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INTRODUCCIÓN 

 

Actualmente la población humana crece a un ritmo exponencial y en 

consecuencia la demanda de alimentos se incrementa en la misma proporción, al mismo 

tiempo los espacios para la producción agrícola se reducen, por el crecimiento de los 

asentamientos urbanos.  México no es la excepción y los retos de la actividad agrícola 

mundial se centran en el desarrollo nuevas tecnologías que permitan incrementar los 

rendimientos por unidad de superficie y mejorar la calidad de los productos, una de estas 

tecnologías es el injerto. Que es un medio de propagación, que consiste en unir una parte 

de una planta a otra que ya está asentada. El resultado es un individuo autónomo 

formado por dos plantas y variedades. La planta injertada está constituida por un 

portainjerto que es la planta que recibe a la porción de tejido llamada injerto. El 

portainjerto generalmente no tiene valor agronómico, pero genéticamente contiene genes 

de resistencia o tolerancia a estrés biótico (King et al., 2010) o abiótico (Zhao et al., 

2011). La otra parte es el injerto o variedad comercial que es una porción de tallo o 

yema que se fija al portainjerto para que se desarrollen ramas, hojas, flores y frutos 

(Hartmann et al., 1997).  

El injerto tuvo sus inicios en Asia en la década de 1920 y se injerto de sandía, en 

países como Japón y Corea la utilización de este método ha ido en aumento (Sakata et 

al., 2007). Actualmente cultivos como: sandia, melón, pepino, tomate entre otros son 

comúnmente injertados con patrones resistentes a patógenos del suelo principalmente 

para su venta comercial (Sakata et al., 2008). Originalmente el propósito del injerto en 

hortalizas, era evadir las enfermedades causadas por parásitos y patógenos del suelo 

como Verticillium, Fusarium, Phytophthora, Ralstonia, Nematodos etc. (Louws et al., 

2010; Rouphael et al., 2010), actualmente el injerto también se utiliza para evitar 

problemas de estrés abiótico (Penella et al., 2017; Oztekin et al., 2007), incrementar 

rendimientos, mejorar calidad del fruto, extender el tiempo de cosecha, así como reducir 

aplicaciones agroquímicas (Colla et al., 2010; Schwarz et al., 2010), además de mejorar 

la calidad comercial de los frutos (Bahar et al., 2013; Báez et al., 2010), ya que es una 

técnica eficaz para evitar enfermedades y en menor medida plagas de los cultivos 

(Álvarez., 2012), lo anterior favorece la tendencia de la actividad agrícola mundial que 
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es reducir la dependencia de los  agroquímicos sintéticos (King et al., 2010), por lo tanto 

el injerto en las hortalizas representa una alternativa viable para una producción 

amigable con el ambiente (Ezziyyani et al. 2005). Dado que la importancia del injerto ha 

sido reconocida en los ámbitos agrícolas a nivel mundial, resulta una técnica muy eficaz, 

limpia y cuyo uso implica nulo impacto ambiental, comparado con los desinfectantes del 

suelo comúnmente usados (King et al., 2010), además se ha adoptado como forma 

segura para producción ecológica y respetuosa con el medio ambiente, ya que minimiza 

la absorción de residuos de agroquímicos indeseables (Myung et al., 2010). 

Actualmente no existen híbridos comerciales de chile resistentes a todas las 

enfermedades causadas por hongos y bacterias presentes en los suelos de los sistemas de 

producción protegidas; sin embargo esta resistencia pudiera encontrarse en parte de 

híbridos comerciales o especies de origen silvestre y criollos, que puede servir de 

patrones a los cultivares comerciales, a través de la técnica de injerto (Schwarz et al., 

2010). En México se ha reportado injerto de chile  tipo ancho (García et al., 2010), 

también en chiles jalapeños y chilacas (Osuna et al., 2010).  

Si la técnica de injerto se utiliza con las variedades comerciales de pimiento 

morrón, se podrían reducir de manera significativa las pérdidas cuantiosas, por 

enfermedades radiculares que alcanzan hasta 100% (Guijón et al., 2001; Rico et al., 

2004). Además se han logran incrementos en rendimiento de hasta 50% y se reduce la 

incidencia de P. capsici (Sánchez et al., 2015; Muñoz et al., 2011) también se aumentan 

los rendimientos comerciales (Penella et al., 2017). En tomate injertado se han reportado 

incrementos de rendimiento de hasta 35% (Chew et al. 2012; Álvarez., 2012) y del 35% 

en la calidad del fruto de exportación (Báez et al., 2010), López et al., (2012), reportan 

incrementos superiores al 25% con el uso de portainjertos tolerantes. Y es una buena 

estrategia de adaptación para las condiciones de estrés abiótico (Lopez et al., 2014), por 

lo que la selección de portainjertos es de suma importancia en la mejora de la calidad de 

las plantas y la calidad comercial de los frutos (Huang et al., 2015), además debe existir 

una adecuada compatibilidad entre el portainjerto y la variedad (Ren et al., 2018). Los 

beneficios del uso de portainjertos es contundente, sin embargo debido a la tendencia de 

mayor uso en la técnica, surge la necesidad de probar los distintos portainjertos que se 

encuentran en el mercado y los nuevos que se agregan cada año, a fin de encontrar la 
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combinación más adecuada entre portainjerto/variedad que satisfaga los volúmenes de 

producción que demandan los productores, con los parámetros de calidad que requiere el 

mercado, y la calidad nutricional a los consumidores, es por eso que el objetivo del 

presente trabajo fue determinar el efecto de tres portainjertos comerciales sobre el 

rendimiento y calidad de la fruta en cuatro híbridos de pimiento morrón. 

Es por eso que el objetivo del presente trabajo es obtener un portainjerto 

intraespecie o interespecie para pimiento morrón y su producción en suelos 

contaminados con Phytophthora capsici L. 
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REVISIÓN DE LITERATURA 

 

México y Centroamérica son considerados los lugares de origen y domesticación 

del chile Capsicum annuum L. Fue introducido a Europa por Cristóbal Colón en 1493 a 

través de España y de ahí se extiende a Asia, su cultivo en España comenzó en el siglo 

XVI, posteriormente se extendió a Italia y luego a Francia para distribuirse por toda 

Europa y el resto del mundo. En 2016 en México se sembraron 150,000 hectáreas de 

pimiento morrón con 2.9 millones de toneladas, de las cuales 1500 se producen en 

invernadero y una producción de 1.7 millones de toneladas, ocupando de esta manera el 

segundo lugar en volumen de producción solo por debajo de China, por lo que se ubica 

en el primer lugar en exportaciones, y crecimiento anual de 9%, cuyo consumo per 

cápita nacional es de 16 kg (SIAP-SAGARPA, 2016). 

Aunque la importancia del pimiento en México es grande, los problemas a los 

que se enfrentan los productores día a día también lo son, sobre todo enfermedades 

radiculares, en las cuales se encuentra Phytophthora capsici. Las especies de 

Phytophthora causan varias enfermedades en muchos tipos de plantas, desde plántulas 

de hortalizas anuales o de ornato hasta árboles forestales y frutales completamente 

desarrollados. La mayoría de las especies del hongo producen pudriciones de la raíz, 

ahogamiento de plántulas y pudriciones de tubérculos, base del tallo y otros órganos. 

Otras especies ocasionan pudriciones de yemas o de frutos y algunas de ellas producen 

tizones que atacan al follaje, ramas inmaduras y frutos. Algunas especies son específicas 

al hospedante, es decir, sólo atacan a una o dos especies de plantas, pero otras tienen una 

amplia gama de hospedantes y pueden causar síntomas similares o distintos en muchos 

tipos de plantas hospedantes (Ezziyyani et al., 2004). La especie que mejor se conoce es 

Phytophthora infestans, causante del tizón tardío de la papa y del tomate, pero cabe 

mencionar que muchas otras especies producen enfermedades devastadoras en sus 

hospederos. El oomiceto Phytophthora capsici L., y los hongos Rhizoctonia solani kühn 

y Fusarium oxysporum sclechtend. Fr., causan pudrición de raíz y cuello en plantas, 

conociéndose como marchitez del chile, reportándose en cultivos como chile, jitomate, 

papa, entre otros, ocasionando perdida severas que afectan la calidad y cantidad de la 

producción de los cultivos (Fernández et al., 2007). Phytophthora capsici genera la 
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pudrición de la raíz del pimiento, la zanahoria y la calabaza entre otras plantas. Los 

efectos de Phytophthora capsici en pimiento morrón son letales, pues al penetrar por las 

raíces impide la absorción de agua y nutrientes y cuando la planta presenta los primeros 

síntomas, ya está invadida y a la fecha no se conoce un mecanismo de curación efectivo 

(Ezziyyani et al., 2005). El Oomicete Phytophthora capsici fue descrito por primera vez 

por Leonian, en 1922, ocasionando la marchitez de pimiento morrón (Capsicum 

annuum) en Nuevo México, USA. En México se reportó en 1956 por el Dr. J. Galindo. 

La enfermedad se describe en España por primera vez en 1964. El cultivo de pimiento 

morrón es muy susceptible al ataque de enfermedades, entre ellas la que más destaca es 

la “tristeza del chile” ocasionada por un complejo de hongos y el principal es el hongo 

patógeno, Phytophthora capsici, causante de perdidas tanto en los cultivos, como 

económicas que van desde 3, 30, 60 y hasta 100%. En la década de los 80’s 

Phytophthora capsici fue el principal problema fitosanitario, responsable de perdidas en 

rendimiento, originando el desplazamiento del cultivo a zonas libres de patógenos 

(González et al. 2002). Se han reportado pérdidas totales por Phytophthora capsici en 

las regiones como el Bajío y Puebla (Pérez et al.,1990). En un estudio regional sobre 

enfermedades del chile en el sur de Chihuahua reportan pérdidas que oscilan entre 5.3 y 

32%. (González et al. 2002), además reportaron cultivos con síntomas de marchitez en 

siete estados de la Republica Mexicana concluyendo que el 33% se asociaron a 

Phytophthora capsici.  

Los métodos para contrarrestar los efectos nocivos de los fitopatógenos son 

diversos, aunque principalmente se utilizan mejoramiento genético, uso de sustratos 

orgánicos o inorgánicos, uso de agroquímicos y el uso de portainjertos tolerantes o 

resistente. Actualmente en el área hortícola, una de las técnicas que se utilizada tanto 

solanáceas como cucurbitáceas para contrarrestar los efectos de las enfermedades del 

suelo y que continua creciendo es la técnica de injerto, que se describe como un método 

de propagación que consiste en unir una parte de una planta a otra que ya está asentada. 

El resultado es un individuo autónomo formado por dos plantas y variedades. La planta 

injertada está constituida por un portainjerto que es la planta que recibe a la porción de 

tejido llamada injerto. El portainjerto generalmente no tiene valor agronómico, pero 

genéticamente contiene genes de resistencia o tolerancia a estrés biótico (King et al., 



6 

 

 

2010) o abiótico (Zhao et al., 2011). La otra parte es el injerto o variedad comercial que 

es una porción de tallo o yema que se fija al portainjerto para que se desarrollen ramas, 

hojas, flores y frutos (Hartmann et al., 1997). Los tipos de injertos y el control de las 

condiciones ambientales son importantes para el éxito de esta técnica; el injerto por 

aproximación es más recomendado ya que ambos conservan sus raíces a lo largo del 

proceso de cicatrización; sin embargo, es una técnica laboriosa y costosa. Los injertos de 

empalme o de púa, son técnicas más rápidas donde el injerto se coloca directamente, en 

el patrón sin conservar sus raíces pero exigen condiciones controladas de temperatura 

(27 °C) y humedad relativa (80%) durante el periodo de soldadura (Oda, 1995). 

El uso de portainjerto puede mejorar las respuestas de estrés bióticos de toda la 

planta, mejorando su vigor a través de la mayor absorción de los nutrientes del suelo, 

prevención de infecciones por patógenos y la tolerancia a las bajas temperaturas del 

suelo, salinidad, y las condiciones de suelo con exceso de humedad. El tipo de 

portainjerto influye considerablemente sobre el crecimiento, el rendimiento y la calidad 

del fruto (King et al., 2010; Martinez et al., 2010). El uso de injertos para contrarrestar 

los efectos de la salinidad de los suelos también va en aumento en solanáceas y 

cucurbitáceas puesto que las plantas injertadas cultivadas bajo condiciones salinas a 

menudo exhiben un mejor crecimiento y rendimiento, mayor fotosíntesis y contenido de 

agua de las hojas, una mayor proporción de raíz para asimilación de nutrimentos, mayor 

acumulación de osmolitos, ácido abscísico y poliaminas y capacidad antioxidante en 

hojas, y una baja acumulacion de Na+ y Cl- en brotes en comparación con plantas no 

injertadas (Colla et al., 2010) El uso de la tecnología de injertos en los cultivos de 

hortalizas, representa un componente significativo y de gran valor para las industrias 

vegetales en todo el mundo (Aloni et al., 2010), Además mencionan que el enorme 

progreso en la comprensión de los procesos de señalización y la participación de 

fitohormonas en todos los aspectos del desarrollo de la planta y la productividad de los 

cultivos se pueden utilizar para obtener información más profunda de lo que ocurre en 

comunicación injerto-portainjerto. 

En México se han reportado estudios tendientes a contrarrestar los efectos de 

Phytophthora capsici en chile mediante la técnica de injerto, en el primero de ellos, se 

ha reportado un caso de injerto de chile del tipo ancho en Celaya, Guanajuato, se 
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evaluaron in vitro e in vivo  la resistencia al patógeno Phytophthora capsici en el cultivar 

tipo serrano Criollo de Morelos 334 (CM 334) y de cuatro patrones comerciales. 

Concluyeron que el CM 334 como patrón mostró la más baja incidencia (1%) de la 

enfermedad, indicando que tiene potencial para producir chile aun en zonas con alta 

incidencia de P. capsici.(García et al., 2010). En el segundo estudio se evaluó el 

portainjerto CM 334 para chiles tipo chilaca, jalapeño y cayenne, con prendimiento de 

90% aceptable a nivel comercial y determinaron que el portainjerto CM 334 podría 

incluirse en el manejo integrado para el control de la marchitez en chiles comerciales, 

además mencionan que si ésta técnica se utiliza con las variedades comerciales de chile 

que crecen en el estado de Chihuahua (Cayene, chilaca y jalapeño) las cuales son 

susceptibles al patógeno Phytophthora capsici, se podrían reducir de manera 

significativa las pérdidas cuantiosas que llega a causar (Osuna et a., 2012), además se 

han logran incrementos en rendimiento de hasta 50% con el uso de portainjertos 

comerciales y se reduce la incidencia de P. capsici (Sánchez et al., 2015; Muñoz et al., 

2011). Po lo que si ésta técnica se utiliza con las variedades comerciales de pimiento 

morrón, se podrían reducir de manera significativa las pérdidas cuantiosas, que alcanzan 

hasta 100% (Guijón et al., 2001; Rico et al., 2004).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Artículo 1 
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Abstract: Vegetable production in greenhouses is preferred when soil quality is degraded by 

high salinity or incidence of pests and diseases. In these soils with abiotic and biotic issues, it is a 

challenge to increase the yield and quality of fruits. The use of rootstocks and organic substrates 

are effective and environmentally friendly techniques to solve that challenge.  The objective was 

to study the effect of rootstocks on yields and quality in bell peppers (Capsicum annuum) 

grown on soil or on coconut fiber substrate in greenhouse. Using a randomized block design 

with three repetitions, the resulting treatment groups consisted of three rootstocks (Foundation-

F1, Yaocali-F1, CLX-PTX991-F1, and non-grafted controls) with four hybrids as scions 

(Lamborghini, Bambuca, DiCaprio, and Ucumari). The yield of fruit per plant (YFP) and number 

of fruit per plant (NFP) obtained in coconut fiber were 85% and 55% greater, respectively, than 

in soil. The CLX-PTX991-F1 rootstock was superior to the hybrids without rootstock (P≤0.05) in 

YFP and NPF (30% and 19.5%, respectively). The Lamborghini hybrid had significantly greater 

YFP and NFP than the Ucumari. We concluded that the use of coconut fiber significantly 

improves the yields of bell pepper and that the use of rootstock improves plant vigor and plant 

yield. 

Keywords: Capsicum annuum, graft, organic substrates, fruit quality, yields. 

 

1. Introduction 

Currently, the human population is growing at an exponential rate and consequently, the 

demand for food grows proportionally while the usable space for agricultural production 

diminishes as urban settlements grow. Mexico is no exception to this and the challenges of the 

global agricultural industry focus on developing new technologies that increase yields per unit 

of area and improve the quality of the resulting products. One of those technologies is grafting, a 

propagation technique that consists of joining one plant to another that is already rooted. A 

grafted plant consists of a rootstock that generally has no intrinsic agronomic value, but carries 

valuable biotic [1] or abiotic [2] resistance and tolerance genes, and the scion, which is a piece of 

stem or bud that is joined to the rootstock so that branches, leaves, flowers, and fruits develop 

[3]. 

Plant grafting has its beginning in Asia, in the 1920s. Currently, in countries such as Japan and 

South Korea the use of grafting is increasing [4, 5]. The industry of greenhouse vegetables shows 

similar tendencies across the globe [6]. Watermelon, melon, cucumber, and tomato, among 

others, are grafted onto rootstocks with tolerance or resistance to soil pathogens [7, 8]. The 
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original purpose of plant grafting was to avoid diseases caused by soil parasites and pathogens, 

such as Verticillium, Fusarium, Phytophthora, Ralstonia, Nematodos [9, 10]. In actuality, 

grafting can also be used to mitigate abiotic stress [11, 12], increase yields, improve fruit quality, 

extend harvest times, as well as reduce agrochemical applications [13, 14] and improve the 

commercial quality of crops [15, 16], since it is effective at preventing soilborne diseases and 

pests [17]. In eggplant, the scions rootstock used induced notable vigor and better yield [18, 19], 

the latter of which favors the global reduction of dependency on synthetic agrochemicals [1]. As 

such, vegetable grafting represents a viable route [20] to ecologically friendly production. The 

importance of grafting is recognized in agricultural circles worldwide, as it is a very clean and 

effective technique whose use involves zero environmental impact compared to commonly used 

soil treatments [1]. It has also been adopted as a safe and ecologically friendly means of 

production as it minimizes the need for chemical treatments against soilborne pests and 

pathogens and consequently reduces the absorption of undesirable agrochemical residues [21]. 

In previous reports made in Mexico, where grafts were used in poblano pepper using CM-344 

rootstock to counteract the effects of Phytophthora capsici, managing to reduce the incidence of 

the disease to 1%, allowing production even in areas of high incidence [22]. The same was seen 

with jalapeños, cayenne, and chilaca chilies [23]. The use of this technique with commercial 

varieties of bell pepper could significantly reduce the losses caused by P. capsici by up to 100% 

[24,25]. The use of grafting also increases yields by up to 50% [26, 27], resulting in increased 

commercial yields [11]. Yield increases of up to 35% [28, 17] and a 35% increase in the quality of 

exported tomatoes [16] have both been reported for grafted tomato.. [29] reports increases of 

over 25% in fruit yield, with the use of abiotic stress tolerant rootstocks, making it a good 

adaptation strategy for abiotic stress conditions [30]. The selection of rootstock is incredibly 

important for improving the quality of the plants and the commercial quality of the fruit [31], as 

such there must exist sufficient compatibility between the rootstock and scion [6]. Thebenefits of 

using rootstocks in chili peppers is clear, however , and given the rise in popularity of the 

technique, it has become necessary to test all the different, commercially available rootstocks. 

This must be done in order to find the combination of rootstock-scion capable of both satisfying 

the production volumes demanded by cultivators and meeting market quality requirements. To 

that end, the objective of the present study was to determine the effect of using three commercial 

rootstocks on the yield and fruit quality of four bell pepper hybrids. 

 
2. Materials and Methods  

2.1. Plant Material and Growth Conditions 

 
Foundation F1 (Rijk Zwaan, De Lier, Holanda, has a powerful root system, size compact 

variety and high generative power), Yaocali F1 (Enza Zaden, Enqhuizen, Holanda, it has 

abundant root system, tolerance to Phytophthora and salinity), and CLX-PTX991 F1 (HM Clause 

Valence, France, description not available ,) were the three bell pepper rootstocks selected while 

the four hybrid bell pepper scions, type blocky, were Lamborghini F1 (Rijk Zwaan,), Bambuca 

F1(Rijk Zwaan) yellow fruit, sizes L and XL, and thick walls, Dicaprio F1 (Enza Zaden) yellow 

fruit, sizes L and XL, and tolerant to cracking, and Ucumari F1 (Enza Zaden) orange fruit, sizes L 

and XL, thick walls and long shelf life. The experiment was conducted in a greenhouse with a 

wet wall and extractors for climate control and 30% shade belonging to the Universidad 

Autónoma Agraria Antonio Narro (UAAAN) Department of Horticulture, in Saltillo, Coahuila 

(latitude 25° 21´ 24´´ N, longitude 101° 02´ 05´´ W, 1762 m.a.s.l) with a BS0 k(x´) (e) climate 

(climate card No. 14R-VII, 1970). Conditions within the greenhouse were controlledby means of 
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temperature sensors with minimum value of 16 ° C and maximum of 32 ° C, with registers of 60 

to 90% relative humidity relative humidity, and a light intensity of 800 to1300 w.m-2s-1. 

 

2.2. Graft Technique and Sowing of Plant Material 

 
Rootstock and hybrid F1 scion seeds were sown in 200 cell polystyrene propagation trays with a 

70:30 peat moss:perlite mix for germination. The hybrid scions were sown on March 5th, 2017. 

The rootstock seeds were sown three days later in order to synchronize the stem diameters. 

Thirty-five days after sowing, when plants had reached a stem diameter of 2 to 2.4 mm, 

rootstocks and scions were joined by splice grafting [32]. The stems of rootstock and scion were 

cut at 45° with a new blade disinfected with 70% ethyl alcohol. Cut rootstock and scion stems 

were joined with 2.5 mm silicon clips to provide support. The workspace was kept at 22–28°C, 

80 to 90% relative humidity and all grafting done on tables disinfected with 50-ppm bleach. 

Grafted plants were kept in a grafting chamber at 22 to 25°C, 80 to 90% relative humidity. For 

the first 48 hours, they were kept in total darkness to avoid cellular oxidation at the union site, 

and favor the process of cicatrization and graft joining. The following six days (24hr/day) were 

normal day-night cycles. Afterwards, the grafted plants were taken to the greenhouse (18 to 

28°C, 79 to 90% relative humidity) for adaptation and acclimatization. 

 
2.3. Greenhouse Rooting in Soil and Coconut Fiber 

 
The plants were transplanted 20 days after grafting. The silicon clips were kept on to 

provide support. Both grafted hybrids and non-grafted hybrids were grown in coconut fiber 

grow bags, with 15 cm between plants. They were also grown in soil, with 2.78% organic matter, 

pH 8.06, 43.7 ppm of phosphorus, 312 ppm of potassium, Ca 3101 ppm, Mg 375 ppm, Na 137 

ppm, Fe 22.5 ppm, Zn 6.3 ppm, Mn 3.04 ppm, Cu 0.41 ppm, B 1.68 ppm, S 22.4 ppm, N-NO3 70.5 

ppm. In a microbiological analysis, it was found Fusarium spp, Alternaria spp, Phytium spp y 

Phytophthora spp y Rizoctonia spp).Theyseedlings were also grown in raised soil beds with black 

plastic padding, at 30 cm distance between plants and 25 cm between doubled rows. In both 

cases, the distance between furrows was 1.80 m, resulting in a calculated plant density of 36,000 

plants per hectare. The spatial distribution of the plants in the two culture media was different, 

because in this way they are cultivated in Mexico, in soil or coconut fiber. In both cultivation 

systems, the first experimental factor is the growth substrate (coconut fiber or soil), the 

rootstocks (Foundation F1, Yaocali F1, CLX-PTX991 F1, and non-grafted hybrid controls) are the 

second factor, and the hybrid scions (Lamborghini F1, Bambuca F1, Dicaprio F1, and Ucumary 

F1) are the third factor, yielding a 2x4x4 experimental design matrix. 

During the 2017 spring-summer cycle, the experiment was set up in a completely 

randomized block design with three replicates. Each experimental unit consisted of four 

completely competent plants with two viable stems per plant. Standard cultivation procedures 

were followed. Steiner nutrient solution [35] utilized in both cultivation sitems for localized 

watering. In soil or coconut fiber, 1.5 l of water per day were applied in each adult plant. The 

watering schedule was as follows: 50% Steiner solution at the beginning of cultivation, 75% at 30 

days after transplanting, and 100% upon initiation of flowering and fruiting until the end of the 

cycle. Salt drainage was promoted by overwatering 20%. Weekly applications of 15.3% 

spirotetramat, 23.1% spiromesifen, 17% imidacloprid plus 12% cyfluthrin (1 mL/L), and 90% 

methomyl (1 g/L) were used to control thrips and white flies. 

 

2.4. Measurement of Fruit Yield Parameters 
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The yield of fruit per plant (FYP) was estimated by weighing all the fruit from the four plants in 

each replicate on a SARTORIUS TS 1352Q37 digital balance and dividing that measurement by 

the number of plants considered. There were 11 harvests made, the first 90 days after 

transplanting, where only fruit with greater than 60% coloration was collected. Following 

weighing, the collected fruits were counted in order to estimate number of fruits per plant (NFP) 

harvested from each experimental unit, taking into account the 11 harvests made throughout the 

cultivation cycle. The average fruit weight (AFW) was calculated by dividing the total fruit 

weight per repetition by the total number of fruits. The equatorial diameter (ED), fruit length 

(FL), and mesocarp thickness (MT) were estimated by measuring eight fruits per repetition at 

random from three harvests made 21 days apart after August 18th, with Autotec® digital 

Vernier calipers. 

 
2.5. Morphological Variable Measurement 

 
The plant height (PH) was measured in four plants per useful plot, leaf length (LL) and leaf 

width (LW) were measured in four fully developed leaves, from each plant of the useful plot, 

the leaves were chosen at random, 50 cm above the ground, with a measuring tape marked in 

centimeters. The main stem diameter (SD) was measured in four plants per useful plot, at 5 cm 

above the ground, was measured with Autotec® digital Vernier calipers. 

 

2.6. Fruit Quality Measurement 

 
Total soluble solid content was measured with an Atago N-1E® refractometer and expressed in 

°Brix. Fruit firmness was evaluated with a FT-327 Fruit Pressure Tester penetrometer (max. 

capacity 13kg) with a 3 mm point. The content of vitamin C was determined according to the 

official methodology of the AOAC [34] and expressed as milligrams of vitamin C per 100 grams 

of fresh weight fruit (mg 100g-1). 

 
2.7. Statistical Analysis 

 
In the present study, the variables chosen for study (substrate, rootstock, and scion) gave rise to 

a 2x4x4 ttrifactorial experimental design, with 32 treatments set up in a completely randomized 

block design with three repetitions. The data were statistically analyzed with SAS 9.1 software 

and the means compared with Tukey’s test. 

 
3. Results 

3.1. Evaluation of Both Cultivation Systems (coconut fiber and soil) 

3.1.1. Yield Parameters 

The NFP, and fruit yield per plant of bell pepper plants grown in coconut fiber were 85% greater 

(statistical significance, P≤0.05) than those plants grown in soil (Table 1). The choice of 

cultivation system did not affect AFW but did affect other fruit parameters. When grown in soil, 

there were increases in FL (5.2%) and MT (5.4%) which were significantly different (P≤0.05). 

Whereas fruit from plants grown in coconut fiber had significantly different (P≤0.05) changes in 

ED (5.6% greater).   

Table 1. Yield averages (P≤0.05) and parameters evaluated for bell pepper grown in coconut 

fiber and soil. 
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Cultivation  FYP NFP AFW FL FED MT 

  System g   g mm mm mm 

Fibra de coco 3807.8 a& 19.00 a 203.81 a 77.03 b 87.51 a 6.79 a 

 

±446.07 ±1.53 ±23.22 ±4.58 ±1.51 0.21 

Soil 2052.2 b 10.24 b 200.42 a 81.01 a 82.87 b 6.44 b 

 

±214.34 ±0.91 ±11.62 ±3.06 ±1.93 ±0.13 

VC (%) 23.41 21.76 13.19 6.75 6.52 8.20 

&, means with the same letter in the columns are statistically equal, VC = variation coefficients; 

FYP, = fruit yield per plant; NFP = number of fruits per plant; AFW = average fruit weight; FL = 

fruit length; FED = fruit equatorial diameter; MT = mesocarp thickness. 

 

There was significant interaction between cultivation system * rootstock in the fruit length. 

Figure 1 shows that the length of the fruit obtained from each rootstocks had a significantly 

different behavior in each culture system studied.  

 

 
Figure 1. Interaction of cultivation system * rootstock, in the length of pepper fruit.3.1.2. 

Morphological Variables 

Significant differences were observed for all morphological variables measured in plants grown 

on coconut fiber substrate, as compared to those grown in soil. Plant height was 29% greater, 

leaf length and width were 23% and 7.8% greater, respectively, and main stem thickness was 

23% greater in the coconut-fiber-grown plants (Table 2). 

Among cultivation systems * rootstock, a significant interaction (p≤0.05) was observed in 

the stem thickness, the three rootstocks had similar stem thickness when they were developed in 
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coconut fiber, however, the thickness of the stems developed in soils was very contrasting, 

especially the Foundation F1 rootstock, which had a poor soil behavior (Figure 2). 

 

 
Figure 2. Interaction of cultivation system * rootstock, in the stem thickness. 

 

The interaction between the variety * rootstock in the width of the leaf, shows that this 

characteristic was different in each variety and change significantly among the rootstocks 

studied (Figure 3). 

 
Figure 3. Interaction between rootstock * variety, in the width of the pepper leaf. 

 
3.1.3. Fruit Quality 

With respect to the fruit quality parameters evaluated, neither vitamin C content, total soluble 

solids, nor fruit firmness were affected by choice of cultivation substrate (Table 2). 
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Table 2. Plant morphological variable averages (Tukey, P≤0.05) and fruit quality 

parameters evaluated in bell pepper grown in coconut fiber and soil. 

Cultivation   pH LL LW ST Vit. C TSS FF 

system  cm cm cm mm mg∙100g-1 °Brix kg.cm-2 

Coconut fiber 134.33 a& 20.58 a 10.32 a 18.27 a 137.19 a 5.72 a 15.98 a 

 

±6.00 ±0.67 ±0.23 ±0.28 ±8.34 ±0.21 ±0.12 

Soil 103.87 b 16.68 b 9.57 b 14.86 b 133.08 a 5.73 a 16.21 a 

 

±6.31 ±0.72 ±0.33 ±1.54 ±5.32 ±0.27 ±0.12 

VC (%) 14.35 7.17 7.96 12.58 15.46 11.14 4.67 

&, means with the same letter in the columns are statistically equal; VC = variation coefficients; 

pH = plant height; LL = left length; LW = leaf width; ST = stem thickness; Vit. C = vitamin C 

content; TSS = total soluble solids; FF = fruit firmness. 

 

 
Figure 1.  

 

3.2. Rootstock Evaluation 

3.2.1. Yield parameters for rootstocks and non-grafted hybrids 

The use of rootstock resulted in a significant increase (P≤0.05) in FYP. The CLX-PTX991 F1 

rootstock excelled, demonstrating a 30% average increase over the non-grafted hybrids, though 

its performance was statistically equivalent to the other rootstocks. The NFP also increased 

significantly (19.5%, P≤0.05) with CLX-PTX991 rootstock, compared to non-grafted hybrids. 

AFW increased with the use of the Yaocali F1 rootstocks by 21.6% and 19.9%, respectively, 

compared to the fruit from non-grafted hybrids, that also exceeded in 19.7% the PPF obtained 

with the rootstock Fundation F1 

(Table 3). The use of the Yaocali rootstock also resulted in significant increases (P≤0.05) in 

fruit length compared to non-grafted hybrids (5.5%) and the Foundation-grafted hybrids (11%) 
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and in 8.4% to the rootstock CLX-PTX991 F1. FED and MT parameters were not significantly 

affected by the use of rootstock. 

 

Table 3. Yield averages and parameters evaluated for non-grafted bell pepper hybrids and 

Foundation F1–, Yaocali F1–, and CLX-PTX991 F1–grafted hybrids. 

 FYP NFP AFW FL FED MT 

 (g)  (g) (mm) (mm) (mm) 

Non-grafted 

2502.6 b& 13.40 b 184.30 b 79.46 b 85.16 a 6.53 a 

 

±570.19 ±3.49 ±4.94 ±5.52 ±3.24 ±0.14 

Foundation  2817.6 ab 14.97 ab 186.95 b 75.47 b 83.04 a 6.54 a 

 

±1011.42 ±5.56 ±5.61 ±1.60 ±2.04 ±0.08 

Yaocali  3135.2 a 14.09 ab 224.19 a 83.82 a 85.77 a 6.72 a 

 

±1045.06 ±4.10 ±7.31 ±1.07 ±3.3 ±0.44 

CLX-PTX991   3264.6 a 16.02 a 213.02 a 77.31 b 86.79 a 6.67 a 

 

±884.65 ±4.27 ±9.00 ±1.89 ±0.68 ±0.03 

VC (%) 23.41 21.76 13.19 6.75 6.52 8.20 

&, means with the same letter in the columns are statistically equivalent, Tukey, (P≤0.05); VC = 

variation coefficients; FYP = fruit yield per plant in grams; NFP = number of fruits per plant;; 

AFW = average fruit weight; FL = fruit length; FED = fruit equatorial diameter; MT = mesocarp 

thickness. 

 

3.2.2. Morphological variables in grafted and non-grafted plants 

Only Yaokali was significantly different from non-grafted plants for PH, LL and LW (see table 4) 

so not all the rootstocks were superior as stated by authors. . The Yaocali rootstock stood out 

amongst the others, promoting increases in PH (12.2%), LL (8.8%), LW (6.4%), and ST (13.7%), as 

compared to non-grafted hybrids (Table 4). 

 
3.2.3. Fruit quality in grafted and non-grafted plants 

Vitamin C and FF of the fruit were not significantly affect by grafting or rootstock (Table 4). 

Non-grafted hybrids demonstrated a significant increase (Tukey, P≤0.05) in TSS content (11.6%) 

as compared to the quantity observed in CLX-PTX991 rootstock. 

Table 4. Morphological variable and values fruit quality parameter averages (Tukey, P≤0.05) in 

non-grafted and with rootstock. 
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  PH LL LW ST Vit. C TSS FF 

 

cm cm cm mm mg∙100g-1 °Brix kg∙cm-2 

Non-grafted  

114.60 b& 18.03 b 9.72 b 15.49 c 141.69 a 5.95 a 16.06 a 

 

±12.76 ±1.57 ±0.35 ±1.61 ±8.29 ±0.04 ±0.14 

Foundation  113.91 b 18.26 b 9.85 ab 15.81 bc 128.43 a 5.82 ab 15.93 a 

 

±16.64 ±2.54 ±0.65 ±2.95 ±0.50 ±0.005 ±0.11 

Yaocali  128.63 a 19.60 a 10.35 a 17.61 a 130.01 a 5.81 ab 16.17 a 

 

±14.46 ±1.87 ±0.25 ±0.95 ±0.65 ±0.14 ±0.03 

CLX-PTX991   119.25 ab 18.64 ab 9.84 ab 17.34 ab 140.40 a 5.33 b 16.22 a 

 

±16.77 ±1.80 ±0.28 ±1.32 ±1.22 ±0.07 ±0.17 

VC (%) 14.35 7.17 7.96 12.58 15.46 11.14 4.67 

&, means with the same letter in the columns are statistically equivalent, Tukey, (P≤0.05); VC = 

variation coefficients; PH = plant height; LL = leaf length; LW = leaf width; ST = stem thickness; 

Vit. C = vitamin C; TSS = total soluble solids; FF = fruit firmness. 

 

3.3. Hybrid scion evaluation 

3.3.1. Hybrid scions yield parameters 

The Lamborghini F1 and Dicaprio F1 hybrids displayed statistically significant increases (P≤0.05) 

in FYP (32.9%) and NFP (21.9%). Bambuca F1 was also superior to Ucumari to FYP with 22%. 

With respect to the parameters of AFW, FL, and FED, the Dicaprio hybrid was significantly 

superior to the Ucumari F1 and Lamborghini F1. The thickness of the mesocarp was statistically 

similar between all four chosen hybrids (Table 5). 

Table 5. Yield averages (Tukey, P≤0.05) and parameters evaluated in four commercial bell 

pepper hybrids. 

  FYP NFP AFW FL FED MT 

Hybrids  g   g mm mm mm 

Lamborghini  3197.0 a& 15.79 a 194.91 b 75.58 b 85.61 ab 6.80 a 

 

±1293.77 ±5.43 ±24.79 ±6.12 ±4.09 ±0.31 

Dicaprio  3168.0 a 15.12 ab 218.98 a 81.95 a 88.46 a 6.68 a 

 

±772.90 ±3.91 ±22.12 ±3.60 ±4.32 ±0.3932 
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Bambuca  2950.0 a 14.61 ab 206.33 ab 83.67 a 85.23 ab 6.48 a 

 

±986.43 ±4.79 ±21.77 ±4.83 ±2.48 ±0.26 

Ucumari  2404.9 b 12.95 b 188.31 b 74.87 b 81.46 b 6.50 a 

 

±940.11 ±5.11 ±21.02 ±6.73 ±4.74 ±0.47 

CV (%) 23.41 21.76 13.19 6.75 6.52 8.20 

&, means with the same letter in the columns are statistically equivalent, Tukey, (P≤0.05); VC = 

variation coefficients; FYP = fruit yield per plant in grams; NFP = number of fruits per plant; AFW 

= average fruit weight; FL=fruit length; FED, = fruit equatorial diameter; MT = mesocarp 

thickness. 

 

3.3.2. Hybrid Scion Morphological Variables 

In terms of plant height, the Dicaprio hybrid was significantly taller (>14%) than the Ucumari 

hybrid. Although, in leaf length and width, the Lamborghini hybrid presented with the highest 

differences (8.4% and 7.1%, respectively) over the Ucumari F1 hybrid. (Table 6). 

 
3.3.3. Hybrid scion fruit quality 

The vitamin C content in the Ucumari F1 hybrid—an orange–colored bell pepper—was 

greater than 17.3% (P≤0.05), as compared to the Bambuca F1 hybrid, which produces yellow 

fruit. The content of Vit. C of Lamborghini F1 also exceeded the Bambuca F1 hybrid by 16.2%. 

This tendency was seen again in the TSS content, as the Ucumari F1 hybrid exceeded Bambuca F1 

by 34.2%. As for fruit firmness, Ucumari F1 and Lamborghini F1 were statistically equivalent to 

each other, both surpassing Bambuca F1 by 4.7%, (Table 6). 

 
Table 6. Morphological variable and fruit quality parameter averages (Tukey, P≤0.05) in four 

commercial bell pepper hybrids. 

  PH LL LW ST Vit. C. TSS FF 

Hybrids  (cm) (cm) (cm) (mm) (mg∙100g) (°Brix) (kg∙cm-2) 

Lamborghini  116.2 ab& 19.30 a 10.48 a 16.76 a 143.21 a 5.85 b 16.44 a 

 

±21.27 ±2.06 ±0.64 ±2.50 ±15.29 ±0.32 ±0.36 

Dicaprio  126.29 a 18.45 ab 9.52 b 16.18 a 129.65 ab 5.12 c 15.80 ab 

 

±16.54 ±1.71 ±0.47 ±1.61 ±8.57 ±0.33 ±0.54 

Bambuca  123.16 ab 18.95 a 9.98 ab 16.80 a 123.16 b 5.09 c 15.70 b 

 

±17.73 ±1.99 ±0.62 ±2.60 ±9.05 ±0.39 ±0.33 
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Ucumari  110.73 b 17.81 b 9.78 b 15.89 a 144.51 a 6.83 a 16.44 a 

 

±17.16 ±2.85 ±1.05 ±2.12 ±16.10 ±0.47 ±0.32 

CV (%) 14.35 7.17 7.96 12.58 15.46 11.14 4.67 

&, means with the same letter in the columns are statistically equivalent, Tukey (P≤0.05); VC = 

variation coefficients; PH = plant height; LL = leaf length; LW = leaf width; ST = stem thickness; 

Vit. C = vitamin C; TSS = total soluble solids; FF = fruit firmness. 

 

4. Discussion 

 
The 85% improvement in FYP, NFP, FED, and MT was a result of the increased plant vigor seen 

in the coconut–fiber–grown plants, which also demonstrated greater plant height, leaf length 

and width, and stem thickness. The overall better plant development can be attributed to the 

physicochemical characteristics of the substrate, such as the gas exchange rate, water retention 

capacity, porous space, pH, apparent density, cationic exchange capacity, and nutrient 

availability, which provide better growth conditions than those found in agricultural soils [35, 

36]. It has been demonstrated that depending on the nature of the substrate, they can influence 

to greater or lesser extent the complex process of mineral nutrition in plants, and favor the 

development and final yield of plants [37,38]. The use of different growth substrates in protected 

cultivation also provides the potential to reduce supplied mineral nutrients by 25 to 50% 

without affecting the final yield [37]. Cultivation on 100% coconut fiber has the added benefit of 

significantly increasing the dry biomass of leaves, stems, and roots [39]. 

The significant differences between rootstocks demonstrate that although they all improve the 

hybrid scions’ characteristics, each rootstock has variations in their genetics and the vigor they 

show in their environmental interactions, that they transmit to their grafted scions. The larger 

values in FYP, NFP, , and AFW are because the grafted plants were more vigorous than their 

non-grafted counterparts were. The 20% increase in NFP in CLX-PTX991–grafted plants was 

thanks to this increased vigor and the greater carrying capacity it confers. Their final yields also 

reflected this increase since the yield is determined by the number of harvested fruits per unit of 

area and their individual sizes [40]. The increases in average fruit weight and fruit length of up 

to 21.6% and 5.5%, respectively, from using the Yaocali F1 or CLX-PTX991 F1 rootstocks can be 

attributed to the overall greater plant growth and development that they promote [26], indicated 

by the 20% and 6.5% increases in each parameter. Given the vigor that rootstock cultivars 

generally possess, frequently characterized by more efficient water and nutrient absorption [30, 

5], similar results are reported for grafted cucumber [41] and grafted tomato [17], as well as a 

30% increase in dry biomass production and greater accumulation of mineral elements in the 

aerial parts of the plant [42]. Our recorded yield increases were only slightly higher than the 25% 

increase reported by Lopez et al. [29], and less than the up to 50% yield increases described by 

Muñoz et al. [43] and Sánchez et al. [26] for bell pepper. The latter result was achieved with the 

Facinato and Janette hybrids grafted onto the Terreno F1 rootstock. Taken together, these results 

indicate that grafting onto rootstock could be a viable technique for sustainable horticulture in 

the future. Other reports of improving bell pepper yields through grafting [44-45] suggest that 

the robustness of the rootstock could be a result of greater salt tolerance, which allows an 

increase in commercials yields [11]. Previous studies with grafted tomato have reported a 30% 

[17], and up to 35% [28], yield increase, as well as a reduction in the incidence of disease. The 

combination of grafting and mycorrhizas has been used to grant greater salt tolerance [15]. 
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Improved vigor due to rootstock grafting was also evident in the values observed for plant 

height, leaf length, leaf width, and stem thickness. All those morphological characteristics 

translate into a greater capacity for assimilation, absorption, and nutrient transport through the 

rootstock roots up to the sites of high demand when they are greater than normal [13, 46, 47].  

The fruit quality parameters such as FED, MT, vitamin C content, and fruit firmness were not 

affected by the use of different rootstocks. As such, it can be inferred that the environment 

negligibly affects them or that the greenhouse environment did not exert sufficient pressure to 

induce significant changes in the grafted scions. Sánchez et al. [26], who affirm that neither fruit 

firmness nor total soluble solid content are affected by rootstock grafting, reported similar 

results. Regardless, the environmental pressure was sufficient to induce smaller fruit size and 

greater TSS content in non-grafted hybrid bell pepper plants. The increase in vitamin C content 

is consistent with the 33% increase in grafted tomatoes [49], who indicate that environmental 

root modifications favor its accumulation and subsequent expression in fruit quality. 

Conversely, it has been [13] reported that TSS content and titratable acid content are not affected 

by rootstock grafting, although this could be an indication that some fruit quality parameters are 

affected more by the foliar area, not the root system [50], even though these same parameters 

increase in the presence of osmotic stress [51] or mycorrhizas [15]. As it stands, finding the ideal 

combination of rootstock and scion that both increases yields and the commercial quality of the 

fruit is not an easy task, especially in the face of an ever-growing market demand and consumer 

demand for higher nutritive quality food products. 

The significant interactions between cultivation system * rootstock or cultivation system * 

graft, it is inferred that it is due to genetic differences in the rootstocks or grafts, which provide 

differences in the ability to adapt to each of the farming systems. Leaf width was affected 

significantly by the rootstock* variety interaction,  due to genetic differences that can induce 

changes in root or stem characteristics, and mobilize different amounts of water and mineral 

salts, which are reflected in morphological or anatomical changes of the plant. 

Among the bell pepper hybrids chosen as the scions, there are strong genetic differences that 

were fortified by the vigor of the used rootstocks. After comparison of the scion figures for FYP 

and NFP, the Lamborghini, Dicaprio, and Bambuca hybrids exhibited the greatest genetic 

potential for yield and yield parameters, compared to the Ucumari hybrid. The selection of the 

vegetative material for commercial production is vitally important, since that is what assures 

optimal production and success of the agricultural project. The lack of interaction between the 

hybrid scion and cultivation substrate or rootstock suggests that the genetics of the chosen 

hybrid have a greater effect on fruit quality parameters, as supported by investigators [50], who 

report the scion genotype as having greater, influence than that the rootstock. 

 

5. Conclusions 

 
The use of coconut fiber as the cultivation substrate allows for significant increases in bell 

pepper fruit yields when compared to soil-based production. 

The vigor and tolerance to abiotic and biotic stresses conferred by the use of bell pepper 

rootstocks lead to yield increases of up to 30% when compared to cultivation of non-grafted bell 

pepper. 

In order to achieve high yields of bell pepper fruits, the use of genetically superior rootstock 

varieties with proven vigor and tolerance to abiotic and biotic stresses as well as scions with 

strong genetic potential for high yields, is essential. In the present study, the CLX-PTX991 

rootstock and the Lamborghini F1, Dicaprio F1, and Bambuca F1 hybrid scions emerged as the 

best candidates. 
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Interactions between rootstocks and grafts, as well as culture systems, induce different 

responses, in morphological characteristics or performance components. Therefore, it is 

necessary to find compatible genotypes to achieve the best fruit yields 
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OTROS RESULTADOS  

 

Sincronizacion y prendimiento. 

 

Se realizo la prueba de sincronización entre los portainjertos de tomate, 

berenjena y pimiento, y la variedad de pimiento utilizada como injerto, se encontró que 

la diferencia entre la Variedad a injertar (pimiento) y el portainjerto comercial es de 3 

días, con berenjena fueron 12 días, y con portainjerto tomate fue de 20 días (Cuadro 1). 

La prueba de prendimiento y cicatrización de los injertos señala que a los 30 días 

después del Injerto, Berenjena/Pimiento tuvo 2% de prendimiento, Portainjerto 

comercial/Pimiento 85%, al contrario de Tomate/Pimiento con 0% de prendimiento 

(Cuadro 2), por lo que se descarto el uso de portainjertos de tomate y berenjena.  

 
Cuadro 1. Prueba de sincronización de diferentes portainjertos para pimiento 

 
 
Cuadro 2. Prendimiento de portainjertos y variedad de pimiento en diferentes escalas de 

tiempo. 

 

Material 

Genético 

% de prendimiento a 

los 8 días después del 

injerto 

% de prendimiento a 

los 15 días después del 

injerto 

% de prendimiento a 

los 30 días después del 

injerto 

Berenjena/ 

Pimiento  

87  10  2  

Pimiento/ 

Pimiento  

85  85  85  

Tomate / 

Pimiento  

10  0  0  

 

 

Material genético 

Plantas listas para 

injertarse DDS 

Diferencia en  días de 

siembra 

Portainjerto de Tomate  25 20 

Portainjerto de Berenjena 33 12 

Portainjerto comercial 43 3 

Pimiento variedad 45 1 
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Severidad de Phytophthora capsici Leonian. 

 

Para la prueba de severidad de Phytophthora capsici Lenian. Se aplicaron  

5ml/planta de una solución que contenía  una concentración de 200 zoosporas ml-1, 

fueron aplicados a la base de cada planta el dia 27 de Noviembre de 2017, y se 

monitoreo por 42 dias, para determinar los efectos de dicho patogeno. La escala de 

severidad fue la propuesta por Diner., (2005) donde:  

 

0= Planta muerta 

1= Hojas viejas muertas y hojas jóvenes con crecimiento detenido 

2= Hojas viejas cloroticas y jóvenes con crecimiento  detenido  

3= Hojas viejas con clorosis vascular y jovenes con crecimiento detenido 

4= Peciolo de hojas con crecimiento detenido 

5= Sin síntomas visibles  

  

Los resultados de la prueba de severidad del pimiento cultivado en fibra de coco 

señalan que los portainjertos toleraron el patógeno Phytophthora capsici manteniendo la 

planta sin síntomas visibles, a excepción de Yaocali/Ucumari que se encuentra en la 

escala 4 de Diner, mientras que los híbridos sin injertar sufrieron daños progresivos, 

hasta presentar hojas viejas cloroticas y jóvenes con crecimiento detenido a los 42 dias 

después de la inoculación (Cuadro 3). Mientras que, en suelo, los daños fueron menos 

notorios, donde los portainjertos toleraron el patógeno mantenindo la planta sin síntomas 

visibles, en tanto que los híbridos sin injertar solo presentaron peciolos de hojas con 

crecimiento detenido de acuerdo con la escala 4 de Diner a los 42 dias después de la 

inoculacion (Cuadro 4).  

 

Cuadro 3. Severidad de Phytophthora capsici Leonian  en diferentes escalas de tiempo 

de pimiento cultivado en fibra de coco. 

 

04-dic-17 11-dic-17 18-dic-17 25-dic-17 01-ene-18 08-ene-18 

F + L 5 5 5 5 5 5 

F+ D 5 5 5 5 5 5 

F + B 5 5 5 5 5 5 

F + U 5 5 5 5 5 5 
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Y + L 5 5 5 5 5 5 

Y+ D 5 5 5 5 5 5 

Y + B 5 5 5 5 5 5 

Y + U 4 4 4 4 4 4 

C + L 5 5 5 5 5 5 

C+ D 5 5 5 5 5 5 

C + B 5 5 5 5 5 5 

C + U 4 4 4 4 4 4 

L 4 4 4 4 3 2 

D 4 4 4 4 3 2 

B 5 4 4 4 3 2 

U 5 4 3 3 3 2 

Portainjertos: F=Foundation, Y= Yaocali, C= CLX-PTX991; Variedades: L= 

Lambourghini, D= Dicaprio, B= Bambuca, U= Ucumari. 

 

Cuadro 4. Severidad de Phytophthora capsici Leonian  en diferentes escalas de tiempo 

de pimiento cultivado en suelo. 

 

04-dic-17 11-dic-17 18-dic-17 25-dic-17 01-ene-18 08-ene-18 

F + L 5 5 5 5 5 5 

F+ D 5 5 5 5 5 5 

F + B 5 5 5 5 5 5 

F + U 5 5 5 5 5 5 

Y + L 5 5 5 5 5 5 

Y+ D 5 5 5 5 5 5 

Y + B 5 5 5 5 5 5 

Y + U 5 5 5 5 5 5 

C + L 5 5 5 5 5 5 

C+ D 5 5 5 5 5 5 

C + B 5 5 5 5 5 5 

C + U 5 5 5 5 5 5 

L 5 5 4 4 4 4 

D 5 5 5 4 4 4 

B 5 4 4 4 4 4 

U 5 4 4 4 4 4 

Portainjertos: F=Foundation, Y= Yaocali, C= CLX-PTX991; Variedades: L= 

Lambourghini, D= Dicaprio, B= Bambuca, U= Ucumari. 
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CONCLUSIONES GENERALES 

 

El portainjerto modifico la micromorfologia de la lamina foliar de pimiento, lo 

que modifica el intercambio gaseoso, la tasa de tranpiracion y la tasa fotosintética. 

El uso de la fibra de coco como medio de cultivo, aunque implica un mayor costo 

es una opción que permite lograr incrementos significativos en el rendimiento de fruto 

de pimiento, en comparación de la producción en suelo, por lo que es una opción para 

contrarrestar problematicas del suelo. 

El vigor y características de tolerancia del portainjertos de pimiento a factores 

bióticos a abióticos, son una alternativa para lograr incrementos del rendimiento que 

pueden ser superiores al 30% en comparación del cultivo de pimiento sin portainjertos. 

Para lograr altos rendimientos de fruto en pimiento es necesario el uso de 

portainjertos genéticamente superiores en vigor y tolerancia a factores bióticos y 

abióticos, e injertos de alto potencial genético de rendimiento. En el presente trabajo el 

mejor portainjertos fue el CLX-PTX991 y los mejores injertos fueron con los híbridos 

Lambourgini, Dicaprio y Bambuca. 

Los portainjertos fueron tolerantes al patógeno Phytophthora capsici tanto en 

suelo como en fibra de coco. 
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