cuales son llamadas "boca de sapo" o "sapa" debido a la forma de la entrada de su nido (Figs. 3A y 3B). Dentro del grupo fasciata (17 especies), Camargo y Pedro (2013) registran cuatro especies para Colombia y Nates-Parra (2005) dos más; se reporta en este trabajo M. costaricensis Cockerell, 1919 (Fig. 3A) como nuevo registro. El grupo melanoventer (seis especies) tiene dos especies registradas para Colombia según Camargo y Pedro (2013) y cuatro según Nates-Parra (2005). Del grupo rufiventris (nueve especies), Camargo y Pedro (2013) reportan dos para Colombia y Nates-Parra (1995) ya había informado dos: M. paraensis Ducke, 1916 ( Fig. 3 ) y M. fulva Lepeletier, 1836.


  Del subgénero Eomelipona (15 especies) únicamente se encontró la especie M. marginata Lepeletier, 1836 en el occidente de Boyacá, mantenida por un campesino en un tronco recortado. Es una de las especies de Melipona de pequeño porte y no había sido reportada para Colombia.


  Género Paratrigona


  Cinco especies del género Paratrigona son cultivadas por los meliponicultores en Colombia (Tab. 3 ), representando cerca del 11 % de las colonias reportadas. Se distribuye desde el nivel del mar hasta los 3450 msnm y cuenta con 32 especies, de las cuales se conocen diez para Colombia (Camargo y Pedro, 2013). La mayoría de especies construye nidos expuestos (Fig. 3 ), colgados de las ramas de árboles como naranjos o cafetales, lo cual puede ser el origen de uno de sus nombres comunes ("angelita de cafetal"). Si bien la cría de este género no es tan común como la de T. angustula en los meliponarios visitados, su uso se incrementa en aquellos ubicados a altitudes en las que esta no se encuentra. Paratrigona es utilizado principalmente con fines ornamentales y educativos, aunque también se obtiene miel para autoconsumo.


  Género Scaptotrigona


  El género Scaptotrigona se encuentra desde México hasta Argentina y cuenta con 22 especies; tres son utilizadas para producción de miel en algunas localidades de México (González- Acereto et al., 2006; Ayala et al., 2013) y al menos cuatro en Brasil (Venturieri et al., 2012). En Colombia el género está ampliamente distribuido, tanto altitudinalmente (100-2600 msnm), como en todas las regiones biogeográficas (Nates- Parra, 2005), con registro de dos especies por Camargo y Pedro (2013) y otras seis por Nates-Parra (2001). Se encontraron al menos cuatro especies cultivadas (8 % de las colonias; Tab. 2), destacándose S. barrocoloradensis Schwarz, 1951 en el Cauca, en donde recibe el nombre de "conga", y que se reporta por primera vez en Colombia. Se caracterizan por presentar un marcado comportamiento defensivo, como sugieren algunos de sus nombres comunes ("enreda", "picabarba") ( Fig. 3 J-K ).


  Género Nannotrigona


  El género Nannotrigona se distribuye desde México hasta Argentina y cuenta con diez especies conocidas. En Colombia se encuentran cuatro especies (Nates-Parra, 2005) y en este trabajo se reporta por primera vez N. tristella Cockerell, 1922. Otras tres especies son cultivadas y representan el 8 % del total de colonias (Tabla 2). Si bien en otros países su cría es menos común, han sido estudiadas para su uso como polinizadores de solanáceas debido a que pueden realizar polinización por vibración (Palma et al., 2008). Hacen nidos cubiertos y, como otras abejas sin aguijón de tamaño pequeño, se les conoce como "angelitas" o "mosquitas" (Fig. 3G). Otras especies cultivadas en el país son poco frecuentes en los meliponarios; pueden tener un comportamiento defensivo que las hace difíciles de manejar, hábitos de forrajeo "sucios", o bien ser especies raras. Quienes las cultivan son algunos meliponicultores que se interesan por la conservación, o que las tienen como actividad recreativa o contemplativa.


  Conocimiento asociado a la biodiversidad


  Además de la diversidad biológica, a la meliponicultura se asocia una gran cantidad de prácticas y saberes locales que marcan la relación entre el ámbito biofísico y el sociocultural, y que tienen implicaciones en la conservación, manejo y gestión de la fauna nativa.


  En Colombia, la diversidad cultural asociada a las abejas sin aguijón se refleja en los nombres locales utilizados, que varían ampliamente entre regiones e informantes (Tabla 2). Estos descriptores, utilizados por diferentes grupos culturales para identificar y clasificar la naturaleza, incluyen no solo características morfológicas, sino también comportamentales, sensoriales, utilitarias o ecológicas, que pueden ser un reflejo de patrones culturales y de relación con ambientes específicos (Posey, 1983; Zamudio y Hilgert, 2012). De este modo, algunos de los nombres dados a las abejas describen su naturaleza gentil ("angelita", "virgencita", "rubita"), su comportamiento defensivo ("enreda", "miona"), su comportamiento de nidificación ("angelita de cafetal", "barranquera") o de recolección de recursos ("cargabarro", "tierrera", "mierda´e perro"). Otros nombres hacen referencia a la forma de hacer su entrada ("sapa", "bocona"), a características de su cuerpo ("rabipintada", "mosquito") o simplemente son vocablos tradicionales cuyo origen y significado se pierde en el tiempo: "guanota", "guare", "alá", "rumina", etc.


  Ciertos nombres están asociados a regiones y géneros puntuales como "yuquina" para Paratrigona en Santander, o "conga" para Scaptotrigona en el Cauca; sin embargo, en la mayoría de los casos los nombres locales son utilizados para más de un taxón, ya que existen desigualdades en la experiencia de cada informante que dan como resultado diversos tipos de correspondencia entre la denominación de la clasificación linneana y las locales (Santos-Fita y Costa-Neto, 2009). Del mismo modo, ciertos nombres locales reportados en este trabajo deben ser asumidos con cautela, puesto que podrían ser la denominación específica de un solo meliponicultor, sin representatividad territorial o sin el aval de un determinado grupo sociocultural. Tal análisis escapa a los alcances de este estudio, pero se han dejado indicadas algunas correspondencias que pueden dar una idea de la solidez de algunos nombres (Tab. 2 ).


  La diversidad de denominaciones da una idea de la riqueza de conocimientos asociados a la biodiversidad. Sin embargo, en Colombia cada vez es más común que se nombre a todas las abejas sin aguijón como "meliponas", con lo cual se simplifica y homogeniza la diversidad al desplazar las características diferenciadoras asociadas tanto al nombre científico como al nombre común o tradicional, de modo que ninguno de los dos tipos de conocimiento se asume seriamente. Esta imprecisión genera confusión en la identificación de las especies y puede conducir a errores en las prácticas de manejo, dadas las diferencias biológicas y reproductivas entre especies.


  CONCLUSIONES


  En este trabajo se hace una aproximación a la diversidad asociada a la meliponicultura, pero se reconoce que existen grandes falencias en lo que respecta al conocimiento de esa diversidad y su manejo. A pesar de los vacíos de información para ciertas regiones y subregiones, y de las restricciones taxonómicas para algunos grupos, se encontraron cuatro especies con registros nuevos para Colombia y se amplió la distribución geográfica dentro del país para 21 taxones.


  Llama la atención que se encuentre un porcentaje tan elevado del total de especies de un grupo de fauna en condiciones de domesticación o bajo el cuidado del hombre. Esto indica la conveniencia de involucrar a los meliponicultores y otras personas que manejan directamente la biodiversidad, en el diseño y ejecución de proyectos de investigación y políticas de gestión de la fauna silvestre, ya que pueden ser importantes aliados de la academia en la realización de inventarios de biodiversidad, y aportar información valiosa sobre la biología, comportamiento y otros conocimientos relacionados con las especies. Así mismo, el incorporar elementos socioculturales en las investigaciones e intervenciones, favorece la comprensión, valoración y revitalización del conocimiento tradicional, popular y local asociado a la biodiversidad.


  La experiencia de países como Brasil, México y Australia, indica una tendencia hacia el desarrollo de la meliponicultura comercial y a gran escala, proceso que viene usualmente acompañado de estandarización y homogenización, ya que se da prioridad a la generación de un conocimiento específico (científico y técnico), enfocado a un número reducido de especies consideradas "promisorias". En Colombia, ante un posible escenario de crecimiento y tecnificación de esta actividad motivado por la demanda de productos o servicios, deben generarse reflexiones y acciones que permitan, a pesar de las urgencias del mercado, conocer y conservar las bases biológicas y socioculturales en las que se sustenta la meliponicultura.
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  RESUMEN


  El objetivo de este trabajo fue determinar marcadores palinológicos que permitieran caracterizar el origen geográfico y botánico de mieles provenientes de los departamentos de Boyacá, Cundinamarca, Santander y Magdalena. Se realizaron análisis melisopalinológicos de 184 muestras de miel procedentes de 131 apiarios. Se determinaron diferencias significativas entre tipos de mieles mediante un análisis discriminante y comparando la composición de especies entre las muestras. En total se encontraron 297 especies distribuidas en 69 familias, dentro de las cuales las más representativas fueron Mimosa sp., Cecropiasp., Eucalyptus sp., Piper sp. y Quercus humboldtii . Las familias más importantes fueron Fabaceae, Asteraceae,Myrtaceae, Rubiaceae, Fagaceae, y Melastomataceae. Se lograron determinar seis grupos de mieles diferenciadas por su origen geográfico: altiplano Cundiboyacense, Medio Chicamocha, Sumapaz, Bajo Chicamocha, Sierra Nevada de Santa Marta y provincia Comunera; también se encontraron diferencias entre las mieles de las regiones andinas y subandinas. Dentro de los tipos de mieles diferenciadas por origen botánico predominaron las mieles monoflorales de Trifolium Pratense, Coffeaarabica, Eucalyptus sp., Inga sp. y Heliocarpus americanus, mieles oligoflorales de asteráceas y mezclas de mielato de Q. humboldtii y néctar floral (Eucalyptus sp. tipo Brassicaceae, asteráceas). La información de este trabajo junto con la obtenida en análisis fisicoquímicos y sensoriales servirá de base para que los apicultores puedan solicitar la denominación de origen de estas mieles.


  Palabras clave: abejas, apicultura, melisopalinología, néctar, polen.

  


  ABSTRACT


  The aim of this work was to find palynological markers which permit differentiate honeys from the departments of Boyacá, Cundinamarca, Santander and Magdalena, by its geographical and botanical origin. Melissopalynological analyses were made of 184 honey samples obtained from 131 localities. A discriminant analysis and comparisons between the species composition of honey samples were made to find geographical and botanical origin differences. A total of 297 pollen species distributed in 69 families was found, being Mimosa sp., Cecropia sp., Eucalyptus sp., Piper sp. and Quercus humboldtii the most representatives. The major families were Fabaceae, Asteraceae, Myrtaceae, Rubiaceae, Fagaceae and Melastomataceae. Six honey groups differentiated by its geographical origin were found: Altiplano Cundiboyacense, Medio Chicamocha, Sumapaz, Bajo Chicamocha, Sierra Nevada de Santa Marta and Comunera Province. In a broader scale, honeys from the Andean and sub-Andean regions could be differentiated as well. Between the honey types differentiated by its botanical origin, the most important were monofloral honeys of Trifolium Pratense, Coffeaarabica, Eucalyptus sp., Inga sp. and Heliocarpus americanus, Asteraceae oligofloral honeys and mixtures of Q. humboldtii honeydew and floral nectar (Eucalyptus sp., Brassicaceae Type, Asteraceae). This information in addition to the obtained by physicochemical and sensorial analysis, may be the basis to acquire honeys´ origin denomination.


  Keywords: bees, beekeeping, melissopalinology, nectar, pollen.

  


  INTRODUCCIÓN


  Las mieles provienen del néctar de las flores o de otros recursos no florales como el mielato (exceso de líquido azucarado que eliminan los insectos fitófagos del orden Hemiptera, suborden Sternorrhyncha, después de tomar grandes cantidades de savia) que las abejas recolectan de las plantas alrededor de los apiarios (Maurizio, 1975). Sus características organolépticas (color, aroma, sabor), fisicoquímicas, nutricionales y terapéuticas varían dependiendo de la fuente de néctar o de mielato y de la cantidad de recurso recolectado por las abejas de estas fuentes (Bogdanov, 1997; Persano Oddo y Piro, 2004; Soria et al., 2005; Montenegro et al., 2009; Escuredo et al., 2012). De igual forma, puesto que las abejas seleccionan y utilizan los recursos florales y/o no florales en distintas proporciones de acuerdo a su distribución y abundancia espacial y temporal en las zonas de producción apícola (Schulz y Lueke, 1994; Girón Vanderhuck, 1995; Porter- Bolland, 2003), las mieles se pueden diferenciar por su origen botánico y geográfico.


  La diferenciación de las mieles por su origen geográfico y botánico se ha convertido a nivel mundial en una estrategia para dar valor agregado a la miel (Ortiz Valbuena, 1992; Persano Oddo y Piro, 2004; Montenegro et al., 2010; Ramírez-Arriaga et al., 2011; Escuredo et al., 2012; Yang et al., 2012). En el mercado ya se encuentran mieles diferenciadas cuyos valores superan en grandes proporciones a las mieles no diferenciadas. Por ejemplo, la miel de Acacia en 1993 costaba 2 €/kg, en 2003 5 €/kg y en 2005 3,50 €/kg, mientras que la miel multifloral costaba 1 €/kg en1993 y en 2005 apenas llegó a los 2,25 €/kg (Rodríguez, 2006). También se encuentran mieles de alto valor diferenciadas por origen geográfico como la miel de la región de Alcarria en España (~12 €/kg, Ortiz Valbuena, 1992) o la miel de la isla de Córcega (~10 € /kg, Yang et al., 2012), estas dos últimas con un sello de denominación de origen que garantiza que las características de la mieles son producto de las condiciones biofísicas de esas regiones, para lo cual se deben establecer parámetros botánicos (palinológicos), fisicoquímicos y organolépticos indicadores de su origen geográfico (Ortiz Valbuena, 1992; Yang et al., 2012).


  En Colombia, los apicultores aún no han logrado aprovechar el alto potencial que tiene el mercado de las abejas debido a la poca caracterización y diferenciación de sus productos, además de los altos niveles de falsificación (Martínez Anzola, 2006). Sin embargo, algunos estudios realizados en el país han servido para recopilar información básica acerca del origen botánico de las mieles. Echeverry (1984) presenta un listado de la flora apícola colombiana. Castaño y Fonnegra (1981), Corral (1984), Girón Vanderhuck (1995) y Sánchez (1995) realizaron trabajos sobre calendarios florales, plantas apícolas y origen botánico de mieles en el departamento de Antioquia; Moreno y Devia (1982) estudiaron el origen botánico de mieles en el municipio de Arbeláez (Cundinamarca); Ortiz de Boada y Nates-Parra (1987) y Bogotá et al., (2001) trabajaron sobre el origen botánico de mieles en varios apiarios de la sabana de Bogotá. En el departamento del Huila se realizó un trabajo que tuvo como objetivo valorizar las mieles de Apis mellifera para acceder a nuevos mercados, mediante caracterizaciones fisicoquímicas, microbiológicas y de origen botánico (Arcos, 2009).


  Con el fin de incrementar el conocimiento sobre la flora melífera del país y a su vez caracterizar y definir parámetros de diferenciación botánica y geográfica de las mieles producidas en algunos de los núcleos apícolas más importantes de Colombia se desarrolló esta investigación, la cual a su vez aportó a la identificación de algunos parámetros de diferenciación necesarios para acceder al sello de denominación de origen.


  MATERIALES Y MÉTODOS


  El área de estudio comprende los departamentos de Boyacá, Cundinamarca, Santander y Magdalena, ubicados en un rango altitudinal de 500 a 3000 msnm, en las regiones subandina y andina de Colombia ( Fig. 1 ). Se obtuvieron 184 muestras de miel en131 apiarios (una muestra de cada apiario con la excepción de 53 apiarios de los cuales se obtuvieron réplicas) distribuidos de la siguiente forma: Boyacá: 30 muestras, 21 apiarios; Cundinamarca: 20 muestras, 16 apiarios; Santander: 73 muestras, 41 apiarios; Magdalena (Sierra Nevada de Santa Marta): 61 muestras, 53 apiarios. Las muestras se extrajeron durante tres cosechas anuales entre 2008 y 2010 (mezcla de la miel producida por todas las colmenas de cada apiario) y fueron enviadas por los apicultores al laboratorio. Las muestras de miel se acetolizaron bajo los parámetros propuestos por Erdtman (1960) y von der Ohe et al. (2004).


  [image: ]


  También se realizaron montajes sin acetolizar de muestras provenientes de algunos apiarios en Boyacá, Cundinamarca y Santander, dado que para estas zonas se registró la presencia del insecto excretor de mielato Stigmacoccus asper (Hemiptera: Stigmacoccidae) en árboles de roble Quercus humboldtii y la recolección del mielato de este insecto por abejas melíferas (Chamorro et al., 2013). Con los montajes sin acetolizar se buscó detectar y cuantificar elementos indicadores de mielato (hifas y esporas de fumaginas), para poder evaluar la contribución de este recurso a la composición de la miel.


  Los granos de polen contenidos en las muestras se observaron utilizando un microscopio óptico (Leica DMLS2). El reconocimiento taxonómico hasta nivel de familia, género y/o especie se realizó con la ayuda de catálogos palinológicos, la colección de polen del Laboratorio de Investigaciones en Abejas de la Universidad Nacional de Colombia (LABUN) y por medio de comparación directa con polen de 1799 ejemplares botánicos que fueron recolectados en las cercanías de los apiarios, en un área de 500 m a la redonda. Para estimar las abundancias relativas (AR) de las especies se contaron 300 granos de polen en cada muestra y se calcularon los valores de importancia de las especies (IE) y las familias (IF) mediante las siguientes fórmulas:


  IE j = Promedio AR j * Número de muestras j / Número total de muestras


  IF i = Σ Promedio AR especies de i * Número de muestras i / Número total de muestras


  Con el fin de analizar si las mieles se podían diferenciar por su origen geográfico, a cada muestra se le asignó la región geográfica natural de la cual provenía, independientemente de su ubicación políticoadministrativa (departamentos). En total se definieron seis grupos de mieles correspondientes a seis regiones claramente diferenciadas por sus características geográficas y ecosistémicas, que son:1) altiplano Cundiboyacense (ACB, región andina, 2400-3000 msnm, temperatura ambiental 4,5-19,3°C, precipitación anual 1000-1500 mm3, ecosistemas predominantes áreas rurales intervenidas, agroecosistemas campesinos mixtos y áreas urbanas, 14 muestras, 11 apiarios); 2) cuenca media del río Chicamocha (MCHI, región andina, 2000-3000 msnm, temperatura 11-18°C, precipitación anual 1000-1500 mm3, ecosistemas predominantes áreas rurales intervenidas y bosques de niebla, 31 muestras, 20 apiarios); 3) cuenca del río Sumapaz (SPZ, región andina y subandina, 1000- 2100 msnm, 13-27°C, 1000-1500 mm3 de precipitación anual, ecosistemas predominantes áreas rurales intervenidas y agroecosistemas cafeteros, 15 muestras, 12 apiarios); 4) cuenca baja del río Chicamocha (BCHI, región subandina, 500-1500 msnm, 18-24°C, 1000-1500 mm3 de precipitación anual, ecosistemas predominantes áreas rurales intervenidas y bosques de niebla, 20 muestras, 9 apiarios); 5) Sierra Nevada de Santa Marta (SNSM, región subandina, 500-1500 msnm, 14,5-19,5°C, 1500-3500 mm3 de precipitación anual, ecosistemas predominantes agroecosistemas cafeteros y áreas rurales intervenidas, 61 muestras, 53 apiarios); 6) provincia Comunera del departamento de Santander (COM, región subandina 900-1900 msnm, 11-24°C, 1500-2000 mm3 de precipitación anual, ecosistemas predominantes agroecosistemas cafeteros, áreas rurales intervenidas, 43 muestras, 25 apiarios) (Cuatrecasas, 1958; Etter, 1998) (Fig.1).


  Para validar los seis tipos geográficos de mieles propuestos y evaluar diferencias significativas, se llevó a cabo un análisis discriminante con la matriz de las abundancias relativas de las especies encontradas y el método de Lambda de Wilks, mediante el programa Statgraphics Plus 5.1 (1997). Se realizaron comparaciones entre grupos teniendo en cuenta los valores de importancia (IE, IF), los porcentajes de especies nativas, exóticas y anemófilas y los índices de diversidad (Riqueza y Diversidad Shanon-Weaver H´) que fueron estimados con el programa Past versión 1.74 (Hammer et al.,2001). Para determinar el origen botánico de las mieles se excluyeron de los conteos los tipos polínicos de plantas no productoras de néctar y se recalcularon las abundancias relativas. Con los datos resultantes se clasificaron las muestras de miel en monoflorales (cuando se presentaba una especie dominante AR ≥ 45 %),oligoflorales (cuando se presentaban dos bandos o más especies secundarias pertenecientes a una misma familia 15 % ≤AR <45 %) biflorales (cuando se presentaban dos especies secundarias de diferentes familias) o multiflorales (cuando no había ninguna especie secundaria o dominante) (Louveaux et al.,1970; Ramírez-Arriaga et al., 2011). Las muestras en las cuales se encontraron elementos indicadores de mielato se clasificaron como mieles de mielato de Q. humboldtii (AR de elementos indicadores igual o superior a 70 %) o mezclas de mielato y néctar floral (AR entre 30 % y 70 %) (Soria et al., 2005).


  RESULTADOS


  En general se encontraron 297 especies distribuidas en 69 familias, dentro de las cuales las que tuvieron los valores de importancia IE más altos fueron Mimosa sp. (10), Cecropiasp. (9,2), Eucalyptus sp. (3,3), Piper sp. (2,1) y Q. humboldtii (1,4); las demás especies tuvieron valores por debajo de uno. En la Fig. 2 se muestran los tipos polínicos más representativos. Las familias que tuvieron los valores de importancia IF más altos fueron Fabaceae (18,5), Asteraceae (8,8), Myrtaceae (6,5), Rubiaceae (1,9), Fagaceae (1,4) y Melastomataceae (1,0). El 60 % correspondió a especies nativas, 25 % a especies exóticas y 23,3 % a especies anemófilas (nativas y exóticas).


  En cuanto al origen geográfico de las mieles, el análisis discriminante permitió clasificar correctamente 94,5 % de las muestras en los grupos de mieles correspondientes a las regiones seleccionadas ( Fig. 3 ). El lambda de Wilks, que evalúa el poder discriminante de las funciones, tuvo un valor de 0,0002 para la función 1 y 0,0028 para la función 2, demostrando que las dos funciones discriminantes fueron significativas y los grupos de mieles pueden considerarse diferentes (p <0,01 en ambas funciones). El autovalor de la primera función capturó el mayor porcentaje de las diferencias entre los grupos (50,85 %), seguido por la segunda función (22,63 %), con coeficientes de la correlación canónica cercanos a uno (0,97 y 0,93, respectivamente), mostrando que la variación de los datos se debió principalmente a las diferencias entre los grupos. Las muestras de mieles se clasificaron en los diferentes grupos así: altiplano Cundiboyacense (100 % de muestras clasificadas correctamente), Medio Chicamocha (93,55 %), Sumapaz (93,33 %), Bajo Chicamocha (90 %), Sierra Nevada de Santa Marta (95,08 %) y provincia Comunera (95,35 %). Además, se lograron distinguir dos grupos más grandes o "super grupos", que corresponden al grupo de mieles de la región andina, donde se encuentran ACB y MCHI, y el grupo de la región subandina donde se encuentran BCHI, SNSM y COM (Fig. 3). El grupo SPZ no se ubicó dentro de ninguna de estas dos regiones puesto que se encuentra en un lugar transicional y por tanto contiene especies características de las dos regiones. A continuación se describen los diferentes grupos de mieles.
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  Mieles del Altiplano Cundiboyacense (ACB) Entre 60 especies en total (Índice de Shannon-Weaver H´ = 3,68), predominaron especies exóticas como Eucalyptus sp., tipo Brassicaceae, Trifolium Repens, Trifolium Pratense e Hypochaeris radicata, y en menor proporción especies nativas como Q. humboldtii y Weinmannia sp. (Tab. 1 ). Las familias que obtuvieron el IF más alto fueron Myrtaceae (43,1), Fabaceae (37,1), Asteraceae (20,1), Cunoniaceae (14,6) y Brassicaceae (14,6). En cuanto a los tipos de mieles diferenciadas por origen botánico, las mieles monoflorales fueron las más representativas con el 50 % de las muestras (Eucalyptus sp. 21,4 %, T. Pratense 7,1 %) y las mezclas de mielato de Q. humboldtii y néctar floral de Eucalytpus sp. y tipo Brassicaceae, con el 21,4 % (Tab. 2 ).
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  Mieles del Medio Chicamocha (MCHI)


  De un total de 105 especies (H´ = 4,12) fueron importantes varias exóticas que también se encontraron en las mieles de ACB, dentro de las cuales se destacaron Eucalyptus sp., T. Pratense y Fraxinus Chinensis. Sin embargo, se encontró una mayor proporción de especies nativas importantes como Escallonia Pendula, Viburnum sp., Q. humboldtii , Rubus sp. y Weinmannia sp. (Tabla 1). En un total de 31 familias, las que se encontraron con IF más altos fueron Asteraceae (209,7), Melastomataceae (35,6), Fabaceae (24,3), Rosaceae (18,1) y Myrtaceae (16,8). Las mieles monoflorales predominaron con el 32,3 % de las muestras (T. Pratense 12,9 %, Eucalyptus sp. 3,2 %), seguidas por las mieles oligoflorales de asteráceas (22,6 %) y las mezclas de mielato de Q. humboldtii y néctar floral de asteráceas (19,3 %) (Tabla 2).


  Mieles del Sumapaz (SPZ)


  Entre 93 especies (H´ = 4,07) predominaron algunas exóticas como Eucalyptus sp., F. Chinensis y T. Repens que también fueron importantes en las mieles de la región andina (ACB y MCHI). Además se encontraron especies nativas como Cecropiasp. y Mimosa sp., que son más comunes en las mieles de la región subandina (Tabla 1). Dentro de 31 familias, las más importantes fueron Asteraceae (40,7), Myrtaceae (37,8), Fabaceae (26,2), Melastomataceae (17,2) y Solanaceae (16,3). En este grupo predominaron las mieles oligoflorales de Asteraceae (46,7 %), seguidas por las monoflorales (40,1 %) con la predominancia de la miel de Eucalyptus sp. (13,3 %) (Tabla 2).


  Mieles del Bajo Chicamocha (BCHI) Entre 105 especies (H´ = 5,0) predominaron algunas nativas como Steiractinia aspera, además de especies que se encuentran comúnmente en la región subandina como Cecropiasp., Mimosa sp. y Piper sp. (Tabla 1). Además, predominaron Q. humboldtii y E. Pendula que también fueron importantes en las mieles andinas de MCHI. Entre 34 familias las más importantes fueron Asteraceae (44,8), Fabaceae (27,4), Rubiaceae (19,9), Anacardiaceae (16,0) y Myrtaceae (11,7). Las especies exóticas no fueron representativas dentro de este grupo. Los tipos de miel oligofloral de asteráceas y multifloral fueron los más comunes (45 % y 30 % respectivamente, Tabla 2).


  Mieles de la Sierra Nevada de Santa Marta (SNSM)


  Entre 134 especies (H´ = 4,77) fueron importantes varias nativas dentro de las cuales sobresalen Cecropiasp., Mimosa sp., Piper sp., Tipo Moraceae y Dictyocaryum lamarkianum, mientras que la única la especie exótica importante fue C. arabica (Tab. 1 ). Entre 36 familias las predominantes fueron Fabaceae (39,8), Asteraceae (28,9), Malvaceae (9,1), Rubiaceae (8,0) y Euphorbiaceae (4,9). Las mieles oligoflorales de Asteraceae fueron las más comunes (32,8 %), seguidas por las monoflorales (31,1 %) dentro de las cuales predominaron las mieles de Inga sp. (8,2 %) y C. arabica (4,9 %) (Tab. 2 ).


  Mieles de la Región Comunera (COM) Entre 145 especies (H´ = 4,83) fueron importantes Cecropiasp., Mimosa sp. y C. arabica (Tabla 1). De un total de 39 familias las principales fueron Fabaceae (71,6), Asteraceae (39,4), Myrtaceae (13,7), Anacardiaceae (12,1) y Rubiaceae (10,9). Las mieles oligoflorales de Asteraceae fueron las más representativas de esta región (39,5 %), seguidas por las mieles monoflorales y biflorales (20,9 % cada una) (Tabla 2).


  DISCUSIÓN


  Dentro de las especies más importantes en las muestras se encontraron algunas especies nectaríferas comunes para Apis mellifera en varias partes del mundo, tales como Eucalyptus sp., C. arabica, tipo Brassicaceae y las especies del género Trifolium (Lieux, 1981; Barth, 1990; Seijo et al., 2003; Persano Oddo y Piro, 2004; Forcone et al., 2005; Dongock et al., 2007; Montenegro et al., 2010; Ramírez-Arriaga et al., 2011). También se encontraron varias especies anemófilas o no productoras de néctar como Cecropiasp., Mimosa sp. y Piper sp., que pueden constituirse como marcadores de regiones geográficas particulares a pesar de que no proveen información sobre el origen botánico de la miel (no aportan néctar). La presencia de polen anemófilo o de plantas no productoras de néctar en la miel se debe principalmente a la contaminación que ocurre cuando las abejas depositan las cargas de polen corbicular en los panales y secundariamente a contaminación aérea o durante el proceso de extracción y cosecha de miel (von der Ohe et al.,2004).


  Las familias más comunes fueron: Asteraceae, Fabaceae y Myrtaceae; así mismo, estas se encuentran dentro del grupo de familias más importantes para A. mellifera en otras regiones del mundo (Lieux, 1981; Barth, 1990; Villanueva, 1994; Terrab et al., 2003; Tsigouri et al., 2004; Almeida et al., 2005; Forcone et al., 2005; Dongock et al., 2007; Salonen et al., 2009; Gangwar et al., 2010).


  En cuanto al origen geográfico de las mieles, encontramos que el análisis discriminante permitió validar la clasificación de los seis grupos propuestos, así como también se encontraron diferencias a una escala más grande entre las mieles de las regiones andina y subandina (Fig. 3 ). Resultados similares también se obtuvieron con el análisis multivariado de los parámetros fisicoquímicos (pH, acidez libre, conductividad eléctrica, azúcares, minerales) medidos en las mismas muestras de miel evaluadas en este trabajo (Zuluaga et al., 2011).


  En general, las mieles de la región andina se caracterizaron por una baja diversidad de especies en comparación con las mieles subandinas, al igual que mayor predominancia de especies exóticas como resultado de que en esta zona se han presentado procesos de alteración e introducción de especies mucho más frecuentes que en la zona subandina (Corrales Roa, 2002). Las familias más importantes en la región andina fueron: Cunnoniaceae, Brassicaceae y Rosaceae; estas también se reportan como familias importantes en otros países de clima frio o estacional (Lieux, 1981; Tsigouri et al., 2004; Forcone et al., 2005; Salonen et al., 2009). Algunas especies exóticas como Eucalyptus sp., tipo Brassicaceae o las del género Trifolium, y nativas como Weinmannia sp. y Q. humboldtii , entre otras, también permitieron diferenciar las mieles de esta región (Tab. 1 ). Weinmannia sp. se destacó especialmente en las mieles del altiplano Cundiboyacense (ACB), puesto que corresponde a uno de los géneros de plantas más comunes y abundantes en los matorrales y bosques andinos, particularmente en la Sabana de Bogotá (Cortés 2003). Q. humboldtii fue más importante en el grupo de la cuenca media del río Chicamocha dado que en esta región se encuentran relictos importantes de bosques de roble (Etter, 1998). En este mismo grupo de mieles también se destacó E. Pendula, árbol nativo muy plantado en la zona como parte de programas de recuperación vegetal y conservación con comunidades rurales (Cordero, 2000). Los altos valores de importancia en las mieles de las plantas que se encuentran en bosques cercanos a los apiarios fortalecen la importancia de la vegetación natural como fuente de diferenciación para las mieles de las distintas regiones.


  Las mieles subandinas se distinguieron en cambio, por tener una mayor diversidad de especies, además de una mayor proporción de especies nativas, puesto que en esta zona predominan agroecosistemas cafeteros que se caracterizan por ser unos de los ecosistemas más biodiversos del mundo (Perfecto y Armbrecht, 2003). Las familias Euphorbiaceae, Rubiaceae, Malvaceae y Anacardiaceae permitieron diferenciar las mieles de esta región; de todas estas, Rubiaceae y Anacardiaceae ya se han reportado dentro del grupo de familias importantes en mieles de otras regiones cálidas y templadas tropicales (Almeida et al., 2005; Ramírez-Arriaga et al., 2011). Los tipos polínicos que pueden servir como marcadores geográficos para las mieles subandinas son: Mimosa sp. Piper sp. y Cecropia sp., los cuales corresponden a plantasno productoras de néctar, comunes en bosques secundarios o áreas intervenidas, que ya se encuentran reportadas para mieles de otras regiones tropicales cálidas o templadas (Ramalho et al., 1989; Kerkvllet y Beerllnk, 1991; Girón Vanderhuck, 1995; Almeida et al., 2005; Vit et al., 2006; Ramírez-Arriaga et al., 2011). Coffeaarabica, a pesar de ser una planta exótica, también sirve para diferenciar las mieles subandinas al ser esta la más ampliamente cultivada en la zona. Particularmente, en la Sierra Nevada de Santa Marta sobresalieron especies de áreas boscosas como tipo Moraceae y D. lamarckianum, mientras que en la miel de la cuenca baja del río Chicamocha lo fueron S. aspera, Q. humboldtii y E. Pendula, entre otras. Estas dos últimas igualmente fueron importantes en las mieles de la cuenca media del Chicamocha como resultado de la cercanía entre las dos regiones, por lo que es importante mencionar que aunque el análisis discriminante diferenció claramente las mieles de la cuenca media y baja, los dos tipos de mieles podrían agruparse bajo una misma denominación de origen (DO): miel del Chicamocha. La DO podría incluir varios tipos de mieles de diferentes subregiones (cuencas media y baja) o con diferentes orígenes botánicos, como por ejemplo ocurre en la DO de la miel de Córcega (Yang et al., 2012).


  En las mieles de la provincia comunera y la cuenca del Sumapaz no se encontraron especies particulares que permitan diferenciar claramente los grupos de estas regiones. No obstante el análisis discriminante demostró que estos se diferencian significativamente debido a su combinación particular de especies.


  En cuanto a la diferenciación por origen botánico, encontramos que existe una gran variedad en tipos de mieles puesto que de muchas se encontraron tan sólo una o dos muestras (en la Tab. 2 se presentan los tipos de mieles de los cuales se encontraron más de dos muestras). Esta variedad podría reducirse si los apicultores realizan un mejor manejo de sus apiarios, cosechando las mieles inmediatamente después de los períodos de floración o de producción de mielato que dan origen a las cosechas. No obstante, en los grupos de la región andina se encontraron predominantemente mieles monoflorales de Eucalyptus sp. y T. Pratense, que también se han encontrado en otras regiones frías y estacionales del mundo (Lieux, 1981; Barth, 1990; Seijo et al., 2003; Persano Oddo y Piro, 2004; Forcone et al., 2005; Dongock et al., 2007). También fueron frecuentes las mieles producidas por las abejas a partir de la mezcla de mielato de Q. humboldtii y néctar floral de distintas plantas; no obstante, el análisis fisicoquímico realizado por Gamboa-Abril et al., (2012) de las mismas muestras analizadas en este trabajo clasificó la mayoría como mieles de mielato, por lo que la contribución de este recurso a la composición de la miel podría ser más alta y el parámetro propuesto para tipificar mieles de mielato (elementos indicadores en abundancias relativas superiores o iguales a 70 %, Soria et al., 2005), en este caso podría ser mucho menor. De cualquier manera, la miel de mielato de roble o "miel de roble" como la denominan los apicultores, constituye el primer registro de miel de mielato para Colombia (Chamorro et al., 2013).


  En la región subandina fueron comunes mieles monoflorales de C. arabica que también se registran en Venezuela (Vit et al., 2006) así como también mieles de Inga sp., que aunque no han sido reportadas en otros países, varias especies de este género sí se han registrado como recursos nectaríferos importantes para A. mellifera en regiones cafeteras (Sayas Rivera y Huamán Mesía, 2009). Finalmente, en todas las regiones con la excepción de ACB se encontraron mieles oligoflorales de la familia Asteraceae, que también han sido reportadas en países como Brasil y México, donde son consideradas como mieles muy apreciadas por los consumidores (Barth, 1990; Ramírez-Arriaga et al., 2011).


  CONCLUSIONES


  El estudio palinológico de las mieles permite agruparlas en categorías diferentes de acuerdo a la presencia de morfotipos particulares o combinaciones de ellos, de manera que puedan establecerse como marcadores geográficos y/o botánicos de cada zona. Aquí se diferenciaron seis grupos de mieles de A. mellifera según su origen geográfico (altiplano Cundiboyacense, Medio y Bajo Chicamocha, Sumapaz, Sierra Nevada de Santa Marta y provincia Comunera), así como también algunos tipos de mieles según su origen botánico (miel monofloral de T. Pratense, C. arabica, Eucalyptus sp., Inga sp., H. americanus, miel oligofloral de asteráceas, mezclas de mielato de Q. humboldtii y néctar floral de otras plantas). Además, se encontraron diferencias a una escala más grande entre las mieles de las regiones andina y subandina, que podrían aplicarse a otros lugares del país, si se tienen en cuenta algunos resultados similares encontrados en otras zonas andinas y subandinas de Colombia (Corral, 1984; Ortiz de Boada y Nates-Parra, 1987; Girón Vanderhuck, 1995; Bogotá et al., 2001; Salamanca Grosso et al., 2008). La información de este trabajo junto con la obtenida del análisis fisicoquímico y sensorial (Zuluaga et al., 2011) sirve de base para que los apicultores puedan solicitar la denominación de origen de las mieles, pero deberán trabajar conjuntamente como núcleo productivo, con el fin de garantizar y aumentar la producción de las mieles diferenciadas, mediante el establecimiento de calendarios florales y de cosecha de miel, así como también haciendo seguimientos más detallados de los lugares en los cuales se producen.


  La denominación de origen de estas mieles (DO), por otro lado, serviría para dar mayor valor a las regiones naturales estudiadas, en especial los territorios de la cuenca del río Chicamocha y la Sierra Nevada de Santa Marta, los cuales además de constituir accidentes geográficos particulares, constituyen zonas relevantes en términos de su diversidad biológica, al albergar varias especies endémicas y amenazadas que ameritan ser objeto de conservación (Rangel y Garzón, 1995; Albesiano y Rangel, 2006). Aunque las DO no tienen por objetivo conservar la biodiversidad, este puede ser uno de sus principales impactos positivos porque las comunidades y organizaciones campesinas adquieren una mayor gobernanza sobre el territorio para evitar la pérdida de los recursos base de la diferenciación de sus productos agrícolas (Larson, 2007).
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  RESUMEN



  Se examinó la fauna de carábidos (Coleoptera: Carabidae) y de hormigas (Hymenoptera: Formicidae) que sobreviven en el suelo de un cultivo de maracuyá bajo condiciones de manejo convencional en Roldanillo, Valle del Cauca, en los meses de marzo y mayo (período lluvioso) y junio y julio (período poco lluvioso) de 2012. Se realizaron cuatro muestreos de intensidad mensual en dos lotes con edades contrastantes, registrándose las especies presentes. Se encontraron 149 individuos de Carabidae distribuidos en diez especies y 2447 hormigas distribuidas en 19 morfoespecies. La especie más abundante de hormigas fue Solenopsis geminata, mientras que Megacephala (Tetracha) sobrina fue la especie más abundante de Carabidae. Se encontró además que la abundancia y riqueza de carábidos tienden a ser mayor en la temporada lluviosa, mientras que algunas especies de hormigas mostraron una preferencia por alguno de los períodos estacionales. Se concluye que en el área de estudio sobrevive una rica fauna de carábidos y hormigas del suelo, que podrían contribuir al control de poblaciones de insectos fitófagos asociados al cultivo de maracuyá.


  Palabras clave: Coleoptera, hormigas, insectos depredadores, Passiflora edulis.

  


  ABSTRACT


  The fauna of beetles (Coleoptera: Carabidae) and ants that survive in the soil of a passion fruit crop under conventional management in Roldanillo-Valle del Cauca was examined, in March and May (rainy season) and in June and July (dry season), 2012. We carried out four samplings of monthly intensity in two plots with plants of different ages, and registered the species found. We found 149 individuals of Carabidae, distributed into ten species and 2447 ants, distributed in 19 morphospecies. The most abundant species of ants was Solenopsis geminata, while Megacephala (Tetracha) sobrina was the most abundant species of Carabidae. It was also found that the abundance and richness of carabid beetles tend to be higher in the rainy season, while some ant species showed a preference for specific seasonal periods. We conclude that a rich fauna of ground carabids and ants survives in the study area, which could contribute in the control of phytophagous insects populations associated with the crops of passion fruit.


  Keywords: Coleoptera, ants, predaceous insects, Passiflora edulis.

  


  INTRODUCCIÓN


  El nivel de regulación interna de los agroecosistemas depende principalmente de la biodiversidad, pues una variedad alta de especies en el contexto productivo ofrece una amplia gama de servicios ecológicos (tales como reciclaje de nutrientes, control del microclima local, regulación de la abundancia de organismos no deseados en cultivos y polinización) (Altieri, 1999). Estos servicios usualmente pasan inadvertidos porque la agricultura de revolución verde en las últimas décadas ha priorizado el aumento de la producción (bien en alimentos, fibras, maderas, aromáticas o medicinales) por encima de la sustentabilidad de los agroecosistemas. Para lograr esta producción, se han reemplazado los servicios que antes prestaba la biodiversidad por insumos energéticos petroquímicos (fertilizantes y plaguicidas), que si bien mantienen la producción per capita, disminuyen la calidad del agua para consumo humano y exterminan aquellas especies que no son objetivo directo de producción de los cultivos determinados (Swift et al., 2004; Carvalho, 2006).


  El cultivo de maracuyá amarillo (Passiflora edulis f. Flavicarpa Degener, Passifloraceae) no ha sido la excepción en cuanto al manejo convencional planteado por la revolución verde, siendo el monocultivo la práctica agrícola más extendida en Colombia (Calle et al., 2010). Su producción anual mundial se estima en 680000 toneladas métricas, de las cuales Colombia produce cerca del 11 %, dicha producción está principalmente en manos de pequeños agricultores (Wyckhuys et al., 2011), que se basan en el monocultivo con espaldera, método que utiliza alambres dispuestos horizontalmente a dos metros de altura.


  El control de plagas del maracuyá y la fertilización de los cultivos se hace con base en productos químicos sintéticos desde hace al menos 60 años (Chacón y Rojas, 1984; García- Torres, 2002); tales productos tienen el potencial de eliminar la entomofauna asociada que presta servicios ecológicos. La polinización, por ejemplo, se ha visto fuertemente afectada por la eliminación de los abejorros solitarios del género Xylocopa (Hymenoptera: Apidae), especialistas en polinizar maracuyá (Calle et al., 2010). De igual forma, el control natural de plagas se ha afectado negativamente, pues la aplicación frecuente y constante de plaguicidas durante décadas disminuyó los insectos depredadores y las poblaciones de insectos fitófagos se hicieron más comunes en estos cultivos (Wyckhuys et al., 2011).


  Los carábidos, con alrededor de 40000 especies en el mundo, se conocen como cazadores (McCravy y Lundgren, 2011). Sin embargo, el comportamiento de forrajeo de la mayoría los carábidos tiene una dieta variada y pueden ser tanto depredadores como herbívoros, e incluso fungívoros, a lo largo de un Continuum de dietas (Lundgren, 2009). La presencia de los carábidos en el suelo depende de factores asociados como la humedad del suelo, cobertura de hojarasca e intensidad de la luz (Niemelä y Spence, 1994; Antvogel y Bonn, 2001). Algunas especies de carábidos hacen parte de la biodiversidad asociada a cultivos, donde encuentran recursos alimenticios y hábitat para desarrollarse, que van desde otros insectos hasta las semillas, estas últimas son consumidas por falta de presas o porque hacen parte de la dieta natural de algunas especies y/o estados de desarrollo juveniles. Sin embargo, el manejo y la duración de los ciclos de cultivo puede ser un factor inhibitorio de su actividad de depredación, dada la aspersión de insecticidas y herbicidas, que pueden limitar la presencia de presas y de posibles plantas arvenses que proveen de semillas a los escarabajos (Lundgren, 2009).


  Las hormigas se encuentran ampliamente distribuidas en el mundo, de modo que pueden encontrarse en un gran rango de hábitats, lo que exhibe su enorme capacidad de adaptación, desde los ambientes más húmedos hasta los más secos. Los cultivos y ambientes artificiales moldeados por el ser humano como los agroecosistemas, se han constituido en una oportunidad más para especies de Formicidae. En estos, las hormigas están presentes ya sea como especies existentes antes de la instauración de los mismos, o como especies invasoras de áreas abiertas (Palacio y Fernández, 2003). La creciente tendencia al aumento de los monocultivos en el mundo ha ocasionado que muchos organismos especialistas y generalistas se conviertan en plagas de los mismos. Esto ha llevado a los investigadores a identificar propuestas para el control de plagas diferentes al manejo convencional con pesticidas, y en este contexto, el estudio de las hormigas ha surgido como una herramienta para encontrar especies controladoras de diversas plagas en diferentes ecosistemas agrícolas (Way y Khoo, 1992).


  La diversidad de insectos en cultivos de P. edulis no se estudia hace varios lustros en el Valle del Cauca (Chacón y Rojas, 1984), con el cambio sin precedentes del paisaje vallecaucano y la aplicación indiscriminada de insecticidas, fungicidas y herbicidas en los cultivos de maracuyá, es probable que la composición faunística se haya simplificado con respecto a los estudios de varias décadas atrás, de igual forma, poco o nada se conoce con respecto a la composición faunística del suelo asociada a P. edulis, motivo por el cual se planteó este estudio, en el que se pretende identificar los carábidos y hormigas que habitan o pueden atravesar los cultivos de maracuyá bajo las actuales condiciones de manejo agrícola, así como ofrecer información relacionada con la historia natural de los Carabidae.


  MÉTODOS


  Localidad de estudio


  El estudio se realizó en un sembrado administrado por la Industria Frutícola Agrópolis del Norte (IFAN), en la localidad de Roldanillo, corregimiento de Puerto Quintero, Vereda El Rincón (N 4°26´42,6´´ W 76°4´49,7´´) a 946 msnm. Se muestrearon dos lotes de 80 m x 18 m (1440 m2) cada uno. Cada lote estaba compuesto de 90 plantas de Passiflora edulis f. Flavicarpa, que tuvieron dos edades contrastantes, el primero fue sembrado en marzo de 2012 (plántulas de 30 días) y el segundo tenía siete meses de sembrado al momento de iniciar los muestreos (sembrado en septiembre de 2011); el lote más joven estaba plantado hacia la parte norte del cultivo y el lote de edad avanzada hacia la parte sur ( Fig. 1 ). El tipo suelo en el que se realizaron los muestreos fue francoarenoso.


  El objetivo de usar dos lotes con edades contrastantes fue abarcar la mayoría de los estados fenológicos de las plantas y evitar el sesgo ocasionado al utilizar un cultivo de edad joven o adulta en un tiempo de muestreo relativamente reducido. Los dos lotes tuvieron un manejo convencional con base en productos sintéticos para fertilización (úrea, foliar completo) y manejo de plagas (malathion, propamocarb, carbendazim y mancozeb). La disposición de cada cultivo fue de tres hileras con 30 plantas cada una; la separación entre plantas fue de 2,5 m y entre hileras de 3 m, se dejó una distancia de 4,5 m a lo ancho de cada lote para disminuir el efecto de borde. Cada planta se acompañó con un tutor de alambre (que proporciona sostenimiento vertical) y soportado por bases de guadua (Guadua angustifolia, Poales: Poaceae).


  En el área de estudio había una cobertura de plantas arvenses y pasto, además de otros cultivos como maíz, caña de azúcar y guayaba. Hacia la parte sur del lote de edad avanzada, a 5 m había una zanja seca y a 10 m, se encontraba un canal de aguas en el que se deposita parte del agua del río Cauca cuando se desborda, este río se encuentra aproximadamente a 100 m del lote avanzado (Fig.1). Alrededor del área de estudio no había bosque.


  Método de colecta


  Se realizaron cuatro muestreos entre los meses de marzo y julio de 2012, el tiempo de colecta correspondió a la transición entre el período lluvioso (marzo y mayo) y el período poco lluvioso (junio y julio), dado que la longevidad máxima que los cultivos de maracuyá alcanzan en la actualidad en el Valle del Cauca fluctúa entre 13 y 21 meses (Calle et al., 2010), se consideró que el número de repeticiones fue representativa. Los carábidos y hormigas del suelo de cada lote se colectaron usando 30 trampas de caída, cada una de las cuales consistió de un vaso desechable de 7 oz, enterrado a ras del suelo, sin taparse. Se ubicaron diez trampas en cada hilera equidistantemente a cada 8 m, una al lado de la planta que se encontrara a tal distancia. Las trampas se revisaron después de 48 horas. El número de individuos y la riqueza de especies de escarabajos carábidos (Coleoptera: Carabidae) y hormigas (Hymenoptera: Formicidae) fueron las variables de respuesta.
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  Identificación taxonómica


  Los carábidos fueron conservados en alcohol al 70 % hasta el momento de su montaje en los respectivos alfileres entomológicos. Su identificación se realizó con base en claves para géneros y especies (Reichardt, 1967; Erwin, 1991; Martínez, 2005) y siguiendo la propuesta filogenética de Lorenz (2005). Las hormigas se montaron en seco sobre banderillas de papel y se determinaron por género siguiendo las claves de Palacio y Fernández (2003), mientras que algunas especies por comparación con la colección de referencia del Museo de Entomología de la Universidad del Valle.


  Análisis de diversidad


  Con los datos de abundancia discriminados para cada especie se calculó la acumulación de especies para los carábidos y las hormigas. La acumulación observada fue comparada con la obtenida a partir de los estimadores no paramétricos basados en la incidencia de especies, pues la distribución espacial de los insectos generalmente no se ajusta a los parámetros estadísticos para la medición de la biodiversidad. Los estimadores usados fueron el Chao 2, Jacknife de primer orden y Jacknife de segundo orden (Moreno, 2001), usando el programa EstimateS 8.2.0® (Colwell, 2009).


  RESULTADOS


  Diversidad de escarabajos carábidos


  Se encontró un total de diez especies de carábidos (Fig. 2) y 149 individuos, de las cuales la más abundante fue Megacephala (Tetracha) sobrina Dejean, con 108 especímenes. Esta especie, junto con otras dos mostraron preferencia por el lote joven, mientras que Notiobia sp. se encontró en mayor abundancia en el lote de edad avanzada (Tab. 1 ). De acuerdo con los estimadores de diversidad basados en la incidencia de especies, se colectó en promedio el 69,15 % de la diversidad de carábidos existentes en los cultivos, con una desviación estándar del 9,24 %. Esperándose 13 especies con el estimador Chao 2, 14 con Jacknife1 y 17 especies con Jacknife2.


  Diversidad de hormigas


  Se colectó un total de 2447 hormigas pertenecientes a 12 géneros y 19 morfoespecies, siendo la hormiga nativa de fuego Solenopsis geminata Fabricius la especie más abundante, con 1033 individuos (42,21 %). Los estimadores de diversidad no paramétricos mostraron que el estimador más alejado del número de especies observadas fue el Jacknife2, con 22 especies esperadas, mientras Chao 2 fue el estimador más próximo con 19,5 especies esperadas, por otro lado, con Jacknife 1 se esperaban 21 especies. Dado lo anterior y teniendo en cuenta los demás estimadores, el promedio de eficiencia de muestreo fue del 91,45 % con una desviación estándar del 5,58 %.


  Se encontraron tres especies exclusivas en el lote de edad avanzada y una especie en el lote joven. Sin embargo, este último presentó el mayor número de individuos (64,7 %). La abundancia de hormigas de acuerdo con el período climático mostró tendencia en algunas especies a preferir uno de los dos períodos, tres especies de Pheidole se capturaron más en el período lluvioso, mientras que Pheidole sp. 4, Cardiocondyla nuda Emery, C. Emeryi Forel, Temnothorax cf. SubditivusWheeler y Brachymyrmex cf. Heeri Forel fueron las que mostraron preferencia por el período poco lluvioso (Tab. 2 ).


  DISCUSIÓN


  Diversidad general


  La alta homogeneidad vegetal del hábitat estudiado con respecto al ecosistema de referencia del Valle del Cauca, el bosque seco tropical, la ausencia de un parche de bosque seco o un bosque de galería cercano del cultivo y las prácticas de manejo agrícola del cultivo de maracuyá, que incluyeron varias aspersiones de plaguicidas, en sinergia la poda de plantas arvenses (especialmente en el lote joven), son factores que pudieron haber influenciado la baja riquezade especies de carábidos y hormigas. Los carábidos habitan más fácilmente en sitios con mayor cobertura vegetal que la que se observó en campo, sin embargo, se conocen muchas especies asociadas a diferentes tipos de cultivos y que pueden operar como enemigos naturales (Kromp, 1999). Por su parte, se ha observado que los parches de bosque secundario del valle geográfico del río Cauca albergan el 93 % de la riqueza de hormigas de la zona de vida de bosque seco y que el número de especies disminuye drásticamente en la matriz de potreros y cultivos (Chacón de Ulloa et al., 2012). Dado lo anterior, la diversidad de insectos depredadores asociados al cultivo de maracuyá, es aquella que logra sobrevivir en la matriz agrícola (incluyendo aquellos cultivos aledaños al de maracuyá) y no la que posiblemente sea nativa de bosque seco tropical.


  Riqueza de carábidos


  La mayoría de los carábidos se presentaron dentro del lote de maracuyá joven, sin embargo, este valor se ve ampliamente sesgado por la dominancia de una sola especie, Megacephala (Tetracha) sobrina, de este género se conoce que son habitantes de áreas abiertas, en el Valle del Cauca se han observado corriendo a ras del suelo durante el día (observaciones no publicadas), pese a que su actividad principal como depredadores es en horario nocturno. Las especies del subgénero Tetracha tienen una amplia capacidad de vuelo, dado que tienen muy desarrollados sus músculos alares posteriores (Erwin, 1991;Zerm et al., 2007), motivo que puede explicar su presencia en los cultivos del valle geográfico del río Cauca.


  Por otro lado, la mayoría de los carábidos fueron colectados en el período lluvioso, fenómeno que puede ser explicado si se considera que muchos de los carábidos prefieren zonas con una humedad relativamente alta (Antvogel y Bonn, 2001).
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  La cobertura de plantas arvenses en el lote de mayor edad pudo haber influenciado la presencia de carábidos en los lotes estudiados, como los de la tribu Harpalini (Notiobia y Selenophorus). Estos son principalmente granívoros y pueden alimentarse de semillas de pastos (Nisensohn et al., 1999; Lietti et al., 1999), mientras que otras especies se especializan en el consumo de semillas de Melastomataceae y Moraceae (Paarmann et al., 2001). Las observaciones realizadas en campo durante el presente estudio permitieron ver que estos harpalinos se esconden en las grutas que forma el barro seco durante el día, donde no hay mucha hojarasca.
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  También se colectó a Galerita americana L., conocido como falso bombardero, dado que tienen un aspecto similar a los individuos del género Brachinus, sin embargo, son capaces de producir sustancias corrosivas a base de ácido fórmico, ácido acético y 19 componentes lipofílicos (Rossini et al., 1997). G. americana es un grupo conformado por diez especies (Reichardt, 1967), por lo cual su identificación debe hacerse a la luz de la revisión de genitales. Según Erwin (1991), los miembros de este género usualmente se encuentran en zonas boscosas corriendo entre las hojas cercanas al suelo y son depredadores de otros artrópodos de menor tamaño, sin embargo, nuestro hallazgo sugiere que pueden llegar a habitar en áreas abiertas o por lo menos, cruzar la matriz de cultivos. Por otro lado, Brachinus (Neo Brachinus) es el único subgénero que se ha encontrado en el nuevo mundo, encontrándose desde Estados Unidos hasta Argentina y el Caribe (Martínez, 2005). Las larvas de este género son parasitoides de pupas de escarabajos acuáticos de las familias Hydrophilidae, Gyrinidae y Dytiscidae, donde se desarrollan en un proceso de "hipermetamorfosis". Los adultos de este género son conocidos depredadores (Juliano, 1986) y tienen la capacidad de expulsar un líquido por la glándula pigidial cuando son molestados, este líquido es corrosivo y volátil en el aire y repele a quienes intentan manipularlos o alimentarse de ellos (Erwin, 1965).


  La mezcla explosiva está compuesta por peróxido de hidrógeno e hidroquinona o metilhidroquinona, la sustancia resultante puede alcanzar los 100 °C (Aneshansley et al., 1969). Dadas las características del desarrollo larvario y a que tienen la capacidad de volar cuando las condiciones ambientales del sitio en el que se encuentran son desfavorables (Erwin, 1965), Brachinus siempre se encontrará cerca de fuentes de agua. Durante algunas de nuestras observaciones en campo se encontraron bajo rocas grandes en zanjas secas cercanas a los cuerpos de agua, formando grupos grandes de machos y hembras, lo que podría explicar su presencia en los lotes estudiados.


  Dentro de las especies colectadas también se halló a Paratachys, el género más grande de la tribu Bembidiini, que tiene una amplia distribución y cuenta con más de 1000 especies en Centro y Sudamérica, aún sin describir (Erwin, 1991). Las especies de Paratachys se encuentran en todos los microhábitats del suelo. La forma de sus mandíbulas permite predecir que son depredadores de otros artrópodos y se presume que se alimentan de huevos de otros artrópodos, este género al parecer no tiene especies arbóreas (Erwin, 1991). Varios individuos de este género, y de la tribu en general, tienden a escapar cuando son expuestos a la luz del día (observaciones de Anderson Arenas). Micratopus es un género del cual se sabe muy poco en cuanto a su biología. Hasta ahora se les conoce como epígeos, aunque han sido encontrados en cuevas, al parecer de forma casual (Barr, 1964), se ven atraídos a trampas de luz en sitios donde el dosel es bajo, cerca de los claros de bosque y también se encuentran en la hojarasca, de acuerdo con sus partes bucales y con el microhábitat en el que habitan, se sugiere que se alimentan de micelio de hongos (Erwin, 1991), y Marasas et al., (2001) lo reportaron en cultivos de trigo, lo que puede dar un indicio sobre el hallazgo en cultivos de maracuyá, pues ambas son áreas abiertas con cobertura vegetal homogénea.


  Los individuos del género Scarites son encontrados casi siempre en áreas abiertas, como pastizales, bancos de arena de ríos y sistemas de cultivo (Erwin, 1991; Tulli et al., 2009), son generalmente depredadores, se alimentan de anélidos (Hlavac, 1967), larvas de Lepidoptera (Erwin, 1991; Kromp, 1999) y babosas (Tulli et al., 2009). Sin embargo, pueden sobrevivir hasta un año con una dieta de polen de maíz únicamente (Lundgren, 2009). Algunas especies cavan galerías en la tierra, en las que reposan en horas del día y salen en las horas de oscuridad a cazar en las cercanías de las mismas. Una vez que encuentran sus presas, retornan a su madriguera, en la que consumen lo capturado, comportamiento que también adoptan las larvas, quienes permanecen durante el día con sus mandíbulas en la entrada de la madriguera, a la espera de una presa que pase por encima del agujero para capturarla (Hlavac,1967). Dado lo anterior, no es extraño haber encontrado individuos de este género en el suelo de los lotes del cultivo de maracuyá.


  Riqueza de hormigas


  Según los estimadores de riqueza, se obtuvo la mayoría de las especies esperadas en el inventario de hormigas, sin embargo, es un valor muy bajo si se compara con la mirmecofauna conocida para los sistemas productivos del valle del río Cauca. Así, Armbrecht y Chacón (1997) observaron 74 morfoespecies de hormigas asociadas a potreros y cultivos. Recientemente, Chacón de Ulloa et al. (2012), recopilaron 21 géneros de 46 especies solo en caña de azúcar, de lo cual se deduce que los lotes de maracuyá estudiados albergarían solo el 41 % de las especies de hormigas en cultivos de la región. No obstante, los trabajos pioneros sobre la entomofauna asociada al maracuyá en el Valle del Cauca no repor tan hormigas (Chacón y Rojas, 1984; Armbrecht et al., 1986) por lo que el presente estudio contribuye al conocimiento de la fauna de hormigas del suelo en cultivos de pasifloráceas.


  A la subfamilia Myrmicinae pertenecen 12 (de las 19 especies de hormigas) halladas en los lotes de maracuyá, y al menos cuatro de ellas se pueden destacar como potenciales controladoras de insectos plaga. La hormiga de fuego S. geminata es una especie muy común en áreas abiertas del valle geográfico del río Cauca (Achury et al., 2008; Chacón de Ulloa et al., 2012), lo que explica su dominancia y permanencia en el cultivo de maracuyá, principalmente en el lote joven donde se capturó el 49 % de sus individuos. Experimentos de campo reconocieron a S. geminata como una de las especies con mayor actividad en cebos de atún dispuestos a nivel del suelo en el valle geográfico del río Cauca (Achury et al. 2008), esta especie está reportada como depredadora (Philpott et al., 2010). Otra mirmicina que se observó durante el estudio fue Temnothorax. cf. Subditivus, especie conocida en parches de bosque (Chacón de Ulloa et al., 2012), raramente colectada en hábitats secos y también registrada para Santa Marta, Colombia (Longino, 2013). De las especies del género Pheidole solo se logró determinar a P. Susannae Forel, una especie muy común en bosques secundarios, potreros y cañaduzales del Valle (Chacón de Ulloa et al., 2012), la cual sobresalió por su abundancia en el lote joven de maracuyá principalmente en período lluvioso. Tetramorium bicarinatum Nylander también se ha registrado en potreros y cultivos del Valle (Chacón de Ulloa et al., 2012), una especie generalista e introducida que ha llegado a colonizar incluso las áreas urbanas del Valle del Cauca (Chacón de Ulloa et al., 2006).


  De la subfamilia Ponerinae solo se registraron dos especies con muy pocos individuos ( Odontomachus Bauri Emery y Pachycondyla villosa Fabricius). O. Bauri ha sido reconocida como depredadora en cultivos de maracuyá (Domínguez-Gil y McPheron, 1992). Su presencia en el cultivo de maracuyá es importante porque estas hormigas se han reconocido entre las especies de hormigas cazadoras del Valle (Arcila et al., 2008).


  CONCLUSIONES


  Hasta el momento, ninguno de los documentos que tratan sobre la entomofauna asociada a Passiflora edulis en el Valle del Cauca o en Colombia registra a la familia Carabidae dentro de los taxones encontrados (Chacón y Rojas 1984; Armbrecht et al., 1986; Calle et al., 2010), por lo cual, este estudio se constituye como el primero en reportarla. Finalmente, a pesar de las pocas especies de hormigas colectadas en este trabajo, se destacan nuevos hallazgos en lo que respecta a las especies que realizarían funciones ecológicas de ataque a posibles plagas, dentro de los sistemas de cultivo del maracuyá en el Valle del Cauca.
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  ABSTRACT


  In the S. tuberosum group phureja crops, mineral fertilizer and organic amendments are applied to meet the plants´ nutritional demands, however the effect of such practices on the associated rizospheric microbial communities are still unknown. Nitrogen plays an important role in agricultural production, and a great diversity of microorganisms regulates its transformation in the soil, affecting its availability for the plant. The aim of this study was to assess the structure of microbial communities related with the N cycle of S. tuberosum group phureja rizospheric soil samples, with contrasting physical-chemical properties and fertilization strategy. Few significant differences between the community composition at the phylum level were found, only Planctomycetes phylum was different between samples of different soil type and fertilization strategy. However, the analysis of nitrogen-associated functional groups made by ribotyping characterization, grouped soils in terms of such variables in a similar way to the physical-chemical properties. Major differences between soil samples were typified by higher percentages of the ribotypes from nitrite oxidation, nitrogen fixation and denitrification on organic amendment soils. Our results suggest that, the dominant rhizosphere microbial composition is very similar between soils, possibly as a result of population´s selection mediated by the rhizosphere effect. However, agricultural management practices in addition to edaphic properties of sampled areas, appear to affect some functional groups associated with the nitrogen cycling, due to differences found on soil´s physicalchemical properties, like the concentration of ammonium that seems to have an effect regulating the distribution and activity of nitrogen related functional groups in the S. tuberosum rhizosphere.


  Keywords: Nitrogen cycle; nitrification; nitrogenase; pyrosequencing; Solanum phureja

  


  RESUMEN


  Fertilización mineral y enmiendas orgánicas son aplicadas para satisfacer las demandas nutricionales de los cultivos de S. tuberosum grupo phureja . Sin embargo, el efecto de esas prácticas sobre la comunidad microbiana asociada a la rizósfera aún no se conocen. El nitrógeno juega un papel importante en la producción agrícola y una gran diversidad de microorganismos regulan su transformación en el suelo, afectando su disponibilidad para la planta. El objeto de este estudio fue determinar la composición de la comunidad microbiana de la rizósfera de S. tuberosum grupo phureja , asociada con el ciclo del nitrógeno, en muestras de suelo contrastantes en sus propiedades fisicoquímicas y estrategia de fertilización. Pocas diferencias significativas entre la composición de la comunidad microbiana a nivel de phylum fueron encontradas, Í°nicamente el phylum Planctomycetes fue diferente entre las muestras de suelos con estrategias de fertilización diferentes. Sin embargo, el análisis de grupos funcionales asociados al nitrógeno llevado a cabo por la caracterización de ribotipificación, agrupó los suelos en términos de esas variables en una forma similar a las propiedades fisicoquímicas del suelo. Diferencias mayores entre las muestras de suelo fueron tipificadas por los altos porcentajes de ribotipos asociados a la oxidación de nitrito, fijación de nitrógeno y denitrificación sobre los suelos con enmiendas orgánicas. Nuestros resultados sugieren que la composición microbiana dominante es muy similar entre suelos, posiblemente como resultado de la selección de poblaciones mediada por el efecto rizosférico. Sin embargo, las prácticas del manejo agrícola en conjunto con las propiedades del suelo en las áreas muestreadas, parecen afectar algunos grupos funcionales asociados con el ciclo de nitrógeno, debido a las diferencias encontradas en las propiedades fisicoquímicas del suelo, como la concentración de amonio que parece tener un efecto regulando la distribución y actividad de los grupos funcionales relacionados con el ciclo del nitrógeno en la rizosfera de S. tuberosum.


  Palabras clave: Ciclo del nitrógeno, nitrificación, nitrogenasa, pirosecuenciación, Solanum phureja .

  


  INTRODUCTION


  Potato is the fourth most important food crop worldwide, around of 324,2 millions of tons (MT) were produced in 2010, of which Colombia contributed with 2,1 MT for the same year, occupying the third place in terms of production in Latin America, (FAOSTAT, 2010). Colombia is also the major producer of Solanum tuberosum group phureja (Huaman and Spooner, 2002), with 150000 tons per year, making it a strategic crop due to its culinary recognition in international markets such as Europe and Japan (Porras, 1999; Rivera et al., 2006). Besides, Colombia is part of the biodiversity center of this crop, which goes from the Peruvian mountains towards the north of the Andes in Colombia (Ghislain et al., 2006; Rodríguez et al., 2009).


  Edaphic communities has become of great interest in recent years since it is well known that they contribute towards a broad spectrum of metabolic functions, stability, productivity and soil ecosystem resilience (Torsvik and vreas, 2002; Barrios, 2007; Brussaard et al., 2007; Hajjar et al., 2008). The edaphic metabolism of nitrogen (N), for instance, is carried out by a very intricate and diverse community which combines different transformations of this element due to its continuous interactions in the soil (Myrold, 2005; Hayatsu et al., 2008). The understanding of the processes involved in nitrogen´s availability in soil, is of great interest for agriculture, particularly for potato crops because even at high doses it may reduce tuber yield and quality (Giletto et al., 2003).


  In most of S. tuberosum group phureja crops, mineral fertilizers are applied to meet the plant´s nutritional demands (Porras, 1999), however, in response to environmental problems that this practice entails such as increased nitrogenous gas emission (Galloway et al., 2008), freshwater eutrophication (Smil, 1997;) and some negative effects on human health (McKenzie and Townsend, 2007), the application of organic amendments, such as manure, bokashi, crop residues and other renewable products, has been established.


  Previous studies have shown differences in the composition of microbial communities, as a result of the rizospheric effect in relation to root location (Yang and Crowley, 2000); plant species (Smalla et al., 2001; Haichar et al., 2008) and plant cultivar (Briones et al., 2002). In a similar way, different studies have demonstrated that factors such as agricultural practices (especially in relation with application of organic amendments), strongly affects soil´s physical and chemical properties and disturbs the soil´s microbial communities (Lundquist et al., 1999; Bulluck et al., 2002), so as the soil type does (Girvan et al., 2003; Fierer and Jackson, 2006; Ge et al., 2008).


  On the other hand, recent culture-independent molecular techniques make it possible to explore microbial diversity more deeply and widely than ever before (Ge et al., 2008), since it allows to overcome the technical limitations of culture-dependent methods (Nannipieri et al., 2003; Kirk et al., 2004; Roesch et al., 2007). Within these methodologies, the bacterial tag-encoded FLX amplicon pyrosequencing method (Binladen et al., 2007) is standing out. In this method, a selected variable region from the 16s rDNA gene is amplified from a DNA soil sample and then a unique tag for each individual sample is added to the amplicons. This step allows mixing amplicons from different samples into a single pyrosequencing run, reducing the sequencing cost per sample. Finally, in the downstream analyses, a huge number of DNA sequences are obtained and the tag is used to identify any given sequence related to the sample from which it was originated (Sun et al., 2011). Recently, this method has been successfully applied to describe the soil´s microbial communities across different sample locations (Roesch et al., 2007; Lauber et al., 2009), contrasting soil uses (AcostaMartínez et al., 2008), evaluating the rhizosphere effect (Teixeira et al., 2010; Uroz et al., 2010) and in regards to N cycle studying the composition of ammonium-oxidizing (Roesch et al., 2007; Uroz et al., 2010) and N fixing bacteria communities in the soil (Uroz et al., 2010).


  Microbial community diversity of S. tuberosum group phureja rhizosphere soil ecosystem has been unexplored. Its study could give information about the microbial community related with the N cycle in this ecosystem. It may provide the bases to design better agricultural practices that promote the activity of specific groups that are able to increase the uptake of this nutrient by the plant, improving crop productivity. The aim of the present study was to analyze the edaphic communities structure related to different processes of N metabolism in rhizospheric soil samples from S. tuberosum group phureja crops, contrasting in terms of physical-chemical properties and fertilization strategy.


  MATERIALS AND METHODS


  Sampling Site Locations Description and Soil Samples Recollection


  Spatially independent S. tuberosum group phureja rhizosphere soil samples were collected from four different crops, sowed with the same plant genotype (Clon 1), at flowering stage. These crops were located in the Cundinamarca department, one of the major S. tuberosum group phureja cropping areas in Colombia. Two crops, located at 4° 50´ 60´´ N; 74° 16´ 0´´ W and 4° 56´ 0´´ N; 74° 10´ 60´´ W, were mineral fertilized with 700 kg ha-1 of 14:30:15 (MF1) and 900 kg ha-1 of 12:24:12 (MF2) of NPK fertilizer application rates, respectively; similarly chemical compound inputs were applied for insect and pest control for both crops. Another two S. phureja crops, OA1 and OA2, which were neighbors to each other located at 5° 12´ 0" N; 73° 52.60´ 60" W had been organically fertilized with a bokashi like amendment (product of a composting process based on cattle manure, soil, molasses, yeast, rice husks and wood ash), for at least the last five years. These two crops were also characterized, because no chemical inputs for the control of pests and diseases had been applied. Soil´s physicalchemical properties are presented in Tab. 1 .


  Rhizosphere soil were collected by shaking soil that were loosely adhering to the roots, from five plants randomly selected, after covered the crop area in zigzag, leaving 20-25 meters distance between sampled plants. Each sample was sifted by a 0,5 cm diameter hole sieve and then mixed in equal parts to obtain three subsamples per farm-land. Soil subsamples were stored at 4 °C for microbial and physicalchemical analysis of soil, and another portion of each soil subsample was stored at -20 °C for enzyme analysis and the last one was stored at -80 °C for the microbial soil community DNA analysis.


  Physical-chemical analysis of soil was done at the Universidad Nacional de Colombia´s Soils´ Laboratory using standard methodologies for measuring: moisture, pH, organic carbon (OC), Ca, K, Mg, Na, cationic exchange capacity (CEC), P, Cu, Fe, Mn, B, Zn, clay, silt and sand percentage, total N (inorganic plus organic), and ammonium and nitrate mineral N.


  Microbial Counts of Functional Groups Associated with the Edaphic Nitrogen Metabolism


  Aerobic culturable nitrogen-fixing bacteria (NFB) were analyzed using plate count methodology after serial dilutions in modified NFb agar (Flórez-Zapata and Uribe-Vélez, 2011) and incubated at 28 °C for five days. Soil samples were analyzed in triplicate, and the morphotypes from each soil sample were isolated and cryopreserved at -80 °C.


  Ammonium oxidizing bacteria (AOB), nitrite oxidizing bacteria (NOB) and denitrifier bacteria (DEN) abundance was determined by the most probable number (MPN) method (Pochon and Tardieux, 1962), using different carbon and N sources according to each group as follows: calcium carbonate (1 g.L-1) was used as carbon source and ammonium sulphate (0,5 g.L-1) and sodium nitrite (5 g.L-1), as AOB and NOB N source, respectively. DEN were grown with sodium acetate (10 g.L-1) and potassium nitrate (2 g.L-1). Three dilutions by triplicate were inoculated with the soil sample dilution, and then incubated at 30 °C for 15 days for DEN and 30 days for AOB and NOB. After the incubation time, the presence/ absence of each group was determined; from AOB nitrite production and for NOB nitrite consumption were determined with Griess-Ilosvay reagent (Alexander and Clark, 1965); for estimating DEN, nitrite consumption and gas production were determined by using Durham´s bells (Horiba et al., 2005). Microorganism MPN was estimated by using McCrady´s tables (1918); and counts were expressed as MPN of microorganisms by gram of dry weight soil.
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  Soil Microbial Community DNA Extraction and Bacterial Tag-Encoded FLX Amplicon Pyrosequencing Analysis


  Soil DNA was extracted using a Power Soil kit TM DNA (MoBio Laboratories, Carlsbad, CA, USA) following the manufacturer´s instructions. For bacterial tag-encoded FLX amplicon pyrosequencing analysis (referred as ribotyping analysis), PCR reactions for the 16S rDNA V5 and V6 variable regions were performed using the primers reported by Sogin et al., (2006): 807F (5´-GGATTAGATACCCBRGTAGTC-3´) and 1050R (5´ AYTGDCGACRRCCRTGC-3´). The PCR reaction was carried out in 25 μL containing 2,5U of Pfu Turbo polymerase (Stratagene, La Jolla, CA, USA), 1X reaction buffer, 0,6 mM dNTPs, 0,75 μM of each primer, 5 % v/v DMSO and 2-8 ng DNA. PCR conditions for 16S rDNA amplifications started with an initial denaturing step at 95 °C for two min, followed by 30 cycles of 95 °C for 1 min. A touch-down step at 60 °C to 51 °C (0,33 °C/cycle) and extension temperature step at 72 °C for one min were followed by a final extension step at 72 °C for five min.


  A 1:10 dilution of the PCR product was used as template for a second PCR to add the pyrosequencing primers that contains the adapters and the respective barcode specific for each soil analyzed. The reaction was carried out using the same conditions described above, except for the annealing temperature and the number of cycles (five cycles at 53 °C). PCR product quality was assessed on 1 % w/v agarose gel. Once confirmed, PCR products were cleaned using a QIAquick PCR purification kit (QIAGEN, Valencia, CA, USA), following the manufacturer´s instructions. Samples were sent to the Environmental Genomics Core Facility at the University of South Carolina (Columbia, SC, USA) for pyrosequencing on a Roche Diagnostics 454 Life Sciences Genome Sequencer FLX (Indianapolis, IN, USA) machine.


  Sequence Quality Trimming


  The pyrosequencing sequences obtained were sorted into specific samples according to the specified barcode. Sequences lacking tags were discarded. Once each DNA set of sequences had been obtained, 454 sequencing primers and barcodes were cleaned. Then, less than 50 nucleotide length DNA sequences, low quality regions with Q-values less than 20 and with one or more ambiguous base (N) were eliminated from the analysis to minimize any bias due to random sequencing errors. Each ribotype´s taxonomic identity was performed at genus level using the Classifier tool (with default parameters) from the Ribosomal Database Project (Wang et al., 2007), available on the website from the Ribosomal Database Project.


  Ribotype´s Assignation into Nitrogen Edaphic Metabolism Process


  A database was constructed through an extensive bibliographic search of the different genera associated with nitrogenfixation, nitrification, denitrification and dessimilative reduction of nitrate to ammonium processes (Tiedje, 1988; Young, 1992; Teske et al., 1994, Malik et al., 1997; Chelius and Triplett, 2000; Chen et al., 2003; Behar et al., 2005; Myrold, 2005; Zakhia et al., 2006). This search led to identifying around 140 genera associated with all these processes (Table S1). The four soil sample ribotypes genera assignation, were compared with our database to identify which genera were present and potentially forming part of a particular functional group (functional ribotyping analysis). Each estimated population´s percentage was estimated in relation to total DNA sequences from a soil sample to provide a cumulative percentage for each functional group.


  Determination of Soil´s Nitrogenase Enzymatic Activity


  The soil´s nitrogenase activity was determined by the acetylene reduction test, according to the methodology suggested by Hardy et al., (1968), with some modifications. One mililiter of soil sample dilution at 10-3 and 10-4 was inoculated by triplicate into amber bottles containing 9 mL of the semisolid modified NFb Agar (Flórez-Zapata and Uribe-Vélez, 2011). The samples were incubated for 24 hours at 28 °C. Then 10 % of the bottles´ atmosphere was replaced by acetylene and incubated again as before. A Varian 3400 gas chromatograph (Varian, Walnut Creek, CA, USA), was used for determining ethylene production which was reported as nmoles of ethylene per gram dry weight of soil during 24 hours.


  Sequencing and Analysis of 16s rDNA From Nitrogen- Fixing Bacteria


  Total DNA from each NFB morphotype was isolated by the CTAB phenol-chloroform method (Ausubel et al., 2003). The 16S rDNA gene was amplified by using universal primers 27f and 1492r under standard conditions (Martin-Laurent et al., 2001). PCR products were sequenced in both directions by Macrogen Inc, Korea using the ABI 3730xl DNA analyzer sequencer. Then, obtained sequences were analyzed by the SeqMatch tool from the Ribosomal Database Project (Cole et al., 2009) to obtain taxonomic assignation.


  Statistical Analysis


  Microbe counts were expressed in logarithms and significant statistically differences were verified by using the Kruskal- Wallis (KW) test by pairs at p=0,05 significance level (Kruskal and Wallis, 1952). Nitrogenase activity was analyzed by Tukey test at the same significant level. A Z test proportions analysis was performed, to determine whether differences at phylum level in the percentage of microorganisms obtained by pyrosequencing were statistically significant (p=0,05 significance value). A hierarchical cluster analysis was done using each soil´s physical-chemical and biological variables (functional ribotyping analysis), according to average linkage clustering method, STATA 9.0 (StataCorp, 2005) was used for all statistical analysis.


  RESULTS


  Soil Physical-Chemical Analysis


  Table 1 presents the soil samples´ physical-chemical characteristics. Some differences were found in the soils in terms of organic carbon, total N and soil moisture content, independently of sampling location or fertilization strategy. However, it was observed that OM1 and OM2 soils had slightly higher pH values and smaller ammonium concentrations probably due to the fertilization strategy of these soils. Also, the topsoil texture was different between soils, for instance soils MF1 and MF2 were classified as loam, while OM1 and OM2 were classified as sandy loam.


  A hierarchical cluster analysis done with the physical-chemical variables grouped the analyzed soils into two clusters, with MF1 and MF2 in one cluster and soils OA1 and OA2 in the other cluster ( Fig. 2 ). Such clustering indicates that despite the fact all soils are Andisols with a high organic content (above 16 %), both, soils´ structure and fertilization strategy seems to have a strong effect on their physical-chemical variables in such a way that allowed the clustering into two different groups of soils.


  Abundance of Culturable Microbial Functional Groups Associated with Edaphic Nitrogen Metabolism


  Some differences were observed between the soils being studied regarding the biological variables associated with the nitrogen cycle (enzyme activity and microbial counts). The microbial counts for MF1 and MF2 presented the highest values for all functional groups analyzed, except for AOB in farm MF1 (Tab. 2 ). Even AOB for farm MF2, presented counts two orders of magnitude above the other soils. On the other hand, despites the higher numbers of NFB counts in mineral fertilized soils, nitrogenase activity was higher on soils OA1 and OA2.


  Culture Independent Analysis of Soil Microbial Community at Phylum Level


  After the sequence trimming process, a total of 24423 partial 16S rDNA sequences were obtained from the four soil samples. The phylum composition was determined from Bacteria and Archea domain, the proportions for each phylum for the four soil samples analyzed are presented in the Tab. 3 . Small differences in the proportions of the phyla were found between soils, in fact only Plactomycetes showed significant differences between mineral fertilized and organic amended soils. The most prevalent bacteria phyla in all the soil samples were Proteobacteria, Bacteroidetes, Plactomycetes, Actinobacteria, Verrucomicrobia and Acidobacteria, while Crenarchaeota was the most prevalent for the Archea domain. Besides, Spirochaetes and Deinococcus- Thermus phyla were only found in OA1 and OA2 soils.
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  Nitrogen Cycle Functional Groups Ribotypes Association


  The genera of the microorganisms present in the soil samples being studied were associated with different N cycle functional groups previously identified through literature reports such as nitrogen-fixing bacteria, nitrifiers, denitrifiers and bacteria that can dissimilate nitrate to ammonium (DRNA). We would point out that the presence of a particular genus does not assure its active role in N transformation in the soil. Nevertheless, this information can be interpreted as an approach for determining the functional potential of a soil being studied, to transform a particular element and its relationship with other N cycle-related variables, especially into the N cycle which is mainly driven by the bacteria and archea domains.


  The first process of the cycle analyzed was nitrification, through ammonium oxidation and nitrite oxidation. Only Nitrosospira ribotypes (16S rDNA sequences), were found to fulfill this function for AOB, and sequences from the phylum Crenarchaeota for the ammonia-oxidizing archaea (AOA) (Fig. 2 A). The genus Nitrospira and Nitrobacter were identified regarding nitrite oxidation, but Nitrobacter genus was only found on OA1 and OA2 soils, suggesting some differences as a result of sampling location (soil type) or fertilization strategy. The results obtained by MPN for the ammonium oxidation group (Table 2) did not show equivalent distributions with the information obtained through ribotyping analysis (Fig. 2A). Likewise, the nitrite oxidizer group had an opposing trend because the ribotypes potentially related to this group indicated a higher proportion on OA1 and OA2 soils, contrary to MPN results.


  Other processes related to nitrate reduction were also considered, such as denitrification and dissimilative reduction of nitrate to ammonium (DRNA) (Fig. 2C-D). Opposite to MPN technique, higher numbers of denitrification-related sequences were observed on OA1 and OA2 (Fig. 2C; Table 2). Regarding organisms taking part in DRNA, soils of farm OA1 (followed by MF1) had the highest proportion of sequences for this group regarding the total amount of sequences obtained for each farm, while soils MF2 and OA2 had similar proportions of such sequences in their soil communities.
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  Lastly in terms of NFB (Fig. 2E), soils MF2 and OA2 presented the highest numbers of genera associated, with 11 for each of them and farm OA1 presented seven genera, which represents the lowest number. Despite the differences in the number of genera described above, a trend appeared where the OA1 and OA2 soils showed the higher proportions of sequences associated with this group (Fig. 2 E). This result was contrary to the trend found in the plate count approach, but similar to the nitrogenase activity found in the soil samples (Tab. 2 ).


  A hierarchical cluster analysis was done using the ribotyping description of community structure in terms of the cumulative proportion of each nitrogen-associated genus per farm. This analysis showed a clear separation of the proportion of ribotypes from soils samples in a similar fashion to the physicalchemical characteristics of soils clustering (Fig. 1) with MF1 and MF2 in one cluster and soils OA1 and OA2 in the other cluster (results not shown).


  Culturable Nitrogen-Fixing Bacteria 16s rDNA Sequence Analysis


  16S rDNA sequences from culturable NFB isolates obtained from the plate count, were compared with our database and with the genera identified in the ribotyping analysis. Thirteen genera were identified out of 21 strains isolated from the four soils, of which Microbacterium, Serratia, Enterobacter and Pseudomonas had the highest frequency (4, 3, 4 and 2 strains assigned, respectively). The remaining genera were only represented by one isolate. Fig. 3 , shows the comparison of relative abundance of nitrogen-fixing ribotypes assigned to isolates obtained on agar NFb plate count (Fig. 3A) and from high throughput sequencing of 16 S rDNA gene variable regions (V5-V6) from four farms (Fig. 3B).


  As expected, a higher number of genera with the potential to carry out such function were found in the soil samples by pyrosequencing analysis than by morphotype selection in NFb medium. However, the genus found in the culture dependent methodology for example for farm MF1, such as Serratia, Microbacterium and Cellulomonas, were not found in the information obtained by pyrosequencing (Fig. 3). Similarly, some genera, such as Bradyrhizobium, Mesorhizobium and Burkholderia, were relatively highly represented by high throughput sequencing ribotyping results, but were not found by culture dependent technique. Similar results were obtained with soils MF2, OA1 and OA2 (Fig. 3).


  DISCUSSION


  The aim of this study was to search any relationship between soil physical-chemical environment and the microbial community associated with the nitrogen cycle, which is mainly driven by the prokaryotic soil community. The hierarchical cluster analysis of the soils, allowed separating the mineral and organically fertilized farms in two clusters in relation with its physical-chemical characteristics. Such clustering indicates that either, physical-chemical background of the soil, influenced by environmental and edaphic factors or fertilization management or even the interaction between those two variables have a strong effect to differentiate soils in terms of physical-chemical parameters.


  Without neglecting the importance of soil origin or fertilization strategy in defining soil clusters, our results strongly indicates that structure and function of soil microbial community associated with N cycle is mainly affected by the soil physicalchemical environment. Similar results were found by Rasche et al., (2006), who in a microcosm assay found a stronger effect of soil type on the microbial community, when compared with different potato genotypes.


  It is important to mention that the four soils analyzed in this study have high organic matter (OM) content, due to their location on high mountains of the Andes, which are characterized by low temperatures and mineralization rates. Therefore, organic amendments application on the organically fertilized soils did not resulted in higher OM levels, as observed on soils OA1 and OA2 which showed similar OM levels when compared with mineral fertilized soils (MF1 and MF2). On contrary, the strongest differences in both clusters of soils in terms of the physical-chemical variables were defined by the ammonium content. Higher levels of ammonium were found in MF1 and MF2 soils, as a consequence of the high inorganic fertilization (100-150 kg ha-1), compared with OA1 and OA2 soils, where the N applied is from organic sources only. It is well known that ammonium is directly regulating different process within the N cycle such as, N fixation, nitrification, anaerobic ammonium oxidation and nitrate assimilation (Rice and Tiedje, 1989; Robertson, 1989; Strous et al., 1999; Dixon and Kahn, 2004; Booth et al., 2005; Myrold, 2005). Therefore, differences in the proportion of ammonium, may explain part of the divergence in microbial populations associated with N metabolism in soils with different fertilization strategies.


  Bacterial phyla composition analysis in the four contrasting soils showed nineteen different phyla. The most abundant phyla observed in this study (Proteobacteria, Actinobacteria, Acidobacteria, Planctomycetes, Bacteroidetes and Verrucomicrobia), has been previously reported by other authors as being prevalent in agricultural and nonagricultural soils (Janssen et al., 2006; Roesch et al., 2007; Acosta-Martínez et al., 2008; Urich et al., 2008; da Rocha et al., 2009). This result supports the observations of Fulthorpe et al. (2008), who indicate that the same major phyla are always present in a particular soil type, regardless of soil location. However, some phyla distribution in our study had a peculiar pattern, suggesting that the community structure, at the phylum level, can be site specific (Fulthorpe et al., 2008; Teixeira et al., 2010).


  The proportion of representative phyla observed in this work was different regarding previous studies. For instance, the phylum Acidobacteria have been found highly represented (above 20 %) in other studies (Jansen et al 2006; Lee et al., 2008; Jones et al., 2009), indicating that organisms from this phylum are dominant in rhizosphere soils. However, the results obtained in this study, indicated that such group only represents 6 % of total sequences from the S. tuberosum group phureja rhizosphere soil. This finding may be a result of the high OM content of the soils samples analyzed here, a condition apparently limiting Acidobacteria development, as these bacteria are oligotrophic microorganisms that seem to have negative correlations with soil carbon content (Lee et al., 2008, Jones et al., 2009).
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  The phylum Proteobacteria, which was the most abundant in the soils being studied (28 %-37 %), has often been reported as being the most commonly found in soil (Filion et al., 2004, Janssen et al., 2006; Spain et al., 2009). This result corresponded with the observation that this group of organisms is both genetically-diverse and metabolically-versatile (Lee et al., 2008), a condition allowing it to be highly competitive after the presence of a disturbing event in the environment. On the other hand, the phylum Bacteroidetes has been reported in high proportions in agricultural soils characterized by chemical input application regarding undisturbed soils (forest or forest reserves) (Roesch et al., 2007; Acosta-Martínez et al., 2008). Nevertheless, such group showed a tendency of being present in higher proportions in organically amended soils in the present study. Our results showed also the phylum Verrucomicrobia as one of the most abundant in the rhizosphere of the S. tuberosum group phureja . Similar results have been recently reported by da Rocha et al., (2010), who found that such phylum numerically dominates the communities of the S. tuberosum rhizosphere, suggesting that Verrucomicrobia may have an important role in that ecological niche.


  Few significant differences in phyla proportions were found between the two sources of soil samples, Planctomycetes phylum, was the only one appearing in significantly different proportions between mineral fertilized and organic amended soil management (greater proportions in the latter). This result is in agreement with the observation of Girvan et al., (2003), who in spatially different soil samples with different management practices, found almost identical bacterial profiles between samples, suggesting that despite heterogeneity in soil properties, the dominant members of the microbial community appeared to be ubiquitous. In the same way, Martiny et al., (2006) discussed that microbial biogeographic distribution are taxonomic-scale dependent, as differences in patterns present at finer taxonomic resolutions, might not be reflected at broader resolutions, as is the case for the phylum taxonomic level of this study. The importance of differences in Planctomycetes phylum, should be studied in more detail since it has been suggested that organisms from this phylum play an important role in the N cycle through the anaerobic ammonium oxidation function, known as anammox (Wagner and Horn, 2006; Elshahed et al., 2007). In this sense, Uroz et al., (2010) found that this phylum have greater representation than aerobic AOB in the soil of an oak forest, suggesting that, the bacterial community has the ability to mobilize an alternative mechanism (anammox) for the oxidation of ammonium. The high proportion of such phylum found in the organically fertilized soils under study suggests that a similar situation may be happening in those soils.


  The analysis of ammonia oxidation-associated Eubacterial ribotypes showed only representatives from the genus Nitrosospira sp. (Fig. 2.A). This result agreed with other studies (Belser, 1979; Bothe et al., 2000) that highlighting the genus Nitrosospira sp. as being the most widely AOB microorganism in soil. On the other hand, the Archaea phylum Crenarchaeota was also present in high proportions in the evaluated soils, particularly on soils OA2 and MF2. This is important because Crenarchaeota has been recently proposed as playing a major role in ammonium oxidation in soil due to its high proportion and distribution found in both pristine and agricultural soils from three climatic zones (Leininger et al., 2006; Nicol and Schelp, 2006; Urich et al., 2008).


  Analysis of the sequences potentially related to nitrite oxidation showed that organically managed soils had nearly two-fold more ribotypes in terms of the percentage of total population regarding mineral fertilized soils. The genus Nitrobacter was only found on organic amended soils, suggesting an effect of soil management on this functional group´s distribution. It has been described that higher ammonium concentration, a typical situation on soils having mineral fertilization, may inhibit nitrifier population (Belser, 1979). Besides, higher pH values, like those found in the organically managed soils being studied, especially in the OA2 farm, positively affect this functional group´s population (Myrold, 2005). All the above evidence may explain the higher proportions of ribotypes associated with nitrite oxidizer microorganisms found in organically-managed soils in this study.


  The denitrification-associated ribotypes tended to have a higher proportion of microorganisms and an even higher number of genera associated with this process in organicallyamended soils. Kramer et al., (2006) not only observed higher numbers of denitrifier bacteria in a similar study of N dynamics in soils fertilized with organic amendments, but also its relation with lower nitrate amounts and increased nitrifying microorganism activity, as found in our study. These authors indicated that such findings are important because increased soil denitrifying activity leads to higher nitrate consumption, thereby reducing the amount of this compound being leached and therefore reducing the adverse environmental effect associated with this phenomenon. The high correlation between nitrogen-fixing bacteria, estimated by cultureindependent approaches and soil enzymatic activity, indicated the importance of use robust culture independent techniques, such as pyrosequencing, to establish relationships between functionality and community composition in a soil ecosystem. On the other hand, there was no correspondence between the taxonomic allocation of microorganisms isolated from culture media and ribotyping sequences obtained in the soils.


  The above results show one of the main limitations of culture dependent techniques, which incorporate bias related to growth medium factors, such as high carbon source concentration. Organisms usually under-represented in the environment (i.e. Enterobacteriaceae) may thus be able to growth rapidly in laboratory conditions, providing a distorted view of their distribution in the environment (National Research Council (US), 2007). However, it should be stressed that both techniques are complementary since the microorganisms that are not described by the ribotyping approach, were detected from 16S rDNA gene sequencing of cultured microorganisms. Besides, as annotated by Soares et al., (2006), cultivable approaches have the added advantage of microorganism isolation which allows studying their physiology and bio-technological potential.


  CONCLUSIONS


  This study provided a starting point for assessing the microbial community´s diversity and functionality in S. tuberosum group phureja rhizosphere and provides additional information about the factors that affect the soil microbial biodiversity distribution, associated with the N cycle. The results showed a grouping similar to that seen with the physical-chemical properties of soil, when making global cluster analysis of variables associated with N metabolism obtained by highthroughput culture independent methods. This result in addition with the others discussed above, allowed us to conclude that both factors, soil type and fertilization strategy, by themselves or combined, have an effect on edaphic physicalchemical properties that in turn determine the microenvironments, where soil microorganisms thrive, thereby affecting their distribution and functional activity in an ecosystem.
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  ABSTRACT


  The interspecific hybrid, Elaeis oleifera x Elaeis guineensis (OxG) is an alternative for improving the competitiveness and sustainability of the Latin American oil palm agro-industry, because of its partial resistance to some lethal diseases and also because of the high quality of its oil. A comparative characterization was conducted of the physiological and biochemical performance of seedlings of six OxG hybrids grown in hydroponics. Gas exchange, vegetative growth, protein, sugar and photosynthetic pigment content, and antioxidant system activity were determined. With the exception of gas exchange, the other variables showed significant differences between materials. The ´U1273´ and ´U1737´ materials showed greater vegetative growth with no expression of biochemical traits, while the ´U1914´and ´U1990´ materials showed high levels of reducing and total sugars, photosynthetic pigments, and antioxidant system activities, characteristics that could confer them adaptation to stress conditions. With the standardized hydroponics technique, the optimal conditions for the growth of seedlings were ensured, the differences between materials were established, so those with promising features from the physiological and biochemical standpoint were identified. Finally, it could be used to study in a simple, fast, clean and inexpensive way, the effect of levels and sources of mineral nutrients on the growth and development of oil palm.


  Keywords: adaptation, growth, nutrient solution, plant breeding, stress.

  


  RESUMEN


  El híbrido interespecífico Elaeis oleifera x Elaeis guineensis (OxG) es una alternativa para mejorar la competitividad y sostenibilidad de la agroindustria de la palma de aceite latinoamericana, debido a su resistencia parcial a enfermedades letales y a que su aceite es de muy alta calidad. Se realizó la caracterización comparativa del desempeño fisiológico y bioquímico de seis híbridos OxG crecidos en medio hidropónico. Se hicieron determinaciones de intercambio de gases, crecimiento vegetativo, proteínas, azúcares, contenido de pigmentos fotosintéticos y actividad del sistema antioxidante enzimático. Con excepción de las variables de intercambio de gases, las otras variables mostraron diferencias significativas entre materiales. Los materiales ´U1273´ y ´U1737´ mostraron mayor crecimiento vegetativo sin expresar cualidades desde el punto de vista bioquímico, mientras los materiales ´U1914´ y ´U1990´ mostraron altos niveles de azúcares totales y reductores, compuestos fotosintéticos y actividades del sistema antioxidante, características que podrían conferirles adaptación a condiciones de estrés.


  Palabras clave: adaptación, crecimiento, estrés, mejoramiento de plantas, solución nutritiva.

  


  INTRODUCTION


  Oil palm OxG interspecific hybrids (Arecaceae) result from the cross between two species of economic importance for the oil palm agro-industry in the world, Elaeis oleifera, native to the American continent, and pollen of Elaeis guineensis, native to Central and West Africa (Rey et al., 2004). These hybrids exhibit intermediate traits compared to the parent species and show hybrid vigor for some traits of agronomic interest that offer great potential for improving the competitiveness and sustainability of the crop, which produces seven times more oil per hectare than following oilseed crop. From the production perspective, the advantages are: slow stem growth (20 cm.year- 1 on average) which means a longer useful life of the plantation up 30 years; its partial resistance to the bud rot disease, which is perhaps the greatest threat to the oil palm industry in the Americas (Torres et al., 2010); delayed degradation of the fruit and lower formation of free fatty acids, which translates into a better stability of the fruit after harvest and lower percentage of acidity (less than 2 %) (Corley and Tinker, 2003); high productivity (28-33 t of Fresh fruit bunchesha-1year-1 with an oil extraction rate between 18 % and 19 %), which ensures high incomes (Torres et al., 2004); and, the best oil composition in terms of iodine index (68-70) and content of antioxidants such as carotenes, tocopherols and tocotrienols (Corley and Tinker, 2003; Rocha et al., 2006). Therefore, the planting of OxG hybrid materials has been intensified recently in Colombia and Ecuador, at a rate close to 12 %.


  Moreover, hydroponics has become an alternative to commercial production of crops for its high efficiency and asepsis. It is also a very important tool in breeding programs for selecting materials tolerant, for example, to metal toxicity or with important efficiencies in the use of nutrients, so that those differences can be used as practical and efficient criteria for the selection and improvement of the crops (Ayala and Gómez, 2000). In addition, the production in nutrient solutions, under controlled conditions is an option to solve fertilization and irrigation problems, to make efficient use of nutrients and water, and the possibility of changing the composition of the mixture according to the requirements for growth or research (Lara, 1999). However, very few works have been focused on the study of nutrition and the physiological and biochemical performances of the oil palm (Elaeis guineensis or OxG interspecific hybrid), and in particular, issues such as deficiencies and toxicities of nutrients have been little explored neither in commercial studies nor in research. So, this research seeks to characterize the physiological and biochemical behavior of six oil palm hybrid materials grown in hydroponics, as part of the standardization of a technique to study later the effect of levels and sources of mineral nutrients on the growth and development of the oil palm in an easy, quick, controlled, clean and inexpensive way.


  MATERIALS AND METHODS


  The study was carried out in the "Palmar de La Vizcaína" experimental field in Barrancabermeja, Santander (Colombia), at an altitude of 125 meters above sea level, average temperature of 34 °C, relative humidity of 70,5 %, an annual rainfall of 2.852 mm, agroecological conditions that correspond to a Tropical Moist Forest life zone (TMF, Holdridge).


  Seeds of six hybrid materials OxG were evaluated. The female parent (E. oleifera) was the same, and the pollen (E. guineensis) came from four different sources (Tab. 1 ). Germination of the seeds was undertaken in sand and after 20 days, seedlings with suitable development were selected and taken to a mesh house and kept under 60 % shading, in polystyrene containers (8 L) with a Hoagland and Arnon nutrient solution (Jones, 2005) at half the original concentration: 3 mM KNO3, 2 mM Ca(NO3)24H2O, 1 mM MgSO47H2O, 0,5 mM NH4H2(PO4), 0,023 mM H3BO3, 5 µM MnCl2.4H2O, 0,15 μM CuSO45H2O, 0,4 µM ZnSO47H2O, 0,05 µM Na2MoO42H2O, and 0,05 mM of a high performance iron chelate. The solution was renewed every eight days, and its pH was monitored every two days and it was kept constant (4,4 ± 0,1) by adding sodium hydroxide (NaOH 1 %) or hydrochloric acid (HCl 0,05 M).
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  After 120 days keeping the seedlings in a nutrient solution, they were harvested, and the variables of vegetative growth, gas exchange, and biochemical answer were recorded. The height and the diameter of the bulb were measured with a caliper. The first one, from the root insertion point up to the petiole insertion point, and the diameter at the thickest part of the bulb. The number of fully expanded leaves (forked or pinnate) was counted. The leaf area of each seedling was determined using a LI - 3100 scanner (LICOR Inc., Nebraska - USA). Roots and aerial parts were washed with distilled water and oven-dried at 85 °C for 24 hours, and the dry weight was recorded with an electronic scale. Gas exchange measurements like photosynthesis rate, stomatal conductance, and extrinsic water use efficiency (WUEE) were made on leaf number three, using the portable photosynthesis system LI - 6400 (LICOR Inc., Nebraska - USA), from 8:00 to 11:30 a.m. For these determinations, leaf temperature was kept constant at 30 °C, the CO2 concentration in the chamber at 400 μmol mol-1, the saturation water vapor pressure at 2,5 kPa, photosynthetic active radiation at 1.000 μmol photon.m-2 s-1 and a maximum coefficient of variation (CV) of 3 %.


  Leaf number three was directly cut and stored at -80 °C, then it was macerated (without midrib) with liquid nitrogen until obtained a fine powder which was keep at -80 °C up to the biochemical determinations using the Synergy MxBioTek system (BIOTEK Instruments, Inc., Winooski - USA).Total sugar content (TSC) and reducing sugar content (RSC) were determined on 15 mg of fresh leaf tissue according to Dubois et al. (1956), and Somogyi (1952), respectively. Total leaf protein content (LP) was carried out on 15 mg of fresh tissue using the Bradford method (Bradford, 1976). On 15 mg of fresh leaf tissue extraction was performed the total chlorophyll and carotenoid content with 80 % acetone (v/v) at -20 °C, according to Lichtenthaler and Buschmann (2001). Extraction of catalase and peroxidase was performed on 250 mg of fresh tissue with 50 mM phosphate buffer, 3 % PVP-40, pH 6,8. The catalase activity (CAT -EC.1.11.1.6) and peroxidase activity (POD-EC.1.11.7.1) were determined by permanganometric method (Ulrich, 1974) and O-dianisidine method (Kireyko et al., 2006) respectively. Extractions of ascorbate peroxidase and glutathione reductase were carried out on 500 mg of fresh tissue with 50 mM Tris-HCl 5,10 μM EDTA-Na2 pH 7,6. The ascorbate peroxidase activity (APX-EC.1.11.1.11) and glutathione reductase activity (GR-E.C. 1.6.4.2) were performed using spectrophotometric assays (Nakano and Asada, 1981; Yannarelli et al., 2007).


  Seedlings were distributed in a complete random design, with five replications. The experimen-tal unit consisted of four seedlings. The generated data were subjected to an analysis of variance and the mean comparison was made by Tukey´s test, using the SAS statistical software version 9.1 (SAS Institute Inc., North Carolina - USA).


  RESULTS


  Gas exchange variables (photosynthetic rate, stomatal conductance and the extrinsic water use efficiency) showed no significant differences between the hybrid materials, (Tab. 2 ), but vegetative growth variables showed statistical differences after four months of evaluation (Tab. 3 ). The ´U1273´, ´U1737´ and ´U1914´ materials were the highest, had the widest bulb, and the largest dry matter production. The ´U1990´ material had the lowest vegetative growth. As for leaf growth variables, the ´U1273´ and ´U1737´ materials showed the greatest production of leaves and the largest size of photosynthetic tissue, while the ´U1757´, ´U1859´ and ´U1990´ materials had the lowest values for these variables. The ´U1914´ material showed a great growth rate in terms of leaf area, but not in terms of leaf emission.


  Total and reducing sugars in leaves showed statistically significant differences among the OxG hybrid materials grown in hydroponics (Tab. 4 ). The ´U1990´ material had the highest levels of total and reducing sugars, while the ´U1737´ material showed the lowest content of total sugar and together with the ´U1757´ and ´U1859´ materials showed the lowest values of reducing sugars. Chlorophyll and carotenoid content showed statistically significant differences between hybrid materials (Table 4). For the total chlorophyll content, the materials were ranked into three groups: the ´U1273´, ´U1737´ and ´U1990´ materials had the highest level, followed by the ´U1757´, and finally by the ´U1859´ and ´U1914´ materials. The carotenoid content recorded three distinguishable levels: the ´U1990´, ´U1914´ and ´U1757´ materials showed the highest values, followed by the ´U1859´ and ´U1737´, and finally by the ´U1273´ materials. The difference between the first and the third group of materials was around three times the content of the metabolites. Protein content and enzymatic activity of the antioxidant system showed statistically significant differences between hybrid materials (Tab. 4 ). The ´U1990´ and ´U1757´ materials had the highest protein content, and the ´U1273´ and ´U1737´ materials had the lowest. The ´U1990´ and ´U1737´ materials showed the highest enzymatic activity of catalase, and the ´U1859´ material had the lowest activity. The ´U1859´ and ´U1990´ materials recorded high levels of peroxidase activity and ascorbate peroxidase activity, while the ´U1757´ material showed the lowest values of both enzymatic activities. Finally, the ´U1990´ material recorded a level of glutathione reductase activity twenty times higher than than that of the ´U1273´ and ´U1737´ materials.
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  DISCUSSION


  Photosynthesis values were lower than those reported by Cristancho et al., (2010) for Elaeis guineensis materials under similar conditions, which implies a differential response of the carbon dioxide assimilation rate in a hydroponic medium, depending on the oil palm genotypes. However, both, the stomatal conductance and the photosynthetic rate showed no statistical differences between materials, suggesting that the stomata of OxG hybrids had a similar regulation for water loss and carbon dioxide intake (Ruiz and Henson, 2002) when grown in a nutrient solution. Also, the OxG materials were able to maintain the CO2 fixation rate with similar water consumption in a hydroponic medium, which means that they showed the same water use efficiency. Similar values were reported by Samartzidis et al., (2005), in different rose varieties (Rosa sp.) growing in hydroponic medium. Also, they did not find any response to the substrate mix and nutrient solution in terms of net photosynthesis, stomatal conductance and water use efficiency.


  Despite this, there were differences in the vegetative growth of the hybrid materials. According to Corley and Tinker (2003), the plant growth depends not only on photosynthesis, but the total amount of solar energy available, the degree of interception and absorption of this energy by leaves, the efficient distribution of these assimilates, and the efficiency of carbohydrate conversion to chemical energy. Additionally, Valles et al., (2009), reported that the accumulation of dry matter is determined mainly by the genotype, the age of the crop and the assimilate translocation in the plant and the management. Therefore, assuming that the amount of available solar energy is the same for all materials, the ´U1273´, ´U1737´ and ´U1914´ hybrids, that had the highest leaf growth, would be more likely to intercept and absorb the incident solar radiation, as reported by Rodríguez and Cayón (2008), and be more efficient in net assimilation and distribution of photoassimilates for their growth (Corley and Tinker, 2003). The accumulation of biomass per plant obtained after 120 days growing in a nutrient solution was significantly associated with a greater leaf area (p = 0.53). This is consistent with the results by Cruz et al., (2005) and Flores et al., (2009) for potato plants (Solanum tuberosum) and pepper (Capsicum annuum) respectively, grown in greenhouses and hydroponics under different management conditions. They also argue that an increase in leaf area maximizes the interception of radiation and, therefore, the biomass per unit area up to a maximum limit to prevent shading. Also, they stated that for the majority of crop species with a C3 photosynthetic mechanism, such as the oil palm, the largest light interception is achieved with a leaf area index of three to four (Henson, 1990; Samartzidis et al., 2005).


  Furthermore, the ´U1990´ and ´U1914´ materials showed advantages in terms of sugar reserves. The importance of maintaining high levels of sugars in leaf tissue lies in a greater adaptability of plants to different types of biotic and abiotic stress (Leyman et al., 2001; Paul et al., 2008). Reports in Nicotiana tabacum (Best et al., 2011) suggest that plants with high biosynthesis of trehalose and sucrose have comparative advantages in adaptation to different types of stress, in addition to having improved photoassimilate partitioning and increased growth rates. As for the chlorophyll and carotenoid content, the levels found are similar to those reported by Znidarcic et al., (2011) in Cichorium intybus, Taraxacum officinale, Eruca sativa and Diplotaxis tenuifolia. The ´U1990´ material showed high levels of both pigments, so, this material would have advantages in regards to photosynthetic processes, the efficiency in the use of captured energy (Gamon and Surfus, 1999; Dolferus et al., 2011), leaf development, biomass accumulation and adaptation to stress conditions (Schwartz and Von Elbe, 1983; Kimura and Rodríguez, 2003; Znidarcic et al., 2011). Also, the ´U1990´ material, that exhibited the highest levels of enzyme activity, could have a metabolic advantage in the regulation and maintenance of adequate reactive oxygen species levels in the chloroplast and mitochondria, as reported before (Anderson et al., 1995; Baier and Dietz, 1997; Wang et al., 1999; Chew et al., 2003; Dewitte and Murray, 2003; Ball et al., 2004). The biosynthesis and early activation of these enzymes can give this material a high index of adaptation to different types of biotic and abiotic stress (Acevedo et al., 2001; Palatnik et al., 2002; Apel and Hirt, 2004), as it is demonstrated by studies in transgenic plants (Sanmartin et al., 2003).


  Although, the ´U1990´ material had the lowest growth rates, the biochemical characterization suggests that it has interesting traits in terms of osmoprotectant molecule levels, like reducing and total sugars, photosynthetic pigment content and antioxidant enzyme activities, which could give it advantages in adaptation to stress conditions. The ´U1273´ and ´U1737´ materials that showed a greater vegetative growth rate with no expression of biochemical traits might show a lower response in terms of optimal growth and development under limiting conditions (biotic and/or abiotic) to which the crop is exposed. Meanwhile, the ´U1914´ material exhibited high levels of reducing and total sugars, photosynthetic pigments and antioxidant system activity and an outstanding leaf growth in height and accumulation of dry mass. Consequently, it is interesting for a breeding program, which could explore its promising performance.


  Finally, the developed hydroponics system, provided high bioavailability of essential elements and ensured optimal conditions for the growth and development of plants, and it made possible to recognizing the differences between the OxG hybrid materials due to the center of origin of their parents or the cross type, as reported by Cadena et al., (2013), identified materials with promising traits from the physiological and biochemical perspective, as well as to establish a dynamic, fast and clean technique for conducting trials on mineral nutrition, metal stress (aluminum, iron, manganese, etc.), root development, etc., issues that remain unexplored in oil palm cultivation.
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  RESUMO


  O presente estudo teve como objetivo avaliar a eficiência de diferentes tratamentos pré-germinativos em sementes de mamona, cultivar IAC 226. O delineamento experimental utilizado foi o inteiramente casualizado, em esquema fatorial 4 x 4 (quatro temperaturas e quatro tempos de imersão), com quatro repetições. Os tratamentos pré-germinativos foram: imersão em água a temperatura ambiente (25 °C) e imersão em água aquecida à temperaturas de 60, 70 e 80 °C durante 2, 4, 6 e 8 minutos. Inicialmente determinou-se o teor de água das sementes. Antes e após cada tratamento, as sementes foram submetidas ao teste de germinação, a temperatura alternada de 20-30 °C, determinando-se as porcentagens de plântulas normais, anormais, sementes dormentes e mortas. Independente do período, a imersão em água, sob temperatura de 70 °C, é o tratamento prégerminativo mais eficiente para acelerar a germinação das sementes de mamona da cultivar IAC 226.


  Palavras-chave: dormência, germinação, Ricinus communis L.


  ABSTRACT


  The present study aimed to evaluate the efficiency of different pre-germination treatments in castor beans, IAC 226. The experimental design was completely randomized in a factorial 4 x 4 (four temperatures and four immersion times), with four replications. Pre-germination treatments were: immersion in water at room temperature (25 °C) and immersion in hot water at temperatures of 60, 70 and 80 °C for 2, 4, 6 and 8 minutes. Water content of the seeds was determined before treatments. Before and after each treatment, seeds were subjected to germination test, 20-30 °C alternating temperature, determining the percentages of normal and abnormal seedlings, dormant and dead seeds. Independent of time, immersion in 70 °C, water was the most efficient treatment for accelerating germination of castor bean cultivar IAC 226.


  Keywords: dormancy, germination, Ricinus communis L.

  


  RESUMEN


  El presente estudio tuvo como objetivo evaluar la eficacia de distintos tratamientos previos sobre la germinación de semillas de higuerillo, cv IAC 226. El diseño experimental fue completamente al azar, factorial 4 x 4 (cuatro temperaturas y cuatro tiempos de inmersión), con cuatro repeticiones. Los tratamientos de pregerminación fueron: inmersión en agua a temperatura ambiente (25 °C) e inmersión en agua caliente a temperaturas de 60, 70 y 80 ° C durante 2, 4, 6 y 8 minutos. Inicialmente se determinó el contenido de agua de las semillas. Antes y después de cada tratamiento, las semillas fueron sometidas a prueba de germinación, temperatura alterna de 20-30 °C, determinando los porcentajes de plántulas normales y anormales, semillas latentes y muertas. Independientemente de la duración, la inmersión en agua con una temperatura de 70 °C, fue el tratamiento pre-germinativo más eficaz para acelerar la germinación de higuerillo cv IAC 226.


  Palabras clave: latencia, germinación, Ricinus communis L.

  


  INTRODUÇÃO


  A mamona (Ricinus communis L.) é uma planta oleaginosa, com a singularidade de não possuir óleo comestível e produzir um lipídio natural que é solúvel em álcool. Seu óleo é um dos melhores produtos para produção de biodiesel, em função das suas características, entre elas, maior densidade, solubilidade em álcool, cerca de 5 % de oxigênio a mais na molécula, aliados aos seus novos usos na química fina, com mais de 700 produtos manufaturados, e a cada dia surgindo novos produtos (Beltrão et al., 2003). Pelas inúmeras aplicações desse óleo e o seu crescente consumo, observa-se maior interesse nos últimos anos, pelo conhecimento e desenvolvimento da cultura (Savy Filho, 2007).


  Considerada uma planta rústica, as variedades de mamona selecionadas para o cultivo apresentam, em geral, sementes com germinação lenta e desuniforme (Oliveira et al., 2004; Gonçalves et al., 2005).


  A germinação é um fenômeno caracterizado pela retomada do crescimento do embrião, com o subsequente rompimento do tegumento pela radícula, manifestando a capacidade para dar origem a uma plântula normal, sob condições ambientais favoráveis (Neves et al., 2009). Entretanto, em algumas espécies observa-se a ocorrência de baixo percentual germinativo, em função da dormência, a qual interfere negativamente no estande da cultura. Para Carvalho e Nakagawa (2000), as sementes dormentes são aquelas que, embora viáveis, não germinam mesmo em condições apropriadas de cultivo.


  Conforme David et al. (2009), a cultivar de mamona IAC 226, apresenta dormência em suas sementes, que pode ser atribuída à provável dificuldade de absorção de água pelas sementes, justificando assim, a necessidade da utilização de tratamentos pré-germinativos (Mendes et al., 2009). Para Fanan et al., (2009), a dormência presente nas sementes de mamona pode interferir na avaliação do vigor, não impedindo o processo de germinação, mas tornando-o mais lento.


  Contudo, as informações existentes na literatura referentes a métodos adequados para acelerar a germinação e romper a dureza do tegumento das sementes de mamona devem ser interpretadas com cuidado, pois existe grande diversidade de materiais utilizados nos plantios comerciais, desde os mais rústicos até variedades melhoradas, cujo potencial germinativo e nível de dureza tegumentar das sementes são bastante variáveis (Mendes et al., 2009). Diante do exposto, o presente estudo teve como objetivo avaliar a eficiência de diferentes tratamentos pré-germinativos em sementes de mamona, cultivar IAC 226.


  MATERIAL E MÉTODOS


  A pesquisa foi realizada no Laboratório de Análise de Sementes do Centro Tecnológico do Norte de Minas, da Empresa de Pesquisa Agropecuária de Minas Gerais (CTNM - EPAMIG), localizada em Nova Porteirinha, Minas Gerais, Brasil. Foram utilizadas sementes de mamona da cultivar IAC 226, produzidas em Janaúba, Norte de MG, com as seguintes coordenadas geográficas: 15°47´50´´ latitude Sul e 43°18´31´´ longitude Oeste, e altitude de 516 m. O clima da região é do tipo "AW" (tropical com inverno seco), com temperatura e precipitação média anual de 25 °C e 900 mm, respectivamente.


  Após a colheita dos frutos e extração manual das sementes, determinou-se o teor de água destas, conforme metodologia prescrita nas Regras para Análise de Sementes (Brasil, 2009), utilizando o método da estufa, a 105 ± 3 °C, durante 24 horas, com quatro repetições de 33 sementes, sendo os resultados expressos em porcentagem.


  Antes de serem submetidas aos tratamentos pré-germinativos, as sementes de mamona apresentaram 53 % de germinação e 44 % de sementes dormentes.


  O delineamento experimental utilizado foi o inteiramente casualizado, em esquema fatorial 4 x 4, com quatro repetições. Os tratamentos pré-germinativos consistiram em: imersão em água a temperatura ambiente (25 °C), sendo a testemunha e imersão em água aquecida às temperaturas de 60, 70 e 80 °C pelos períodos de 2, 4, 6 e 8 minutos, totalizando em 16 tratamentos.


  Após a aplicação dos tratamentos pré-germinativos as sementes foram submetidas ao teste de germinação e primeira contagem de germinação, está é classificada como vigor das sementes, que compreende o conjunto de características que determinam o potencial para a emergência e o rápido desenvolvimento de plântulas normais, conforme Brasil (2009).


  O teste de germinação foi realizado com quatro repetições, de 50 sementes, que foram semeadas em substrato de papel toalha (tipo Germitest®), previamente umedecido, com um volume d´água correspondente a 2,5 vezes o peso do papel. Os rolos de papel foram mantidos em germinadores a temperatura alternada de 20-30 °C e fotoperíodo de oito horas. As avaliações foram realizadas no sétimo e décimo quarto dia após a instalação do teste (Brasil, 2009). Sendo, computadas as plântulas normais, anormais, sementes dormentes e mortas. Os resultados foram expressos em porcentagem. Para o teste de primeira contagem da germinação foram consideradas as plântulas normais avaliadas no sétimo dia do teste de germinação (Brasil, 2009).


  Os dados foram submetidos à análise de variância e as características significativas comparadas pelo teste de Tukey, a 5 % de probabilidade.


  RESULTADOS


  O teor de água verificado nas sementes de mamona, cultivar IAC-226, logo após a colheita, foi de 6,0 %. Antes de serem submetidas aos tratamentos pré-germinativos, as sementes de mamona apresentaram valores na porcentagem de germinação abaixo do padrão estabelecido para a comercialização de sementes de mamona, que é de 80 % (DFASP, 2007), justificando assim a necessidade de aplicação dos tratamentos pré-germinativos.


  De acordo com as análises de variância, foram observadas interações significativas (p < 0,05) entre os fatores temperaturas (TRAT) e tempos de imersão (TEMP) para todas as variáveis (germinação, primeira contagem, plântulas anormais e sementes dormentes). Houve efeito significativo dos fatores isolados sobre todas as características avaliadas (Tab. 1 ).


  . Conforme dados apresentados na Tab. 2 , observa-se que com a aplicação dos tratamentos pré-germinativos nas sementes de mamona, houve aumento nas porcentagens de germinação em todas as temperaturas e tempos de imersão estudados, quando comparado aos valores iniciais (53 %), devido à redução da ocorrência de sementes dormentes (Tab. 5 ). A imersão das sementes em água a temperatura de 70 °C apresentaram maiores médias de germinação em todos os tempos estudados, quando comparado aos demais tratamentos, sendo obtidos valores superiores ao padrão mínimo estabelecido para comercialização de sementes de mamona (DFASP, 2007). Já os tratamentos imersão em água a temperatura ambiente e nas temperaturas de 60 e 80 °C por 2, 4 e 6 minutos, apresentaram resultados similares, com destaque apenas, para o tempo de 8 minutos na temperatura de 60 °C, que exibiram as maiores médias de germinação; este mesmo tempo foi o destaque para as sementes imersas em água a temperatura de 25 °C.


  Em relação ao vigor das sementes avaliado pelo teste de primeira contagem de germinação, observam-se maiores porcentagens de plântulas normais quando as sementes foram imersas em água nas temperaturas de 60 e 70 °C, independente do tempo estudado sendo, portanto, classificadas como mais vigorosas (Tab. 3 ). Os resultados da primeira contagem do teste de germinação indicam que as amostras que apresentam maior porcentagem de plântulas normais, na primeira avaliação, são as mais vigorosas, por apresentarem maior velocidade no processo. Entretanto, quando imersas à temperatura de 80 °C, as sementes de mamona exibiram as menores médias de vigor, diferindo significativamente dos tratamentos 60 e 70 °C nos diferentes tempos de embebição. Para a imersão em água a temperatura de 25 °C, nos tempos de 2 e 4 minutos o vigor foi baixo em comparação aos demais. Quanto à incidência de anormalidades de plântulas, verificase na Tab. 5 que novamente a temperatura de 70 °C foi a que exibiu os melhores resultados, pois apresentaram as menores médias de plântulas anormais, diferindo estatisticamente dos demais tratamentos, com exceção da temperatura de 80 °C por 4 e 6 minutos de embebição e água a temperatura ambiente durante 8 minutos.


  Para os tratamentos pré-germinativos a temperatura de 25 e 60 °C (Tab. 4 ) observa-se que houve maiores incrementos nas porcentagens de plântulas anormais, sendo o mesmo observado quando as sementes foram imersas na temperatura de 80 °C, nos diferentes tempos.
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  Ao se comparar os tratamentos pré-germinativos, observase que as maiores porcentagens de sementes dormentes foram observadas nas sementes imersas em água a temperatura de 80 °C, em todos os tempos estudados, diferindo estatisticamente dos demais tratamentos, com exceção da testemunha (25 °C) no tempo de 6 minutos de embebição (Tab. 5 ).


  As sementes mortas, avaliadas na presente pesquisa não exibiram efeito significativo (p < 0,05) entre os fatores estudados (Tab. 6 ). O que pode comprovar a qualidade das sementes e o efeito positivo dos tratamentos pré-germinativos.
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  DISCUSSÃO


  A ausência de chuvas e a baixa umidade relativa do ar após a maturação fisiológica e durante a colheita dos cachos contribuíram com os valores encontrados. Sementes de mamona destinadas ao armazenamento devem apresentar entre 6,0 e 10,0 % de umidade (Savy Filho, 2005). Dessa forma, o teor de água, situou-se dentro do limite considerado ideal para o armazenamento.


  Os tratamentos pré-germinativos contribuíram para aumentar a porcentagem de germinação das sementes de mamona, cultivar IAC-226, conforme expresso no presente estudo e observado por Mendes et al. (2009) em sementes de mamona, cultivar AL-Guarany.


  O processo de germinação das sementes é influenciado por uma série de fatores, constituindo-se em uma fase critica, havendo a necessidade que ocorram um conjunto de condições favoráveis para que o mesmo possa ocorrer de forma satisfatória.


  As baixas porcentagens de emergência obtidas com as sementes imersas em água a temperatura de 80 °C indicam provável ocorrência de algum tipo de dano fisiológico na estrutura interna das sementes, pois, o processo de ger-minação envolve uma série de atividades metabólicas, durante as quais ocorre uma sequência programada de reações químicas, cada uma dessas apresentando exigências próprias quanto à temperatura, principalmente porque dependem da atividade de sistemas enzimáticos específicos (Marcos Filho, 2005).


  Elevada temperatura pode ainda atingir o embrião das sementes, causando a sua morte. De acordo com Mayer e Poljakoff-Mayber (1989), a água fervente pode desnaturar as proteínas do tegumento e aumentar a capacidade de absorção de água. No entanto, os resultados de vigor encontrados no presente estudo foram similares aos apresentados por Eicholz e Silva (2011) e Tropaldi et al. (2010). O que comprova o efeito do tratamento pré-germinativo no vigor das sementes de mamona da cultivar IAC 226.


  Para Almeida et al. (1997), os elevados teores de água nas sementes, combinados com altas temperaturas, aceleram os processos naturais de degeneração dos sistemas biológicos, de maneira que, sob estas condições, as sementes perdem vigor rapidamente e, algum tempo depois, sua capacidade germinativa.


  Considerando que a ocorrência de plântulas anormais é um indicativo de que, de alguma forma, a qualidade fisiológica das sementes foi prejudicada, deve-se ressaltar que de uma maneira geral, os tratamentos pré-germinativos a temperatura de 25, 60 e 80 °C, houve uma maior porcentagem de plântulas anormais. Vale ressaltar ainda, que esses tratamentos podem ter influenciado a aceleração das reações metabólicas da semente, o que não proporcionou uma germinação adequada.


  Assim, a submissão das sementes de mamona em água sob temperatura de 80 °C possivelmente fez com que os processos enzimáticos fossem alterados de modo que as enzimas responsáveis por quebrar a dormência fossem modificadas, ou ainda, podem ter promovido danos ao embrião das sementes. As sementes dormentes embora viáveis, não germinam, mesmo quando colocadas sob condições especificas para a espécie. Algumas dessas sementes absorvem água e intumescem, mas não germinam nem apodrecem até o final do teste (Brasil, 2009). Vale salientar que durante as avaliações, as sementes do presente estudo exibiram estas características.


  De acordo com Lago et al. (1979) sementes de mamona podem apresentar dormência quando recém-colhidas, cuja intensidade e persistência dependem, principalmente, do estádio de maturação dos frutos no momento da colheita, tornando-se nula após nove meses de armazenamento, independente da cultivar. Ressaltam ainda, que, em mamona, a dormência presente nas sementes varia entre racemos florais, acarretando uma emergência desuniforme, quando a colheita é realizada em etapa única.


  Diante do exposto, é possível afirmar que dentre os métodos utilizados para a superação de dormência em mamona, o tratamento com água quente constitui uma alternativa econômica e simples para o produtor rural, já que foi possível observar que independente do período, a imersão em água, sob temperatura de 70 °C, é o tratamento pré-germinativo mais eficiente para acelerar a germinação das sementes de mamona da cultivar IAC 226.
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  ABSTRACT



  The organophosphates used for pest control induce sensory, motor and psychiatric disturbances after chronic exposure. The ester type is the cause of the intermediate syndrome and delayed neuropathy, in which the white and gray matter in the brain are severely affected.The aim of this study was to evaluate the effect of multiple sublethal doses of Trichlorfon on neurons, astrocytes and myelinated tissue in a rat model of brain neurotoxicity. Trichlorfon (metrifonate) was administered to adult Wistar rats at doses of 11 or 22 μg/kg by oral gavage every seven days for four or eight weeks (four experimental groups) and a control group (placebo). One week after the last dose, animals were euthanized and the brains perfused, removed and cut into coronal segments of 50 μm of thickness by using a vibratome. The sections were analyzed by immunohistochemistry, using markers of neuronal survival, astrocytic reactivity and the myelin basic protein. Neuronal and astrocytic reactivity were significantly reduced in Trichlorfon-treated animals relative to controls, whereas myelin reactivity was significantly increased, with abnormal distribution of myelin in white matter. The results suggest a neurotoxic damage of Trichlorfon on neuronal and astrocyte functional balance and abnormal myelin formation consequent to the cell damage.


  Keywords: astrocytes, myelin, neurons, organophosphates, toxicology.

  


  RESUMEN


  Los organofosforados usados para control de plagas inducen trastornos sensoriales, motores y psiquiátricos por exposición crónica, siendo los de tipo éster, causa del síndrome intermedio y de la neuropatía retardada, que afectan severamente la sustancia blanca y gris del cerebro. El objetivo del presente trabajo fue evaluar el efecto del organofosforado Triclorfón sobre neuronas, astrocitos y tejido mielinizado en un modelo murino de neurotoxicidad encefálica a dosis múltiples subletales. Se suministró a ratas Wistar, triclorfón (metrifonato) a dosis de 11 y 22 μg/kg mediante sondaje esofagogástrico, cada siete días durante cuatro y ocho semanas en cuatro grupos experimentales y un grupo control (placebo). Una semana después de la última dosis, los animales fueron sacrificados y los cerebros perfundidos, extraídos y cortados en segmentos coronales de 50 μm de grosor mediante vibrátomo. Los cortes fueron analizados por inmunohistoquímica , usando marcadores de supervivencia neuronal, de reactividad astrocitaria y de la proteína base mielina. La reactividad neuronal y astrocitaria se redujo significativamente en los animales tratados con triclorfón en relación a los controles, mientras la reactividad de la mielina se incrementó significativamente, con distribución anormal en la sustancia blanca. Los resultados sugieren un daño neurotóxico del Triclorfón sobre el equilibrio funcional neuronal y astrocitario, con formaciones anómalas de mielina consecuente al daño celular.


  Palabras clave: astrocitos, mielina, neuronas, organofosforados, toxicología.

  


  INTRODUCTION


  Inappropriate use of pesticides is common in developing countries and approximately 3,000,000 cases of acute toxicosis are reported every year, with 220,000 deaths (Fenske et al., 2002; Jaga and Dharmani, 2003; Barguil-Díaz et al., 2012). The uncontrolled use of organophosphates (OPs) affects ecosystems and organisms that are not direct target of its action (Yavuz et al., 2005; De Silva et al., 2006). OPs have been used in industry as antioxidants and plasticizers, as agriculture and household insecticides, and in the production of neurotoxic gases for warfare (Carod- Artal and Speck-Martins, 1999; Jaga and Dharmani, 2003). OPs are inhibitors of plasma and erythrocyte cholinesterase activity (Jaga and Dharmani, 2003); however, trichlorfon (TCF), chlorpyrifos (CPF) and other OPs, produce toxicity upon metabolic transformation into "oxons", which are less stable and up to three times more active as AChE inhibitors than the original compounds (Monnet-Tschudi et al., 2000). While acute toxicity of pesticides has been well documented, effects after chronic exposureare yet unknown (De Silva et al., 2006). However, they have been reported to result in syndromes such as leukoencephalopathy induced by organophosphate (LEIO), delayed neurotoxicity induced by organophosphates (OPIDN) and chronic neurotoxicity induced by ester-type organophosphates (OPICN) (Carod-Artal and Speck-Martins, 1999; Abou-Donia, 2003). Kamanyire and Karalliedde (2004) describe the final stage of neuropathy caused by OPs after seven-ten days of exposure, which persisted by four weeks after eight weeks of continuous exposure, presumably caused by inhibition of Neuropathy Target Esterase (NTE) in a murine model of subchronic exposure (Aiuto et al., 1993; Moretto and Lotti, 1998; Ray and Richards, 2001).


  The aim of this study was to evaluate the effect of multiple sublethal doses of Trichlorfon on neurons, astrocytes and myelinated tissue in the brain of Wistar rats.


  MATERIALS AND METHODS


  Animals


  Twenty male Wistar rats with an average weight of 200 ± 10 g were used. Animals, from the vivarium of the University of Tolima, were kept on dark/light cycle (12:12-h) and received food and water ad libitum. The treatments were made in the biotechnology and toxicology laboratories at the University of Tolima. The rats were handled according to Colombian standards (Law 84 of 1989), European Union guidelines (86/609/EEC) and the experiments were conducted upon approval of the Local Ethics Committee (Act No. 8 of June 2, 2010).


  Experimental Design


  The rats were distributed into four experimental groups T1, T2, T3, T4 (n = 16) with four rats per group and a control group (n = 8). Trichlorfon (Dimethylphosphonate of 2,2,2- trichloro-1-hydroxyethyl) powder 97 % (Bayer ®) was prepared in solution at 1:1000 (1 mg/mL) in corn oil as vehicle. The rats of the groups T1 and T3 received a weekly dose of 11 μg/ kg of TCF for four or eight weeks, respectively. The animals of the groups T2 and T4, received a weekly dose of TCF (22 μg/kg) for four and eight weeks, respectively. The calculated doses were administered by gavage and the rats of control group received the same volume of TCF-free corn oil (1 mL) via the same administration route, frequency and duration that the experimental groups. Doses were established from the acceptable daily intake (ADI Acceptable Daily Intake) reported by the WHO (Lu, 1995) for trichlorfon (ADI = 0.011 mg/kg weight) and after a previous test with 4 dose (55 - 5.5 - 0.55 and 0.055 mg/kg weight) to establish which of them did not triggered TCF cholinergic syndrome. The average lethal dose reported as LD50 in rats is 450-650 mg/kg (Karademir-Catalgol et al., 2007).


  Extraction and Preparation of Brain Tissue


  Seven days after the last treatment, the animals were anesthetized with sodium pentobarbital 60 mg/kg (Penthal 6.48 %, Invet, SA) and xylazine 10 mg/kg 2 % Bayer SA) intraperitoneally (i.p.) The brains were perfused intracardially with NaCl 0.9 % N (200 mL) using aortic advance at moderate positive pressure and subsequently fixed with paraformaldehyde (PFA) 4 % (200 mL). The brains were extracted and post-fixed (PFA 4 % at 4 °C/24 hours) for subsequent cutting into 50 μm coronal sections (Vibratome 1500) and conservation in a cryopreservative.


  Immunohistochemistry


  Immunohistochemistry was carried out following the protocol described in Current Protocols in Neuroscience (Volpicelli- Daley and Levey, 2003) with modifications as follows: Inhibition of endogenous peroxidase (Methanol:PBS 1:1 - 1 % H2O2), washed with PB 0.1 M, pre-incubation (PB 0.1M - Triton 100X 3 % - BSA 1 %) for 60 minutes and incubation at 4 °C overnight in the primary antibodies (anti-NeuN A60 1:1000 Millipore Corporation, Billerica, USA, anti-GFAP 1:500 Sigma-Aldrich, St. Louis, USA and anti-MBP 1:100 Sigma-Aldrich, St. Louis, USA) prepared in buffer (PB 0.1 MTriton 100X 0.3 % and BSA 0.3%). Consecutively, washes with PB 0.1 M and incubation in secondary antibody (goat anti-mouse and goat anti-rabbit 1:500 Thermo Scientific, Rockford IL., USA) for two hours at room temperature were performed. After, sections were incubated in Avidin/Biotin (1:250 each; Thermo Scientific, Rockford IL., USA) for two hours and developed with diaminobenzidine (DAB Sigma- Aldrich, St. Louis, USA) at 11 mg/15 mL PB 0.1 M -H2O2 0.02 %). The sections were put on slides, covered with coverslips and sealed with resinous solution (Shandon Consult- Mount®, Kalamazoo, Mi. USA).


  Photomicrographs were taken by using optic microscope (Motic Microscopes BA 210 NY, USA) and digital camera (Moticam 2000 2.0M Pixel, NY, USA) and the digitalized images (10X) were taken in the hippocampal CA1, internal capsule, striatum and the paraventricular zone (PVZ), then analyzed by densitometry with the Fiji-Image J software (v-1.45 - NIH). The brain sections were prepared in parallel for immunohistochemistry, so that incubation with the specific antibodies, the complex avidin / biotin and DAB, were made simultaneously for all groups in each replica. Similarly, the image capture and processing were done under the same optical parameters in all experiments to avoid biases. The setting scale, calibrate parameters, background substracting, equal filters, homogenization and others utilities of the software, were used to calculate and measure the signal in all cases; however, some images which appear to contain background were corrected in densities for quantification in relative units by subtraction of background and thresholding to the same rank of signal detection, through use of Image J software.


  Statistical Analyzes


  The data was analyzed using descriptive statistics, by dimensional exploratory analysis, including mean, standard deviation, standard error of the mean and coefficient of variation. We used a scheme [Yij = μ + ti + ei (I)], where μ is the mean, ti the treatment effect and ej (i) experimental error. The response variable was densitometry in relative units. Statistical analyses were carried out using ANOVA (p < 0.05) and multiple comparisons between treatment means (Tukey), previously to homogeneity of variances and normality tests. Data were analyzed using Prism 5.01 version (Graph Pad Sofware, Inc. 2007 California, USA).


  RESULTS


  Effect of Trichlorfon on NeuN Immunoreactivity


  The immunoreactivity of neuronal protein NeuN was decreased in CA1 hippocampal area, paraventricular zone (PVZ) and lateral striatum body of rats exposed to 11 or 22 μg/kg of TCF for four or eight weeks compared to the controls (Fig. 1a). The decrease of NeuN immunoreactivity was evident at low dose (Fig. 1 - B, G, L) and high dose (Fig. 1 - D, I, N) compared to controls (Fig. 1 - E, J, O).


  By densitometric analysis, significant differences were observed between T3, T4 (***p < 0.001) and T2 (*p < 0.05) relative to the control group in the hippocampal CA1 area (Fig. 1b), and likewise, significant differences were obtained for T1 vs. T3 (fffp < 0.001), T1 vs. T4 (≠ ≠ ≠p < 0.001) and T2 vs. T3 (ƒƒƒp < 0.001) and between T2 and T4 (××p < 0.01) as shown in the same figure.


  In lateral striatum body, significant differences were observed between T1 vs. T4 (≠p < 0.05), T4 vs.T2 (×p < 0.05) and T4 vs. Control (*p < 0.05) and highly significant differences between T4 and T3 (± ± ±p < 0.001) (Fig. 1c). In the PVZ, no significant differences between any of the treatments, neither of these with respect to control group, were observed (Fig. 1d).


  Effect of Trichlorfon on GFAP Immunoreactivity


  In the hippocampal CA1 area (Fig. 2a, AE), reactivity of the GFAP was significantly reduced in the T2, T3 and T4 groups relative to the control group (***p < 0.001). Additionally, T2 vs.T1 (°°°p < 0.001), T3 vs. T1 (fffp < 0.001) and T4 vs. T1 (≠ ≠ ≠p < 0.001) (Fig. 2 b) differed significantly, while T1 did not show any change in GFAP reactivity compared with control rats. There were also significant differences between groups T4 and T2 (××p < 0.01), but T2 showed less reactivity of astrocytes.


  Similarly, in the lateral striatum body (Fig. 2a, FJ),treatments T2, T3, T4 showed a highly significant reduction of GFAP immunoreactivity, T2 vs. T1 (°°°p < 0.001), T3 vs. T1 (fffp < 0.001) and T4 vs. T1 (≠ ≠ ≠p < 0.001) as well as T2 vs. T4 (×××p < 0.01),with highly significant differences between T3 vs. control group (**p < 0,01) and T4 vs. Control (***p < 0.001) (Fig. 2c). In PVZ also observed the effect of treatments on the reactivity of GFAP (Fig. 2a, KN) in comparison with the untreated control group (Fig. 2a O)with highly significant differences among T2 and Control (**p < 0,01) and T3 -T4 vs. control (***p < 0.001) (Fig. 2d). Moreover, T2 significantly reduced the astrocytic reactivity compared with T1 (°°p < 0,01), likewise T3 vs. T1 (ffp < 0,01), while T4 showed a highly significant reduction in GFAP immunoreactivity (Fig. 2d) compared to T1 (≠ ≠ ≠p < 0.001).


  Effect of Trichlorfon on Mature Myelin (Mbp) in Cerebral White Matter


  In the lateral striatum body there was a significant increase in MBP reactivity in T2 (*p < 0.05) (Fig. 3a-B) and a highly significant increase in T3 (**p < 0.01) (Fig. 3a-C) and T4 (***p < 0.001) (Fig. 3a-D) with respect to control group (Fig. 3a-E), particularly, the T4 evidenced greater reactivity than all other treatment groups and relative to the control (Fig. 3b). In the internal capsule, there was a significant increase in the protein MBP reactivity of T1 vs. control (*p < 0.05) and a highly significant increase in T2, T3 and T4 with respect to control group (***p<0.001) as shown in Figure 3c. In addition, changes in the distribution of MBP immunolabeling in all treated groups T1, T2, T3 and even more markedly in T4 compared to control (Fig. 3a-I) with differences highly significant (≠ ≠p<0.01) compared with T1 (F and 3a-3c).


  DISCUSSION


  The trichlorfon increases acute toxicity by dearylation metabolic reactions, desulfurization and alkylation (Flaskos, 2012) with the consequent generation of metabolites highly harmful to the organism. The OPs inactivate the AChE by phosphorylation of the serine hydroxyl group (Aluigi et al., 2005) and directly interact with other molecules such as membrane channels, molecular receptors and neurotransmitters producing structural and functional cellular changes that interfere with neurotransmission (Yousefpour et al., 2006). Due to the inhibition of AChE, trichlorfon has been used as a therapeutic agent against Alzheimer disease (Liu et al., 2002; Becker et al., 2009), nevertheless, some studies aware about the toxicity of this therapy including the inhibition of other enzymes affected by the organophosphate class of drugs, by tolerance of low doses allowing too rapid dose escalation and irreversible enzyme inhibition producing cumulative drug effects (Rakonczay, 2003; López-Arrieta and Schneider, 2006; Becker and Greig, 2008; Becker et al., 2009; Becker and Greig, 2010).
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  Effect of TCF on Neuronal and Astrocytic Population


  Several studies have demonstrated the deleterious potential of OPs on cell populations (Pohanka et al., 2011) including neurons and glial cells (Carlson et al., 2000; Yousefpour et al., 2006; Flaskos et al., 2007, Liu et al., 2009). Other studies have shown that metabolites derived from Trichlorfon, like dichlorvos, can induce a neurotoxic effect even greater than the starting compound. In addition, chronic exposure to trichlorfon affects the cerebral glucose metabolism and may induce an acidosis state (Poindessous-Jazat et al., 1998; Liu et al., 2009). The exposure to trichlorfon decreases the neuronal and glial viability in a dose-dependent manner (Liu et al., 2009), which agree with the findings of the present study, that evidenced a decrease in immunoreactivity of neurons and astrocytes in CA1 hippocampus and lateral striatum body; but in PVZ, just astrocyte marker was reduced. It has been reported that the decrease in these cell populations is an apoptosis-mediated processes with the high toxic effect attributed to the secondary metabolite dichlorvos (Carlson et al., 2000; Liu et al., 2009).


  The OPs induce oxidative stress (Kaur et al., 2007) and cell death in animals exposed to trichlorfon or its oxon metabolites (Guizzetti et al., 2005). The overproduction of free radicals involved in the glial activation are typical in clinical progress of neurodegenerative diseases by exposure to toxic (Astiz et al., 2012) and this can result in apoptotic cell death, which is consistent with a marked reduction in the expression of neuronal protein immunoreactivity.


  Several studies have been shown the involvement of astrocytes in neuroprotection and neurorepair of nervous tissue after exposure to the toxins, at blood-brain barrier (BBB) level (Giordano et al., 2008; Sofroniew and Vinters, 2010). It has been described that sublethal doses of OP decrease protein markers for astrocytes (Garcia et al., 2002) and the total number of glial cells (Roy et al., 2004), that is compatible with this study, where the GFAP protein immunoreactivity was found significantly reduced in the hippocampus, lateral striatum body and PVZ in all treated groups at both doses of TCF (11 and 22 μg/kg). Similarly, exposure to the oxon forms, such as chlorpyrifos oxon, significantly decreases the glutamine synthetase activity (a marker for astrocytes). This effect may be mediated by direct toxicity on astrocytic cells and can directly interfere with the cellular replication (Qiao et al., 2001; Flaskos, 2012).


  The TCF and its metabolite dichlorvos easily cross the BBB and inhibit both acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) (Pohanka et al., 2011). In the present study, the decreased immunoreactivity of GFAP in the paraventricular area, which corresponds to a border area in close contact with the ventricles, the BBB can be seriously compromised by the decrease in the population of astrocytes. Parran et al., (2005) and Song et al., (2004) showed that exposure to OPs affects the integrity of the BBB and alters their functionality.


  Effect of TCF on Myelination Status


  In this study, the reactivity of the MBP protein was increased by TCF in a dose and time dependent manner with higher reactivity to 22 μg/kg only after eight weeks of exposure. This increase in MBP reactivity may be indicative of myelination or remyelination processes resultant to tissue damage induced by the OP, which contrasts with that reported by Flaskos (2012) who found a decrease in cyclic nucleotide phosphohydrolase (a marker for oligodendrocytes). Exposure to OPs alters cytoskeleton-associated neurofilaments leading to the destruction, which in turn leads to destruction of the axon as well as myelin sheaths. This process also seems to be mediated by increased levels of intracellular calcium (Abou- Donia, 1993; Song et al., 2009). Also, it has been described that OPs, particularly oxon-type, can produce a disruption of neuronal processes by detriment of growth factors and inhibition of its receptors, inducing cell death. At the ultrastructural level, mitochondrial dilation, disruption of rough endoplasmic reticulum, production of lysosomal lipid vacuoles, neuronal degeneration and necrosis, and intracytoplasmic myelin forms (Yousefpour et al., 2006).


  In another study related with the in vitro effect of Chlorpyrifos (CPF) on glia, it was established that elicit disruption in glial development. Furthermore, since astrocytes and oligodendrocytes (the myelin-forming cells) arise from one common glial precursor, myelination can be affected by chlorpyrifos (Garcia et al., 2002), suggesting that exposure to the CPF is related to the reduction in the levels of myelin associated glycoprotein (MAG) mRNA, inhibition of DNA synthesis in undifferentiated oligodendrocytes and astrocytes as well as alterations in the expression of GFAP and MBP (Saulsbury et al., 2009).


  The hyperreactivity of MPB in the present study after TCF exposure shows not only an increase in MBP marker density, but a distribution of abnormal forms in comparison with the control group. Because MBP protein was evaluated as a marker of mature myelin in white matter-rich areas (internal capsule and striatum body) where there is also a large population of radiated astrocytes, is possible that these hyperreactive forms may be involved in the proliferation of oligodendrocytes or astrocytes within a tissue repair process or remyelination. Seems that glial cells, astrocytes and oligodendrocytes, are essential for neuronal differentiation, myelination, the propagation of synaptic impulses and the maintenance of homeostasis (Saulsbury et al., 2009), thus any disruption of these cells can lead to serious functional disturbances.


  In mice mutant for the gene encoding the synthesis of GFAP, abnormal myelination in white matter, suggest the involvement of GFAP as a link between astrocytic function and myelination GFAP and MBP have been used as biomarkers in glial alterations, suggesting that the effect on glia may contribute to the late onset of neuronal damage (Roy et al., 2004) and can be used as biomarkers of neurotoxicity induced by OPs. Although clinical signs in patients with leukoencephalopathy induced by organophosphate (LEIO), delayed neurotoxicity induced by organophosphates (OPIDN) and chronic neurotoxicity induced by ester-type organophosphates has been reported, we have not observed any clinical signs, probably for low doses used in this investigation; maybe it is a dose dependent effect. In the other hand, the aim of this study was to evaluate-the effect of Trichlorfon on neurons, astrocytes and myelinated tissue in a rat model of brain neurotoxicity to multiple and sublethal doses which may help to elucidate the cellular effects that accompany referring syndromes in humans and can help in the research of therapeutic drugs and pathophysiological study of neurological diseases by pesticide and other toxic chemicals.


  CONCLUSIONS


  Our results indicate that TCF exposure to low sublethal doses of 11 and 22 μg/kg for four and eight weeks in Wistar rats, was sufficient to generate cell damage in neurons and astrocytes in the hippocampus (CA1), striatum and PVZ, while P hyperreactivity in white matter with anomalous shapes and changes in the distribution of mature myelin, suggest modification in the remyelination process subsequent to injury by TCF. Anti-NeuN, anti-GFAP and anti-MBP antibodies are proposed as sensitive neurotoxicity biomarkers of OP oxon type exposure or by chronic toxicity to these.
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  ABSTRACT


  In 2009, 4088 hectares of genetically modified (GM) cotton were planted in Tolima (Colombia), however there is some uncertainty about containment measures needed to prevent the flow of pollen and seed from regulated GM fields into adjacent fields. In this study, the gene flow from GM cotton varieties to conventional or feral cotton plants via seed and pollen was evaluated. ImmunostripTM, PCR and ELISA assays were used to detect gene flow. Fifty six refuges, 27 fields with conventional cotton and four feral individuals of the enterprise "Remolinos Inc." located in El Espinal (Tolima) were analyzed in the first half of 2010. The results indicated seed mediated gene flow in 45 refuges (80.4 %) and 26 fields with conventional cotton (96 %), besides pollen mediated gene flow in one field with conventional cotton and nine refuges. All fields cultivated with conventional cotton showed gene flow from GM cotton. Two refuges and two feral individuals did not reveal gene flow from GM cotton.


  Keywords: biosafety, cry1Ac, GM crops, transgenic cotton.

  


  RESUMEN


  En el 2009 se plantaron 4088 hectáreas de algodón genéticamente modificado en el departamento de Tolima (Colombia), sin embargo, hay ciertas incertidumbres acerca de las medidas de contención necesarias para impedir el movimiento de polen y semillas desde los campos GM regulados, hacia los campos adyacentes de cultivos convencionales. En este estudio se evaluó el flujo de genes mediado por polen y semillas desde variedades GM hacia variedades convencionales o individuos ferales, en el cultivo del algodón. Para detectar el flujo de genes se utilizaron ImmunostripTM, PCR y ELISA. Cincuenta y seis refugios, 27 campos con algodón convencional y cuatro individuos ferales de la empresa "Remolinos S.A." localizada en El Espinal (Tolima) fueron analizados en el primer semestre de 2010. Los resultados indicaron presencia de plantas GM en 45 refugios (80,4 %) y 26 campos de algodón convencional (96 %), además de un flujo génico mediado por polen en un campo de algodón convencional y nueve refugios. En todos los campos cultivados con algodón convencional se evidenció flujo de genes desde algodón GM. Solo en dos refugios y en dos individuos ferales no se evidenció flujo de genes desde algodón GM.


  Palabras clave: algodón transgénico, bioseguridad, cry1Ac, cultivos GM.

  


  INTRODUCTION


  Transgene flow occurs via pollen or seeds (Heuberger et al., 2010; Mallory-Smith and Zapiola, 2008; Kim et al., 2008). Cotton ranks third among genetically modified crops (James, 2009) and is a self-pollinating crop with low outcrossing rates. Probably for this reason there have been few studies of pollen and seed mediated gene flow (Heuberger et al., 2010). Seed mediated gene flow has received less attention than pollen mediated gene flow (Heuberger et al., 2010; Beckie and Hall, 2008). Some studies have reported gene flow from plots cultivated with genetically modified cotton to conventional cotton via pollen (Llewellyn and Fitt, 1996; Freire, 2002; Glover, 2002; Shirong, 2002; Messeguer, 2003; Van Deynze et al., 2005; Zhang et al., 2005; Llewellyn et al., 2007; Mallory-Smith and Zapiola, 2008; Heuberger et al., 2010;) and/or via seeds (Mallory-Smith and Zapiola, 2008; Heuberger et al., 2010). The presence of pollinating insects (bees, bumblebees, wasps, flies, and butterflies) has been identified as the main cause (Tian et al., 2004; Zhang et al., 2005).Other factors such as the number of pollinators, increased or reduced insecticide applications (Van Deynze et al., 2005, Zhang et al., 2005), wind, crop location, environmental conditions, climate (Hokanson et al., 1997; Amand et al., 2000; Elliott et al., 2004; Tian et al., 2004; Van Deynze et al., 2005; Zhang et al., 2005; Llewellyn et al., 2007), reduction of forest and close presence of fruit crops (Llewellyn et al., 2007) might influence the cross-pollination rate between cotton genotypes.


  Lack of control and precautions to prevent seed or pollen mediated transgene flow could, through introgression with compatible secondary recipients, lead to new and more resistant weeds (Messeguer, 2003), loss of biodiversity (Amand et al., 2000; Messeguer, 2003), food safety risks (Messeguer, 2003), potential effects on pest resistance. Since the purpose of refuge areas is disturbed and could affect major pests (Chilcutt and Tabashnik, 2004), production of hybrid and new genotypes may impinge on the long term stability of natural ecosystems (Rognli et al., 2000; Gueritaine et al., 2002; Ilardi and Barba, 2002; Rieger et al., 2002; Beckie et al., 2003; Burke and Rieseberg, 2003; Zhang et al., 2005). Pollen flow from GM crops to neighboring non-GM crops might even cause a legal problem because the spread of transgenes can be considered as damage to the property of farmers cultivating non-GM crops (Kim et al., 2008). It is also considered a restriction for the exportation of cotton seeds into countries where the biotech traits may not be approved or deregulated (Van Deynze et al., 2005). It could also threaten the intellectual property rights of biotechnology companies, markets for non-GM products and resistance management strategies for insect and weeds (Heuberger et al., 2010; Mallory-Smith and Zapiola, 2008; Mellon and Rissler, 2004; Smyth et al., 2002).


  To limit such risks, Colombia established the law 740 of 2002 ratifying the "Cartagena Protocol on Biosafety", which aims to ensure an adequate level of protection in the field for the transfer, handling and safe use of GMOs that might have adverse effects on the conservation and sustainable use of biodiversity. However, in Colombia only three wild species (G. arboreum, G. herbaceum and G. barbadense) were encountered (Garrido, 2007) which can be crossed, and for which some hybridization has been applied to cotton breeding (Fryxell et al., 1992, Zhang et al., 2005). Mendoza and Aramendiz (1985) reported 5 % of natural crossing in hybridization studies of cotton in Colombia, Díaz et al., ( 2002) reported 1,25 % of natural hybridization.


  In 2009, the national authority on the subject, the Instituto Colombiano Agropecuario, ICA, issued its resolution 682, which establishes the management and biosafety plan for the cultivation of GM cotton in the country. It establishes that each GM cotton field planted with an insect resistant cotton variety must have an associated refuge representing 4 % or 20 % of the total area, in which a different (non-modified or herbicide resistant) variety must be planted.


  Insect resistant and/or herbicide tolerant varieties of GM cotton have been planted in Colombia since 2002. The cultivated area grew from 2000 ha to 37657 hectares from 2002 to 2010 (Agrobio, 2011). However, studies on gene flow from GM cotton to non-GM counterparts and/or wildlife in Colombia have not been reported. In this study, seed and pollen mediated gene flow from transgenic cotton varieties carrying the cry1Ac gene and/or the 35S Figwort mosaic virus promoter to conventional or feral cotton individuals was tested at "Remolino Inc." (El Espinal, Tolima), to evaluate the current prevention measures for the movement of pollen and seeds from regulated GM fields into adjacent cotton fields.


  MATERIALS AND METHODS


  Field Sampling


  Sampling was performed in the first half of 2010, in "El Espinal" (Tolima, Colombia), located at 04°09´´N and 74° 53´´W, 323 meters above sea level and with a temperature ranging between 27 °C and 40 °C (Unibague, 2007).


  Samples were taken at "Remolino Inc." which is an association of cotton farmers located in the town of El Espinal (Tolima - Colombia). According to the farmer´s register provided by the association, there were fields planted with conventional as well as with GM cotton. A total of 390 fields planted with GM cotton had associated refuge areas. Of these refuges, 56 (14.3 %) were sampled. On the other hand, 27 out of 42 (62 %) fields planted with conventional varieties were sampled. The distance between these conventional cotton fields and GM cotton fields varied from 4 m to 2570 m. Finally, four conventional cotton feral individuals were found in the area and thus included in the analysis.


  At the time of sampling, the transgenic varieties grown in the area were: B2F 141 DP, DP 455 BG/RR, FM 9063 B2F, FM 9162 B2F, FM 9171 B2F, FM 9180 B2F and Nuopal RR. All these lines carry the cry1Ac transgene, which confers resistance to lepidopterans, and the Figwort mosaic virus promoter. Most refuge areas associated to transgenic plots were planted with Delta Opal RR variety and three refuges were cultivated with the DP90 National variety. The conventional varieties planted were: DP90 National, Corpoica M123, Corpoica M129 and Corpoica M137.


  The sampling method proposed by Ortiz et al., (2005) was used as a model. Thus, nine randomly located sample points following a "W" shape were marked in each conventional field and refuge. Four leaves and five bolls from the same plant were taken per point. Leaf samples were stored in resealable plastic bags and bolls were stored in paper bags. Field number, collection date, farm owner, geo-reference, number of acres, crop type, planting date, germination date and collector was recorded in each sampling site following recommendations by Maldonado et al., (2007). The distance to the nearest GM crop was calculated. In the laboratory, the leaves were stored at -20 °C and seeds were kept at room temperature.


  Detection of Genes and Transgenic Proteins in Collected Material


  The sample analysis procedures were conducted in the Molecular Biology laboratory located in the Biology Department of "Universidad Nacional de Colombia" (Bogotá, Colombia).


  Parental female analysis. On leaves collected from each plant, an ImmunostripTM assay was applied (Catalog No. STX 06200 Agdia) to detect the cry1Ac protein. Eppendorf tubes (1.5 ml) and previously sterilized blunt micropipette tips (100-1000 μL) were used. The procedure was performed according to ImmunostripTM instructions.


  Fields that had at least one positive sample for protein cry1Ac were excluded from leaf DNA extraction and PCR. Similarly, fields that had at least one positive sample for the presence of transgene cry1Ac by PCR were excluded from progeny analysis because it implied that the sampled area was contaminated, and this contamination increased the likelihood of finding hybrids.


  The protocol described by Phillips et al., (2003) combined with the cleaning protocol proposed by Falcón and Valera (2007) was used for DNA extraction. DNA quantification was performed using a Thermo Scientific Nanodrop 2000. PCR was performed for each of the samples, using the primers reported by Randhawa et al. (2010), to amplify the cry1Ac transgene (F: GACCGCTTACAAGGAGGGATACG, and R: ACGGAGGCATAGTCAGCAGGACC). Primers in this study were designed using Primer 3 online software to amplify the Figwort mosaic virus promoter sequence (F: GTCCAAAG CCTCAACAAGGT, R: TCTTTTGTGGTCGTCACTGC). Primers reported by Lee et al. (2007) were used to amplify the endogenous cotton gene fsACP (F: CAAACAAGAGACC GTGGATAAGGTA and R: CAAGAGAATCAGCTCCAAGAT CAAG). The primers used were synthesized by Invitrogen. Amplification reactions were performed in a BioRad My Cycler® thermocycler, in a total volume of 25 μL containing 1x reaction buffer: 8.875 μL of nuclease-free water, 2.5 μL of 10X Taq buffer, 2.5 μL of dNTPs (2 mM of each dNTP), 2 μL of each primer (0.8 μM), 2 μL of MgCl2 (2 mM) and 0.125 μL of Taq DNA polymerase (Fermentas kit from Qiagen). All PCR reactions were performed under the following conditions: initial denaturation, 95 °C, 3 min; 35 cycles comprising: denaturation, 95 °C, 30 seconds; annealing, 63 °C for fs ACP primers, 60.4 °C for Figwort and 64.4 °C for cry1Ac, 30 seconds; extension, 72 °C, 45 seconds; final extension, 72 °C, 5 min.


  DNA extracted from seeds of NO/RR (Nuopal / Roundup ready) variety was used as PCR positive control, and as a negative control, DNA extracted from seeds of feral cotton individuals.


  Leaf DNA extraction and PCR were performed using leaves from f ields whose samples were negative with the ImmunostripTM assay, this was done in order to identify false negative results with this assay, and identify other events that have been released in the study area.


  Positive results with both ImmunostripTM and PCR are interpreted as seed mediated gene flow. Therefore, progeny analysis to evaluate pollen mediated gene flow was carried out with seeds of fields in which all parental plants were negative with ImmunostripTM and PCR.


  Progeny analysis. Seed DNA extraction of conventional varieties (DP90 National, Corpoica M123, M129, M137) and feral individuals was done to standardize the level of detection of the PCR kit. Briefly, the experimental protocol involved different sample sizes: 100, 200 and 300 conventional or feral seeds, each with one transgenic seed. Each sample was processed using DNeasy Plant Maxi kit from Qiagen.


  To detect pollen mediated gene flow and hybridization in fields, the bolls selected were those in which all the parental plants were negative. The seeds were extracted removing the lint manually and were mixed with seeds from the same field. Three hundred seeds were randomly taken and, using a blender, a fine powder was obtained, from which two 0.5 g samples were taken for DNA extraction using DNeasy Plant Maxi kit from Qiagen


  Finally, to detect the Bt cry1Ac toxin in positive PCR samples and in varieties DP90 National, Corpoica M123, M129 and M137, an ELISA assay was used (kit DAS ELISA from Agdia to detect proteins Cry1Ab/Ac: catalog number PSP06200). The assay was performed by triplicate for each sample. The reading was measured using an Elisa plate reader at 655 nm. We quantified the concentration of Bt cry1Ac toxin using the Pierce BCA protein assay kit (Thermo Scientific). Six dilutions were used to approximate the toxin concentration of the samples tested.


  Genes or constructs of GM cotton that has been released in Colombia were used to design the primers and to select ELISA and ImmunostripTM assays. Thereby, we evaluated the presence and translation of the cry1Ac transgene and the presence of the Figwort mosaic virus promoter. As a PCR positive control, the endogenous gene fsACP primers were used.


  The eppendorf tubes and tips were autoclaved at 15 psi (121 °C) for 20 minutes; PCR tubes and micropipettes were sterilized with UV light for 40 minutes and blender jars were disinfected in 4.5 % sodium hypochlorite for 30 minutes.


  RESULTS AND DISCUSSION


  Analysis of Female Parentals


  Cry 1Ac Protein detection. ImmunostripTM assays were used to detect the cry1Ac protein in maternal tissue from 27 conventional cotton fields. Nine samples were taken in each field. All samples were negative for the cry1Ac toxin in 11 (41 %) of the 27 fields ( Fig. 1 ), while the remaining 16 (59 %) fields had at least one positive sample for cry1Ac (Table 1). The distance between the fields with one or more positive samples and GM cotton fields varied in a wide range, from 4 m to more than 2 km. There are no clear regulations as to the minimum distance that must be observed between GM and conventional cotton fields. It is important to note that some fields were located at about 5 m from the road to Ibagué (Tolima).


  In maternal tissue from 56 refuge areas analyzed, there were 20 (36 %) refuges that scored negative for the cry1Ac toxin using the ImmunostripTM assay, four (7 %) refuges in which all nine samples were positive ( Fig. 2 B) and 32 (57 %) refuges with least one positive sample for cry1Ac (Tab. 1 ). Samples of feral individuals were negative for cry1Ac toxin expression. PCR Detection of the cry1Ac transgene. In those fields in which no presence of the cry1Ac toxin was detected by the ImmunostripTM assay, leaf DNA was extracted for PCR analysis. The DNA concentrations and 260/280 ratios ranged from 61.2 to 1218.7 ng/μl and 1.60 to 1.99, respectively. Despite the differences in concentration and 260/280 ratios, the DNA was suitable for PCR amplification, as confirmed bythe use of the fsACP primers, which served as positive PCR controls (Fig. 2A) (Van Deynze et al., 2005). Lee et al. (2007) used these primers to amplify the fsACP gene expressing cotton fiber specific protein (FsACP) in order to distinguish cotton from other crops such as corn, soybeans, rice and barley, and as controls in detection methods for Monsanto´s cotton.
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  Using the primers to amplify the cry1Ac gene, PCR was performed with DNA extractions from samples of the 11 conventional cotton fields, 20 refuges and four feral individuals. An amplicon of 228 bp was obtained in at least one sample from 10 fields planted with conventional cotton and in 9 refuges (Fig. 2C). All samples in the remaining 11 refuges were negative. All samples of one field planted with conventional cotton and the feral individuals were negative (Tab. 2 ). This amplicon size was also obtained by Randhawa et al. (2010) in PCR assays to detect MON531 and MON 15985 cotton.
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  PCR Detection of the 35S Figwort Mosaic Virus Promoter. The primers to amplify the Figwort mosaic virus promoter region were used on 112 extractions corresponding to the four feral individuals and the samples from 12 fields where the cry1Ac protein was not detected by the ImmunostripTM assay (11 conventional cotton fields and 1 refuge). The remaining 19 refuges that tested negative for the protein corresponded to Delta Opal RR cotton, which carries this promoter. In four of the conventional fields and in the refuge, at least one sample produced an amplicon of 396 bp, which is the size expected for the amplification of this promoter (Fig. 2B). No samples were positive in seven fields planted with conventional cotton, and the feral individuals were all negative (Table 2).


  These results showed the presence of the transgenic sequences in 10 additional fields planted with conventional cotton and nine additional refuges. This could be due to false negatives obtained by the ImmunostripTM assay, or by plants carrying but not expressing the transgene.


  Analyzing female parentals with ImmunostripTM and PCR, we found that there is gene flow via seeds into 26 out of 27 fields planted with conventional cotton (96 %) and into 45 out of 56 sampled refuges (80 %). In feral individuals no gene flow via seeds was detected (Tables 1 and 2).


  Five samples tested positive both for the 35S figwort mosaic virus promoter and cry1Ac using PCR. However, six samples amplified only when using the cry1Ac primers. This could be due to contamination of seeds coming from GM varieties carrying that transgene with a different promoter, like MON 531, which carries the CaMV35S promoter and has been cultivated in the area. This remains to be confirmed.


  Gene flow via seeds towards fields planted with conventional varieties located approximately 4-10 m away from fields planted with transgenic varieties could be due to transgenic seed falling inadvertently in these fields, or seeds that were disseminated or scattered by the wind. This pattern has also been shown by Messeguer (2003) and Heuberger et al., (2010). Gene flow observed in conventional fields located further away from fields planted with transgenic cotton could be due to contamination of seeds (Van Deynze et al., 2005) (mixture of seeds that can be sourced), inadvertent planting of seeds during harvest (Messeguer, 2003), or as a result of human errors committed during planting, harvesting or processing of the seed (Heuberger et al., 2010).


  However, it should be noted that factors such as dumping of seed in production areas or during transport and their use for feeding livestock, may also be involved and have been reported as potential causes for gene flow via seeds (Phillips et al., 2003).


  In refuges where not all samples were positive, but only some plants, gene flow was probably because there was mixing of seeds during planting, either due to contamination of the source (mixed seed source) or by mechanical mixing (Van Deynze et al., 2005), especially when planting was done using the same machines or same equipment.


  Heuberger et al., (2008) and Heuberger et al., (2010) found gene flow in experimental plots in Arizona planted with non Bt cotton and mixture of seed in bags that should contain only non-Bt cotton seeds. These results show that seed mixture and seed manipulation may be important sources of contamination of fields planted with non-GM cotton.


  All of the samples tested in four of the refuges were positive. It is unlikely to find this result due to accidental seed mixing and could be indicating a different situation. It is possible that the information that was received about the fields is wrong or that farmers are not complying with legal rules on the establishment of refuges. The national authority on this subject, Instituto Colombiano Agropecuario, ICA (2009), prescribes the use of two different refuge schemes with a ratio of the area of the GM field/refuge of 80/20 or 96/4.


  With regard to the feral individuals, no gene flow via seed was found, which could be due to a greater distance from the sources of pollen and seed from transgenic plants, given that these trees were found in the urban area of the town and not close to cotton fields. The sampled trees were located between the police station and the bus terminal of El Espinal, being trees of about three to four meters in height and five to seven years old, according to information supplied by local people and field technicians of "Remolino Inc.".


  Progeny Analysis


  PCR detection level. Previous to the assay to establish the detection level of the PCR kit, all DNA samples from seeds of conventional varieties DP90 National, Corpoica M123, M129 and M137 and feral individuals were amplified with fsACP primers indicating that DNA extracted is free of PCR inhibitors (Van Deynze et al., 2005). When using cry1Ac primers, all samples were amplified, except samples of feral individuals. However, DNA samples of the variety M123 and feral individuals did not amplify with Figwort primers, while in the other varieties amplicons were obtained. These results show that seeds provided as conventional cotton are contaminated by blending or are product of hybridization between GM and non-GM cotton plants. Variety M123 amplified for cry1Ac but not for the Figwort promoter, which suggests that the contamination of these seeds was with the GM cotton MON 531, which is cultivated in the area and carries the cry1Ac gene and the CaMV35S promoter, not the Figwort promoter.


  The Elisa test verified these results as it identified cry1Ac transgene translation in samples of seed corresponding to conventional varieties DP90 National, Corpoica M123, M129 and M137. The level of protein expression was less than 150 μg/ml.


  The assay performed to test the detection level of the PCR kit showed that is possible to detect DNA from one transgenic seed in 100, 200 or 300 non-transgenic seeds. This is valid both for the cry1Ac and Figwort primers. For Ortiz and colleagues (2005), the maximum sample size with which it is possible to detect a transgenic seed is 300 seeds; therefore, for the present study 300 seeds were used as sample size for mixing, grinding and DNA extraction.


  Pollen mediated gene flow. For 12 fields (one conventional and 11 refuges) for which leaf analysis was negative, seed DNA extraction was performed. The DNA concentration obtained ranged between 8.7 and 85.8 ng/μL and the 260/ 280 ratio was 1.6 - 1,9. Amplicons with primers fsACP were observed in all DNA samples.


  Primers for the Figwort promoter were used to perform PCR on DNA extracted from samples from the only conventional cotton field that did not present any seed mediated gene flow and positive results were obtained, showing pollen mediated gene flow in this case (Fig. 3A). Samples of feral individuals were negative for the presence of Figwort promoter.


  PCR was done using primers to amplify the cry1Ac gene on samples from the 11 refuges where all parental female plants tested negative for protein expression or PCR assays. Nine positive and two negative results were obtained; samples from the conventional field tested were positive and feral individuals were negative for the presence of cry1Ac gene (Fig. 3B).


  Using the Elisa test we found that two refuges were negative for cry1Ac gene expression, which is in agreement with refuges in which no cry1Ac transgene amplification was found (data not shown). The nine remaining refuges and the conventional field analyzed with this assay were positive for cry1Ac toxin, in which the quantification of protein was approximately less that 200 μg/ml.


  The samples tested that were positive for both presence and expression of cry1Ac transgene demonstrate that there is gene flow via pollen from genetically modified cotton to conventional cotton. Similar results were obtained by Freire (2002), Van Deynze et al. (2005), Zhang et al. (2005), Llewellyn et al. (2007) and Heuberger et al. (2010), who reported gene flow from GM cotton cultivated plots to conventional cotton. The flow of transgenes via cotton pollen has been reported in the United States, Australia, China, South Africa and Argentina (Van Deynze et al., 2005).


  Gene flow via pollen reported in this study should be analyzed taking into account that gene flow via seed is very high (80 % and 96 % of the fields analyzed in refuges and in fields planted with conventional varieties of cotton, respectively). Additionally, the amount of GM cotton crops that were in the area during sampling may lead to a higher occurrence of gene flow via pollen, being more likely to be present. Isolation distances are clearly established, and we found fields planted with conventional cotton surrounded by fields planted with GM cotton (separated about 4-10 m). The scheme 96/4 is preferentially used by the farmers of "Remolino Inc.", which allows concluding that the source of transgenes is higher due to that fact.


  Due to the high incidence of seed mediated gene flow, the analysis of pollen mediated gene flow was performed only in one conventional field and 12 refuges. However, this study shows evidence of the presence of hybrid cotton in the region. In addition, gene flow via pollen can be related with the presence of pollinating insects. This has been reported as the main reason for gene flow to occur via pollen and natural hybridization in cotton (Van Deynze et al., 2005), either by the presence of bees (Llewellyn and Fitt, 1996; Van Deynze et al., 2005; Zhang et al., 2005; Llewellyn et al., 2007), bumblebees and melisodes (Van Deynze et al., 2005; Zhang et al., 2005), or bumblebees (Llewellyn et al., 2007; Zhang et al., 2005), or other insects such as wasps, flies, and butterflies (Tian et al., 2004; Zhang et al., 2005).
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  Other secondary causes of pollen mediated gene flow could be the amount and behavior of pollinators due to the decrease in insecticide applications that affect pollinator activity and pollen dispersal (Van Deynze et al., 2005; Zhang et al., 2005, Carpenter and Gianessi, 2001; Betz et al., 2000; Mendoza and Aramendiz, 1985), the location of the lots, environmental conditions, the climate where cotton is grown (Hokanson et al., 1997; Amand et al., 2000; Elliott et al., 2004; Tian et al., 2004; Van Deynze et al., 2005; Zhang et al., 2005; Llewellyn et al., 2007; ), the presence of nearby fruit crops (Llewellyn et al., 2007) and wind (Van Deynze et al., 2005). This study does not allow the differentiation of these causes of gene flow, especially due to the predominance of seed mediated gene flow.


  With the results obtained in this study and taking into account that there are no regulations regarding isolation distances between GM cotton crops and conventional cotton, it is necessary to evaluate the idea of isolation distances between these fields. Especially when considering that the conventional field that was separated about 4 m from fields planted with transgenic cotton showed hybridization events. Studies in other countries have shown that gene flow via pollen decreases exponentially with increasing distance from the pollen source (Zhang et al., 2005; Llewellyn and Fitt, 1996; Messeguer, 2003), and is dependent on environmental conditions; gene flow has been detected at 20 and 25 m in Arizona, Arkansas, Mississippi and Northern California (Van Deynze et al., 2005; Zhang et al., 2005) and more than 1600 m in California (Van Deynze et al., 2005; Kim et al., 2008). With regard to gene flow observed in refuge areas, several authors (Llewellyn and Fitt, 1996; Chilcutt and Tabashnik, 2004; Luna et al., 2001; Morris et al., 1994) demonstrate that many factors including refuge size, shape and distance from the Bt crop, pollen longevity and setting rate, similarity of Bt and non-Bt hybrids in maturation times and height of male and female flowers are the principal causes of this phenomenon.


  The study of gene flow in El Espinal (Tolima-Colombia), was made in the first half of 2010. Our results indicate seed mediated gene flow in 45 refuges (80 % of total sampled) and 26 fields with conventional cotton (96 %), besides pollen mediated gene flow in one field with conventional cotton and nine refuges. Figwort promoter sequence was identified in 18.5 % of conventional cotton fields sampled and 33.3 % of refuges. Transgene cry1Ac expression was detected and/ or verified in 100 % of cultivated conventional cotton fields and 96.4 % of refuge areas.This study shows that standards are not being met since Bt plants are present in refuges and conventional fields. Therefore it is necessary to evaluate strategies to prevent or reduce gene flow. These strategies should aim at regulating isolation distances between GM and non-GM cotton fields, as well as controlling the accidental or intentional mixing of seeds and possible leaks during transportation.
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  ABSTRACT


  A possible survival strategy for plants under saline conditions is to use some compounds that could alleviate the salt stress effect. One of these compounds is nicotinamide (vitamin B3/niacin). The effect of exogenous application of nicotinamide with different concentrations (0, 200 or 400 mg l-1) on faba bean (Vicia faba L.) plant grown at different NaCl levels (0, 50 or 100 mM) was investigated in the wire house of the National Research Centre, Cairo, Egypt. Salinity stress significantly reduced the photosynthetic pigments, polysaccharides, total carbohydrates, total-N contents of shoot, plant height, leaves number, fresh and dry weights of shoot, seed yield, total carbohydrates and total crude protein of the yielded seeds compared with those of the control plants. In contrast, salinity induced marked increases in sucrose, total soluble sugars, total free amino acids, proline, lipid peroxidation product (MDA) and some oxidative enzymes (polyphenol-oxidase and peroxidase). Also, salinity stress increased Na+ contents with the decreases of other macro and micro elements contents (P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ and Cu2+) of shoots and the yielded seeds of faba bean. Foliar spraying of nicotinamide alleviated the adverse effects of salinity stress through increased the photosynthetic pigments, polysaccharides, total carbohydrates, total N concentration of shoot, plant height, leaves number, fresh and dry weights of shoot, and seed yield as well as, sucrose, total soluble sugars, total free amino acids and proline, compared with those of the corresponding salinity levels, while decreased lipid peroxidation product as malondialdehyde (MDA) and the oxidative enzymes (polyphenol oxidase and peroxidase enzymes). Nicotinamide inhibited the uptake of Na+ and accelerated the accumulation of P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ and Cu2+ concentrations in the shoots of salt stressed plants and enhanced total carbohydrate and total crude protein percentage and solutes concentrations in seeds of salinity treated plants. Nicotinamide, not only neutralized the effect of salinity stress but resulted in a significant improvement in physiological and biochemical parameters as well as the concentrations of soluble sugars, proline, amino acids, and total N and other mineral contents.


  Keywords: growth, salt stress, sodium chloride, Vicia faba, vitamin B3.

  


  RESUMEN


  Una posible estrategia de supervivencia para plantas que se desarrollan bajo condiciones de salinidad es emplear algunos compuestos que les permitan disminuir el estrés salino. Uno de estos compuestos es la nicotinamida (vitamina B3/ niacina). Se investigó el efecto de la aplicación exógena de nicotinamida en diferentes concentraciones (0, 200 o 400 mg l-1) sobre plantas de haba (Vicia faba L.) creciendo a diferentes niveles de NaCl (0, 50 o 100 mM) en los terrenos del National Research Centre, Cairo, Egipto. El estrés por salinidad reduce significativamente los contenidos de pigmentos fotosintéticos, polisacáridos, carbohidratos totales, nitrógeno total, peso de las plantas, número de hojas, pesos fresco y seco de tallos, rendimiento de semillas, y contenido de carbohidratos y proteina cruda total en semillas comparado con plantas control. En contraste, la salinidad induce incrementos marcados en sacarosa, azúcares solubles totales, aminoácidos libres totales, prolina, productos de peroxidación de lípidos como el malondialdehido (MDA) y algunas enzimas oxidativas (polifenol oxidasa y peroxidasa). También, el estrés por salinidad incrementa el contenido de Na+ y genera disminución de otros macronutrientes y micronutrientes (P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ y Cu2+) de los tallos y el rendimiento de semillas en plantas de haba. La aspersión foliar de nicotinamida disminuye los efectos adversos del estrés salino incrementando los pigmentos fotosintéticos, polisacáridos, carbohidratos totales, concentración total de nitrógeno en tallos, peso de las plantas, número de hojas, pesos frescos y secos de tallos, y rendimiento de semillas; así como los niveles de sacarosa, azúcares solubles totales, aminoácidos libres totales y prolina, comparado con aquellos correspondientes al estrés por salinidad, mientras disminuyeron los productos de peroxidación de lípidos (MDA) y las enzimas oxidativas (polifenol oxidasas y peroxidasas). La nicotinamida inhibe la toma de Na+ y acelera la acumulación de P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ y Cu2+ en los tallos de plantas bajo estrés salino, y aumenta el porcentaje total de carbohidratos y proteína cruda y la concentración de solutos en semillas obtenidas de plantas tratadas contra el estrés salino. La nicotinamida no solo neutraliza el efecto del estrés salino, sino que mejora significativamente parámetros fisiológicos y bioquímicos tales como la concentración de azúcares solubles, prolina, aminoácidos y contenido total de nitrógeno y otros minerales.


  Palabras clave: crecimiento, estrés salino, cloruro de sodio, Vicia faba, vitamina B3.


  INTRODUCTION


  Faba bean (Vicia faba L.) is one of the most important winter crops of high nutritive value in the world as well as in Egypt. Mature seeds of faba bean are good sources of protein (about 25 % in dried seeds), starch, cellulose, vitamin C and minerals (Hamilton, 2005). Consumed as fresh faba bean pods, seeds, conservative faba bean, and as a dried seeds. Moreover, they have been used as a drug for kidney stones, liver malfunctioning and eye diseases. At the same time they are used for animal food, broken seeds are mixed into animal diet and the vegetative parts of the plants are used as the animal fodder (Akcin, 1988).


  Salinity has become more and more important to the scientific and political agenda. Over 6 % of the world´s total land area and 20 % of irrigated land are salt-affected (FAO, 2008). Salinity problems are particularly relevant for arid and semiarid areas like Egypt. Approximately 33 % of the cultivated land and most extension agricultural land in Egypt is already salinized (Ghassemi et al., 1995). The reduction in yield of different crops due to salinity in most of these areas is about 60 % when compared with normal soil. Exploiting and increasing production in these areas is necessary to bridge the gap between production and consumption of many crops like faba bean.


  Salinity could be caused by (1) poor irrigation water which contains considerable amounts of salts, (2) accumulation of salts in the top layer of the soil due to over-irrigation, (3) proximity to the sea, and (4) the capillarity rise of salts from underground water into the root zone due to excessive evaporation. Also, low rainfall, high evaporation rate and poor water management could cause salinity related problems in these areas (along the Nile Valley, including Egypt). Salinity reduces the ability of plants to utilize water and causes reduction in growth rate, as well as changes in plant metabolic processes (Munns, 2002). Plants growing under saline conditions are stressed basically in three ways: (1) reduced water potential in the root zone causing water deficit, (2) phytotoxicity of ions such as Na+ and Cl- and (3) nutrient imbalance by depression in uptake and/or shoot transport. This is attributed to the fact that Na+ competes with K+ for binding sites essential for cellular function (Tester and Davenport, 2003). This role makes K+ an important element as more than 50 enzymes are activated by K+, and Na+ cannot substitute in this role. On one hand, the latter implication of these two macronutrients in salinity is thought to be one of the factors responsible for reduction in the biomass and yield components. On the other hand, however, the reduction in growth is generally the consequences of several physiological responses including modifications of ion balance, water status, mineral nutrition, stomatal behavior, photosynthetic efficiency and carbon allocation, and utilization (Gama et al., 2007: Bekheta et al., 2009; Abdelhamid et al., 2010; Taie et al., 2013). Also, the deleterious effects of salinity on plant growth are associated with low osmotic potential of soil solution, nutritional imbalance, specific ion effect, hormonal imbalance and induction of oxidative stress, or a combination of these factors (Rahnama et al., 2010; Abdelhamid et al., 2013).


  Amelioration of the adverse effects of sodium chloride (NaCl) salinity by vitamin treatments has been reported (Bassouny et al., 2008; Sadak et al., 2010). Vitamins are required in trace amount to maintain normal growth and proper development of all organisms. These compounds act as coenzyme systems and thus take essential part in the regulation of metabolism. Vitamins, can be limiting factors in the development of plant (Bassouny et al., 2008). Nicotinamide is a water-soluble vitamin and is part of the vitamin B group. Nicotinamide, also known as niacinamide and nicotinic acid amide, is the amide of nicotinic acid (vitamin B3/niacin). Nicotinamide is a well-characterized constituent of the pyridine dinucleotide coenzymes NADH & NADPH, which are involved in many enzymatic oxidations - reductions reactions in living cells. In addition, nicotinamide is a stress-associated compound that induces and regulates secondary metabolic accumulation and/or the manifestation of defense metabolism in plants (Berglund, 1994).


  This study aimed to measure the potential roles of nicotinamide in alleviating the deleterious effects of salinity on some physiological and biochemical traits of faba bean plants.


  MATERIALS AND METHODS


  Plant material and growth conditions


  A pot experiment was conducted in a wire-house at the National Research Centre, Dokki, Cairo, Egypt (30°20´ N; 31°53´ E) from 21 November 2011 to 23 April 2012. During this period, daily temperature ranged from 12,3 - 28,6 °C, with an average of 17,4 ± 2,6 °C. Daily relative humidity averaged 58 ± 11,7 %, and ranged from 21 - 87 %.


  Seeds of faba bean (Vicia faba L.; cv. Giza 843) were obtained from Agricultural Research Centre, Ministry of Agriculture and Land Reclamation, Egypt. Healthy faba bean seeds (n = 10) were selected for uniformity by choosing those of equal size and of the same colour. The selected seeds were washed in distilled water, sterilized in 1 % (v/v) sodium hypochlorite for approx. 2 min, washed thoroughly again in distilled water, and left to dry at room temperature (25 °C) for approx. 1 h. Ten, uniform, air-dried faba bean seeds were sown along a centre row in each plastic pot (30 cm diameter) at a depth of 30 mm, in approx. 7,0 kg of clay soil. To reduce compaction and improve drainage, the soil was mixed with yellow sand in a proportion of 3:1(v:v). Some characteristics of the soil used in the experiment before cultivation are pH 8,52, the cations were Ca2+ 7,31, Mg2+ 3,00, Na+ 8,26 and K+ 1,80 meq L1- while anions were HCO3 - 4,8, Cl- 7,2, SO4 2- 8,36 meq L1-.


  A granular commercial Rhizobium leguminosarum (obtained from the Biofertilizer Inoculum production Unit, Department of Microbiology, Soils, Water and Environment Research Institute, Agricultural Research Centre, Giza, Egypt) was incorporated into the top 30 mm of soil in each pot with the seeds at the time of sowing. Granular ammonium sulphate [20,5 (w/w) % N] was applied at a rate of 40 kg N ha-1, and single superphosphate [15 % P2O5) was added at a rate of 60 kg P2O5 ha-1 to each pot. These N and P fertilizers were mixed into the soil in each pot immediately before sowing.


  The experiment was arranged in a factorial arrangement with three levels of sodium chloride (NaCl) and three levels of nicotinamide. Four replicates were used. Ten days after sowing (DAS), faba bean seedlings were thinned to four seedlings per pot and irrigated with equal volumes of tap water until 21 DAS. To induce salt stress, NaCl was dissolved in fresh water and the plants were watered with an equal volume of 0, 50 or 100 mM (S0, S1, or S2), starting from the 22nd DAS along the rest period of the experiment, until final harvesting on 23 April 2012. Saline water was prepared by mixing fresh water (0.21 dS/m) with NaCl to achieve salinity levels of 50 and 100 mM. Starting from 22nd day, plants were sprayed three times, seven days interval between each spraying and the other, with three levels of nicotinamide (0, 200 or 400 mg l-1) considered as N0, N1 and N2, respectively. The control treatment was sprayed with fresh water to exclude the effect of spraying and irrigated either with tap water (0.23 dS/m). The soil water capacity was estimated by saturating the soil in each pot with water and weighing it after it had drained for 48 h. The water capacity of the soil in each pot was 0.36. Soil water contents were maintained at approx. 90 % of pot water capacity. The level of soil moisture was controlled by weighing each pot and any loss of water was supplemented daily.


  Plant growth samples were taken at 65 days after sowing (DAS) to estimate photosynthetic pigments contents, carbohydrates fractions, proline, total free amino acids, lipid peroxidation and oxidative enzymes (polyphenol oxidase, peroxidase enzyme) and some mineral contents of shoots (total N, P, K+, Mg2+, Na+, Ca2+, Fe2+, Mn2+, Zn2+, Cu2+). The above-ground portion of each plant was carefully removed from each pot and separated into leaves, stems, and pods. The shoot fresh weight (FW) was recorded. Various plant organs (leaves, stems, and pods) were oven-dried for 72 h at 70 °C, and their dry weights (DW) were recorded. The dried leaves were ground to a powder and kept in a desicator to determine their concentrations of phenolic compounds, total free amino acids, proline, total soluble carbohydrates, total carbohydrates, total nitrogen (N), phosphorus (P), potassium (K+) , calcium (Ca2+), sodium (Na+), magnesium (Mg2+), iron (Fe2+) manganese (Mn2+), zinc (Zn2+), copper (Cu2+). Two fresh leaves per plant were washed with distilled water to remove any surface dust and used to determine the concentration of photosynthetic pigments and the activities of three anti-oxidant enzymes [polyphenol-oxidase (PPO) and peroxidase (POX), lipid-peroxidation (MDA)]. At harvesting in 23 April 2012, seed yield and the chemical constituents of the yielded seeds [(total carbohydrates %, total crude protein %, and some mineral concentrations (P, K+, Mg2+, Na+, Ca2+, Fe2+, Mn2+, Zn2+, Cu2+)] were determined.


  Chemical Analysis


  Chlorophyll a, chlorophyll b and carotenoids concentrations in fresh leaves were estimated using the method of Lichtenthaler and Buschmann (2001). Fresh tissues were ground in a mortar and pestles using 80 % acetone. The optical density (OD) of the solution was recorded for chlorophyll a and b and carotenoids at 662 and 645 and 470 nm, respectively using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan). The values of photosynthetic pigments were expressed in mg/g FW. Sucrose and polysaccharides concentrations were determined according to Herbert et al. (1971). Total soluble sugars (TSS) were extracted by overnight submersion of dry tissue in 10 ml of 80 % (v/v) ethanol at 25 °C with periodic shaking, and centrifuged at 600 g. The supernatant was evaporated till completely dried then dissolved in a known volume of distilled water to be ready for determination of soluble carbohydrates (Homme et al., 1992). TSS were analyzed by reacting of 0.1 ml of ethanolic extract with 3.0 ml freshly prepared anthrone (150 mg anthrone + 100 ml 72 % H2SO4) in boiling water bath for ten minutes and reading the cooled samples at 625 nm using a Spekol spectrocolorimeter (VEB Carl Zeiss; Jena, Germany (Yemm and Willis, 1954). Determination of total carbohydrates was carried out according to Herbert et al., (1971). A known weight of 0.5 g dried tissue was placed in a test tube, and then 10 ml of sulphuric acid (1N) was added. The tube was sealed and placed overnight in an oven at 100 °C.


  The solution was then filtered into a measuring flask (100 ml) and completed to the mark with distilled water. The total sugars were determined colorimetrically according to Smith et al. (1956) as follow: an aliquot of 1ml of sugar solution was transferred into test tube and treated with 1ml of 5 % aqueous phenol solution followed by 5 ml of concentrated sulphuric acid. The tubes were thoroughly shaken for ten minutes then placed in a water bath at 23 - 30 °C for 20 min. The optical density of the developed color was measured at 490 nm using Shimadzu spectrophotometer model UV 1201. Free amino acid and proline concentration were extracted according to Vartanain et al. (1992). Hot water extracts were prepared by boiling ground dry leaves in 10 mL of distilled water for 1 h. Free amino acid was determined with the ninhydrin reagent method (Yemm and Cocking, 1955). 1 ml acetate buffer (pH 5.4) and 1 ml chromogenic agent were added to 1 ml free amino acid extraction. The mixture was heated in boiling water bath for 15 min. after cooled in tap water, 3 ml ethanol (60 % v/v) was added. The absorbance at 570 nm was then monitored using a Spekol spectrocolorimeter (VEB Carl Zeiss; Jena, Germany). Proline was assayed according to Bates et al. (1973) briefly: 2 ml of proline extract, 2 ml of acid ninhydrin and 2 ml of glacial acetic acid were added and incubated for 1 h in a boiling water bath followed by an ice bath. The absorbance was measured at 520 nm using a Spekol spectrocolorimeter (VEB Carl Zeiss; Jena, Germany).


  A standard curve was obtained using a known concentration of authentic proline. The level of lipid peroxidation was measured by determining the malonadialdehyde (MDA) concentration. Malonadialdehyde is the product of lipid peroxidation and that assayed by thiobarbaturic acid reactive substance (TBARS) contents (Stewart and Bewley, 1980).


  Extracting the enzymes was done according to MuKherjee and Choudhuri (1983). Polyphenoloxidase (PPO, EC 1.10.3.1) activity assayed using the method of Kar and Mishra (1976). Peroxidase (POX, EC 1.11.1.7) activity assayed according to Bergmeyer (1974). The enzyme activities were calculated by methods described by Kong et al. (1999). The enzyme activities were assayed by a Spekol spectrocolorimeter (VEB Carl Zeiss; Jena, Germany). Macro and microelement contents of faba bean shoots and the yielded seeds were determined according to Chapmen and Pratt (1978). Total N was determined by using micro-Kjeldahl method as described in AOAC (1970). P+ was determined using a Spekol spectrocolorimeter (VEB Carl Zeiss; Jena, Germany, while, estimation of Ca2+, K+ and Na+ contents were done using a flame photometer. Mg2+, Fe2+, Mn2+, Zn2+, Cu2+ contents were estimated using atomic absorption spectrophotometer.


  Statistical Analysis of the Data


  All data were subjected to analysis of variance (ANOVA) for a randomized complete block design, after testing for homogeneity of error variances according to the procedure outlined by Gomez and Gomez (1984). Statistically significant differences between means were compared at p ≤ 0.05 using Duncan´s multiple range test.


  RESULTS


  Photosynthetic Pigments Concentrations


  Tab. 1 shows clearly that, increasing salinity level from 0,0 to 50 to 100 mM of NaCl resulted in significant reductions in chlorophyll a, chlorophyll b, carotenoids and total pigments of faba bean leaves. Maximum reduction was obtained at 100 mM NaCl salt. Foliar treatment of nicotinamide on faba bean plant with different concentrations (200 and 400 mg l-1) significantly increased chlorophyll a, chlorophyll b, carotenoids and total pigments compared with the control plants and corresponding salinity levels (Tab. 1 ) except at 400 mg/l it caused significant decrease in carotenoid content.


  Carbohydrates Concentrations


  Changes in TSS, polysaccharides, total carbohydrates and sucrose concentrations in faba bean shoot plant due to foliar application of nicotinamide grown under NaCl salinity are presented in Tab. 2 >. Increasing salinity level from 0.0 to 50 to 100 mM NaCl caused significant increases in sucrose and TSS, while significant gradual reduction in polysaccharides and total carbohydrates concentrations in faba shoots. Meanwhile, foliar treatment caused significant increases in polysaccharides and total carbohydrates of shoots of faba bean plants compared with the untreated controls and the corresponding salinity levels.


  Proline and Free Amino Acids


  Tab. 3 and 4 show that salt stress induced decreases in total N while increased accumulation of proline and free amino acids with increasing the salinity level. Foliar application of nicotinamide resulted in significant increases in the concentrations of total N, proline and free amino acids contents. In addition, these marked increases in nitrogen contents in nicotinamide treated plants were over those of untreated salinized plants and non-salinized control plants.
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  Lipid Peroxidation, Peroxidase and Polyphenol-Oxidase Activities


  Tab. 3 shows effect of nicotinamide on, peroxidase, polyphenoloxidase, and lipid peroxidation enzymes in the shoots of faba bean grown under NaCl-Salinity. MDA is one of the end products which are produced as a result of lipid peroxidation damage by free radicals. Lipid peroxidation level as indicated by accumulated MDA. MDA increased significantly under salt stress, and the effect was more pronounced at 100 mM NaCl salinity level. Foliar spraying of nicotinamide caused marked decreases in enzyme activities as compared under all salinity levels.


  Mineral Concentrations


  Tab. 4 shows influence of nicotinamide on N, P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ and Cu2+ in the shoots of faba bean grown under NaCl-Salinity. NaCl-Salinity stress significantly increased Na+ concentration, while decreased P, K+, Mg2+ and Ca2+ ions concentrations compared to non-salinized plants. Foliar application of nicotinamide (200 and 400 mg/l) under various levels of salinity (0.50 and 100 mM NaCl) caused reduction of Na+ accumulation and increases in the contents of P, K+, Mg2+ and Ca2+ Fe2+, Mn2+, Zn2+ and Cu2+ compared to non-salinized plants and the corresponding salinity levels.


  Faba Bean Plant Growth


  Effect of nicotinamide on plant height (cm), leaf number per plant-1, shoot FW, and shoot DW of faba bean grown under NaCl-Salinity (Tab. 5 ). Increasing salinity level resulted in significant gradual reductions in plant height and shoot DW (g) compared to control plants. Results also show that, foliar spraying of faba bean plant with nicotinamide increased significantly plant height and Shoot DW under normal and salinity stress conditions, these increases were gradually increased with increasing nicotinamide concentrations.


  Seed Yield and Seed Chemical Composition


  Tab. 6 shows faba bean seed yield and the chemical constituents of the yielded seeds [(total carbohydrates %, total crude protein %, and some mineral concentrations (P, K+, Mg2+, Na+, Ca2+, Fe2+, Mn2+, Zn2+ and Cu2+)] in response to nicotinamide under NaCl-Salinity. Increasing salinity level induced significant decreases in seed yield per plant of Vicia faba plant compared to control plants. Also, different salinity levels significantly decreased percentage of total carbohydrates and total N % compared to control. External applications of different concentrations of nicotinamide (200 or 400 mg l-1) induced significant increases in seed yield and on the quality of the yielded seeds (total carbohydrates % and total crude protein %). In general, the maximum increase was recorded in plants sprayed with 400 mg l-1 nicotinamide under all salinity levels.


  DISCUSSION


  An average reduction of 16,54 % in chlorophyll a, 21,90 % in chlorophyll b, 12,64 % in carotenoids and 16,71 % in total pigments contents were observed in faba bean plant compared to control plants (Table 1). These results are in good agreements with those obtained by Desingh and Kanagaraj (2007) in cotton, Atlassi Pak et al. (2009) in rape, Dolatabadian and Saleh Jouneghani (2009) in bean and El-Khallal et al. (2009) in maize plant, Bekheta et al. (2009) and Taie et al. (2013) in faba bean, and Bahari et al. (2013) in wheat plant. The inhibitory effect of salinity stress on the photosynthetic pigments may be due to the effect of salinity on the activities of photosynthetic enzymes and this may be a secondary effect mediated by the reduced CO2 partial pressure in the leaves caused by stomatal closure (DeRidder and Salvucci, 2007). Also, Desingh and Kanagaraj (2007) presume that salinity stress might affect the biochemistry of photosynthesis by causing disorientation of the lamellar system of chloroplasts and loss of chloroplast integrity leading to a decrease in the activities of photosystems. The higher concentration of 400 mg l-1 of nicotinamide was more effective than 200 mg l-1. These results are in agreement with those obtained by Hassanein et al. (2009) in Zea mays and Sadak et al. (2010) in sunflower plant. Nicotinamide may interfere with the protection of chloroplast and their membrane against salt toxicity and the maintaining their integrity (Hassanein et al., 2009) or vitamins protect chloroplast from oxidative damage (Munne-Bosch et al., 2001). In addition, nicotinamide has a role in activation of enzymes that regulate photosynthetic carbon reduction (Taylor et al., 1982).
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  The obtained results shown in Tab. 2 of changes in TSS, polysaccharides, total carbohydrates and sucrose concentrations are in harmony with those obtained by Hassanein et al., (2009), Sadak et al. (2010) and Sadak et al. (2012). Marschner (1995) reported that the organic acid especially sugars are the main solutes involved in osmotic adjustment in some plants submitted to osmotic and saline stress. Moreover, Bartels and Sunkar (2005) reported that the increase in TSS under salinity stress was considered protective and adaptive functions of soluble carbohydrates under salinity stress. The reduction in total carbohydrates of salt stressed faba bean plant concomitantly with the reduction in the leaf photosynthetic pigments led to the conclusion that salinity may inhibit photosynthetic activity and/or increased partial utilization of carbohydrates into other metabolic pathways (Hassanein et al., 2009). De Ridder and Salvucci (2007) reported that the reduction of total carbohydrates under salinity stress is probably due to higher sensitivity of photosystem II, decrease of CO2 in intercellular spaces of stomata, reduction in photochemical quantum efficiency of CO2 uptake, low level of O2 evolution and low level of 3-phosphoglycerate. These circumstances may lead to the reduction in carbon allocation to new leaves and furthermore to potential photosynthetic capacity resulted in reduction of photon yield of CO2 assimilation and consequently minimize starch synthesis under salinity stress. Nicotinamide application resulted in significant increases in sucrose and TSS compared with control plants. In the meantime, it caused variable effects in salinized plants as compared with the corresponding salinity levels. These results are in agreement with those obtained by Hassanein et al. (2009) in maize and Sadak et al. (2010) in sunflower plant. The increases in total soluble sugars and sucrose in faba bean plants may indicate more stimulation in the enzymes of sugar hydrolysis. In addition, Srivastava et al. (1995) stated that accumulations of carbohydrate play a key role in alleviating salinity stress either via osmotic adjustment or by conferring desiccation resistance to plant cells.


  Proline accumulation is one of the most frequently reported modifications induced by water and salt stress in plants and is often considered to be involved in stress resistance mechanisms. It is possible roles have been attributed to stabilizing the structure of macromolecules and organelles through stabilizing proteins and membranes against the denaturating effect of high concentrations of salts and other harmful solutes (Munns, 2002). Salt stress induced decreases in total N while increased accumulation of proline and free amino acids with increasing the salinity level (Tables 3 and 4). These findings are in good agreement with those obtained by Khattab (2007), Amirjani (2010), Sadak et al. (2010), and Taie et al. (2013). Reduction in total N can be attributed to the decrease in protein synthesis and/or to the increase in its degradation. Compatible osmolytes (class of small molecules such as proline, glycinebetaine, polyamines, and TSS) are potent osmoprotectants that play a role in counteracting the effects of osmotic stress. These results are in agreement with the result observed by Bassouny et al. (2008). Thus, it can be concluded that nicotinamide vitamins treatments not only alleviated the inhibitory effect of salinity stress, via osmotic adjustment or by conferring some desiccation resistance to plant cell, but also stimulated the accumulation of nitrogen constituents over those in the non-salinized plants. Moreover, vitamins might act as activators of protein synthesis via significant alteration in the enzymes related to protein metabolism (Kodandaramaiah, 1983).


  MDA is one of the end products which are produced as a result of lipid peroxidation damage by free radicals. Salt stress significantly increased MDA, and the 100 mM NaCl was more pronounced. These results are in good agreement with those of Khattab (2007) on canola and Bekheta et al. (2009), and Sadak et al. (2010) on faba bean. This suggested that, salt stress induced membrane injury, which may be due to changes in the membrane lipids or protein or both (Scandalios, 1993). The increase in lipid peroxidation might be due to incapability of endogenous antioxidants to scavenge all ROS resulted from salt stress. Application of nicotinamide could attenuate the effect of salinity, by decreasing MDA level, compared to the corresponding salinity level. The most effective treatment was 400 mg l-1 nicotinamide. Therefore, treatment with vitamin PP alleviated the adverse effect of salinity on growth and metabolic activities through decreasing the build-up of active oxygen species and thereby increasing resistance to salt stress (Hassanein et al., 2009). Salt treatments induced increases in the activity of peroxidase (EC.1. 11.1.7) and Polyphenol-oxidase (EC.1.10.3.1) in faba bean. This was confirmed by the results of Khattab (2007), Bekheta et al. (2009), Sadak et al. (2010), Bahari et al. (2013) and Zhang et al. (2013). These increases could be considered as an indicative of the increased production of ROS and a buildup of a protective mechanism to reduce oxidative damage triggered by stress experienced by plants (Dolatabadian and Jouneghani, 2009). The most effective treatment was 400 mg l-1 and these increases were concurrently with increasing protein levels indicating that vitamins could alleviate the inhibitory effects of salt stress by enhancing protein synthesis where vitamins might act as activators for protein synthesis (Kodandaramaiah, 1983).


  NaCl-Salinity stress significantly increased Na+ concentration, while decreased P, K+, Mg2+ and Ca2+. The obtained results are in agreement with those obtained by Bassouny et al., (2008), Asik et al., (2009), Atlassi Pak et al., (2009), Abdelhamid et al. (2010), Amirjani (2010), Rady et al., (2011) and Sadak and Abd Elhamid (2013). It was suggested that increased accumulation of sodium ions in the tissues inhibits biochemical processes related to photosynthesis through direct toxicity. Enhancing of Na+ uptake by salinity was accompanied by a corresponding decline in K+ concentration, showing an apparent antagonism between K+ and Na+ (Erdei et al., 1996). Thus, higher concentration of Na+ should affected intercellular K+ accumulation. Presumably by competing for sites through which influx of both cations occurs (Jeschke, 1984) or affecting membrane integrity and causing leakage of K+ (Haro et al., 1993). The reduction in Ca2+ and Mg2+ uptake under salt stress conditions might be due to the suppressive effect of Na+ and K+ on these cations or due to reduced transport of Ca2+ and Mg2+ ions (Varsheny et al., 1998). Increasing salinity level caused gradual decreases in Fe2+, Mn2+, Zn2+ and Cu2+ concentrations in faba bean shoots. Under salinity stress, solubility of micronutrient (Cu2+, Mn2+, Fe2+ and Zn2+) is particularly low and plants grown in these soils often show deficiencies of this element (Page et al., 1990). Those results were confirmed by El-Bassiouny (2005), Sadak et al. (2010), Abdelhamid et al. (2010), and Taie et al. (2013).


  Nicotinamide led to increase in the concentrations of ions in shoots of the stressed faba bean plants through their role in increasing osmotolerance and/or through regulating various processes including absorption of nutrients from soil solution (Buschmann and Lichtenthaler, 1979). Moreover, nicotinamide caused slight increases in the above microelement compared to the corresponding salinity level.


  Significant gradual reductions in plant height and shoot DW (g) with increasing salinity level were found (Table 5). These decreases has been reported by Asik et al. (2009), Abdelhamid et al. (2010), El-Khallal et al. (2009) and Sadak et al. (2010), and Taie et al. (2013) in different plant species. The decrease in plant height and shoot DW by increasing salinity level could be ascribed to the decrease in photosynthetic output as indicated by the significant decrease in chlorophylls and total carbohydrates in saline stressed plants (Tables 1 and 2) (Chaparzadeh et al., 2004). Similar results were obtained by Hassanein et al. (2009) in Zea mays plant and Sadak et al. (2010) in sunflower. This alleviation (partially or completely) of the inhibitory effects of high levels of salinity is probably by increasing the efficiency of water uptake and utilization as well as protecting of the photosynthetic apparatus. Nicotinamide may act as growth stimulants, which can play a role in mitigating the adverse effect of salt on metabolic activities relevant to growth.


  Faba bean seed yield per plant was significantly reduced with increasing salinity level. These results agree with those obtained by Ragab et al. (2008), Sadak et al. (2010) and Sadak and Abd Elhamid (2013) on different crops. Significant decreases of seed yield observed under salt stress in faba bean plant would be partly related to the significant reduction of the leaf chlorophyll contents and K+ concentration in saline medium or might be due to the harmful effect of salt stress on growth, the disturbance in mineral uptake and/or enhancement of plant respiration (Taffouo et al., 2009). These reductions may be attributed to the reduction in concentration in saline medium, which plays important roles in proteins synthesis, translocation of assimilates as well as increasing growth and yield of plant Zadeh and Naeini (2007). Moreover, these reductions may be attributed also to the weakening of salinity to protein - pigment - lipid complex or enzyme activities, which resulted in, decrease the carbohydrates and total N percent of the produced seeds. These results are in harmony with those obtained by Sadak et al. (2010) on sunflower plant. Nicotinamide vitamin appear either to form sink mobilizing the different nutrients, which are involved in building new tissues in faba bean plants and/or enhance photosynthesis. Also, it can be concluded that the increments of seed yield per plant in response to nicotinamide treatments is mainly due to the effect of nicotinamide on enhancing protein synthesis and delaying senescence (Sahu et al., 1993).


  Inorganic constituents of the yielded seeds macronutrients (N, P, K+, Mg2+, Ca2+, Fe2+, Mn2+, Zn2+ and Cu2+ and some micronutrients (Fe2+, Mn2+, Zn2+ and Cu2+) of faba bean seeds were reduced steadily with increasing salinity levels meanwhile, Na+ increased with the increased of salinity levels.


  CONCLUSION


  It was concluded that salinity stress adversely affected growth, biochemical parameters and yield components compared to control faba bean plants. Nicotinamide (Vitamin B3) not only neutralized the effect of salinity stress, but resulted in a significant improvement of physiological and biochemical parameters as well as the concentrations of soluble sugars, proline, amino acids, and total N and other mineral contents.
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  RESUMEN


  Colombia es el país con mayor diversidad de Passifloraceae con 170 especies reportadas, tanto en formas silvestres como cultivadas. Sin embargo, existen zonas en el país donde esta riqueza ha sido poco explorada, como el departamento del Huila en el suroriente de la zona andina. Por esta razón, se revisaron las listas de inventarios con el objetivo de actualizar y establecer la distribución espacial de las especies en esta región con base en registros de herbario, literatura y datos de campo, para proponer estrategias de conservación. Un total de 26 especies pertenecientes al género Passiflora L. son registradas en el Huila entre los 1500 y 2500 msnm. Ocho de las especies son cultivadas y las otras 18 silvestres, se localizan principalmente en bordes de caminos y bosques secundarios. El bajo número de registros y de especies presentes en este departamento es el reflejo de la carencia de iniciativas de investigación sobre la biodiversidad florística. Lo anterior sugiere que esta región puede ser el escenario de muchas especies desconocidas en zonas poco o no exploradas. Por esta razón, la conservación in situ y de sus hábitats es una tarea urgente, al igual que la caracterización y evaluación de los recursos genéticos, lo que permitirá conocer los atributos de las especies silvestres y cultivadas para un mejor uso de la biodiversidad.


  Palabras clave: Andes, conservación, frutas, Passiflora, recursos genéticos, vulnerabilidad.

  


  ABSTRACT


  Colombia is the country with the greatest Passifloraceae diversity with 170 reported species of both wild and cultivated forms. However, there are areas in the country where this wealth has slightly been explored such as the department of Huila in the South East of the Andes. For this reason, inventory lists were reviewed in order to update and establish the spatial distribution of the species in this region based on herbarium records, literature and field data, and propose conservation strategies. A total of 26 species belonging to the genus Passiflora L. are recorded in Huila between 1500 and 2500 masl. Eight species are cultivated and the others 18 that are wild are found mainly along roadsides and in secondary forests. The low number of species records in this department reflects the lack of research initiatives on floristic biodiversity. This suggests that this region may harbor many unknown species in little or unexplored areas. For this reason, conservation of these species and their habitat is an urgent task, as well as the characterization and evaluation of these genetic resources.


  Keywords: Andes, conservation, fruits, Passiflora, plant genetic resources, vulnerability.


  Colombia con 170 especies registradas, es el país con mayor diversidad de Passifloraceae, tanto en formas silvestres como cultivadas (Ocampo et al., 2010). La región andina con 81 % de las especies concentra la mayor riqueza, particularmente en los bosques de las cuencas hidrográficas entre 1000 y 2000 msnm, en los departamentos de Antioquia, Valle del Cauca y Cundinamarca. Además, estas especies presentan múltiples interacciones con otros organismos, como sus polinizadores (abejas, abejorros, colibrís y murciélagos), las hormigas para la protección de la planta, y la asociación con hongos del suelo (micorrizas), entre otros, (Yockteng et al., 2011). Dentro de estas especies, 42 producen fruto comestible y nueve son comercializadas en mercados locales o internacionales (Ocampo et al., 2007). Entre estas últimas se destacan el maracuyá (P. edulis f. flavicarpa Degener), la granadilla (P. ligularis Juss.), la gulupa o curuba redonda (P. edulis f. edulis Sims), la curuba de Castilla (P. tripartita var. mollissima Holm-Nielsen y Jørgensen), la cholupa o granadilla de piedra (P. maliformis L.), la curuba India (P. tarminiana Coppens y Barney), la badea (P. quadrangularis L.), la granadilla de Quijos o Caucana (P. popenovii L.) y la maracua o curubina (P. alata Curtis).


  El departamento del Huila presenta un área de 19890 km2 y cuenta con una diversidad de hábitats que van desde los 347 hasta los 5365 msnm, ubicados los Parques Nacionales Naturales del Puracé, Nevado del Huila, Cordillera de los Picachos y Cueva de los Guácharos. A pesar de esto, el territorio huilense solo cuenta con 23 especies inventariadas y se ubica como el departamento con el menor número de Passifloraceae en la región andina colombiana, superado por Quindío (39), Caldas (37) y Risaralda (25), los cuales presentan menos de la tercera parte de su área (Ocampo et al., 2007). Además, las especies registradas en el Huila están representadas en uno de los tres géneros (Passiflora L.) con distribución en Colombia (Killip, 1938; Ocampo et al., 2010).
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  Por esta razón, los objetivos de este estudio es inventariar y mapear la de distribución espacial de las pasifloras del departamento del Huila a nivel municipal, que permita establecer la riqueza de la diversidad silvestre y cultivada, para establecer estrategias de conservación. Una base de datos fue creada con la información de la etiqueta de especímenes recopilados en siete herbarios nacionales (CAUP, COL, CUVC, HUA, PSO, TOLI, VALLE), revisión de literatura (Killip, 1938; Uribe, 1954; Escobar, 1988; MacDougal, 1994; Ulmer y MacDougal, 2004) y datos de campo en colectas puntuales entre los años 2007 a 2011. La información fue tabulada en Excel (Microsoft Office 2010) y el mapa de distribución fue generado con la ayuda del programa ArcGIS 10.1. Los resultados del inventario reconocen 26 especies en 99 observaciones con distribución en el Huila, de las cuales tres son nuevos registros para el departamento (P. alata, P. edulis f. edulis, y P. sphaerocarpa). El mapa de distribución de las especies muestra grandes vacíos de colecciones en todo el departamento y en especial en la zona norte de la cordillera Oriental (Fig. 1). Las especies registradas en el departamento pertenecen a seis subgéneros de Passiflora L. (Astrophea, Decaloba, Dysosmia, Passiflora, Tacsonia y Tryphostemmatoides) y en su mayoría están concentradas entre los 1500 y 2500 msnm en bordes de caminos y bosques secundarios en las cordilleras Central y Oriental. En la Tabla 1 se presenta la lista de especies, el rango altitudinal y la clasificación taxonómica de acuerdo con Killip (1938), Escobar (1994) y MacDougal (1994). El escaso número de registros y de especies en el Huila es el reflejo de la falta de iniciativas de investigación que integren inventarios florísticos con especial énfasis en las pasifloras, y una prueba de esto es la ausencia de ejemplares botánicos de la familia Passifloraceae en el único herbario regional de la Universidad Surcolombiana (SURCO). Esta situación contrasta con el departamento del Tolima que posee condiciones ecológicas similares y presenta 41 % más de especies (44) que el Huila (Ocampo et al., 2007).


  Dentro de las 26 pasifloras huilenses, ocho de ellas son cultivadas en aproximadamente 2000 hectáreas (Fig. 2) y son representadas principalmente por la granadilla, el maracuyá, la gulupa, la badea y la cholupa. Esta última es orgullo de los huilenses y con denominación de origen, aunque es poco lo que se conoce de ella, como su distribución natural, la biología reproductiva, la variabilidad genética y otros posibles usos potenciales en la industria alimentaria o farmacopea.
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  Por otro lado, el territorio huilense puede ser el escenario de muchas especies desconocidas en zonas poco o no exploradas, como las reservas naturales en altitudes superiores a los 1000 msnm (Ocampo et al., 2010). Sin embargo, las actividades antrópicas como la agricultura extensiva, la ganadería, la minería y la construcción de hidroeléctricas en este departamento son una amenaza inminente para la conservación de sus hábitats, donde estas especies interactúan con otras plantas de soporte y con sus polinizadores, entre otros organismos. Un mejor conocimiento de la diversidad de las Passifloraceae y de su distribución es necesario para desarrollar su potencial económico en el departamento. Además, la caracterización, evaluación y conservación de los recursos genéticos (parientes silvestres) permitirá conocer los atributos de las especies silvestres y cultivadas, como base para el desarrollo de productos alternativos y/o cultivares que representen soluciones a problemas limitantes en la producción de estos frutales, como la baja productividad y la presencia de plagas y enfermedades. Por estas razones, es una tarea urgente la conservación in situ y de los hábitats de estas especies y la implementación de buenas prácticas agrícolas que permitan una agricultura sustentable y amigable con el medio ambiente. Adicionalmente, la tradición y arraigo de los campesinos huilenses por las pasifloras posicionan al departamento del Huila con el mayor potencial para el desarrollo económico de estos cultivos. La integración de este estudio con los planes de conservación de la diversidad biológica en áreas protegidas deberá ser considerada en las estrategias propuestas por los tomadores de decisiones en esta región del país.


  Finalmente, los resultados de esta investigación traen nuevos registros de distribución y de especies para esta región del país en el ámbito municipal, respecto a las investigaciones anteriores (Ocampo et al., 2007), las cuales permiten concluir que las Passifloraceae huilenses necesitan ser más estudiadas debido a la amenaza y la vulnerabilidad, partiendo de la colecta, evaluación conservación, uso y valoración de los recursos genéticos.
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  RESUMEN


  El vireo verdeamarillo (Vireo flavoviridis) es una especie de ave migratoria que no cuenta con registros en literatura dentro del departamento de Cundinamarca. Adicionalmente, la distribución conocida de V. flavoridis en Colombia solo incluye localidades por debajo de 1500 msnm. Dos individuos de V. flavoviridis fueron vistos a 2600 msnm en el campus de Bogotá de la Universidad Nacional de Colombia, dentro de la Sabana de Bogotá del departamento de Cundinamarca en 2011. Posterior a consulta en colecciones y reportes de observadores de aves, encontramos 18 registros no publicados de la especie para el departamento de Cundinamarca por encima de 2500 msnm. Diez registros fueron a partir de colecciones científicas (Instituto de Ciencias Naturales de la Universidad Nacional de Colombia, Colección de Vertebrados (Ornitología) de la Universidad de los Andes y colección del Instituto de Investigación en Recursos Biológicos Alexander von Humboldt), y los otros ocho por reportes de observadores de aves. El primer registro fue en 1964, pero la mayoría de registros corresponden al período entre 2008 y 2013. Consideramos que V. flavoviridis ha pasado desapercibido en Cundinamarca por las similitudes morfológicas con el vireo ojirrojo (V. olivaceus). Además, la falta de revisión de colecciones científicas y un inconstante depósito de especímenes en ellas, genera un vacío de información sobre la distribución de la biodiversidad. Al parecer, V. flavoviridis puede ser más común de lo que se espera por encima de 1500 m durante migración, como ocurre para el departamento de Cundinamarca.
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  ABSTRACT


  The Yellow-green Vireo (Vireo flavoviridis) is migrant bird specie, previously non reported to Cundinamarca Department. Distribution known in Colombia only includes localities below 1500 masl. Two individuals of the Yellow-green Vireo were observed at 2600 masl in the Universidad Nacional de Colombia Bogotá Campus, at the Sabana de Bogotá in Cundinamarca Department in 2011. In addition, we found 18 unpublished records for this species in the Cundinamarca Department above 2500 masl. Ten records were museum specimens (Instituto de Ciencias Naturales de la Universidad Nacional de Colombia, Vertebrate collection (Ornitology) Universidad de los Andes and Instituto de Investigación en Recursos Biológicos Alexander von Humboldt Museum), and the other eight were birdwatching records. The oldest record was in 1964, but the great majority of records were collected between 2008 and 2013. We consider that the Yellow-green Vireo has been unnoticed in the Cundinamarca Department because of its morphological similarities with the Red-eye Vireo (V. olivaceus). Furthermore, the lack of review of scientific collections, and the deposition of specimens discontinuous there, make gap information about biodiversity distribution. Apparently, Yellow-green Vireo could be more common than expected above 1500 m during its migration, such as it was observed in at Cundinamarca Department.
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  Para el departamento de Cundinamarca, en un ámbito altitudinal aproximado entre 200 y 3600 msnm, han sido reportadas siete especies de vireos o verderones (familia Vireonidae, Passeriformes, Aves): verderón cejirufo (Cyclarhis gujanensis), verderón piquinegro (C. nigrirostris), verderón castaño (Hylophilus semibrunneus), verderón rastrojero (H. flavipes),vireo de Filadelfia (Vireo philadelphicus), vireo montañero (V. leucophrys) y vireo ojirrojo (V. olivaceus). Aunque tres especies (C. nigrirostris, V. leucophrys y V. olivaceus) se registran de forma común por encima de 2500 msnm, otra (V. philadelphicus) se ha registrado de manera accidental a esas elevaciones, y en general dentro del territorio colombiano (Olivares, 1969; Hilty y Brown, 1986). Específicamente para la Sabana de Bogotá, en el departamento de Cundinamarca, se han registrado dos especies de vireos (Vireo olivaceus y V. philadelphicus), ambas consideradas migratorias latitudinales, realizando desplazamientos estacionales hacia la zona tropical en ciclos anuales (ABO, 2000; Gómez et al., 2011).


  El vireo verdeamarillo (Vireo flavoviridis), es una especie que se encuentra principalmente para Colombia durante el invierno boreal, con registros entre octubre y abril por debajo de los 1500 m, y con reportes ocasionales de nidificación para el país (McMullan et al., 2010; Eusse-González, 2012). Previamente V. flavoviridis se consideró en algunos tratamientos taxonómicos como una subespecie de V. olivaceus (Hilty y Brown 1986; Remsen et al., 2013).


  En años recientes, el campus en Bogotá de la Universidad Nacional de Colombia, ubicado en una zona central de la capital colombiana a 2560 msnm, ha servido para el entrenamiento en observación y estudio de aves del Grupo de Ornitología de la Universidad Nacional de Colombia – GOUN (Acevedo-Charry et al., 2010).
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  Durante actividades, dentro del campus, de práctica en observación de aves y entrenamiento en técnicas de monitoreo a nuevos miembros del grupo, en salidas exporádicas y sin considerar medidas estructuradas de colecta de datos (puntos fijos o transectos de observación), se realizaron observaciones de dos individuos de Vireo flavoviridis el 15 de octubre de 2011, y otros dos individuos el 17 de octubre de 2011, fecha correspondiente al periodo de migración otoñal. Ambos días, los individuos buscaban activamente entre el follaje insectos, y acompañaban a un grupo mixto de otras migratorias boreales (ie. Vireo olivaceus, Setophaga fusca, Leiothlypis peregrina). En fechas próximas a las primeras observaciones se encontraron tres individuos muertos, por choque contra ventanas de edificios del mismo campus, que fueron ingresados a la colección ornitológica del Instituto de Ciencias Naturales de la Universidad Nacional (ICN-UNAL), Bogotá.


  A partir de las observaciones, se consultó bibliografía sobre aves de Colombia y de la Sabana de Bogotá (Borrero, 1945; Olivares, 1969; Hilty y Brown, 1986; ABO, 2000; Echeverry, 2005; CAR-CI, 2009; Osorio-Olarte, 2012), así como también fue visitada la colección ornitológica del ICN-UNAL,para confirmar los reportes de la especie en esta distribución. Fue evidente la ausencia de registros publicados de Vireo flavoviridis para la Sabana de Bogotá y la totalidad del departamento de Cundinamarca. Por esta razón, se amplió la búsqueda de información a la base de datos BioMap y la plataforma en línea del Sistema de Información de Biodiversidad del Instituto de Investigación en Recursos Biológicos Alexander von Humboldt (IAvH), esto con el fin de estudiar los especímenes depositados en otras colecciones científicas. Adicionalmente, los reportes por observaciones en el departamento de Cundinamarca, y por encima de 2500 msnm, fueron consultados en la plataforma en línea eBird (Sullivan et al., 2009), para confirmar presencia en la zona a partir de otra fuente de información.



  Se encontraron 18 registros entre colecciones biológicas y reportes por observadores de aves para el departamento de Cundinamarca por encima de 2500 msnm (Tabla 1). En las colecciones del ICN-UNAL, colección de vertebrados (Ornitología) de la Universidad de Los Andes y la colección ornitológica del IAvH fueron reportados seis, tres y un espécimen de Vireo flavoviridis, respectivamente. Se registraron ocho reportes a partir de observaciones. Un registro adicional de un individuo de V. flavoviridis es mencionado por Agudelo-Álvarez et al. (2010), pero su fecha no es mencionada por los autores.
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  Diez de los 18 registros de Vireo flavoviridis corresponden al periodo de migración otoñal (entre septiembre y noviembre), seis corresponden al de migración primaveral (entre marzo y mayo), y los dos restantes al periodo invernal (diciembre y enero). El hecho de que haya pocos registros durante el periodo invernal, apoya la posibilidad de que los registros al norte de sudamérica (Ecuador y Colombia) sean de individuos en tránsito desde y hacia los lugares de estadía invernal (Eusse-González,2012).


  Vireo flavoviridis resulta muy similar morfológicamente a V. olivaceus (Fig. 1). Sin embargo, estas dos especies logran distinguirse al tener V. flavoviridis los lados, flancos y coberteras infracaudales de color amarillo intenso, el pico más largo, el patrón de la cabeza más difuso (no con gris azulado definido como en V. olivaceus), y el dorso hasta lados de la cabeza amarillo verdoso lavado (NGS, 2002). Aun así, estas similitudes pueden confundir a observadores inexpertos, y algunos reportes pueden haber pasado desapercibidos previamente durante el paso en migración de V. flavoviridis.


  Para la época de publicación de la Guía de Aves de la Sabana de Bogotá (ABO, 2000) se contaba con dos reportes en colecciones biológicas de Vireo flavoviridis (ICN-14949, ICN- 28966) que no fueron tomados en cuenta. Siendo así, V. flavoviridis debió considerarse en esa publicación como una especie migratoria boreal con registros ocasionales o accidentales, como se hace para V. philadelphicus. Casos como este han podido ocurrir en otras especies, y se debe contemplar la consulta sistemática a las colecciones científicas para próximas versiones de recopilación de la avifauna de esta y otras regiones (F. G. Stiles, comunicación personal 19 de junio de 2013).


  Los resultados presentados aquí muestran una amplitud dentro del ámbito altitudinal de presencia del Vireo flavoviridis para la Sabana de Bogotá en los Andes de Colombia. Adicional, con los reportes más recientes y el depósito en colecciones de especímenes que han chocado contra ventanales (Tabla 1), se concluye que la presencia de V. flavoviridis puede ser más común de lo esperado por encima de los 1500 msnm, y su registro debe ser documentado ya sea con el uso de estrategias de seguimiento comunitario de la biodiversidad como eBird (Sullivan et al., 2009), o también con el depósito constante en colecciones biológicas (Cuervo et al., 2006).
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Figura 2. Diversidad de caribidos encontrados en cultivos de maracuyi. a. Megacephala sobrina, b. Notiobia sp., c-e. Selenophorus sp. . Brachinus
(Neobrachinus) sp., 5. Galeritaamericana, h. Micratopus sp.,i. Paratachys sp., . Scarites . La escala marca 2 mm.
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Tabela 2. Germinagio média (%) de sementes de mamona, cultivar IAC 226, submetidas aos tratamentos pré-germinativos em diferentes tempos de

Tempo (mintos)

Tratamentos 2 T © T
H:025°C 74 Bab 69 Bb 6sBb_ 8242
H:060°C 7881 7981 Ba 77ha

H:070°C 95 Aa 9242 88 Aab 824b
H:080°C 69 Bab 7782 Ba 64Bb

Médias seguidas da mesma letra maitiscula na coluna e mintscula na linha, nao diferem entre si, pelo teste de Tukey, a 5 % de probabilidade.
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Figure 1. Representative coronal sections of the NeuN immunoreactivity in different brain regions of rats exposed to multiple doses of TCF.
Hippocampal CA1 area (Fig. 12, A-E, 1b), PVZ (Fig. 1a, FJ, 1d) and lateral striatum body (Fig. 12, K-O, 1¢). T1: TCF 11 pg/kg each week for four
weeks (A, F, K), T2: TCF 22 g/kg each week for four weeks (B, G, L), T3: TCF 11 pg/kg each week for eight weeks (C, H, M) and T4: TCF 22 pg/kg
each week for eight weeks (D, I, N) in comparison with the control group CTR (E, ], 0). NeuN marking decreased in a dose- and time of exposure-
dependent way. n= 16 (10X). Values are expressed in units of relative density. Scale bar 100 p.
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‘Table 3. Effect of nicotinamide (N) on proline, free amino acids, peroxidase, polyphenol-oxidase and lipid peroxidation enzymes in the shoots of
faba bean grown under NaCl-salinity

TaCl _Nicotnamide _ Proline __ Freeaminoacid _ Perowidase _ Polyphenol Oxidase _ Lipid Peroxidation (MDA)
© ™ @z D) Gt min T g FW omol/g FW)
EQ N0 0Bd 6aif Tiad 95d 07

Wi X5 ELET (23 53 WEF

) [ G633 7 3 i
St o Odéc Fide i77b iige 165b

i 0555 §85d 152c i02e 140

i (5 T5EC i35 d o
52 No 038b Ti6dc 3082 3082 1952

N1 Goia i302b 172 17 1554

) 0650 1535 122d 226 126bc

* Mean values (n - 4) in the same column for each tra followed by the same lower-case letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); S1 (50 mM NaCl); $2 (100 mM NaCl); N0 (0
nicotinamide); N1 (200 mg I nicotinamide); N2 (400 mg I nicotinamide).
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‘Table 5.Total protein content and activity of enzymes of the antioxidant system of interspe:
are mean + 1 standard deviation

OxG hybrid materials grown in hydroponics Values

Maweral  Totalsohble  CAT actvity TOD acaivity APX activity (nmoles  GRactvity (amoles
protein (g:g’  (umoles H:O: (& Abs. 436 nm. oxidized ascorbate NADPH [minute
fresh tissue) [minute mg protein])! _[A minute mg protein])’ _[minute mg protein)! _mg protein])*

Uiz75 | a308:738¢c Ti06z248¢ 3928023957 cd TI51:286e 009:130e

Ti7s7 AATTIAET 13833136 40343 S8 AE 3375704 0465078

Gi7s7 768356942 13445083 ¢ 348755 5040d 3i36%377d 4335603 d
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GisTd T TESSTTTi3b 1338 3d3be 43648 £9511C 36i3x3j0c 156824339 b

Gig50" 763553310 16033933 4983850616 043166 3i834TATE3a

Mean + 1 standard deviation with different letcers are significantly different, p < 0.05 (Tukey)
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Figura 1. Distribucién espacial de las 26 especies de Passiflora L. inventariadas en el deparcamento del Huila.
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‘Tabla 1. Distribucién de cardbidos de cultivos de maracuyi de acuerdo con edad del lote y periodo climtico (PLL: periodo lluvioso, PPLL: periodo
poco lluvioso).

Edad del Tote
Taxon Joven Avanzado
PLL PPLL PLL PPLL

Niegacephala sobrina oz i p 0
Notiobia sp.1 3 1 1 q
Selemophories sp.1 B ] () )
Selenophoris sp.3 0 1 0 [
Selenophoris sp.3 0 o T [
Galerita americana [} [} T 0
Brachinus (neobrachinas) sp.1 0 0 T 0
Paratachys sp.1 7] o 0 [
Nicratopus sp.1 4 [) ) 0
Scaries sp.1 [} P) 1 0
Total 113 5 37 4
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‘Tabla 2. Abundancia de hormigas asociadas a un cultivo de maracuy4 en Roldanillo, Valle del Cauca- Colombia (PLL: periodo lluvioso, PPLL:
periodo poco lluvioso).

Edad del lote
Taxon Joven Avanzado Total
PLL PPLL PLL PPLL
Niyrmicinac N
Solenopss geminata 203 84 185 1033
Solenopsis sp.1 1 [ 3 3 3
Pheidole 5p.1 3 70 5 id B
Pheidole sp2 171 56 47 is 202
Pheidole sp3 5 3 E) it 503
Pheidole susannac 106 57 14 is 192
Pheidole sp4 [} [ G £ 3
Pheidole sp.5 1 2 [ 2 5
Cardiocondyla nuda 0 ] i 76 %
Cardiocondyla emeryi 0 4 8 56 )
Temnathorax f. subdiivs [} il 3 H i
Tetmamorim Bicariatim is it [ [ %
Formicinac
Nylanderia steinbeil 61 55 3 28 167
Brachymyrmex < beeri i3 i§ io 30 7o
Camponotus sp.1 i [ [ i 2
Dolichoderinac
Dorymyrmes brunmens 2 2 0 1 s
Ponerinac
Odontomachus basri 2 2 0 8 12
Anochetus 5p.1 0 [ i 0 i
Fachycondyla vilosa [ i i
Toral 780 784 395 = 247
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Table 4. Effect of nicotinamide (N) on total nitrogen (N), phosphorus (P), potassium (K), calcium (Ca*), sodium (Na’), magnesium (Mg"), iron
(Fe*) manganese (Mn*), zinc (Zn*), copper (Cu®). In the shoots of faba bean grown under NaCl-salinity.

NaCl _Nicounamide N 3 S e =

[CEN) ppm

R 2810 033 235 034 008 Ll 308b 163 B8Ib 1032
5 305h 0342 T336b  0d3a 008 149 3ieb i74a  97a  103a
) 3562 035 3782 Od3a 008 180a 4ila 168 93a 1072

st Ko 195 033 184e 0222 04b 072 _256d  142b_  73b . 90b
NI 2174 0342 203 031a  012b 0884 2544 155 98a  97b
Nz 2334 T034a  2i7c 034 01%h 109 275 136 86b  97b

5 No| 139 0202 134h 0182 02sa 032g 208 3¢ God 87b
N1 1425 027 179 025 0222 062 213 102 G7c _90b
N2 I64f 034 203f 028 019 090e 2404 12ic  7ic  97b

# Mean values (n = 4)in the same column for each trait followed by the same lower-case letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); ST (S0 mM NaCl); $2 (100 mM NaCl); N0 (0

nicotinamide);

1(200 mg I nicotinamide); N2 (400 mg I nicotinamide).
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Figura 2.
A: Niamero de colonias de abejas sin aguijén cultivadas por meliponicu
B: Niimero de especies cultivadas por meliponicultor.





OEBPS/Images/v18n3a3abc1.jpg
RRARAAIRE RN R AR R AR AR E R RN NN NN N NN RN NN NN NN NN

3 WRK
% x X% % %% % % XXXXXXXXX XXXXXXXKKKXKKKKKKKK
xxxxxx %% %% XXX

XXXXXXXXX XXXXXXXKKKKKKKKKKK

Figura 1. Representacién esquemitica de las relaciones espaciales involucrando los lotes de maracuyi joven (L]) y avanzado (L.A) en la zona de
estudio. Los espacios en blanco representan cobertura de pastos podados, esto es, de transito humano y vehicular.
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‘Tabela 3. Resultados médios de primeira contagem de germinagao (%) de sementes de mamona, cultivar IAC 226, submetidas a tratamentos pré-
‘germinativos em diferentes tempos de imersao.

Tempo (minutos)

Tramentos 2 T % 5
SSBa S0Ba 9 6iha
65 Aa 65 A Gk esAa
63h 604 68Aa  S9ABa
498 40Ca  adBa  asBa

Médias seguidas da mesma letra maitscula na coluna e miniiscula na linha, ndo diferem entre si, pelo teste de Tukey, a 5% de probabilidade.
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‘Table S. Effect of nicotinamide (N) on plant height (cm), Leaf number per plant", shoot FW, and shoot DW of faba bean grown under NaCl-salinity.

NaCl_Nicotinamide __ Plant height (cm) __Leaf number plant’ __Shoot FW (g plant’) __Shoot DW (g plant)

© ™

El N0 5250 T 14960 225
i $E08 [EY (R PES
3 555 [PE e Ta7a

si N 4304 035 931 85¢
Ni 60c iish a6 2055
i) Wwoc i3 LAY ATy

) Ko e [N e iiie
NI a27d iLob 1064 1504
i) 50d ii3h 1230¢ i65d

Mean values (n = 4) in the same column for each trai followed by the same lower-case letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); S1 (50 mM NaCl); $2 (100 mM NaCl); N0 (0
nicotinamide); N1 (200 mg I nicotinamide); N2 (400 mg I nicotinamide).
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Figure 3. Representative coronal sections of the MBP immunoreactivity in lateral striatum body and internal capsule of rats exposed to multiple
doses of TCF. Lateral striatum body (Fig. 3a and 3b A-E),internal capsule (Fig. 3a, F-] and 3¢). T1: 11 pg/kg TCFeach week for four weeks (A, F),
T2: 22 pg/kg TCF each week for four weeks (B, G), T3: 11 pg/kg TCF each week for eight weeks (C, H) and T4: 22 pg/kg TCF each week for 8 weeks
(D,1) compared with the control group CTR (E, J). MBP marking increased significantly in the internal capsule mainly by the effect of TCF in T4.
‘The photographs of all IHC groups correspond to MBP and counterstained with Nissl. n= 16 (10X). Values are expressed in units of relative density:
Scale bar 100 1.
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‘Table 1. Physical-chemical characteristics of the soil samples being studied.

Soil Applied Amendment

Sample  Nature Testure %M pH  OC K » N NH,  NOs
FL ineral Toam 7910 56 145 1ad 117 108 245 40
3] Riineral Toam ™ TSEETT ST UEST R AT ORT UHET Y
BT Organic Sandy Toam ™ TEOGTT IS TTEET UEIST ESET TOSTT T UTEE
(5] Sranic SandyLoam ™ @33 TG0 TOFT TiET TR 0T I TSR

% M, percentage of moisture. OC, percentage of organic carbon, K, potasium (mmol. 100 g?), P, phosphorus (mg - K"), N, percentage of total
nitrogen, NHz, ammonium (mg- Kg') and NOs, nitrate (mg - Kg-)
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Tabela 4. Resultados médios de plantulas anormais (%) provenientes de sementes de mamona, cultivar IAC 226, submetidas  tratamentos pré-
germinativos em diferentes tempos de imersdo.

Tempo (minutos)

Tratamentos 2 T % 5

H:025 °C 22 Aab 294 21ABab _12Bb
150 60°C i8Aa iABa  24Aa _ 21ABa
1070 °C 1Ba 5Ca 9ca T iiBa
11080 °C 1943 13BCa 12BCa _ 23Aa

Médias seguidas da mesma lecra maitiscula na coluna e mintscula na linha, no diferem entre s, pelo teste de Tukey, a § % de probabilidade.
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‘Tabla 1. Especies del género Passiflora L. registradas en el departamento del Huila (Colombia).

Subgénero Especic Altitud (menm)__Esatus
Htrophea T arborea Spreng. 15002050 Shestre
B macrophylia Sprice ex Master 400 - 500 Silvestre
P sphaerocarpa Triana & Planch 3567600 Siivestre
Decdoba P azeroana L Uribe 1800 2000 Sivestre
P biflora Lam. 436500 Silvestre
P bogotensis Benth. 3360 3300 Siivestre
Bl L 06”1106 Silvesid
P coriacea juss. 5661600 Siivestre
il L 06”1106 Silvesid
Dysomia P foeida L 350-500 Silvestre
Tasiflora P alata Curtis 13001600 Caltvada
P ambigua Hemsl. ex Hook. 760815 Siivestre
el el i 600 3300 Caliivada
P edulis £ flavicarpa Degener 406 1000 Cltivada
B giadrngiari 3067550 Calivada
P laurifolia L. 1660~ 1800 Silvestre
Pligadlaris juss. 1760 ~ 2100 Cltivada/Silvestre
B maliformis L. 4061800 Cltivada/Silvestre
Tacsonia T antioquiensis Karst 21002200 Sheste
P cumbalensis (Karst ) Harms. 3000~ 3400 Siivestre
B fnbriaiipula Vi 330075700 Sivesire
Wnieia 3500 500 Silvesie
P iarminiana Coppens & Barney 5600 3360 Calivada/Silvesise
iripariia var. mollisima Folm-Niel & jorg ~ 53003660 Ciliivada/Silvesive
Tryphostenmiaioides P imyphostemmatoides Flarmas 1000 1800 Shestre
P gracillima Killip. 1160 2000 Siivestre
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Tabela 5. Resultados médios de sementes dormentes (%) de mamona, cultivar AC226, submetidas a tratamentos pré-germinativos em diferentes
tempos de imersao.

Tempo (minutos)

Tratamentos 2 T a (3

1025 °C aBb 380 A 6Bb
150 60 °C iBa 3Ba TBa Y
1070°C aBa 4Ba 3Ba "8Ea
11080 °C 13Aa 1642 i6Aa 1dAa

Médias seguidas da mesma letra maitiscula na coluna e mintiscula na linha, ndo diferem entre si,pelo teste de Tukey, a § % de probabilidade.
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‘Tabla 1. Localidades visitadas en las que se reportala cria de abejas sin aguijén. Los niimeros entre paréntesis corresponden a los puntos numerados
con la ubicacién de cada localidad en el mapa de Ia Fig. 1.

Deparamento Localidades
Antioquia Betania (1), Concordia (9, El Retiro (3) Jerics (3), Medellin (3)

‘Atiantico Barranquilla (6), Tubara (7)

Boyaca Buena Vista (8), Miraflores (9), Otanche (10), Pauna (11)

Caldas L Victoria (12)

Catica Bucnos Aires (13), Caloto (14), inza (1), bopayan (16), Timbio (17), Totors (18)
Cosar Pucblo Bello (19)

Clndinamarca
Tiuila
WNiagdalena
Weta
itamaye
Santander

Sacre
Talima
Valie

Vaupés

“Arbeliez (30), Fusagasuga (1), Guayabetal (32)
Rivera (23)

‘Ciénaga (24), Santa Marta (25)

“Acacias (26), Restrepo (27)

Puerto Asis (28]

‘Cimitarra (29), Confines (30), Curiti (31), Floridablanca (32), Giron (33),
Lebrija (34), Oiba (35), Santa Birbara (36), Socorro (37)

Sincelejo (38)

Balores (39)

‘Caicedonia (40), El Dovio (41)
‘Mitd (42), Yapt (43)
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‘Table 2. Microbial counts and nitrogenase activity for some functional groups associated with nitrogen metabolism.

ML M2 OAT GAz
Ammonium Oxiding Bacteria® __115x10°a__102x10°c___699x10%ab_ 200x10°b,
Nitrite Oxiding Bacteria* 158x10'a 890x10°c  179x10°b 698x 10 abe
Denicrifiers* S2Ix 100 3214xi0- 24dx 108 1335%10¢
Nitrogen Fixing Bacteria** 216x10b 270x10°a 603x10'd  974x10c
Ritrogenase Actvity + ST STRES T T e ST

* MPN g-1 dry weight soil. ** CFU g-1 dry weight soil. *** nmoles of ethylene per gram of dry weight soil in 24 hours.
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Table 6. Effect of nicotinamide (N) on seed yield and some chemical constituents of the yielded seeds [(total carbohydrates %, total crude protein%,
and some mineral concentrations (P, K, Mg”', Na', Ca%", Fe¥, Mn®" Zn®" and Cu™)] of faba bean grown under NaCl-salnity

TaCl Nicotn Seedsyield TC TP P T O T T T
amide  (planc/g)

© ™ ) Torr ]

g 0525 oI5 201 0266 1205 0072 0086 002 5202 83 5072 832
N TSR R HAT 00T T 000 00T TO0ET TSevaT IR TR T
i TSR RIS IS CHAET IS o0 00T o0sT TSe3E WA VAT T

37 o 802d 1967 633 Tii7b T005a  0.00b ~00a S02a iida  660a i30a
i §3ic L T T 1 1 A Nl i A e P
ho) 10535 B 7 S ) T, T S T PR T M L S P X

NG S HF B T T S TPl P b Yl (kN 7Y
Wi S B T N M 11 M N (M P TV
2 EXEN 318 T02dc L% 0094 014 002 572a  100a 974 974

* Mean values (n = 4)in the same column for each trait followed by the same lower-case letter are not significantly different according to Duncan's
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); ST (S0 mM NaCl); $2 (100 mM NaCl); N0 (0
nicotinamide); N1 (200 mg 1 nicotinamide); N2 (400 mg 1 nicotinamide)
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Figure2. Representative coronal sections of GFAP immunoreactvity in different brain regions of ats exposed to multiple doses of TCF. Hippocampal
CA1 area (Fig. 2a, A-E, 2b),lateral striatum body (Fig. 22, F-J, 2c) and PVZ (Fig. 2a, K-O, K2). T1: 11 pg/kg TCF each week for four weeks (4, F, K),
T2: 22 pig/kg TCF each week for four weeks (B, G, L), T3: 11 pg/kg TCF each week for eight weeks (C, H, M) and T4: 22 pg/kgTCF each week for
eight weeks (D, 1, N) in comparison with the control group CTR (E, , O). GFAP marking decreased in a dose and time of exposure-dependent way.
n= 16 (10X). Values are expressed in units of relative density. Scale bar 100 p.





OEBPS/Images/v18n3a4abc2.jpg
At B o
N
£ g o5
£, 2
£, g
L = o
n n o o m om0 o
= Nitrosovibrio = Nitrosococcus Nitrospina u Nitrococcus
Nitrosomonas Nitrosospira Nitrobacter W Nitrospira
® Phylum Crenarchacota
c s D =
2 [
£ %
& IO
H £
os H
g
! l
b n o1 o .
Cytophaga  Bacillus - 12 OF o
Agrobacterium = Rhizobium ® Erwinia Salmonella  ® Clostridium
= Pseudomonas = Flavobacerium Bacillus = Pseudomonas
Hyphomicrobium ® Bradyrhizobium
E e
Spirochacta = Methanobacterium
- = Agrobactertum B Ervinia
% Pantoea ® Herbaspirillum
LI acillus = Rhizobium
£ = Clostridium = Rhodomicrobium
& s dz0spira = Dyadobacter
P Rhodopila = Mesorhizobium
B ® Rhodobacter W Burkholderia
£ Methanosarcina  © Pseudomonas
B = Methanoplanus  ® Bradyrhizobium
n n o o

Figure 2: Proportion of ribotypes associated with the different steps related with the nitrogen cycle: A Ammonium oxidation. B: Nitrate oxidation.
C: Denitrification. D: Dissimilative reduction of nitrate to ammonium. E: Biological nitrogen fixation.
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Figura 2. Tipos polinicos mds importantes. A. Brassicaceae, B. Cecropia sp., C. Coffea arabica, . Dictyocaryum Lamarieiansm, E. Escallonia pendla, F.
Eucalyptus 5., G. Fraxinus chinensis, H. Heliocarpus americans, 1. Hypochaeris radicata, . Inga sp., K. Mimosa sp., L. Piper sp., M. Quercus humboldsi, N.
Rubus 5p., O. Steiractinia aspers, . Trifoliom pratense, Q. Trifolim repens, R. Tipo Moraceae, . Viburnium sp. T. Weinmannia sp. Barra de escala = 10 pm.
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Figura 3. Agrupacion de las muestras de miel en las funciones discriminantes 1 y 2. Linea entera: region andina. Linea punteada: region subandina.
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‘Tabla 2. Lista actual de las principales especies, nombres comunes y distribucién de las abejas sin aguijén utilizadas en meliponicultura en Colombia
Nomenclatura y distribucién original de acuerdo con Camargo y Pedro (2013).

Taxon Disertbucion Tango Amdinal _n* colontas  Nombres locales reportados
encontrada encontrado (manm) mancjadas
Friccomelia spp. Tering, 1912 ATL- (@) CAL HUL- 100- 1150 = ‘angdlia negma. chalits negria
SANS, SUC (o)
Ficipona Eomeipons) margnaa Lepeieier, 136 ¢ “FOV il iy
Wiclpona (bebkeria randis Gt 1844 T AR i i
Sicipona (Melkerria ali Schwars, 1933 5 AL (o) SAR- 51150 7 Sbejores (CAL), puanots gusrepuare
Ticipona (Wcipona) fovors Eabricia, 178 ) 66365 i Canaio, argabares, Ebipintads
Ficipona (Wcipone) phona Cockerdl, 1515 i £ i Cargabarro, rabipiniads
Sichpona (Ve avtaricnss Cockerdl 1916+ SAN 6801150 i uanos sapa
Ficipona (Wichmei) e Fress, 1900 OV (] CALT €07 e 1455 Fo e el sl Asjoces o Ahsjacea
CON, HUL, MET (), alazin (CAL), ali, boca de sapo,
PUT, SAN, TOL+ uanota guare, sipa
iipona (icmei) nebulos Carmargo, 1988~ VAU £ & i dobes (VAU [rard])
Fidipona (ichmei) wgrescons e, 19005 AT (af TS0 T e SR negra, abjora
Ticipona (Vicmei) & rafiscen Frise, 1900 VAU 366 i 5 dobes VA [l
Ficipona (i) ful Lepeieier, 1636 EREVATT 3067556 B L (CRLY 5
VAU [cayol)
Ficipona ichmeli) paracnas Ducke, 1916 i i 2 Boci il ipe
Siclpona (ichmei) 5. OV 050 o b
Nannaiigona melinocer Schwars, 1938 HET ) 167750 - angeica
amnaiigons mellvia Smich, 1663 AR T AU SR, 06 56 Fa Sngeity A AR mesdquios
MAG:, SAN
Nannatigona taccicornis Leplecier, 1836 AR CES (o] MAG 001700 i T de charsmbela lrga (ANT)
amnaiigona el Cockarel, 1633 % SN it i Faragor (SAK)
Namnoirigona Cockerdll 1933 AL TR, SAKY, VAL ) 3507 1810 g mosquitas o mosguiior
Givgona 5p. Cockarel 1917 Wi 7o £ e (CUR, miona (COK)
Firaiigona andiees Sehwars, 1943 ST TS y i (CON), v (AR
Firairigona ctacriata Carvargo y Mowre, 19945~ ANTS, SAN (a), TOL 13161710 = gl de cafeal casira (SAN),
enredadors, lambeojo, yuquina (SAN)
Eirairigona lopcoryphe Mioure, 1963 ARG, SART 6671560 i i i (SAR), pguina (SAN)
Firaiigona opaca Cockerdl 1917 0T, SAN. 11501580 i ‘ngslis chaton, chupasudor
Biraigona rncont Camarg y Moure, 1984~ “EAU o) VAL 75075550 ) ngelicy, mosquitos. pegadilia (VAL)
Firiiigona Sehvwars, 1938 R EON AR 47673165 3 Colmenics de bl misrda'e pervo (CUR,
perera (CUN),piojica, rumina (CUN)
Firiamons Schwars, 1935 SN Ti% 3 Earrancuces, bocons, chatons (SAN),
colimula,cortapelo,cubreparedes (CUN),
enredapelo perera (CUN),terrera (CUN)
Fiches pp. Sehwars, 1938 AN ALY SANS, VALY | 7501790 i Tambeojo angeica
Sapratrigona Barnoaloradonss Schvars, 19513 “CRG Tay SUC )~ 557155 E) Conga (CAU), shedapels
Sapratrigons odvaiich Buysson, 1893 Wi AR TOL G613 3 gl chatons (SAN),snreds
Scapioirigons slrats Camvargo, 1988 T B it i bicabarba
Sapllred eI 1982 R T AL T o e, eareda enredadory shvedipals,
CES (o), CUN, MAG+, VAL+ mongolia, negrits, repelad
(CUN),vinagrillo (CUN)
Scars ol Lepelesier 1836 Wi B 75 i gl negrs
Tibwgms s Lepideiory Secvlle, 1678 T o GO AN 067G % Sk
Tetragoni angel Lateeile, 1511 AR (u), AT+ (a) BOY (), 1001900 5% angelica angelis mon, erdaders
CAL (u). CAU' (1), CES (a), angelita,propia angelita, “meliponas”
CUN, HUL MAG, MET (),
SAN {u), SUCH (), VAL ()
Trigoninea sp Mowre, 1950 AR 540 i g (GAN)

Taxén: # especie descrita de Colombia; * nuevo registro para Colombia: aparece solo el nombre del género cuando este se identifics a través de foros. Distribucion
(departamentos): ANT Antioquia; ATL Adntico; BOY Boyaci; CAL Caldas; CAU Cauc; CES Cesar; CUN; Cundinamarca; HUI Huila; MAG Magdalena; MET Meta;
PUT Putumayo; SAN Santander; SUC Suscre; TOL Toliena: VAL Valle del Catscs: VAU Vaspés; - nevo registro en ese departamento; ) cultivada en ambientes urbanos
o semiurbanos. Nombres locale: se esalta en megrillas cuando el nombre es reporeado por varios informantes para un mismo taxon: en subrayado cuando el mismo.
nombre (o uno muy similar) es dado a taxones diferentes, pero que comparten ciertas caracteisticas morfologicas o comportamentales e especifica un departamento
entre paréntesis cuando hay indicios de su utilizacién parcial o ttalmente restringida a esa region para determinados taxones, ain s no se encontraron colonias
manejadas; los corchetes indican una lengua diferente al espafiol. ND: no hay informacién.
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Figura 1. Comparacion de especimenes de Vireo linaceus (a)y V. lavoviridis (b). Notese las diferencias ms llamativas en los lados, flancos, y coberteras
infracaudales. Fotos de la Coleccion Ornitologica del Instituto de Ciencias Naturales - Universidad Nacional de Colombia, Bogota.
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Table 3. Sampled soil microbial composition at the phylum level. Values correspond to the proportion of the good quality sequences of each phylum
in relation to the total obtained for each farm. Values having the same letter were not statistically significantly different, as described by Z test for

proportions (p = 0,05).
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Tabela 6. Sementes mortas (¥) de mamonas submetidas a tratamento com dgua em diferentes temperaturas e tempos de imersdo.

Tempo (mimitos)

S —7 7 3 7
monC im0k o
O L T Y VT )
womee a0 i The
H:080°C 1Aa 0Aa 0Aa ” 0Aa

Médias seguidas da mesmaletra maitscula na coluna e miniscula na linha, nao diferem entre si,

pelo teste de Tukey, % de probabilidade.
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‘Table 1. Detection of the arylAc protein in female cotton parentals using Immunostrip™.

‘Number of positive samples per field__Number of conventional fields _Number of refuges _Namber of feral individuals__Total

0 Tl ) 7 B
i § i % i
3 i % i
E) i E) % 4
i p) = 0 4
s 0 4 0 4
3 0 2 T 2
7 1 1 0 2
§ 0 0 T [
g [ ] T ]
Total negative 11 50 T 35
Total positive 6 36 TS 53
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‘Table 1. Identity of the interspecific OxG hybrid materials evaluated

Material Egg Pollen
Origin___Code Grigin Code
Oleifera 3563 Mongana x Nifor 2012
Oleifera 3557 Mongana - 1667
Oleifera 3531 Mongana x Nifor 3613
Oleifera 3563 Avios x Djongo 7002
Oleifera 3531 Mongana " 667
Oleifera 3531 Congo mixto 1640
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Figura 1. Ubicacion de las zonas de produccion de miel. SPZ = Sumapaz, ACB = Altiplano Cundiboyacense, MCHI = Medio Chicamocha, BCHI =
Bajo Chicamocha, COM = Provincia Comunera, SNMN = Sierra Nevada de Santa Marta.
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Figure 1: Hierarchical cluster analysis of the physical-chemical characteristics of the soils being studied
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Tabla 3. Niimero estimado de especies de abejas sin aguijon y ntimero de especies cultivadas en Colombia y otros paises en los que se desarrolla la

meliponicultura.

Region (a) Especies estimadas__(b) Especies cultivadas (%) _Referencias
Colombia 120 34(28) (a) Nates-Parra, 2005; (b) este trabajo
Amazonia 47 409 (a) Nates-Parra, 2001; (b) este trabajo
Andina 77 27(35)
Caribe 2 10(38)
Grinoquia 3 [30)
Pacifico 36 ND
Argentina ES) 11 (33) (a)y (b) Roig-Alsina et al, 2013
Australia is 747) (a) Ascher y Pickering, 2013; (b) Halcroft eral,, 2013
Brasil 237 32(14) (a) Ascher y Pickering, 2013; (b) Venturieri er a, 2012
Costa Rica 58 20(34) (a)y (b) Aguilareral, 2013
México [ 12(26) (a) Ayala eral,, 2013; (b) GonzAlez-Acereto et al, 3006,
Ayalaetal, 2013
Perd 160 7(7) {a) Ascher y Pickering, 2013; (b) Rasmussen y Castilio, 2003
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‘Table 2. PCR detection of the cryl Ac sequence in leaf DNA from female cotton parentals from fields where no cryl Ac was detected by Immunostrip™.

Number of positive samples ___ Number of conventional felds Number of refuges Number of feral individuals
Drimers
Figwort__aylAc Figwort _oylAc Figwort oy lAc
0 7 ] 0 i 3 7
T 3 i i 2k 0 0
o T i [ £ ) [
E) 0 0 0 7 [) 0
i 0 1 0 o ) 0
5 [ ) [ 0 0 [
[ [ [ i T [ [
7 0 [ 0 0 G 0
§ [ i 0 0 G o
5 [ [ [ 0 [ [
Total negative 7 T [ i q T
Total positive q 16 i 5 [ [
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‘Tabla 1. Especies vegetales con valores de importancia [E superiores a tres (3) en los grupos de mieles diferenciadas por origen geografico. En negrita.
se presentan los valores de las especies que sirven de marcadores geogréficos para cada grupo.

Region Andina Region Subandina
Nombre cientifico ACB. MCHT SPZ BCHI SNSM____CoM
Cecropia sp. 7 “yarumo” 086 002 377 10,38 30,39 614
Coffea arabica“ “café” 0,12 115 407 535
Dictyocaryom lamariianion ™ tagia’ )

Escallonia pendula” “mangi 805 59 091
Eucalypius 5p.* “eucalipto” 810 1121 13,14 1 031 118
Fravinus chinensis® *“urapan” 103 474 366 045 0,07 14
Hypochaeris adicata *“dienite de leén” 400 28 0,01 602 04 063
‘Mimosa sp.+* “dormidera” 004 a7l 645 645 1174 37,23
Piper sp. " cordoncillo” 057 1,19 592 7,29 184
Quercis humboldsi*™ “roble” 698 1408 013 1038 095
Rubussp mora” 044 378 001

Steirctinia aspera” “mulato” 016 43 033
“Tipo Brassicaceas £ 717 T3 57 o7 3]
rfolien vepens - trébol blanco’ 53 533 Fer] G [ 63
Trfoliem pratense - trébol rojo” 633 i 357 [0 03
“Tipo Moraceac® “pringamosa’ [

Viburnsom sp. *“garocho” [ 650 02 128 007 093
Weimmannia 5p. “enceniilo” 4,39 £

*Plantas no productoras de néctar o aneméfilas;  Nativa; * Exatica.
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‘Table 2. Gas exchange of interspecific OxG hybrid materials grown in hydroponics. Values are mean + 1 standard deviation.

Material Photosynthetic rate Stomatic conductance WUE:
(pmol COzstm?) (mmol H:0.sm?) (umol COzmmol H:0)

U273 969139 0134200232 328:049a
UT737 §5050354 164700532 EEECELE T
UT757 0357114 6163506192 S ELETY
835" §E8TisT [EFEr TIEET 018
014" 00820397 167500282 EECETE T
550" §35% 455 G507 00582 TIEE 6374

Mean + 1 standard deviation with the same letter are not statistically different. p < 0.05 (Tukey).
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Figure 3. PCR detection of control and transgene sequences in DNA from sampled cotton seeds. A. 355 Figwort mosaic virus promoter, MP: 100bp
molecular weight marker, lanes 2 and 3:water, lane 4 negative control: feral cotton, lane S: positive control: Nuopal /RR, lanes 6 and 7: sample from
conventional cotton field. B. ry! Ac, lane 2: water, lane 3: negative control: feral cotton, lane 4: positive control: Nuopal/RR, lanes S, 6, 9-12 field
samples from refuges, lanes 7, 8: samples from conventional cotton felds.
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‘Table 1. Effect of nicotinamide (N) on photosynthetic pigments (mg/g FW) in the leaves of faba bean grown under NaCl-salinity

WAl Nicotinamide Chiorophylls Chiorophyll s Carotenoids Toral pigments

© ™ Tmg s W)

e N 05337 0232 026935 Tasad
i 6075 63305 0378 T605h,
i) T6ica [ 3605 T3s

ST o 0530¢ 03354 G3d6c Tdo3e
NI 09720 0246c 0264b 1a8ic
N2 0785 0218 0237cd 14634

B No 0787 01897 0235d i211h
i B758 61507 03500 5375
) bi6d G300c 63304 T3EE

*Mean values (n = 4)in the same column for each trait followed by the same lower-case letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); S1 (50 mM NaCl); 52 (100 mM NaCl); N0 (0
nicotinamide); N1 (200 mg I nicotinamide); N2 (400 mg I nicotinamide).
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‘Tabla 1. Registros* de Vireo flavosiridis para la Sabana de Bogots, Cundinamar

. Colombia.

Fecha FC wedeCObs Tocalidad TPo
01/01/1961_ _ICN TCN-14949 Cundinamarca, Guatavita Jaramillo M.

01/01/1986  IEN TCN38966 Bogota D. C. Ciudad Universitaria Girupo Ornis-UNAL
06/03/2008 " UniAndes ANDES G705 % ""Bogota D. C., Universidad de Los Andes ‘Andrea Morales (AMR-033)
0370472008 UniAndes ANDES-0-478 Bogota D, C. Calle 25 - Carrera 3 JPG012

01/10/2010  TAvH TAVH-A-10612. Cundinamarca, Paramo de Sumapaz Jorge Avendano-C.

13/03/3611 eBird z Bogota D. €., Humedal de Cordoba Nick Bayly

15710/3611 Obs pers. i Bogota D. €., Ciudad Universitatia GOUN

17/10j2011 " Obs pers & Bogota D. C, Ciudad Universitaria GOUN

19/10j2011 ICN TCN 38678 % Bogota D. C., Ciudad Universitaria O Acevedo-Charry (OAC-179)
F1/i0/2011 " TIEN TCN38437 % Bogota D. C, Calle 24 - Carrera 30 F.G. Stiles + N. Pérez (NPA-012)
33710/2011 IEN TCN 38438 %% Bogota D. C., Ciudad Universitaria ‘Alejandro Pinto (012)
13/11/2611 " eBird b Bogota D. C., Parque Simon Bolivar Nick Bayly

34j04/2012 " " UniAndes ANDES-0743 Bogota D. C., Calle 107 - Carrera 7.5 Oscar Laverde

061172013 eBird a Bogota D. €., Parque Simon Bolfvar Nick Bayly

18/11/2012  eBird Dos individuos Bogora D. C., Jardin Botanico Nick Bayly

/6573013 "ERird ok individios g0 . €., Pargue L2 Florida Gieg Homal

19/05/3613 " TIEN TENT38800 Bogota D. C., Pablo VI - Camilo Alfonso

0577073013 CaRa T T oot D€ Pargie Siman Bolivar Rk Bagly

* Existe un registro adicional de Agudelo-Alvarez et . (2010) para la Pontificia Universidad Javeriana en el que no se menciona fecha precisa, por
esto no fue tomado en cuenta en la presente lista de registros. ** Especimenes chocados contra ventanales. - C: Fuente o Colect
Obs: Niimero de Catilogo de Coleccion, si aplica, u observaciones. C-P-O: Colector, preparador u observador. ICN: Coleccién de Ornitologia del
Instituto de Ciencias Naturales de la Universidad Nacional de Colombia. ANDES-O: Coleccion de vertebrados (Ornitologia) de la Universidad de

Los Andes. IAvH: Coleccion del Insituto Alexander von Humbold:. GOUN: Grupe de Ornitologia de la Universidad Nacional de Colombia.

n.nodeC-
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Figure 2. PCR detection of control and transgene sequences in leaf DNA from maternal cotton plants. A. fSACP, MP: 100bp molecular weight
marker, lane 2: water, lanes 3-11: samples 1 to 9. B. 355 Figwort mosaic virus promoter, lane 2 water, lane 3: negative control: feral cotton, lane
positive control: Nuopal/RR, lanes 5-13: samples 1 to 9. C. crylAc, lanes as in B.
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‘Table 2. Effect of nicotinamide (N) on total soluble sugar, polysaccharide, total carbohydrates, and sucrose in the shoots of faba bean grown under

NaClsalinicy
Nacl Nicotinamide Toral Polysaccharde  Tomal Sucrose
soluble sugar carbohydrates
© ™ ®
e N0 S5a 6300 EE 775
i e P 3igos 3i3ed
[ 63 2985 35482 3350
st No 63505 3131 3781 aash
i b 3350c 30565 e
N2 6501 272 3tz eiab
B No 663 1486 21.49F 358¢
Ni 62sb i 3350 33dcd
B Geda 838 35074 s

+ Mean values (n - 4) in the same column for each tra followed by the same lower-case letter are not significantly different according to Duncan’s
multiple range test at p = 0.05. Measurements were made 65 d after sowing (DAS). S0 (0.23 dS/m); S1 (50 mM NaCl); 52 (100 mM NaCl); N0 (0
nicotinamide); N1 (200 mg I nicotinamide); N2 (400 mg I nicotinamide).
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Figure 3: Relative abundance of nitrogen-fixing bacteria assigned by 165 rDNA sequencing of NFb isolates (4) and ribotyping sequence analysis (B)
obtained from MF1, MF2, OA1 and OA2 potato rhizosphere soil samples.
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Figura 3. Algunas especies de abejas sin aguijon utilizadas en meliponicultura en Colombia. A: Melipona costaricensis, B: M. parsensis; C: M. (Michmelia)
p.; D: M.sal, E: M. nigrescens; F: M. fuvosa; G: Nannotrigona mellaria; H e : Paratrigona opacas : Scaptotrigona . acbrotricha; K: S barrocoloradensis, Ly M:
Tetragonisca angustula.
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Tabla 2. Porcentajes de muestras diferenciadas por origen botanico. Unicamente se presentan los tipos de mieles de los cuales se encontraron ms
de dos muestras.

Region Andina Region Subandina
ACE BICHT 7 BCHI SNSM____CoM
Monoflorales
Trifoliam pratense 2 29
Coffea anabica - 19 1%
“Eucalypis p. i 3% 133
nga sp. B £¥) 33
Helicarpis americanis B 33 Qg
Gtras monofloraies 314 161 268 s 82 93
Total monoflorales 56 323 40,1 s 311 209
Oligoflorales ”
Rsteraceas 3 376 W X
Biflorales 142 29 20 209
Multiflorales 142 57 30 186

‘Mezclasde mielato Ouercus humboldri
y néctar floral (Eucalyptus sp.,
s Meaininue. Asiiatned 214 193
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Table 4. Sugar content and photosynthetic pigments in the leaf tissue of interspecific OxG hybrid materials grown in hydroponics. Values are mean
+1 standard deviation.

Material  Total sugar content _ Reducing sugar content _ Total chlorophyll content _ Carotenoid content
(mgg* fresh tissue)
U277 8s2ziole 526:037¢ 12570492 062220285 ¢
U737 8035052 F dsizo43d 133631132 0954+0.196 b
Ui757 04620494 43750414 13321585 139120558
[ty B TEC qa63ie6d i06i:078¢c 0877+0416b
Uio1# 1520956 63620855 0112089¢ 637203593
Uisso Ti7i0% 1434 75511044 24551108 46120505

Mean + 1 standard deviation with different letcers are significantly different, p < 0.05 (Tukey)
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Table 3. Vegetative growth of interspecific OxG hybrid materials grown in hydroponics. Values are mean + 1 standard deviation.

Material __ Height (cm) Bulb diameter (cm) __ Leaf number __ Leafarea (cm Total dry matter (5)
T3 02212 092000312 Si062 01922802 TE-10a
G757 JEAFELTY 0883100585 ST0336 8607 1550ab TiI6E33T
ST T 6RO GFTOSE 030575075 [EEFS R
{1855 66+ 10ab 0806  0.043ab GEITAE 0876 % 1133 133038 ab
Uidia 971373 0908201064 AET05E 1343551937 507153
{1950" SHET5H 0743300436 T7I05E 9530 3079F 00535

Mean + 1 standard deviation with different letcers are significantly different, p < 0.05 (Tukey)
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Tabela 1. Resumo da anlise de varidncia dos dados referentes 20 teste de germinaco (G), primeira contagem de germinacdo (PCG), plantulas

anormais (PA), sementes mortas (SM) e sementes dormentes (SD) de mamona, cultivar IAC 226, submetidas aos tratamentos pr

diferentes tempos de imersio.

germinativos em

Fontes de variagio Quadrados Médios
5 G PCG A SM D

fpar 3 1106,12* 2103,78* 67663% 247663*  128649%

p=00010

e 3 1810,12* 546586% 134400 419706+ 49804

p=00012

ARANSTE 9 55479 2504% 98771% 787,71% 21449%
00020

o @ 638 74 3386 386 5033
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