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Dinamica de nitrogeno del suelo en agroecosistemas bajo
el efecto de abonos verdes

Nitrogen dynamics of soil in agroecosystems under
the effect of green fertilizers

Breno Augusto Sosa Rodrigues’, Marina Sdanchez de Prager’, Yuly Samanta Garcia Vivas’, Marden Daniel
Espinoza Guardiola!, Jesus Alexis Rodriguez', Glauco Miguel Sosa Rodriguez’
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Valle del Cauca, Colombia. 3.Departamento de Produccion Vegetal, Universidad Nacional de Agricultura, Catacamas,
Olancho, Honduras. ‘Autor para correspondencia: breno.sosa@unah.edu.hn

Rec: 2018-04-30 Acep: 2019-04-05

Resumen

Los abonos verdes (AV) son frecuentemente utilizados en agroecosistemas para mejorar y/o restaurar
la fertilidad del suelo. El objetivo de este estudio fue evaluar la dinamica de nitrégeno (N) y carbono (C)
del suelo en sistemas de maiz y soya bajo el efecto de AV residuales. En un Vertisol Typic Haplustert
ubicado en el Valle del Cauca-Colombia se establecio6 la asociacion Mucuna pruriens var. utilis — maiz
(Zea mays), la cual 90 dias después de la siembra fue incorporada al suelo como AV o se dispuso sobre
la superficie del suelo como acolchado organico (AO). Posteriormente fueron sembrados los cultivos
maiz-soya en forma intercalada para formar 11 tratamientos bajo el disefio de bloques completos al
azar con arreglo factorial 32 +2 y tres repeticiones. Las parcelas principales fueron AV, AO y barbecho
(B). Las subparcelas correspondieron a la fertilizacion con compost, fertilizante de sintesis quimica
industrial y cero fertilizacion (testigo). En forma paralela fueron sembrados como referentes los
monocultivos de maiz y soya manejados de forma tradicional. En las etapa de floracion y llenado de
grano de los cultivos se midieron como variables en suelo: N total, amonio, nitrato, N-inorganico total,
carbono organico; y en tejido vegetal de maiz y soya: carbono y N. Los resultados mostraron que, la
aplicacion de materiales organicos de alta calidad, AV/AO, estimularon la mineralizacion del C y la
dinamica de las diferentes fracciones de N en el suelo, sin cambios significativos en el contenido de
estos elementos en el tejido vegetal del cultivo de maiz y soya.

Palabras clave: Maiz; soya; practicas agroecologicas; nitrogeno; relaciones planta-suelo.

Abstract

The green fertilizers (AV) are implemented in agroecosystems to improve and/or restore soil fertility. The objective
was to evaluate the nitrogen (N) dynamics of soil in maize and soybean systems under the effect of AV. In a Typic
Haplustert located in Valle del Cauca-Colombia, the association Mucuna pruriens var. utilis - corn and, 90 days
after sowing, the residues were incorporated as AV or placed on the soil surface as organic mulch (AO). The corn-
soybean crops were then planted in an intercalated form and 11 treatments were formulated under the randomized
complete block design with a factorial arrangement of 32 +2 with three replications. The main parcels constituted
AV, AO and fallow (B). The subplots corresponded to compost fertilization, industrial chemical synthesis fertilizer
and no addition. At the same time, corn and soy monocultures managed in a conventional manner were planted as
research references. In the stage of flowering and grain filling of the crops, some variables were analyzed, related
to the soil: total N, ammonium, nitrate, total inorganic N, organic carbon; in vegetable tissue of corn and soybean:
carbon and N. The results indicated that the addition of high quality organic materials, AV/AO, stimulated the
mineralization of the C and dynamics of the different fractions of N in the soil, without significant changes in the
content of these elements in the plant tissue of the corn and soybean crop.

Keywords: Corn; Soy; Agroecological Practices; Nitrogen; Plant-soil relationships.
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Introduccion

El nitrégeno (N) es el nutriente mas importante
para la produccion de cultivos, no obstante su
disponibilidad en el suelo en muchas ocasiones
es limitante para las reacciones bioquimicas
y fisiologicas necesarias en el crecimiento,
desarrollo y produccion de las plantas (Rao,
2009). En cultivos como maiz (Zea mays L.) el
N es un elemento basico y su participaciéon en
los costos de produccion es variable entre 15 y
30% (FENALCE, 2011). En 2016, en Colombia
se importaron 1,752,803 t de soya y 4,562,348
t de maiz, lo que representa mas de 60% de la
demanda anual para satisfacer la seguridad
alimentaria en los diversos sectores agricolas y
sociales (FENALCE, 2017).

Las principales fuentes de N para cultivos
son la mineralizaciéon del N organico en el suelo
y su adiciéon de formas sintéticas y organicas.
Gran parte del suministro del N total (95%) es
debido a la presencia y mineralizacién de la
materia organica del suelo (MOS) (Philippot y
Germon, 2005). La mayor cantidad de N organico
se encuentra en las primeras capas del suelo.
Cuando se agregan volumenes importantes de
materiales organicos, la mineralizacion provee
de 0.5 a 2 kg/ha por dia, lo que equivale a 20
-80% de los requerimientos por las plantas,
dependiendo del tipo de cultivo y las condiciones
del suelo (Broadbent, 1984).

Segun los datos de la FAO (FAO, 2015) en
2018 a nivel mundial se utilizaran 200 millones
de toneladas de fertilizantes de sintesis, la
mayor parte como fuentes nitrogenadas, lo cual
tiene relevancia al aportar aproximadamente
100 millones de toneladas de N por ano en
los diferentes agroecosistemas (IFA, 2005), no
obstante la eficiencia de éstas no supera el
33% (Glass, 2003). Esta baja eficiencia de N
es causada por practicas agronémicas como la
fertilizacion excesiva, compactacion del suelo y
riego por gravedad, que favorecen las pérdidas
de este nutriente por erosion, lixiviacién y
volatilizacion.

La recuperacién o conservacién de la fertilidad
de los suelos cultivados es una practica necesaria
para garantizar la seguridad alimentaria. Una
de las tecnologias aplicadas en estos procesos es
el establecimiento de cultivos como maiz y soya
que son incorporados en forma de barbecho (B)
en poscosecha; otra alternativa es la siembra
e incorporacion de Mucuna pruriens L. como
abono verde (AV) o dispuesto sobre el suelo como
acolchado organico (AO), practicas utilizadas en
asociacion o en rotacion que aportan material
vegetal in situ para mantener, mejorar o restaurar
las propiedades fisicas, quimicas y biologicas del
suelo (Zribi et al., 2011).

Estos materiales aumentan la eficiencia en
el uso de N mediante relaciones simbidticas
como la fijacién biolégica (FBN) en leguminosas
(Shoko et al., 2007) y el reciclado de nutrientes
mediante el crecimiento de la biota del suelo, que
favorece la mineralizacion de la MO, y la mayor
disponibilidad de nutrimentos y agua (Baijukya
et al., 2004).

El objetivo de este estudio fue evaluar la
dinamica de nitréogeno (N) y carbono (C) del suelo
y la planta en sistemas de maiz y soya utilizando
Mucuna pruriens var. utilis — maiz (Zea mais L.)
como AV y fertilizacién nitrogenada de sintesis.

Materiales y métodos

El trabajo se realiz6 en el Campo Experimental
de la Universidad Nacional de Colombia Sede
Palmira (CEUNP), Valle del Cauca, Colombia.
Este campo se encuentra a 3° 25’ 34” Ny 76°
2553”7 0, a 980 m.s.n.m., con una temperatura
promedio de 24 °C, humedad relativa de 69% y
1406 mm de precipitacion anual.

El suelo es Haplustert tipico franco fino
isohipertérmico con pendiente de 1%, que se
encontraba en barbecho (B) desde hacia 8 afos,
aproximadamente, (Tabla 1). Los analisis de
las propiedades fisicas indicaron una textura
franco arcillosa, que permite una adecuada
labor de cultivo, siempre y cuando, la humedad

Tabla 1. Caracteristicas quimicas del suelo (Vertisol Typic Haplustert) en el sitio experimental. (0 - 20 cm de profundidad).

co pH N

(@kg) H20  total NH;S  NO; P s B Mn Cu Zn K Ca Mg Na cic
(Bray Il)
mg/kg -cmol kg-

266 684 11745 442 1384 5745 2803 145 6175 067  1.49 044 109 563 010 211
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gravimeétrica no sea alta. La textura pesada mas
la alta densidad aparente encontrada (1.72 g/
cm?), que se refleja en muy baja porosidad total
(35.34%), generan condiciones de reduccion
favoreciendo la emision de gases de efecto
invernadero (GEI).

Los tratamientos (Tabla 2) fueron dispuestos
en un diseno de bloques completos al azar con
arreglo factorial 3% +2 con tres repeticiones.
Las cuatro parcelas principales fueron el
componente vegetal (AV, AO y dos con B) previo
al establecimiento de los cultivos, todos seguidos
por sistemas de cultivos asociados (maiz + soya) y
de monocultivos (maiz o soya). Las subparcelas
correspondieron a tres diferentes programas de
fertilizacion (compost, fertilizante de sintesis
quimica industrial y cero fertilizacién. Las
unidades experimentales fueron parcelas en
campo de 20 m? (6 x 3.34 m) para los tratamientos
1 a9yde 30 m? (6 x 5 m) para los tratamientos
10 y 11. Durante el desarrollo del trabajo se
midieron la precipitacion mas el riego aplicado y
la temperatura ambiental (Figura 1).

Tabla 2. Descripcién de tratamientos del experimento.

Parcela principal Subparcela Tratamiento

Cultivo intercalado de maiz
y soya, tratado con abono AV-FO
organico.

1. Abono Verde
Mucuna pruriens +
Zea mays L.

Cultivo intercalado de maiz y
soya, tratado con fertilizante de AV-FQ
sintesis.

Cultivo intercalado de maiz y

) . L AV-SF
soya, sin fertilizacién adicional.

Cultivo intercalado de maiz
y soya, tratado con abono AO-FO
orgénico.

2. Acolchado
Organico Mucuna
pruriens + Zea mays L.

Cultivo intercalado de maiz y
soya, tratado con fertilizante de AO-FQ
sintesis.

Cultivo intercalado de maiz y

. e, - AO-SF
soya, sin fertilizacion adicional.

Cultivo intercalado de maiz
y soya, tratado con abono B-FO
organico.

Cultivo intercalado de maiz y
soya, tratado con fertilizante de B-FQ
sintesis.

3. Barbecho

Cultivo intercalado de maiz y
soya, sin fertilizacion adicional.

Monocultivo comercial de maiz,
tratado con fertilizante de B-FQ
sintesis.

4. Barbecho
Monocultivo comercial de soya,

tratado con fertilizante de B-FQ
sintesis.

Dinamica de nitrégeno del suelo en agroecosistemas
bajo el efecto de abonos verdes

En campo se sembraron asociados como
AV la leguminosa mucuna (Mucuna pruriens L.
var. utilis (CIAT No. 9349) y maiz (Zea mayz L.)
(variedad ICA 305) en las unidades experimentales
correspondientes a los tratamientos 1 a 6.
Después de un periodo de cultivo aproximado
de 3 - 4 meses, cuando el grano se encontraba
en estado lechoso (R3), se procedi6 a la cosecha
del maiz y a la incorporacion de la biomasa
resultante como AV al suelo. Para ello, los cultivos
se cortaron en trozos que permanecieron en
descomposicién durante 20 a 30 dias.

Posteriormente, el establecimiento del cultivo
de maiz (variedad ICA 305) se realiz6 con una
densidad de siembra de 40,000 plantas/ha y la
soya (variedad ICA P34) con una densidad de
200,000 plantas/ha, en un arreglo 1:2, un surco de
maiz por dos de soya en cada unidad experimental.

Las fertilizaciones con fuentes organicas y
sintéticas se realizaron en dos momentos, a los 15
y 45 dias después de la resiembra de los cultivos.
La fertilizacion sintética consistio en la aplicacion
de 50 kg/ha de N, P y K utilizando fertilizante
triple quince (15-15-15) equivalente a 335 g
en parcelas de cultivo intercalado y 501 g en el
monocultivo, de acuerdo con los requerimientos
encontrados por Moreno et al. (2008). Para los
tratamientos con abono organico, la dosis se
calcul6 de forma equivalente para alcanzar una
dosis igual de N a la aplicada con el fertilizante
sintético, para ello se utiliz6 gallinaza compostada
en dosis de 3.4 t/ha, equivalente a 50 kg/ha de N.
Los demas tratamientos no recibieron aplicacion
de fertilizantes o enmiendas.

Para conocer la dinamica de N y carbono (C)
en el sistema de maiz y soya, fueron analizadas
las variables: NH,*, NO_, N 1norganlco total (N,)
(NH,"+NO,), N total y carbono organico (CO) en el
suelo y, la acumulacwn de Ny C en la planta. En
cada etapa de floracion y llenado de grano de maiz
fueron recolectadas nueve submuestras de suelo
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Figura 1. Distribucién mensual de la temperatura ambiental y ldmina de agua
en el suelo (precipitacién pluvial + riego) durante el experimento.
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y tres hojas/planta ubicadas al lado opuesto de
la espiga de las 10 plantas muestreadas para
analizar los resultados en cada tratamiento.

La informacién obtenida se sometié a analisis de
varianza (P < 0.05), prueba de promedios de Duncan
(P < 0.05) y correlaciones de Pearson, mediante el
uso del software SAS version 9.1.3 (SAS, 2002).

Resultados

N total

En floracion se encontraron diferencias (P < 0.05)
entre los tratamientos (Figura 2). E1 N total a nivel
de parcelas principales (AV, AO y B) y subparcelas
(FO, FQ y SF) fue estadisticamente similar, con
excepcion del tratamiento B-FQ, siendo el menor
valor. Las concentraciones encontradas en este
ensayo (1450 a 1550 mg/kg) coinciden con las
encontradas por Revelli et al. (2010) e inclusive
fueron mayores que las encontradas en suelos
agricolas (1500 mg/kg).

N inorganico (NH,", NO_ y N, (NH_ *+NO,)

En floracion de los cultivos, la concentracion
de NH," en el suelo fue mas alta (P < 0.05) en el
tratamiento SF (Figura 3). De la misma manera,
la amonificacion fue mayor en las parcelas con
tratamientos AV y AO combinados con FO, en
comparacion con FQ, donde se encontraron
las concentraciones mas bajas, aunque las
diferencias no fueron significativas cuando
se comparan con los valores obtenidos con el
tratamiento SF.

1800 2 2
ab ab3
1500 1 a ab ab a
ab a a 2
1400 1 a b
:‘:1200 1 El
Eluuu b
B 800
8
= 600 -
400
200 1
°T FO | FQ | SF | FO ‘ FQ ‘ SF | FO | FQ. ‘ SF | FQ. | FQ ‘
AV AD B B | B ‘
Cultivo intercalado de maiz + soya | Maiz| Saya ‘

Floracién o Llenado grano

Figura 2. Concentracién de N total (mg kg') en el suelo en las etapas y
tratamientos evaluados en el ensayo.

Para cada sistema y etapa de cultivo, promedios con las mismas letras no son
significativamente diferentes segin Duncan (P > 0.05).

Los tratamientos aparecen en la Tabla 2.
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La mayor nitrificacién ocurri6 en las parcelas
principales de los cultivos intercalados en los
tratamientos FO y FQ, por el contrario, en el
tratamiento SF en AV se observo una reduccion
significativa (P < 0.05).

En la etapa de floracion, la amonificacién
(Figura 3) fue mas alta que la nitrificacion cuando
se aplicaron AV y AO combinados con FO y SF,
por el contrario, la nitrificacion predominé sobre
la amonificacién en AV y AO bajo la condicién FQ
(uso fertilizacién industrial), mientras que con
el uso de barbecho (B) fue mayor en todas las
condiciones evaluadas.

Aunque en la etapa de llenado de grano
no se encontraron diferencias (P > 0.05) entre
tratamientos para NH," y NO_", si se observo una
tendencia creciente de la concentracion de NH,*
en esta fase fenologica, que superd ampliamente
al proceso de nitrificacion, como se observa en
la Figura 4. Es importante senalar el efecto
de la humedad en el suelo en los procesos de
mineralizacion del N; mientras que en floracion
la precipitacion fue de 145 mm (Figura 3), en
la etapa de llenado de grano fue de 250 mm
(Figura 4), lo cual influyé en el comportamiento
de estos procesos en el Vertisol donde se realizo
este trabajo. La amonificacién ocurre tanto en
medio aerobico como en anaerobico, mientras
que la nitrificaciéon es un proceso netamente
aerobico (Sylvia et al., 2005). En este caso, la
humedad, alta compactacion del suelo y el tipo
de arcillas 2:1 predominante en el suelo, crearon
condiciones desfavorables para la nitrificacién.
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Figura 3. Concentracion de NH," y NO, (mg/kg) en el suelo durante la etapa
productiva de floracién.

Para cada sistema y forma de N, promedios con las mismas letras no son
significativamente diferentes segun la prueba de Duncan (P > 0.05).



Las mayores diferencias para la variable N,
(NH,"+ NO,) ocurrieron entre etapas fenologicas del
cultivo (Figura 5), siendo mayor la concentracion
en la etapa de llenado de grano del maiz. Sin
embargo, en esta ultima etapa, como se discutio
con anterioridad, predominé el NH,* debido a
las condiciones de precipitacion sumadas a las
condiciones edaficas. Las concentraciones de
N,, como total de N en el suelo, variaron desde
0.4% en floracion hasta 1.94% en la etapa de
llenado grano, resultados que concuerdan con
los encontrados por Philippot y Germon (2005),
entre 0.3% y 2% de N total en el suelo.

Carbono organico en el suelo

La mayor concentracion de CO en el suelo ocurrio
(P < 0.05) en la fase de floracién del cultivo de
maiz (Figura 6). Los suelos en las parcelas
principales AV y AO presentaron valores similares
(P > 0.05) de CO en los tratamientos FO, FQ
y SF. Shoko et al. (2007) encontraron que la
biomasa de M. pruriens aporta al suelo material
de descomposicion para los microorganismos,
aumentando la MO y el CO.

C y N en tejido vegetal del cultivo de
soya

La mayor acumulacién de C en las hojas de
soya ocurri6 en floracion (Figura 7) (P < 0.05).
Dentro de ambas épocas de evaluacion (floracion
y llenado de grano) los tratamientos presentaron
valores similares (P > 0.05). La concentracion
de N en las hojas de soya fue diferente (P < 0.05)
entre tratamientos y épocas fenolégicas (Figura
7). En floracién los niveles registrados en las
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Figura 4. Concentracién de NH,*y NO, (mg/kg) en el suelo en los tratamientos
durante la etapa productiva de llenado de grano.

Para cada sistema y forma de N, promedios con las mismas letras no son
significativamente diferentes segun la prueba de Duncan (P > 0.05).

Dinamica de nitrégeno del suelo en agroecosistemas
bajo el efecto de abonos verdes

parcelas AV y AO combinadas con FO, FQ y SF
fueron similares estadisticamente, con excepcion
de B-FO donde se registré el valor mas bajo.

En la fase de llenado de grano, los valores
de C encontrados en las parcelas AV, AO y B
manejadas con FO, FQ y SF fueron similares,
sin embargo, la aplicaciéon de B como compost
en AV favorecio la mayor concentracion N vs. el
tratamiento cero fertilizaciéon (SF).

C y N en tejido vegetal de maiz

En la fase de floracion del cultivo de maiz se
registré un efecto significativo (P < 0.05) de los
tratamientos para la acumulaciéon de C en las
hojas (Figura 8). Los valores en las parcelas AV,
AO y B con FQ fueron similares, mientras que
en las parcelas con FO y SF los valores fueron
diferentes.

Para N en las hojas, se encontraron diferencias
significativas (P < 0.05) entre tratamientos en la
etapa de llenado de grano (Figura 8). En esta
época, la acumulacion de este nutrimento fue
similar entre los tratamientos, con excepcion de
AV-FO que difiri6 significativamente de B-FO y
B-SF, en estos dos ultimos se encontré6 la mayor
concentracion de N en el cultivo.

Concentraciones de Ny C en el suelo y
en la planta

En las concentraciones de Ny C en el suelo y en
la planta de maiz se observé una relacién negativa
esperada entre las fracciones inorganicas del N
(NH,* vs. NO,), ya que el NH," es la base para la
produccion de NO,".

35 4

N inorgénico total (mg kg!)
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Figura 5. Concentracién de N, (mg/kg) en el suelo y precipitacion pluvial (mm)
en las etapas y tratamientos evaluados.

Para cada sistema y etapa de cultivo, promedios con las mismas letras no son
significativamente diferentes segun la prueba de Duncan (P > 0.05).
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La mayor concentracion de NH,* en el suelo
correspondi6é con la mayor concentracion de C e
inversamente con el N presente en las hojas de
maiz. La primera relacion puede explicarse por
efecto de masas, ya que el C es el nutrimento
base para la acumulacion de todas las moléculas
de biomasa vegetal. Sin embargo, su produccion
debe estar acompanada por el suministro de
nutrientes a partir del suelo y el N, después del
C, es el nutrimento de mayor demanda para la
produccion de biomasa.

Si se hacen comparaciones en las relaciones
C:N maximas y minimas obtenidas en el tejido de
maiz y soya en este ensayo (Tabla 3) se observa
que mientras en soya esta relacién varia entre
11.4 y 15.6, en maiz esta variacién es de 18.7
a 21.2, lo que significa que en este ultimo se
acumula mas C en el tejido y por el contrario,
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Figura 6. Concentraciéon de carbono orgénico (g/kg) en el suelo en cada
tratamiento durante las etapas productivas de los cultivos.

Para cada sistema y etapa de cultivo, promedios con las mismas letras no son
significativamente diferentes segun la prueba de Duncan (P > 0.05).
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en soya mas N. Lo anterior es de esperar por
el tipo de plantas (C, y C,, respectivamente) y la
habilidad fijadora de N, en leguminosas que se
traduce en mayor contenido de proteina.

Discusion

La floracion fue la etapa fenolégica donde las
variables evaluadas expresaron sus maximos
valores. En esta etapa la fisiologia de las plantas
es muy dinamica y aumentan su metabolismo
para la produccion, en este caso, de granos (Azcon
Bieto y Talon, 2008).

El N total en este suelo (1450 — 1550 mg/kg)
fue similar a valores encontrados en la mayoria de
suelos tropicales agricolas, no s6lo en Colombia,
sino también en Honduras y Argentina (Revelli
et al., 2010). EI N total en el suelo no significa

Tabla 3. Relacién C:N en tejido vegetal del cultivo de soya y maiz.

Arreglo de cultivo

L. Subparcela* Maiz Soya
Parcela principal

FO 21.2 133
AV FQ 21.0 13.6
SF 20.9 13.8
Cultivo FO 19.0 137
intercalado de AO FQ 20.5 11.5
maiz + soya SF 19.7 11.4
FO 20.5 15.6
B FQ 20.0 15.0
SF 18.9 14.7

M Iti
O?OCU o B FQ 18.7 12.1

maiz

* Los tratamientos aparecen en la Tabla 2.

N en soya (g kg')
=]
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Figura 7. Concentracién de Cy N (g/kg) en las hojas del cultivo de soya en las etapas y tratamientos evaluados.

Para cada sistema y etapa de cultivo, promedios con las mismas letras no son significativamente diferentes seguin la prueba de Duncan (P > 0.05).
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Figura 8. Concentracién de Cy N (g/kg) en las hojas del cultivo de maiz en las etapas y tratamientos evaluados.

Para cada sistema y etapa de cultivo, promedios con las mismas letras no son significativamente diferentes segln la prueba de Duncan (P > 0.05).

disponibilidad, ya que aproximadamente 98 -
99% de éste esta constituido por N organico,
el cual debe mineralizarse gradualmente para
pasar a formas disponibles por las plantas,
siendo el N la fuente disponible. En este
ensayo el valor del N, vario entre 0.4 y 2% de la
reserva de N total en el suelo, valor que coincide
con os hallazgos de Philippot y Germon (2005).
Estos mismos investigadores encontraron que
el N,, compuesto de las fracciones NH," y NO
tienen dinamicas complementarias en el suelo.
Como se conoce, el NH,* es el sustrato sobre el
cual las bacterias oxidantes de amonio (BOA)
desarrollan su metabolismo y, cuando éstas
incrementan su actividad, dan como resultado
final NO,. En el presente ensayo se observo
que cuando se aplicaron AV y AO combinado
con FO predominé la amonificacion, mientras
que estos mismos abonos con la aplicacién de
FQ estimularon una mayor tasa de nitrificacion,
situacion que se explica por la biomasa agregada
a este suelo con limitaciones de oxigenacion y
por el efecto estimulante del fertilizante de
sintesis quimica sobre la mineralizacion de la
MO presente en el suelo.

En este ensayo la tendencia similar presentada
con las aplicaciones de AV y AO con B en la
expresion de CO fue afectada por la acumulacion de
este elemento, debido a que el suelo permanecio 8
anos con residuos de barbecho, en decir, acumulo
CO. Las respuestas con los tratamientos AV-FO
y AO-FO fueron afectadas por las condiciones
fisicas del suelo y la tasa de mineralizacion. Para
Adiku et al. (2010) las aplicaciones de compost y
otros materiales organicos son reguladas por la
tasa de mineralizacion y condiciones del suelo,
por tanto la acumulacién de CO en el suelo ocurre
de manera gradual.

La relacion inversa entre CO en el suelo y
la concentracion de C en hojas de soya podria
relacionarse con la habilidad de las leguminosas
para fijar N, y almacenarlo en forma de proteinas,
lo cual es favorecido por el CO en el suelo.

Las acumulaciones de C y N en las hojas de
soya fueron similares a las encontradas en las
hojas de M. pruriens sembrada como AV en este
ensayo, las cuales fueron, en promedio, 417 g/kg
y 49 g/kg, respectivamente. Ngome et al. (2012)
encontraron valores de N entre 25y 66 g/kgy
Shoko et al. (2007) entre 18 y 30 g/kg en hojas
de maiz en floracion. El N absorbido en edades
tempranas por las plantas es altamente movil via
floema a los distintos puntos de crecimiento en
los o6rganos de la planta, donde permanece para
luego ser movilizado en etapas de alta demanda
como la floracién y llenado de grano (Salisbury
v Ross, 1994). Esta dinamica se reflejo en los
procesos biologicos en el suelo y fisiolégicos en
los cultivos de maiz y soya.

En este trabajo las tendencias similares
y aun en algunas diferencias significativas,
el efecto del uso de las fuentes nitrogenadas
sobre la acumulacién de C y N en las hojas de
soya y maiz posiblemente fue afectado por los
procesos fisiologicos que sufre el N desde su
absorcion en el suelo hasta la distribucién de los
asimilados en los distintos 6rganos de la planta.
Es decir, los procesos fisiologicos inherentes a
cada etapa fenoldgica regulan el posible efecto
de los tratamientos, ya que en varios trabajos
de investigacion, bajo condiciones totalmente
diferentes, se encuentraron valores similares en
los contenidos de estos nutrimentos (Malavolta et
al., 1997; Shoko et al., 2007, Ngome et al., 2012;
Sosa et al., 2014).
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Conclusiones

En el sistema maiz-soya, la incorporacion al suelo
de materiales organicos de alta calidad (M. pruriens
var. utilis - maiz como AV/AO) estimularon la
mineralizacion y consecuentemente la dinamica
del C y de las diferentes fracciones de N en el
suelo, sin cambios significativos en el contenido
de estos elementos en el tejido vegetal. La
humedad fue el factor regulador que mas influy6
en estas actividades biologicas en el suelo.
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Resumen

En un Oxisol Distréofico de textura arcillosa del campo experimental de la Empresa Brasilefia de Producciéon
Agropecuaria (Embrapa) en la ciudad de Belterra, estado de Para (Brasil) se evaltio el efecto de los correctivos
agricolas (cal dolomita y yeso) en las reservas de carbono y nitrégeno en el suelo. Las muestras de suelo fueron
tomadas en pequenas calicatas de 0.60 x 0.60 x 0.60 en tres repeticiones y un disefio en bloques al azar con cinco
tratamientos (cal/yeso -kg/ha) en sistemas agricolas durante 5 afios en rotaciéon de maiz/soya bajo siembra directa
(SSD). Los tratamientos (T), cal (GO)/yeso (GO), fueron: T1 (COGO) = sin cal/sin yeso, T2 (C1G1) = 1000/500,
T3 (C4G2) = 4000/1000, T4 (C4G2) = (4000/1000), mas un testigo en bosque nativo (BNA) sin enmiendas. Las
muestras fueron tomadas de 0 -5; 5-10; 10-20; 20-40 e 40 - 60 cm de profundidad en el suelo. Los resultados
mostraron que la aplicacion de yeso mas cal en sistema de siembra directa de cultivos comerciales maiz/soya
aumenta la disponibilidad de nutrientes en las capas superiores del suelo hasta 20 cm de profundidad. Los
mejores resultados en el perfil del suelo se obtuvieron con el tratamiento C4G2.

Palabras clave: Siembra directa, bosque nativo, atributos fisicos y quimicos.

Abstract

In a clay-colored dystrophic Oxisol from the experimental field of the Brazilian Agricultural Production Company
(EMBRAPA) in the city of Belterra, State of Para, the effect of the agricultural corrective measures (cal dolomitay
and gypsum) on the carbon and nitrogen reserves was evaluated. ground. The soil samples were taken in small pits
0of 0.60 x 0.60 x 0.60 in three replications and a random block design with three replications and five treatments
(lime / gypsum -kg / ha) in agricultural systems under direct seeding (SSD): Treatment 1 (COGO) = no lime / no
gypsum, Treatment 2 (C1G1) = 1000/500), Treatment 3 (C4G2) = 4000/1000), Treatment 4 (C4G2) = (4000/1000)
plus a witness in forest Native (BNA) without amendments. The soil samples were taken every 10 cm up to 60
cm deep. The results showed that the application of gypsum and lime in the direct seeding system of commercial
crops increases the availability of nutrients in the upper layers of the soil up to 20 cm deep. The best results in
the soil profile were obtained with the C4G2 treatment.

Key words: No tillage, native forest, physical and chemical characteristics.
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Introduccion

En la Amazonia de Brasil es comun la practica
de tumba y quema de la vegetacién para el
establecimiento de cultivos (Rego y Kato, 2017).
En este sistema convencional la ruptura de los
agregados del suelo favorece el contacto directo de
la biomasa microbiana con el material organico,
acelerando la tasa de descomposiciéon de los
constituyentes organicos, lo que favorece la
emision de CO, a la atmosfera. Por otra parte,
el sistema de siembra directa (SSD) favorece
el drenaje y la reduccion de emisiones CO, a
la atmosfera debido a la mayor produccion y
acumulacion de biomasa vegetal y el control de
los procesos erosivos (Guimaraes, 2015).

La aplicaciéon de cal dolomita como correctivo
es una practica comun para reducir los niveles
toxicos de AI** y Mn?* en el suelo. Elyeso agricola
(CaSO,-.2H,0) se aplica como complemento al
encalado, resultando Al(SO,) (Sumner, 1995) un
compuesto no fitotéxico que favorece el desarrollo
radicular, lo que eleva los niveles de carbono y
nitrogeno del suelo (Costa, 2015). La aplicacion
conjunta de estas enmiendas es frecuente en
Brasil para favorecer la sostenibilidad de los
cultivos y la conservacion de los ecosistemas,
debido a la reduccién del lavado de residuos
agrotoxicos (Casao Jr. et al., 2012).

Este trabajo tuvo por objetivo evaluar los
efectos de la aplicacion de cal agricola y yeso
en sistemas de siembra directa maiz/soya y en
bosque nativo sobre los contenidos de carbono y
nitrégeno en Oxisoles de la Amazonia de Brasil.

Materiales y métodos

Area de estudio

El experimento se realiz6 en el Campo
Experimental de la Empresa Brasilefia de
Pesquisa Agropecuaria (Embrapa-Amazonia
Oriental), localizado en el municipio de Belterra,
Para, a 2°63’Sy 54° 95’ W, a 175.74 m.s.n.m.
Desde 2012 en el sitio experimental se utiliza el
Sistema de Siembra Directa (SSD) en rotacion
de los cultivos de maiz/soya. De acuerdo con
la clasificacion de Koppen el clima en la zona es
tropical (Am) con una precipitacién, promedio, de
1116 mm entre julio de 2015 y julio de 2016; una
temperatura minima de 22 °C y maxima de 29
°C. La cal dolomita (15% de Mg, PRNT = 90%) fue
aplicada en la superficie del suelo e incorporada
a 20 cm de profundidad con arado, 60 dias antes
de la siembra de maiz; y el yeso (15% de Sy 26%
de Ca) fue aplicado 30 dias después del encalado.
En la Tabla 1 se incluye el resultado del analisis
de suelo entre O y 20 cm de profundidad.
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Muestreo y analisis del suelo

Las muestras de suelos disturbado y no disturbado
fueron recolectadas en el area experimental en
sitios cultivados durante 5 afios en rotacion de
maiz/soya en un sistema de siembra directa
(SSD). Las muestras fueron tomadas de 0 - 5; 5—
10; 10 -20; 20 - 40 e 40 - 60 cm de profundidad
en el suelo. Las muestras fueron tomadas en
pequenas calicatas de 0.60 x 0.60 x 0.60 en
tres repeticiones y dispuestas en un disefno en
bloques al azar con tres repeticiones y cinco
tratamientos (T) (cal/yeso -kg/ha): T1 (COGO)
= sin cal/sin yeso, T2 (C1G1) = 1000/500), T3
(C4G2) = 4000/1000, T4 (C4G2) = (4000/1000)
mas un testigo en bosque nativo (BNA) de primera
sucesion de las especies Angelim (Dinia excelsa
Ducke), Faveira-pastelta (Parkia pendula Benth.),
Parica (Parkia multijugaa Benth.) y Freijo (Cordia
goeldiana Huber).

Analisis de las caracteristicas fisicas del
suelo

La densidad del suelo fue determinada por el
meétodo de anillo volumétrico; para la densidad
de particulas se sigui6 la metodologia del matraz
aforado y la porosidad total fue determinada a
través de la relaciéon entre la densidad del suelo
y la densidad de particula, teniendo en cuenta el
principio de la determinacion del volumen total del
suelo ocupado por agua y aire (Embrapa, 2017).

Carbono organico y nitrogeno total

La determinacion del carbono organico total en
el suelo (COT) se hizo de acuerdo con el método
de Yeomans y Bremner (1988). El nitrégeno total
(NT) por destilacion de Kjeldahl y determinacion
seglin Bremner (1996). El analisis de reservas de
carbono y nitrogeno total se calculé a partir de la
ecuacioén 1 propuesta por (Cardoso et al., 2010):

EstCOTy NT=(CyNxDsxe)/10, Ec. 1

donde, Cy N = niveles de carbono y nitréogeno; Ds
= densidad del suelo; e = espesor; 10 = unidad
de conversion para mg/ha.

Disefio experimental y analisis de los
datos

Eldiseno experimental fue en bloques al azar, con
tres repeticiones, y cinco tratamientos dispuestos
en parcelas subdivididas. Los resultados de las
caracteristicas fisicas del suelo (Ds, Dp y PT) y los
contenidos Cy N, fueron sometidos al analisis de
varianza (Anova). Las medias fueron comparadas
por el test de Tukey al 5% de probabilidad,
utilizando el software ASSISTAT Version 7.7 beta
2011 (Silva y Azevedo, 2016).
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Tabla 1. Caracterizacién quimica y fisica del suelo. Municipio de Belterra, Par4, Brasil.

Prof. pH P Sat. .
Mg K Al H+AIl T Mo Ar Limo Arc.
(cm) (H,0) (mg/kg) (%)
(Cmol_/kg) (g/kg)
0-20 4.9 6.0 1.6 0.8 0.14 0.6 7.2 9.74 26.08 31 39 261 700

pH = potencial hidrogeno (acidez activa), P = fésforo; Ca = calcio, Mg = magnesio; K = potasio; Al = aluminio; H + Al = acidez potencial; T = Acidez total (pH = 7);

Sat. = saturacién por bases; MO = materia organica; Ar = arena total; Arc. = arcilla.

FUENTE: Veloso et al., 2012.

Resultados y discusion

La densidad del suelo (Ds) no vari6 entre
tratamientos. El area testigo de bosque nativo
(BNA) present6 los menores valores hasta 20 cm
de profundidad en el suelo. Los tratamientos
presentaron valores similares de Ds en las
profundidades entre O y 60 cm. No obstante
después de 10 cm de profundidad, la densidad
del suelo present6 valores superiores (Tabla 2).

La porosidad total (PT) presentdé mayores
valores en el area de referencia de bosque
nativo (BNA) hasta 20 cm de profundidad
debido, posiblemente, a la mayor presencia de
materia organica, lo que favorece la agregacion y
formacién de la estructura y menores niveles de
carbono organico en esta profundidad (Tabla 2).

De acuerdo con Kiehl (1979) la distribucion
de la porosidad total de un suelo ideal para
la produccion agricola debe ser de 0.50 dag/
m?®. En el presente estudio, so6lo los resultados
de porosidad obtenidos en los tratamientos
C2G2 en la profundidad 0.10 — 0.20 m y en el
tratamiento C4G2 en las profundidades 0.10
- 0.20 y 0.40 — 0.60 m presentaron valores de
porosidad ajustados a la clase de suelo ideal para
la produccién agricola.

Los niveles de carbono en la profundidad O —
S cm en el BNA fueron significativos (P < 0.05)
cuando se comparan con los demas tratamientos
(Tabla 3). De acuerdo con Malavolta (1989) los
niveles de carbono encontrados en el BNA en la
profundidad de O — 5 cm pueden ser considerados
altos, seguidos de valores medios para los demas
tratamientos en la profundidad entre O y 20 cm
y niveles bajos en profundidades entre 20 y 60
cm para todos los tratamientos.

Para Guimaraes et al. (2015) las reservas de
carbono organico total (COT) se relacionan con
las caracteristicas fisicas y biologicas del suelo,
por su estrecha relacién con la estructura y
la estabilidad de agregados del suelo, y por su
importancia como fuente de energia para los

Tabla 2. Caracteristicas fisicas del suelo (densidad del suelo - Ds, densidad
de particula - Dp y porosidad total - PT) en areas con diferentes niveles** de
cal Cy yeso G. Regién Amazénica de Brasil

Profundidad del Ds Pp PT
suelo (cm) (Mg/m?) (%)
C0GO
0-5 1.16 24 51
5-10 1.24 25 49
10-20 1.29 2.5 48
20 - 40 1.25 24 47
40 - 60 1.30 2.6 49
C1G1
0-5 1.10 24 54
5-10 1.19 25 52
10 - 20 1.22 2.6 52
20-40 1.32 24 49
40 - 60 1.25 26 51
C2G2
0-5 1.16 25 53
5-10 1.15 2.5 53
10 - 20 1.18 2.5 50
20 - 40 1.25 24 48
40 - 60 1.24 2.6 52
C4G2
0-5 1.15 2.5 53
5-10 1.16 24 52
10-20 1.21 2.5 50
20-40 1.21 2.5 52
40 - 60 1.25 2.5 50
BNA
0-5 0.94 24 60
5-10 1.06 2.3 54
10-20 1.07 2.5 56
20-40 1.13 25 54
40-60 1.21 2.5 52

No se aplicé la prueba de comparacién de promedios porque la prueba de
‘F' de interaccion no fue significativa.

**(cal/yeso -kg/ha) COGO = control; C1G1 (1000/500); C2G2 (2000/1000);
C4G2 (4000/1000); BNA = bosque nativo.
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Tabla 3. Reservas de COT en &reas con diferentes niveles** de cal Cy yeso G. Regidén Amazoénica de Brasil.

Profundidad del suelo
(cm)

C0Go C1G1

C2G2 C4G2 BNA

Reservas de COT (g/kg")

0-5 24.3bA* 20.9bA
5-10 22.2aA 19.9aA
10-20 21.6aA 17.7aA
20-40 14.4aB 10.7aB
40 - 60 9.2aC 8.1aB

25.1bA 22.9bA 33.6aA
22.7aA 21.8aA 22.3aB
19.9aA 23.4aA 21.5aB
12.2aB 14.2aB 14.4aC
8.7aB 10.8aB 8.5aD

*Medias seguidas por letras iguales mintscula en columna y mayuscula en fila no difieren estadisticamente entre si (P > 0.05).

**(cal/yeso -kg/ha) COGO = control; C1G1 (1000/500); C2G2 (2000/1000); C4G2 (4000/1000); BNA = bosque nativo.

microrganismos. Los resultados en el presente
estudio estan relacionados con la alta produccion
de materia organica del bosque nativo (BNA), la
produccion de biomasa del sistema de siembra
directa y el efecto de la agregacion de cationes
Ca?" contenidos en la cal y yeso y disponible a
través del perfil del suelo.

El incremento de C esta relacionado con las
fracciones de la materia organica, principalmente
la fragmentada, que igualmente se relaciona con
el material recientemente agregado al suelo (Rossi
etal.,2012). De acuerdo con Matias et al. (2012),
la tasa de estratificacion de carbono organico, que
compara la reserva de éste en la capa superficial
del suelo con la de las capas inferiores, es esencial
en el control de la erosion, la infiltracion de agua
y en la conservacion de nutrientes.

Hasta 60 cm de profundidad en los suelos no
se encontraron diferencias (P > 0.05) en el COT.
No obstante hasta esta profundidad los mayores
contenidos ocurrieron en los tratamientos C4G2
(116.6 mg/ha) y COGO (116.3 mg/ha) (Tabla
4). De acuerdo con Alvarez et al. (1999), con
excepcion de algunos tratamientos, en los demas
se presentaron reservas de COT (entre 23.6 y
35.7 mg/ha) consideradas aceptables. En este
caso, los tratamientos de encalado y aplicacion
de yeso asociados al sistema de siembra directa
contribuyeron con estos resultados.

De acuerdo con Embrapa (2015) el proceso mas
eficiente para aumentar las reservas de carbono en
el suelo es aquél que incorpora fuentes de nitrogeno
(N) en el sistema, un elemento necesario para la
eficiencia de los microorganismos y las plantas.

Para aumentar las reservas de carbono en
el suelo es necesario un balance positivo del
nitrégeno. En la region del estudio, en sistemas
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de siembra directa se estima que para almacenar
una 1 t de carbono en el suelo se necesitan
aproximadamente 80 kg de nitrogeno. Con
excepcion de los tratamientos COGO, C1G1 y
C2G4 en profundidades entre 40 y 60 cm, que
presentaron niveles bajos de N (< 0.8 g/kg), los
demas tratamientos presentaron niveles entre
medio y alto (Tabla 5).

Elnitrégeno total (NT), un parametro importante
en la produccion agricola, principalmente en
la evaluacion de los servicios ecosistémicos,
presento diferencias entre tratamientos (P < 0.05)
(Tabla 6).

Estos resultados son debidos a los niveles y
reservas de COT residuales del bosque recién
convertido para sistemas de produccion agricola,
a los residuos de vegetacion en el sistema de
siembra directa (SSD) y a la alta relacion C/N por
los cultivos utilizados en la rotacion.

Las mayores reservas de COT y NT se
concentraron entre 20 y 40 cm de profundidad
en el suelo. De acuerdo con Gubiani (2015) el
suelo bajo SSD present6 mayores reservas de C
y N acumulado en el perfil del suelo, debido a la
tasa de incorporaciéon de residuos vegetales sobre
la superficie y a las caracteristicas fisico-quimicas
del suelo, en particular la cantidad y el tipo de
coloides inorganicos.

Considerando que el area objeto de este
estudio fue convertida recientemente de bosque
nativo a area de cultivo con aplicaciones de
cal y yeso bajo sistema de siembra directa, se
puede inferir que las existencias de COT y NT
permanecen practicamente inalteradas y que,
aun asi, fue posible identificar el tratamiento
C2G2 como principal incorporador de carbono y
nitréogeno en el suelo.
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Tabla 4. Reservas de carbono organico total (COT) del suelo en areas con diferentes niveles** de cal Cy yeso G. Regién Amazénica de Brasil.

Profundidad del suelo

(cm) C0GO C1G1 C2G2 C4G2 BNA
Reservas de COT (Mg/ha")
0-5 14.5 11.5 15.0 133 15.7
5-10 13.9 11.9 12.8 12.7 12.1
10-20 28.1 21.3 239 241 23.6
20-40 357 28.2 30.0 34.8 33.8
40 - 60 23.8 20.1 21.5 27.6 20.9
116.3 93.0 103.3 116.6 106.2

No se aplicé la prueba de comparacién de promedios porque la prueba de ‘F' de interaccién no fue significativa.
**(cal/yeso -kg/ha) COGO = control; C1G1 (1000/500); C2G2 (2000/1000); C4G2 (4000/1000); BNA = bosque nativo.
Tabla 5. Reservas de N del suelo en dreas con diferentes niveles** de cal Cy yeso G. Regién Amazénica de Brasil.
Profundidad del suelo

(cm) C0GO C1G1 C2G2 C4G2 BNA

Reservas de NT (g/kg™)
0-5 1.7 1.5 1.8 1.7 2.3
5-10 1.6 1.4 1.5 1.7 1.7
10-20 1.5 1.4 1.5 1.5 1.6
20-40 1.3 0.9 0.9 1.1 1.3
40 - 60 0.7 0.6 0.8 0.7 0.8
No se aplico la prueba de comparacién de promedios porque la prueba de ‘F de interaccion no fue significativa.
**(cal/yeso -kg/ha) COGO = control; C1G1 (1000/500); C2G2 (2000/1000); C4G2 (4000/1000); BNA = bosque nativo.
Tabla 6. Reservas de N en el suelo en areas con diferentes niveles** de cal Cy yeso G. Regién Amazoénica de Brasil.
Reservas de NT (Mg ha™)

Profundidad del suelo

(cm) C0GO C1G1 C2G2 C4G2 BNA
0-5 1.0 aC* 0.8 aC 1.1aCD 1.0aC 1.1aCD
5-10 1.0aC 0.8 aC 0.8aD 0.9 aC 0.8aD
10-20 1.9aC 1.6 aBC 1.8 aBCD 1.8 aBC 1.8aCD
20-40 3.1aB 2.4 aB 23aB 2.6aB 3.1aB
40 - 60 1.9aC 1.5aBC 1.9 aBC 1.8 aBC 2.1 aBC

9.4 aA 7.2 cA 7.9 bcA 8.3 bcA 8.7 abA

*Medias seguidas por letras iguales mindscula en columna y maytscula en fila no difieren estadisticamente entre si (P > 0.05).
**(cal/yeso -kg/ha) COGO = control; C1G1 (1000/500); C2G2 (2000/1000); C4G2 (4000/1000); BNA = bosque nativo.

Conclusiones

Los correctivos agricolas, yeso y cal, asociados
con la siembra directa presentaron los mayores
efectos en las capas superficiales del suelo, lo
que favorece la disponibilidad de nutrientes entre
0 y 20 cm, justamente la zona de crecimiento
radicular de la mayoria de las plantas cultivadas.

En el tratamiento C4G2 (4000/1000 kg/
ha) hasta 60 cm de profundidad en el suelo se
presentaron los mejores resultados para las
reservas de carbono y nitrégeno, con significancia
para las reservas de este ultimo nutriente. En
este tratamiento los valores de nitrégeno fueron
los que mas se aproximaron al area de referencia
(bosque nativo) en las condiciones edafoclimaticas
de la region Oeste de Para, Amazonia de Brasil.
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Resumen

El cultivo de café es una de las principales actividades agricolas en la regiéon Amazonas de Pert. EI presente
trabajo tuvo como finalidad evaluar el comportamiento agronémico de las variedades Catimor, Maragogipe y
Castillo de café (Coffea arabica), establecidas bajo un sistema agroforestal, empleando como sombra arboles de
Eucalyptus torreliana, Colubrina glandulosa y Pinus tecunumanii. El estudio de inici6 en 2017 en el distrito de
Huambo, Provincia de Rodriguez de Mendoza, Amazonas-Peru. Los tratamientos se distribuyeron en un disefio
experimental en bloques completos al azar, y consistié en tres bloques y nueve tratamientos. Las variables
evaluadas fueron: altura de planta, altura hasta la primera hoja, nimero de hojas, estado general de la planta
y diametro del tallo. La metodologia utilizada consisti6 en analisis individual para cada tiempo, prueba de
homogeneidad de varianzas y analisis conjunto en el tiempo para un mismo espacio, considerando la interaccion
tratamiento x tiempo, en evaluaciones a 30, 60, 90, 120 y 150 dias después del establecimiento del cultivo. Los
resultados indican que la variedad de café Castillo, tanto bajo sombra de P. tecunumanii como de C. glandulosa,
presento6 el mejor comportamiento agronémico; mientras que la variedad Maragogipe bajo sombra de E. torreliana
o de C. glandulosa mostré un deficiente comportamiento agronémico.

Palabras clave: Coffea arabica, condiciones agroclimaticas, crecimiento vegetativo, sistemas agroforestales, Peru.

Abstract

Coffee crop is one of the main activities in the Amazon region, ranking as third in Peru. The purpose of this work
was to evaluate the agronomic behavior of three coffee varieties (Catimor, Maragogipe and Castillo) established
under an agroforestry system, using as shade trees Eucalyptus torreliana, Colubrina glandulosa and Pinus
tecunumanii, whose experimental study was established in the district of Huambo, Province of Rodriguez de
Mendoza, Amazonas-Peru during 2017. Treatments were distributed in a randomized complete block experimental
design, with three blocks and nine treatments. The evaluated variables were plant height, height to the first
leaf, number of leaves, general state of the plant and diameter of the stem. The methodology used consisted of
individual analysis for each time, homogeneity test of variances and joint analysis over time for the same space,
considering the interaction treatment*time, performing evaluations at 30, 60, 90, 120 and 150 days after crop
seatlement. The results indicated that the variety of Castillo coffee either with shade of P. tecunumanii or with
shade of C. glandulosaleads to a better agronomic behavior, and the variety of coffee Maragogipe both with shade
of E. torreliana and with shadow of C. glandulosa shows a poor agronomic behavior.

Key words: agroclimatic conditions, agroforestry systems, Coffea arabica, vegetative growth, sustainable, Pera.
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Introduccion

El cultivo del café ha sido clave y trascendental,
no solo por su importancia en indicadores
econbémicos, sino también por participar en el
tejido social, cultural, institucional y politico
de muchos paises de Sur- y Centroameérica.
A lo largo de la historia ha sido un rubro
tradicional, considerado rentable y la base de
encadenamientos de mucho valor agregado. El
café es considerado clave para el desarrollo de
paises productores y representa el producto
mas comercializado en el mundo, siendo solo
superado solo por el petréleo (Bosselmann et
al., 2009), ademas, es la bebida mas consumida
después del agua. La dinamica de produccion
mundial de café constituye una fuente vital de
empleo e ingresos para 25 millones de personas
y es para algunos paises una fuente crucial para
el sostenimiento de servicios medioambientales
(Chiquillo et al., 2013).

En el Peru la produccion de café representa
el principal producto de agroexportacion, siendo
un importante impulsor de la economia nacional.
No obstante, los cambios medio ambientales
presentan nuevos desafios para los productores,
entre ellos: lareduccion de los recursos naturales,
una mayor incidencia de plagas y enfermedades
como la broca (Hypothenemus hampei Ferrari) y
la roya (Hemileia vastatrix Berkeley and Broome),
entre otras adversidades como consecuencia del
cambio climatico (Caswell et al., 2012; Jezeer y
Verweij, 2015).

El café por tradiciéon ha sido cultivado bajo
sombra de diferentes especies de arboles (Farfan
y Mestre, 2004). Las ventajas de los sistemas
agroforestales relacionados al cultivo bajo sombra
estan ampliamente investigadas y es evidente
que estos sistemas tienen un papel importante
en la conservacion de la biodiversidad (Bhagwat
et al., 2008; Pérez et al., 2012). Las especies
usadas como sombra tienen un rol esencial en
la generacion de condiciones microclimaticas
y su efecto puede contribuir a regular ciertas
plagas y enfermedades (Suatunce et al., 2009;
Mouen Bedimo et al., 2012); pero también
aportar productos comerciales en beneficio de los
pequenos caficultores, que buscan diversificar su
economia (Aguilar et al., 2001; Haggar et al., 2011).
El efecto de las diferentes interacciones en los
sistemas agroforestales (café y arboles de sombra)
es influenciado por las condiciones del medio
(suelo/clima) asi como de la eleccion del genotipo
(especie, variedad) (Farfan y Urrego, 2004).

La importancia del conocimiento del desarrollo
foliar y de otras caracteristicas agron6émicas en
la planta de café, asi como el estado fitosanitario
y la fertilidad del suelo son de utilidad para
determinar el potencial de produccion. De
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igual forma, en los ultimos afos, debido a
la disponibilidad de programas estadisticos
(software) y al conocimiento comprensivo de como
responden las plantas a los factores de clima y
suelo, ha sido posible desarrollar metodologias
para evaluar el comportamiento del crecimiento
y la produccién de los principales cultivos
(Thornley y France, 2007). Por tanto, y debido a
la importancia de este rubro para la economia de
los paises, es importante evaluar el desarrollo y
crecimiento del café desde sus primeras etapas
de crecimiento, esto con el fin de estimar el
potencial productivo del cultivo, especialmente
ante la amenaza del cambio climatico (Lin, 2007).

Por lo anterior, la presente investigacion tuvo
como objetivo evaluar el comportamiento de tres
variedades de café establecidas bajo sombra de
tres especies de arboreas, considerando datos de
variables agronémicas con el fin de recomendar
la variedad que mas se adapte a las condiciones
agroclimaticas de la zona en estudio como una
contribucion en el conocimiento del potencial
productivo y de manejo del cultivo de café para
usuarios, investigadores y agricultores, lo que
permitiria una optimizacién de recursos y una
ayuda en la toma de decisiones sobre al manejo
del cultivo.

Materiales y métodos

Localizacion del estudio

El ensayo se realizé en el distrito cafetalero de
Huambo, Provincia de Rodriguez de Mendoza, en
el Departamento de Amazonas, norte del Pera. A
1650 m.s.n.m., con un promedio de 19 °C. y una
precipitacion de 1387 mm/ano.

Caracteristicas agronomicas de las
variedades

Con el fin de evitar errores en la toma de datos,
durante la etapa de establecimiento se realizo
la siembra de las plantas faltantes en los
tratamientos del estudio (Arcila et al., 2007). Las
observaciones de las caracteristicas agronémicas
fueron realizadas cada 30 dias hasta el dia 150
después del establecimiento del cultivo, para un
total de cinco observaciones.

Las variables agronoémicas evaluadas fueron:
altura de planta, altura hasta la primera hoja,
numero de hojas/planta, estado general de la
planta y diametro del tallo, en cinco plantas por
unidad experimental en cada uno de los nueve
tratamientos y en los tres bloques, para un total
de 135 plantas estudiadas. Esimportante anotar
que n cada medicion se tomaron las mismas
plantas, lo que indica la generacién de datos
longitudinales.



Las variables medidas fueron las siguientes:
(1) Altura de planta (A) desde el nivel del suelo
hasta el brote apical, empleando una escala
decimal. Para esta variable se tomaron en cuenta
las plantas con altura uniforme para evitar
errores en el promedio general entre evaluaciones;
(2) Altura de planta hasta la primera hoja (APH) se
midi6 desde el nivel del suelo hasta la insercion
de la primera hoja; (3) Namero de hojas (NH) por
planta; y (4) Diametro de tallo (DT) utilizando un
calibrador de Vernier a 10 cm sobre el nivel del
suelo hasta 180 dias después del establecimiento,
y a 20 cm después de esta edad.

Estado general de la planta (EP)

Esta caracteristica fue evaluada utilizando una
calificacion visual sobre desarrollo y vigor de las
plantas (Tabla 1).

Tabla 1. Escala para el estado general de la planta.

Escala Estado

1 Plantas raquiticas, con poco vigor vegetal

2 Plantas con buen vigor vegetal

Plantas sanas de excelente vigor vegetal sin deficiencias
nutricionales.

Disefo experimental

Los tratamientos (Tabla 2) fueron dispuestos
en un diseno de bloques completos al azar,
colocados en forma perpendicular a la gradiente
del suelo. Para las observaciones, en cada unidad
experimental se tomaron cinco plantas al azar.

Tabla 2. Tratamientos evaluados en el ensayo.
Amazonas, norte del Pert

Departamento de

Tratamientos Descripcion (especie arbérea/var. café)

Eucalyptus torreliana + Catimor

T Eucalyptus torreliana + Maragogipe
Eucalyptus torreliana + Castillo
Colubrina glandulosa + Catimor

T Colubrina glandulosa + Maragogipe
Colubrina glandulosa + Castillo
Pinus tecunumanii + Catimor

T Pinus tecunumanii + Maragogipe

Pinus tecunumanii + Castillo

Caracteristicas morfologicas de variedades de café
cultivadas en condiciones de sombra

Analisis de datos

Los datos fueron procesados usando el paquete
estadistico Minitab V-18 y analizados como
longitudinales, por tanto, se realiz6 un analisis
en el tiempo para un mismo espacio, de acuerdo
con el procedimiento de prueba que se detalla a
continuacion (Greenhouse y Geisser, 1959):

Analisis individual de los experimentos.

Utilizando un Disefio en Bloques Completos al
Azar (DBCA), donde: yij = observaciones; p =
media poblacional; ti = efecto de tratamiento; [3j
= efecto de bloque; €ij = error experimental

Prueba de homogeneidad de varianzas
(Levene’s).

Mediante analisis combinado en el tiempo con el
modelo lineal aditivo (disefio en bloques completos
al azar/tiempo como factor): yjk=pu +d +fj +
Kk + 1i*kk + €ijk, donde: yijk = observaciones; u
= media poblacional; ti = efecto de tratamiento;
Bj = efecto de bloque; Ak = efecto de tiempo
(evaluacién); ti*Kk = efecto de interaccion; eijk =
error experimental.

Resultados

Analisis individual de datos

Los resultados obtenidos una vez aplicado al
analisis de varianza (Tablas 3 y 4), para el caso
de las variables medidas en escala de razén o
proporciéon (A, APH y DT) con prueba F, y para
las variables medidas en escala ordinal (NH y EP)
con prueba de Friedman, ademas de la prueba de
comparaciones multiples por minima diferencia
significativa (DMS) en aquellos casos que se
detectaron diferencias significativas (P < 0.05) o
altamente significativas entre los tratamientos
(P < 0.01) mostraron que, la variedad Castillo
tanto con sombra de E. torreliana como de P.
tecunumanii present6 los mejores resultados en
Ay DT, no obstante el mejor resultado para APH
se observo en esta misma variedad Castillo bajo
sombra de C. glandulosa (Figura 1). Los mayores
valores de NH (Figura 2) y de EP (Figura 3) se
observaron en los sistemas variedad Castillo con
sombra de P. tecunumanii seguido por el sistema
de esta variedad con sombra de E. torreliana.

Prueba de homogeneidad de varianzas

Para esta prueba, en el caso de las variables
continuas se utilizo el criterio de la varianza como
medida de dispersiéon, mientras que en el caso
de variables discretas el criterio utilizado fue el
rango intercuartilico de la medida de dispersion
considerada (Tabla 5).
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Tabla 3. Resultados analisis de varianza para altura de planta, altura hasta la primera hoja y diametro de tallo.

Analisis de varianza

Comparaciones Miiltiples

Variable Evaluacion (dias)
Estadistico Probabilidad Tratamiento (> valor) Tratamiento (< valor)

30 F: 6.20 ** 0.0000 9 5
60 F: 8.40 ** 0.0000 9 5

A 90 F:11.28 ** 0.0000 9,63 52
120 F:10.48 ** 0.0000 9 52
150 F:10.20 ** 0.0000 9 52
30 F:2.70* 0.0127 6,2 1,4,3,97
60 F:2.10%* 0.0492 6 1,3,4,7

APH 90 F:1.21ns 0.3049 6 4,3,5

120 F: 2.88 ** 0.0084 6 1
150 F:3.15 ** 0.0045 6 5,2
30 F: 4.49 ** 0.0002 6 2
60 F: 5.07 ** 0.0001 6 2,7,5

DT 90 F:7.85 ** 0.0000 9,6 2
120 F:9.21 ** 0.0000 9 2
150 F:7.18 ** 0.0000 9 2

ns: no significativo (P > 0.05); *: significativo (P < 0.05); **: altamente significativo (P < 0.01)

Tabla 4. Resultados andlisis de varianza para nimero de hojas por planta y estado general de la planta.

Analisis de varianza

Comparaciones Multiples

Variable Evaluacion (dias)
Estadistico Probabilidad Tratamiento (> valor) Tratamiento (< valor)

30 F:14.27 ** 0.0000 6 5,2
60 F: 8.70 ** 0.0000 9,364 5,2

NH 90 F: 6.49 ** 0.0000 9314 5,2
120 F: 6.73 ** 0.0000 9 2,5
150 F: 5.85 ** 0.0000 9 5,2
30 X2: 11.95%* 0.0000 6 5,2
60 X2: 12.47%* 0.0000 9,346,178 5,2

EP 90 X2: 11.67*%* 0.0000 3,9 2
120 X2: 12.70%* 0.0000 3,9 2,5
150 X2: 10.39%* 0.0000 3,9 2

ns: no significativo (P > 0.05); *: significativo (P < 0.05); **: altamente significativo (P < 0.01)

Analisis combinado en el tiempo

En la Tabla 6 se incluyen los resultados
obtenidos en el analisis de varianza conjunto
incorporando el tiempo (evaluaciéon) como factor
y midiendo el efecto de la interacciéon tratamiento
x tiempo para las variables que presentaron
homogeneidad de varianzas entre las cinco
evaluaciones en el tiempo; especificamente,
altura de planta hasta la primera hoja (APH) y
estado general de la planta (EP).
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Discusion

El estudio demuestra el potencial de las especies
forestales usadas como sombra de los sistemas
agroforestales con café. En los resultados se
encontré variacion significativa (P < 0.01) en la
interacciéon entre las especies maderables y su
efecto sobre las distintas variedades de café. Cuyo
analisis de las variables altura de planta, niumero
de hojas por planta, estado general de la plantay
diametro de tallo muestra que la variedad Castillo
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Figura 1. Resultados comparativos de las variables altura de planta, altura
hasta la primera hoja y didmetro de tallo para los distintos tratamientos.
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Figura 3. Resultados comparativos del estado general de la planta para los
distintos tratamientos

Tabla 6. Resultados analisis de varianza conjunto.

Caracteristicas morfologicas de variedades de café
cultivadas en condiciones de sombra

P. tecunumanii + Castillo _
P. tecunumanii + Catimor _
C. glandulosa + Castillo [T
C. glandulosa + Maragogipe -
C. glandulosa + Catimor _
E. torreliana + Castillo _
E. torreliana + Maragogipe -
E. torreliana + Catimor _
0 S5 10 15 20 25 30

Numero de hojas (NH)

Figura 2. Resultados comparativos del nimero de hojas para los distintos
tratamientos

Tabla 5. Resultados prueba de homogeneidad de varianzas.

Prueba de homogeneidad

Variable (Levene's)
Estadistico P
Altura de planta (A) 6.84 ** 0.0000
Altura de planta hasta la primera hoja (APH)  1.71 ns 0.1460
Numero de hojas (NH) por planta 15.28 ** 0.0000
Estado general de la planta (EP) 1.77 ns 0.1340
Diametro de tallo (DT) 34,53 ** 0.0000

ns: no significativo (P > 0.05); * : significativo (P < 0.05); **: altamente
significativo (P < 0.01)

Andlisis de Varianza

Comparaciones Multiple

) Fuente de
Variable sl
Variacién
Estadistico probabilidad Tratamiento (> valor) Tratamiento (< valor)
T F: 6.50 ** 0.0000 6 2,7,9,5,3,4,1
APH E F:81.70 0.0000 5 1
T*E F:1.30 ns 0.1430 Independientes
T F: 54.99 ** 0.0006 3 52
EP E F:3.94 ** 0.0036 2 4,3,1
T*E F:1.06 ns 0.3867 Independientes

ns: no significativo (P > 0.05); * : significativo (P < 0.05); **: altamente significativo (P < 0.01); T: tratamiento; E: tiempo (evaluacién); T*E: interaccion

cultivada bajo el dosel arbéreo de P. tecunumanii
y C. glandulosa logra un mejor desempeno frente
a los demas tratamientos.

Una posible razén de esta diferencia puede
deberse a la competencia por nutrientes y agua, y
también porque cada cultivo (variedad o especie)
requiere distintas condiciones de radiacion solar

para su crecimiento (Farfan y Urrego, 2004;
Loreto et al., 2017). Dicho efecto puede tomar
mayor notoriedad con los eventos climaticos
extremos actuales, que sugieren perturbaciones
en el equilibrio entre los factores del clima y
la vegetacion que coexiste en un determinado
agroecosistema, y que eventualmente pueden
afectar la produccién de café (Lin, 2007).
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Esto también habla de la necesidad de ajustar
la tecnologia agroforestal, para favorecer la
influencia reciproca entre genotipos y/o especies
dentro de los agroecosistemas (Aguilar et al.,
2001; Farfan y Mestre, 2004). Dado que, la
adecuada seleccion de arboles puede atenuar los
efectos de déficit hidrico y mantener la fertilidad
del suelo, asimismo controlar la erosion del
suelo (Haggar et al., 2011; Pérez et al., 2012)
permitiendo un mejor desarrollo del cafeto.

Por otro lado, establecer plantaciones de
café bajo sombra de especies arboreas, para
nuestro analisis favorece a la economia de los
caficultores; pues se ha reportado que influyen
sobre la calidad fisica y sensorial del grano
(Bosselmann et al., 2009) e incrementa la
diversidad de organismos de control biologico que
contribuyen en la reduccion de la incidencia de
plagas (Suatunce et al., 2020; Mouen Bedimo et
al., 2012); no obstante, un deficiente manejo de
la cobertura aérea puede favorecer la infestacion
por ciertas plagas (Jezeer et al., 2015). Ademas,
es posible que los productores de café puedan
complementar sus ingresos a través de la venta
de los productos obtenidos de los arboles usados
como sombra. En términos generales, el efecto
de la sombra sobre la productividad y calidad
del café esta estrechamente relacionado con el
manejo de sombra y la adecuada combinaciéon
de arboles para fortalecer el equilibrio natural
(Haggar et al., 2011).

Conclusiones

En este estudio se demuestra que el
comportamiento agronémico del café medido
en altura de planta (A), nimero de hojas (NH),
diametro del tallo (DT) y estado general de la
planta (EP), esta relacionado con la forma en
la que interactian sus componentes (especie
de sombra y variedad de café). Tal es el caso de
la variedad Castillo que bajo la sombra de P.
tecunumanii y C. glandulosa mostré6 un mejor
desarrollo, mientras, la variedad Maragogipe
tanto con sombra de E. torreliana como con
sombra de C. glandulosa muestra un deficiente
comportamiento agronoémico. En lineas generales,
los resultados reflejan el potencial de las especies
forestales usadas como sombrio de los cafetales,
sin embargo, es fundamental ampliar el estudio
de sus bondades.
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Resumen

Se evaluo el efecto de la inoculacién de hongos micorricicos arbusculares en las caracteristicas morfologicas
de plantas clonales de café (Coffea arabica L.) variedad Caturra en ambientes de invernadero. El estudio fue
realizado en la provincia de Rodriguez de Mendoza, region Amazonas, Pera, utilizando un disefio completamente
al azar con tres repeticiones y trece tratamientos. Los hongos micorricicos fueron aislados de fincas cafetaleras
y multiplicados con plantas trampas de maiz (Zea mays). Los clones de café fueron enraizados en sustrato
esterilizado y posteriormente inoculados con 1500 esporas del hongo. Los mejores resultados se encontraron
con los hongos provenientes de San Nicolas-1 inoculados en la variedad Tipica, inéculos provenientes de Omia
V en esta misma variedad y de Omia VI en la variedad Caturra. Con estos inéculos se encontraron diferencias
(P < 0.005) en altura de planta, produccién de MS de la parte aérea y radicular en relacion con el testigo sin
inocular. La colonizacién radicular y la poblacién de micelio extra-radicular fueron afectados por la procedencia
de los HMA. Este estudio confirma que el cultivo de café es dependiente de la asociacion simbiética con hongos
micorricicos arbusculares nativos (HMA-N), ayudando en la absorcion de nutrientes y agua necesarios para el
crecimiento y desarrollo de las plantas.

Palabras clave: Café, frecuencia micorricica, inoculo, intensidad micorricica, micelio.

Abstract

The effect of inoculation of arbuscular mycorrhizal fungi on the morphological characteristics of coffee clonal
plants (Coffea arabica L.) Caturra variety in greenhouse environments was evaluated. The study was conducted
in the province of Rodriguez de Mendoza, Amazonas region, Peru, using a completely randomized design with
three repetitions and thirteen treatments. Mycorrhizal fungi were isolated from coffee farms and multiplied with
corn trap plants (Zea mays). The coffee clones were rooted in sterilized substrate and subsequently inoculated
with 1500 spores of the fungus. The best results were found with fungi from San Nicolas-1 inoculated in the
Typical variety, inocula from Omia V in this same variety and from Omia VI in the Caturra variety. With these
inoculums, differences were found (P <0.005) in plant height, production of DM of the aerial and root part in
relation to the uninoculated control. Root colonization and the population of extra-root mycelium were affected
by the origin of the AMF. This study confirms that coffee cultivation is dependent on the symbiotic association
with native arbuscular mycorrhizal fungi (HMA-N), aiding in the absorption of nutrients and water necessary for
plant growth and development.

Keywords: Coffee, mycorrhizal frequency, inoculum, mycorrhizal intensity, mycelium.
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Introduccion

La relacién simbiodtica que se establece entre
los hongos micorricicos arbusculares (HMA)
y las raices promueve un mayor crecimiento
y desarrollo de las plantas. Los hongos se
benefician con el suministro de carbohidratos
provenientes de la planta y ésta, a su vez,
desarrolla una mayor capacidad de absorcion
de nutrientes del suelo a través de las raices.
lo que promueve su crecimiento y desarrollo
(Martin et al., 2010). Los HMA constituyen vias
alternativas para la nutricion de las plantas
con efectos positivos sobre los rendimientos de
los cultivos (Terry et al., 2006). Estos hongos
forman simbiosis con las raices de las plantas de
manera natural y se encuentran en 95% de las
especies vegetales (Miransari, Baharami, Rejali
y Malakouti, 2009).

El micelio de los HMA funciona como un
sistema radicular complementario de las plantas
(Hernandez et al., 2008) que se extiende mas alla
de la zona de reserva de nutrientes cercana a la
raiz (Bucher, 2006), ademas cumplen funciones
en la busqueda, absorcién y transporte de
nutrientes para la planta, especialmente aquellos
de lenta difusion en la solucién del suelo como
fosforo, zinc, cobre y amonio, con capacidad
para absorber hasta 40 veces mas que un pelo
radicular gracias a su amplia exploracion extra-
radicular (Peia-Venegas y Cardona, 2010) .

El café es considerado como un cultivo
micoétrofo obligatorio, con una alta dependencia
micorricica segun la especie y la etapa de
crecimiento (Fernandez et al., 2005), siendo
la etapa de vivero la mas adecuada para la
inoculacién con hongos micorricicos (Trejo et
al., 1998).

Segun Morton y Benny (1990) y Del Aguila et
al., (2018) el sistema de hifas que se desarrolla
fuera de la raiz permite una mayor exploracién
de los suelos incrementando, de esta manera, la
capturay absorcion por la planta de nutrientes de
baja disponibilidad como el fésforo, cobre y zinc.

En la provincia de Rodriguez de Mendoza,
Amazonas, Perq, el cultivo de café es un renglén
importante dentro de la actividad agricola y
econdmica, alcanzando en 2015 una produccion
de 6914 t de café pergamino. Segun el Ministerio
de Agricultura y Riego (MINAGRI, 2015), en 2014
las provincias con mayor produccion de café en
la region de Amazonas fueron Utcubamba, Luya
y Rodriguez de Mendoza.

Con base en lo anterior, el presente trabajo
tuvo por objetivo evaluar la efectividad de 12
fuentes de inoculos de HMA-Nativos sobre la
altura de planta, la produccién de MS radiculary

Efecto de hongos formadores de micorrizas arbusculares
en clones de café (Coffea arabica) variedad Caturra

la parte aérea y el area foliar en plantas clonadas
de café variedad Caturra en los ambientes
del invernadero en la provincia Rodriguez de
Mendoza, Region Amazonas-Peru.

Materiales y métodos

Area de estudio y localizacién de las
fincas

El estudio se realiz6 en la provincia Rodriguez
de Mendoza, region Amazonas-Peru, entre las
coordenadas 6°18'57"S y 77°32'17"0, a 1295
m.s.n.m. Elclima es calido y humedo y la regién
corresponde al ecosistema Ceja de Selva. La
época mas lluviosa ocurre entre noviembre y
marzo, y la temperatura es variable entre 12 y
30 °C. Para el estudio fueron seleccionadas 12
fincas cafetaleras (Tabla 1) de las variedades
Tipica y Caturra, localizadas en los distritos
Cochamal, Huambo, Mariscal Benavides, Omia
y San Nicolas, cultivados con una tecnologia
intermedia tradicional en la region.

Tabla 1. Procedencia de consorcios de hongos micorricicos arbusculares
nativos en cultivo de café. Amazonas, Peru.

Tratamiento (no.) Procedencia Variedad

TO Testigo (suelo estéril)

T San Nicolas - | Tipica
T2 Huambo - | Tipica
T3 Cochamal Caturra
T4 Omia - | Caturra
T5 Omia - I Tipica
T6 Omia - 11l Caturra
T7 San Nicolas - | Tipica
T8 Mariscal Benavides Caturra
T9 Omia - IV Tipica
T10 Omia -V Tipica
T Omia - VI Caturra
T12 Huambo - II Caturra

Disefio experimental

Los tratamientos fueron dispuestos en un Disefio
Completamente Aleatorizado (DCA), con 13
tratamientos (12 consorcios de HMA-Nativos mas
un testigo), con tres repeticiones y cuatro plantas
por repeticion, para un total de 39 unidades
experimentales.
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Recoleccion y multiplicacion de HMA-
Nativos

La recoleccion se hizo en suelo rizosférico en 12
fincas cafetaleras a 30 cm a partir de la base del
tallo principal de la planta de café y 30 cm de
profundidad, de acuerdo con la recomendacion
de Montilla et al., (2005). Las muestras fueron
llevada a laboratorio, donde se dividieron en
dos submuestras, una de ellas para realizar el
conteo inicial de esporas y la otra fue llevada a
los ambientes del invernadero para multiplicar
las esporas, utilizando maiz (Zea mays L.) como
planta nodriza (Sieverding, 1991). Después de 60
dias, se suspendi6 la aplicacion de riego a estas
plantas y 20 dias mas tarde fueron cosechadas
a ras de suelo (Del Aguila et al., 2018).

Se prepar6é una mezcla de suelo esterilizado
en horno a 200 °C y arena de rio desinfectado
en agua hervida 100 °C, en proporciéon (2:1 v/v).
El contenido de P en la mezcla fue de 13 mg/
kg considerado como medio. Los clones de café
variedad Caturra enraizados en micro tuneles
fueron inoculados individualmente con 1500
esporas de cada consorcio micorricico obtenido
en las plantas nodriza.

Clonacion de plantas de café

Se seleccionaron 60 plantas de café de la variedad
Caturra con alta productividad y tolerancia a
roya, con un promedio de edad entre 6 y 8 afos.
Entre 60 y 90 dias después de la induccién,
proceso que consiste en agobiar las plantas
de cafeto con direccién al suelo formando un
angulo de 45° y poda de ramas laterales para
la activacion de auxinas en las yemas axilares,
generando brotes ortotréopicos. Estos brotes
fueron cosechados y conducidos a laboratorio
para su acondicionamiento, estandarizando el
tamano a 5 cm, con dos hojas y 50% de area foliar.
Con el fin de prevenir la presencia de hongos, los
brotes fueron desinfectados con Antracol 70% PM
auna concentraciéon de 3 g/1 de agua durante 10
min. A continuacion, la parte basal del brote fue
introducida en una solucién de hormona de acido
indol-butirico (AIB) a 2000 ppm aplicado a cada
brote mediante el método de inmersion rapida,
posteriormente fueron establecidos en camara
humeda. Para mantener la humedad relativa en
rangos mayores que 80%, cada hora durante 3
min se aplico riego nebulizado en el interior del
microtinel durante el proceso de propagacion
clonal. Las plantulas de café clonadas fueron
colocadas en un vivero con sombra al 80% por un
periodo de 15 dias y después fueron transferidos
a otro vivero que tenia sombra al 50% por 15 dias
mas completando asi el proceso de aclimatacion
(Vallejos-Torres et al., 2019).
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Parametros evaluados

Los efectos de los consorcios micorricicos
(tratamientos) aplicados fueron evaluados tanto
en las caracteristicas morfologicas de las plantulas
de café como en las variables fingicas. Entre las
caracteristicas de la planta se incluyeron:

Altura de plantula (H)

La medicién se realiz6 con una regla meétrica
desde la base del tallo hasta el apice de la planta.
Después de cada medicion, el material utilizado
fue desinfectado con alcohol al 96%, para evitar
la contaminacion entre los consorcios en estudio
(Del Aguila et al., 2018).

Area foliar (AF)

Para esta medicion, se colocaron todas las
hojas de las plantas de cafeto en una superficie
oscura y fueron fotografiadas claramente para
determinar el area foliar. La medicion se hizo
con el software ASSES, que permite calcular el
area foliar mediante colores de contraste tomando
como referencia un objeto calibrador con area
conocida (Del Aguila et al., 2018).

Materia seca radicular (MSR)

La determinacion de materia seca radicular se hizo
por secado de las raices lavadas de las plantas de
cafeto, en estufa a 60 °C por 72 h y el pesaje en
una balanza analitica (Del Aguila et al., 2018).
Como caracteristicas fingicas se determinaron:

Porcentaje de colonizacién (PC).

Para esta determinacion se hizo tincion de raices
siguiendo la metodologia de Phillips y Hayman
(1970) con azul de Trypano, vinagre y agua
oxigenada antes de colocarlas en bano maria.
Luego de la tincién fueron cortadas en trozos de 1
cm para obtener en total 30 fragmentos que fueron
colocados en laminas portaobjetos y observadas
en microscopio compuesto con aumento de los
objetivos a 100X. Para el calculo del porcentaje
de colonizacién de hifas interna o frecuencia
micorricica (F.M.) se utilizé la féormula de
Sieverding (1983) (Ecuacion 1) y para la evaluacion
de la intensidad micorricica (I.M.) se aplicé formula
de Trouvelot y Kough (1986) (Ecuacion 2).

N° Campos infectados
F.M (%) =

X100
N2 Campos observados Ee. 1

(n1 + 5(n2) +30(n3) + 70(n4) + 95(n5))

Ec. 2
N X 100

LM (%) =

Donde, N: Numero total de raices evaluadas y n:
Numero de fragmentos clasificados.



Longitud de micelio extra-radicular (LMER)

Para esta medicion se pes6 una muestrade 1 gde
suelo la cual fue sometida al proceso de tincion
de micelio extra-radicular propuesta por Robles
(2009), antes de ser colocada en placas Petri con
cuadrantes de 0.5 cm? en la base. Parala evaluacion
se utilizé un estereoscopio con aumentos de 3xy
4.5x, contando la interseccion hifa/linea (Robles,
2009). EIl numero de intersecciones obtenidas
se reemplazo en la féormula de determinacion de
longitud de micelio extra-radicular (cm) propuesta
por Newman (1966).

Analisis estadisticos

Los datos de altura, materia seca, area foliar y
longitud de micelio fueron transformados por
Vx+1 (Padrén, 1996); mientras que para los datos
de intensidad y frecuencia micorricica se utilizo
la transformacién angular arcsen Vx% (Box y
Hunter, 1988). Con los datos obtenidos se realiz6
el analisis de variancia y para la comparacion de
las medias se utilizo6 la prueba de Tukey con nivel
de significancia a = 0.05.

Resultados y discusion

Efecto de fuentes de inéculos de HMA
nativos

El analisis de varianza (Tabla 2) para los diferentes
tratamientos mostré diferencias (P < 0.05) para
altura de planta-H, materia seca radicular-
MSR, area foliar AF, intensidad micorricica-IM,
frecuencia micorricica-FM, longitud de micelio-
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LM, sugiriendo que las variables evaluadas
dependen, entre otras condiciones, de las fuentes
de in6culos de HMA nativos.

La prueba de Tukey (Tabla 3) para los
diferentes tratamientos mostré que los consorcios
mas eficientes en las variables morfolégicas y
fingicas fueron el consorcio procedente de las
fincas Omia-V (T10), San Nicolas-I (T1) y Omia-
VI (T11), mostrando diferencias significativas
(P < 0.05) respecto al testigo sin inoculacion
micorricica.

El testigo present6 la menor tasa de crecimiento
(altura) con 6.15 cm; mientras que la mayor
altura se observé con el T10 Omia-V en la
variedad Tipica. Entre los tratamientos con
inoculacion micorricica se encontraron valores
desde 6.83 hasta 8.09 cm, con una tasa de
incremento desde 6% a 25% respecto al testigo;
resultado similar encontraron Del Aguila et al.,

Tabla 2. Cuadrados medios para el efecto del porcentaje de colonizacion
de HMA nativos en caracteristicas de planta de café (Coffea arabica), 120
dias después del comienzo de la evaluacién. Amazonas, Peru.

Fuente H MSR
de AF (cm?) IM (%) FM (%) LM (cm)
.. (em)  (g)
variacion
3.072 0.223 12188.225 91.189 1063.77 6240.119
SCM * * * * * *
C.V. (%) 4.3 14.57 6.33 20.48 22.24 13.47
R? (%) 72.87 71.06 87.44 88.43 81.97 98.37

* = Significativo (P < 0.05). H: altura; MSR: materia seca radicular; AF: area
foliar; IM: intensidad micorricica; FM: frecuencia micorricica; LM: longitud
de micelio; SCM: suma de cuadrados medios, C.V.: coeficiente de varia-
cién; R% coeficiente de determinacion

Tabla 3. Efecto de los HMA nativos en el porcentaje de inoculacién y caracteristicas de plantas de café (Coffea arabica). Amazonas, Peru.

Tratamientos Caracteristicas de planta HMA

(fuente de inéculo) H (cm) MSR (g) AF (cm?) IM (%) FM (%) LM (cm)
TO 6.15d 036g 13243 h 0 0 0
T1 8.02a 0.73 b 235.16 ab 1.46 b 2333b 65.23b
T2 7.35b 0.65 bed 179.42 def 0.65 cdef 7.60 ef 11.22e
T3 6.83 cd 0.53 ef 172.49 fg 0.54 defg 12.14 cde 13.61 de
T4 6.86 cd 0.57 cdef 191.52d 0.56 defg 10.56 de 17.33d
T5 6.86 cd 0.62 bcdef 191.77 d 0.22fg 5.87 ef 449 ¢
T6 6.84 cd 0.64 bcde 190.63 de 0.36 efg 5.83 ef 10.45 ef
T7 7.19 bc 0.54 def 183.60 def 0.97 bcde 19.72 bc 12.57 e
T8 7.05 bc 0.50 f 156.27 g 0.32fg 417 ef 6.74 fg
T9 7.25 bc 0.64 bcde 209.73 ¢ 1.06 bcd 20.00 bc 25.69 ¢
T10 8.09a 0.95a 24742 a 428 a 36.94a 75.59 a
T11 7.89 a 0.67 bc 226.52 b 1.24 bc 19.72 bc 24.68 ¢
T12 7.06 bc 0.57 cdef 174.32 ef 0.85 bedef 16.11 bed 17.17d

H: altura; MSR: materia seca radicular; AF: area foliar; IM: intensidad micorricica; FM: frecuencia micorricica; LM: longitud de micelio. * P < 0.05.
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(2018) en condiciones de vivero encontrando
incrementos entre 35% y 40% respecto al testigo.
Mientras que Trejo et al., (2011) en estudios
realizados con inoculaciones de HMA a nivel de
invernadero encontraron incrementos de altura
de plantas de cafeto de 91% en comparacion con
el testigo siendo estos incrementos mayores que
los encontrados en la presente investigacion.

Para el area foliar se encontr6 una tendencia
similar a la de la altura de planta; siendo
nuevamente mayor con el T10, seguido de los
tratamientos T1 y T11, consorcios micorricicos
procedentes de Omia-V, San Nicolas-I y Omia-VI.
Al respecto Augé (2001) indica que la asociacion
de hongo-planta genera incrementos de las
tasas fotosintéticas, por tanto, lo que favorece el
crecimiento y desarrollo de la planta.

La intensidad (4.28%) y frecuencia de
colonizaciéon (36.94%) micorricica por HMA-N
fueron mas altas en el T10 (Tabla 3). Las
diferencias en condiciones ambientales y el
tipo de suelo influyen en los resultados de la
baja colonizaciéon, asi, los HMA de un suelo
se comportan diferente a los de otros suelos
(Hart y Reader, 2002). Por su parte, Sieverding
(1991) encontré que la presencia de sombra en
la simbiosis hongo-planta igualmente reduce la
colonizaciéon micorricica y la propagacion de las
esporas, lo que inhibe la colonizacion.

En la Figura 1 y 2 aparecen las correlaciones
entre altura de planta con frecuencia e intensidad
micorricica en la variedad Caturra. Los resultados
indican que el crecimiento y desarrollo de
las plantas clonales de cafeto dependen de la

Tabla 4. Andlisis de correlacién lineal de Pearson entre variables
morfolégicas de clones de café y longitud de micelio extra-radicular (LMER).
Amazonas, Peru.

Variables Longitud
Altura de planta (cm) 0.72
Area foliar (cm?) 0.78
Materia seca radicular (g) 0.70
39
36 ©
S = y= - 104.77 + 16.472x
5 3 R? = 0.6935
‘8' 27 -
E 24 //// ()
5 21 o0 _— ]
2 18 . _—
I 15 _—
< 12 ° "
S 5 o y=-11.029 +1.663x
S _— o R?=0.6058
6 @
3 /// hd 77,.
0 - —w——o—o* v ¢

-3 63 68 73 78 83

Altura (cm)

® Correlacion altura-Intensidad micorrizica (%)

® Correlacion altura-Frecuencia micorrizica (%)

Figura 1. Correlacion entre la frecuencia e intensidad Micorricica y la altura
de plantén de café variedad Caturra. Amazonas, Peru.
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longitud de micelio extra-radicular, siendo todos
los consorcios de HMA-N efectivos en todos los
tratamientos inoculados, en comparaciéon con el
testigo sin in6culo de HMA-N. En la Tabla 4 se
observa que las correlaciones entre la longitud
de micelio extra-radicular con las variables
morfolégicas de planta clonal fueron siempre
altas y positivas, con valores entre 0.70 y 0.78,
lo que concuerda con los resultados de Evans y
Miller (1988).

Los mejores consorcios de HMA-N con mayor
longitud de micelio extra-radicular fueron
aquéllos procedentes de las localidades Omia-V,
San Nicolas-I, Omia-IV y Omia-VIlos cuales, a su
vez, presentaron los mayores valores de altura de
planta, area foliar y materia seca radicular, con
valores promedios de micelio extra-radicular de
75.59 cm, 65.23 cm, 25.69 cm y 24.68 cm. Estos
valores que el valor de 148.72 cm encontrado
por del Aguila et al., (2018). Esta diferencia es
debida, entre otras causas, a la procedencia de
los consorcios micorricicos y a las condiciones
particulares de los suelos (Hart y Reader, 2002).
Las especies HMA encontradas en este estudio
fueron: Acaulospora rugosa, A. foveata, A. mellea,
A. tuberculata, A. rhemii, Acaulospora sp., Glomus
geosporum, G. sinuosum, Glomus spl., Glomus
sp2. y Ambispora appendicula.

Conclusiones

El estudio demostré la importancia que tienen
los consorcios de hongos HMA-N debido a su
efecto positivo sobre el crecimiento en altura,
area foliar y materia seca radicular de clones
de café variedad Caturra, asi mismo una buena
capacidad colonizadora y longitud de micelio
extra-radicular. La efectividad vari6 segun la
proveniencia de los consorcios micorricicos,
siendo los mas eficientes aquellos recolectados en
las localidades Omia-V, San Nicolas-I y Omia-VI,
situados en dos distritos de Omia y San Nicolas,
de la provincia de Rodriguez de Mendoza.

y =0,0189x + 6,7962
R2=0,7258

Altura (cm)
<

0 20 40 60 80

Longitud de micelio extra - radicular (cm)

Figura 2. Correlacion lineal entre la altura de planta de café y la longitud de
micelio extra-radicular (LMER). Amazonas, Peru.
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Abstract

Soybean (Glycine max (L.) Merrill) is one of the most cultivated in Brazil and has lost productivity due to the
attack of disease pests. Thus, it is necessary to develop new technologies capable of reducing damages caused
by such biological agents. The aim of this work was to evaluate whether the chemical management of ‘eyespot’
and the induction of resistance through the use of phosphites and acibenzolar-s-methyl (ASM), in association
with commercial fungicides, affect the quality of soybean seeds. The study was conducted in the field, during two
consecutive harvests in Dois Vizinhos, Parana, Brazil, and a randomized blocks experimental designs was used.
The response-variables evaluated were yield components, disease severity through specific diagrammatic scales,
and seed quality attributes. The use of phosphite and ASM, with and without the combination of fungicides
Glifosato, Azoxistrobina + Benzovindiflupir, Azoxistrobina + Ciproconazol and Picoxistrobina + Ciproconazol did
not reduce the severity of the mildew and asian soybean rust. The use of combinations of different fungicides
was sufficient to mitigate the severity effects of the mildew and asian rust on soybean crop.

Keywords: Acibenzolar-S-methyl; Glycine max; Phosphites.

Resumen

El cultivo de soja (Glycine max (L.) Merrill), uno de los mas extensos en Brasil, ha perdido productividad
debido al ataque de enfermedades. Esto ha creado la necesidad de desarrollar nuevas tecnologias con
el fin de reducir los danos causados por agentes biologicos. El objetivo de este trabajo fue evaluar
el manejo quimico de la mancha ocular producida por Peronospora manshurica y la roya asiatica
(Phakopsora pachyrhizi) mediante la induccion de resistencia a la enfermedad a través del uso de
fosfitos y acibenzolar-s-metilo (ASM) en asociaciéon con fungicidas comerciales y determinar su efecto
sobre la calidad de las semillas de este cultivo. El estudio se realiz6 en campos de Dois Vizinhos,
Parana (Brasil) durante dos cosechas consecutivas, y para el efecto se utiliz6 un disefia de bloques
aleatorizados. Las variables de respuesta fueron los componentes del rendimiento, la severidade de la
enfermedad a través de escalas esquematicas especificas y los atributos de calidad de la semilla. Eluso
de fosfitos y ASM asociados con fungicidas Glifosato, Azoxistrobina + Benzovindiflupir, Azoxistrobina
+ Ciproconazol y Picoxistrobina + Ciproconazol no present6 resultados superiores en los parametros
evaluados, cuando se comparo con la aplicacion de estos ultimos de manera aislada. La aplicacion de
fungicidas fue suficiente para mitigar los efectos de la gravedad de la roya y el mildeo asiatico de la soja.

Palabras clave: Acibenzolar-S-metilo; Glycine max; fosfitos.
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Introduction

Glycine max (L.) Merrill has unquestionable
importance in the global agricultural sector and
Brazil is one of the largest producers and grain
exporters. In Brazil, soybean is in a position to
expand its production in order to supply much
of the world demand. However, the quality of
grain and productivity need to be high, in order
to increase the competitiveness of Brazilian
producers across the international market. This
increase, in turn, is associated with scientific
advances and the availability of technologies to
the productive sector (Freitas, 2011).

Some aspects hinder the increase in soybean
yield, highlighting the occurrence of pests and
diseases. The diseases caused by fungus are
of the greatest importance, both for damage to
grain yield and the quality of the seed produced.
Moreover, many of these organisms have in the
seed which its primary vehicle for spreading
and introduction into new areas of cultivation
may cause damage to the crop in favorable
environmental conditions (Henning, 2004).

The induction of pathogens resistance in
plants is characterized by the activation of their
defense mechanisms inherent in expression to
morphological, physiological and biochemical
responses that limit pathogen activity in their
tissues. Inducing substances, of biotic and abiotic
origin, have been distinguished by their efficiency
in different cultures, as alternatives of use a
consortium, substitution to the pulverization of
traditional xenobiotics and conventional seed
treatment (Rodrigues et al., 2012).

A variety of substances have been used for this
purpose. Among them, the phosphites stand out,
which, like inductors, stimulate the formation
of substances, protecting the plant against the
attack of fungi by its self-defense. Its activity on
the control of plant diseases can occur directly,
inhibiting the development of the pathogen, or
indirectly, when they induce the production of
substances such as enzymes and phytoalexins
and these will act on the pathogen, inducing
plant resistance. As the fungicide effect can act
directly on the fungus and applied either alone
or in combination with fungicides, with additive
or synergistic result which assists in reducing
the intensity of diseases (Carmona and Sautua,
2011; Silva et al., 2013).

There are several studies confirming this
property in ASM in many agronomic plants (Santos
et al., 2011; Silva et al., 2013). The aim of the
study was to evaluate the chemical management
of ‘eyespot’ and the induction of resistance by
the use of phosphites and acibenzolar-S-methyl
(ASM), in association with commercial fungicides
affect the quality of soybean seeds.
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Material and methods

The experiments were conducted in the
municipality of Dois Vizinhos, state of Parana
(Brasil), divided into two field trials during the
2015/16 and 2016/ 17 seasons. Both trials were
seeded with C2 seeds of cultivar NIDERA NA
5909 RG produced in the previous harvest. The
tests were implemented in a no-tillage system
on the straw. The basic fertilization followed the
recommendations of soil analysis for the culture
and applied 350 kg.ha'! NPK fertilizers 02-24-18.

The experimental design was randomized
blocks. In the 2015/16 crop, 12 treatments,
resulting from commercial product mixtures with
the inductors studied in three replicates, were
tested, totaling 36 experimental units (EU). In
the 2016/17 crop, we chose to test 10 treatments,
with four replicates, totaling 40 EU. For both
tests, the EU consisted of five lines, 2.25 m wide
and 5 m long, spaced at 0.45 m, completing a total
area of 11.25 m?. The observation units (UO) went
to the three central lines of the EU, discarding
each end 0.5 m, totaling 5.4 m?. The spraying
corresponded to combinations of glyphosate
herbicide, commercial fungicides, phosphite
based products, and plant activator ASM, and a
control without any treatment for disease control,
with only applying the herbicide described for
weed control. Table 1 shows the combinations
and sequences of the products applied.

In both crops, the concentrations of active
products and applied doses were: Glyphosate 480
gl/1 (2 L ha-'); acibenzolar-s-metil (ASM) 500g/
kg (0.05 L ha-'); the manganese phosphite - FMn
9% Mn, 2.5% Mo, 24% phosphite (0.5 L ha); of
Potassium - FK 40% P,0,, 10% K,O, 25% phosphite
(0.4 L ha'); and Copper and Boron - FCuB 4%
Cu, 2% B, 24% phosphite (0.4 L ha'). Only the
fungicides and the applied doses varied according to
the crop. In the 2015/16 crop, the fungicides Fgl:
Azoxystrobin + Benzovinindiflopi 300 g/1+150g/1
(0.3 L ha); and Fg2: Azoxystrobin + Ciproconazole
200 g/1+ 80 g/1(0.2 L ha-1). During the 2016/17,
the fungicides used were Fgl: Azoxystrobin +
Benzovindiflupir (0.2 L ha-1) and Fg3: Picoxystrobin
+ Ciproconazole (0.3 L ha-1).

The efficiency of applications on the control
of pathogens was measured by the severity of
the disease and this was used to calculate the
area under the disease progress curve (AACPD),
observing four marked plants, chosen at random
in each EU. These were labeled randomly and
evaluated nine leaflets, three in each third
(bottom, middle and top) of the plant. To estimate
severity, diagrammatic scales were used for mildew
(Peronospora manshurica) (Kowata et al., 2008)
and asian soybean rust (Phakopsora pachyrhizi)
(Godoy et al., 2006). Five severity evaluations were



performed for asian soybean rust and three for
mildew, an interval of 7 and 14 days, respectively,
from the V4 stage. The average values of severity
of each plot were used to calculate the AACPD
(Campbell and Madden, 1990).

In both trials, the crop performed manually,
occurred in the R7.3 stage (more than 76% of
leaves and yellow pod) (Ritchie et al., 1982),
wherein seeds with mean levels ranging water
between 14.5 and 17%. For the trail, a motorized
plotter with track and cleaning function was used.
The harvested seeds were advantaged in an air
screen cleaner for cleaning and standardization.

These samples were placed in cotton packaging
and put to dry in a stationary dryer sample with
forced air at 35 °C, in order to homogenize

Table 1. The sequence of the application of the products used in the crop
of 2015/16 and 2016/17.

Treat. Crop 2015/16 Applied doses (L ha-1)
1 Control Control
2 Gl/Fg2+Ad/Fg1+Ad/Fg2+Ad 2/0.2/03/0.2

3 GHFMn/Fg2+Ad/Fgl+Ad/Fg2+Ad  2+0.4/0.2/0.3/0.2

4 GI/FCuB/FCuB/FCuB 2/04/04/04

5 GI/FK/FK/FK 2/0.4/0.4/0.4

6 Gl/Fg2+Ad+FCuB/Fg1+Ad/Fg2+Ad  2/0.2+0.4/0.3/0.2

Gl/Fg2+Ad+FCuB/Fg1+Ad+FCuB/

2/0.2+0.4/0.3+0.4/0.2
Fg2+Ad

8  Gl/Fg2+Ad+FK/Fg1+Ad/Fg2+Ad 2/0.2+0.4/0.4/0.2

9 Gl/Fg2+Ad+FK/Fg1+Ad+FK/Fg2+Ad  2/0.2+0.4/0.3+0.4/0.2
GI+FMn/Fg2+Ad + FCuB/ 2+0.4/0.2+0.4/0.3+0.4

10
Fg1+Ad+FK/Fg2+Ad /0.2

11 GI/ASM/ASM/ASM 2/0.05/0.05/0.05

Gl/Fg2+Ad+ASM/Fg1+Ad+ASM/

12
Fg2+Ad

2/0.2+0.05/0.3 +0.05/0.2

Treat. Crop 2016/17 Applied doses (L ha-")

1 Control Control

2 Gl/Fg3+Ad/Fg1+Ad/Fg3+Ad 2/0.3/0.2/0.3

3 GHFMN/Fg3+Ad/Fgl+Ad/Fg3+Ad  2+0.5/0.3/0.2/0.3

4 GI/FCUB/FCUB/FCuB 2/0.4/0.4/04

5 GI/Fg3+FCuB/Fgl+Ad/Fg3+Ad 2/0.3+0.4/0.2/0.3

6 GI/Fg3+FCUB/Fg1+FCUB/Fg3+Ad  2/0.3+0.4/0.2+0.4/0.3

L GI+FMI/Fg3+FCUB/FgT+FI/ 2+0.5/0.3 +0.4 /0.2 +0.4
Fg3+Ad /03

8 GlFg3+Ad+FK/Fg+Ad/Fg3+Ad 2/0.3+0.4/0.2/0.3

9 Sg'/gFf:;Ad+FK/Fg1 AR 2/03+0.4/0.2+0.4/03

1o GIFE3*AQ+ASM/FEI+AG+ASM/  2/0.3+0.05/0.2 +0.05/

Fg3+Ad

0.3.1

* Glyphosate. Fg .: fungicide. Ad: Adjuvant. ASM: Acibenzolar-S-methyl.

Induction of resistance and chemical management
of mildew and Asian rust in soybean cultivation

the water content until the seeds reached
the equilibrium moisture content at 13%. It
determined the moisture content of the seeds
by the oven method at 105+3 °C, according to
the methodology prescribed by the Rules for
Seed Analysis - RAS (Brasil, 2009). Further,
by weighing the sample on a precision scale,
it calculated the seed productivity - Prod (kg.
ha'!). The samples were homogenized and still
quartered to obtain working samples according to
RAS (Brasil, 2009), which evaluated the quality
attributes of the seeds. Were measured: weight
of one thousand seeds - WTS (g); germination -
G (%) and length of seedlings - LS (cm) (Brasil,
2009; Marcos-Filho, 2015).

The data set was subjected to Lilliefors test
of normality and homogeneity of variance of
Bartlet, and the data of AUDPC-M and AUDPC-F
variables processed by chi-square (X2 + K), the
means presented are unique and discriminatory
letters referring to adjusted averages. Met the
assumptions of the statistical model, the level
of significance of the treatments was tested by F
test at 5% probability of error. Where significant
treatments, were analyzed by means of Scott-
Knott test, 5% level of probability. Statistical
analyses were performed using the Assistat®
statistical software.

Results and discussion

The response variables influenced differently
for each crop depending on the treatments. In
the experiment 1, conducted in the harvest of
2015/16, treatments were significant on the
variables PMS, PROD, G, CP and AACPD for asian
soybean rust and mildew (Table 2).

Table 2. Thousand seed weight (TSW), productivity (Prod), germination (G),
seedling length (SL), area under the disease progress curve of asian soybean
rust (AUDPC-A) and mildew (AUDPC-M), in an experiment conducted in the
2015/16 crop.

Treat.  TSW(g) (k';r::_1) (:/i) SL(cm)  AUDPC-A :\g_';;
1 15333b* 3268b 30b 17526 1530852  15397a
2 16566a  3888a 7la 2271a  41658b  47.64c
3 17533 38422 64a  2317a 297400  3523c
4 14800b 31680 25 1663b  1365.11a  88.38b
5 142000  3116b 26b  19.20b  1487.48a  80.71b
6  16500a  3956a 40b  2130a  421.85b  41.60c
7 169332  3780a  6la 17.44b  35641b  19.97d
8  167.66a 36932 49  1525b  273.16b  4841c
9  16800a  4118a  79a 22282  366.22b  21.42d
10 17633a  4231a 82a 2252a 30585  14.04d
11 15266b  3318b 62a 2568a  134851a  80.92b
12 16700a  4032a 87a 21.10a  34360b  17.19d

*Data not followed by the same letter in a column are statistically different
from each other by Scott-Knott, at 5% level of probability. Trat = treatment.
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The treatments Copper and Boron (FCuB)
(T4), FK (TS), acibenzolar-s-metil (ASM) (T11)
and control (T1) had lower mean WTS and
Prod, differing from the others (Table 2). In
all these treatments did not apply fungicides.
It can be inferred that they do not efficiently
controlled pathogens as the other treatments,
or, as suggested Peruch and Bruna (2008), had
occurred phytotoxic effect on metabolic processes
in soybean plants, negatively interfering in the
evaluated parameters.

The Table 2 shows that the treatments
comprise fungicides or not associated phosphites
were more productive, probably due to the control
of diseases by culture fungicides. Even triazole
fungicides commonly used in agriculture can
cause a bio-stimulant effect on plants.

For the germination (G) (Table 2) the T2, T3,
T7,T9, T10, T11, and T12 treatments presented
the highest averages (61 - 82%). However, taking
into account that the minimum germination
standard for soybean seed marketing is 80%,
it is possible to distinguish only T10 and T12
with satisfactory physiological quality. During
the development of culture, before and after
physiological maturity in the season 2015/16,
there were successive rains that delayed the
harvest. It could be observed in Figure 1 that
during the month of February, when the harvest
was carried out, the average precipitation was
191.2 mm distributed in 24 days. Probably there
have been successive hydrations and dehydration
and consequently, the deterioration of the seeds
still in the field, compromising their quality.

The excess moisture in the period following
the physiological maturity and mature field
compromised the physiological seed quality (Silva
et al., 2013; Marcos Filho, 2015). On the length
of seedlings (LS) (Table 2), treatments T2, T3, T6,
T9, T10, T11, and T12 differed from the others.
It is noted, however, that the lowest averages
occurred in the treatments containing Potassium
(FK) and Copper and Boron (FCuB) and when the

Precipitagao e temperatura média no municipio de Dois Vizinhos,
PR, nas safras de 2015, 2016 e 2017
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Figure 1. Precipitation and an average temperature in the municipality of Dois
Vizinhos, PR, Brazil.
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applications were repeated three times. Possibly
it may have been cause toxic effects in the mother
plant, coming to affect the length of seedlings
produced in the seeds. Thus, from the point of
view of the quality of the seeds in the first year of
conducting the test, the use of phosphites and in
isolation ASM was not efficient on the variables
analyzed. Also, the use of fungicides with or
without the phosphite and the ASM promoted
satisfactory results.

About AACPD-F, treatments corresponding
to the use of Copper and Boron (FCuB) (T4) and
Potassium (FK) (T5) and ASM (T11) alone did not
differ from control (T1) did not reduce disease
severity in the culture. However, other associations
between treatments corresponding phosphites,
fungicides and plant activator ASM differed (Table
2). A similar result obtained by Neves and Blum
(2014) on the severity of asian soybean rust in
crop shows that the use of phosphites isolated or
associated with fungicides is efficient, but they do
not differ significantly from one another. Other
studies have demonstrated a significant increase
in severity reduction when using phosphites and
ASMs associated with the fungicide cyproconazole
+ azoxystrobin (Silva et al., 2013).

Regarding AACPD -M, all treatments differed
from the control, and T7, T9, T10, and T12
showed a greater reduction of disease severity. In
T7 and T9, the Cu and K phosphites were applied
twice, which was more efficient than applying
the once only (T6 and T8). The association of FK
with fungicides (T9) promoted 21.42 AACPD-M,
compared to using FK alone (T5) with 80.71 and
only with the application of fungicides (T2) with
47. Thus, T9 reduced about 75% of AACPD-M in
relation to TS and 45% in relation to T2. For Silva
et al. (2011), the application of FK in soybean is
efficient both in reducing the severity of mildew
and in asian soybean rust.

In T10 was tested implementation of the
three phosphites (Cu, K, and Mn). In this case,
there was probably a synergistic effect between
phosphites and fungicides, which potentiate the
action of the molecules of fungicides, resulting in
toxic effects on the pathogen. The acidity of the
phosphite directly interferes with the development
of the fungi, decreasing their growth (Aratjo et
al., 2010) and significantly reducing the mildew
severity (Silva et al., 2011).

The fungicide application associated with
ASM (T12) showed more efficient results when
compared to the same application isolation. Silva
et al. (2013) found that ASM when associated
with the pyraclostrobin + epoxiconazole fungicide
also reduced the severity of mildew in soybean
cultivation and, when applied in isolation, had
no effects on disease control.



In experiment 2, season 2016/2017,
treatments were significant variables on the
weight of one thousand seeds (WTS), Prod and
length of seedlings (SL), AUDPC asian soybean
rust and mildew (Table 3).

Regarding the variables WTS and Prod, all
the treatments differed from the control, being
superior to this one. Effective in controlling
the severity of rust and mildew, the treatments
employed provided a loss in grain filling and
number of pods per plant smaller than in the
control, which showed yellowing and defoliation
(Neves and Blum 2014). This favored the greatest
mass of a thousand grains and productivity.
Another factor to be taken into account is that
foliar nutrient application results in increased
productivity and seed formation with higher
physiological quality (Fageria et al., 2009).
Therefore, this must occur when the nutritional
requirements are higher at the start of grain
filling, characterized in that the transition at the
end of stage R4 and RS (Taiz and Zeiger, 2013).
This was the time in which the latest treatments
application, ensuring greater grain quality and
productivity compared to the control (Table 3).

For the variable SL (Table 3) the highest
averages were obtained with the application
of T2, TS5, T8, T9, and T10 treatments. The
control of diseases in the soybean crop had
been carried out with two to three applications
of fungicides, starting from the flowering and
yet, damages caused by diseases, are verified
annually (Yorinori et al., 2005). This practice
has a high cost and, as can be seen in the results
obtained for the SL, this cost can be reduced by
using alternative sources, such as resistance
inducers combined with fungicides, without
compromising the plant’s development.

Table 3. Thousand seed weight (TSW), productivity (Prod), seedling length
(SL), area under the disease progress curve of asian rust (AUDPC-A) and
mildew (AUDPC-M), in an experiment conducted in 2016/17 crop.

Prod

Treat. TSW (g) (kg/ha) SL (cm) AACPD-F AACPD-M
1 147.73b 3719b 23.00c 154.17a 105.42a
2 162.73a 4171a 25.50a 82.95c 58.34b
3 159.70a 4489a 24.75b 84.52c 63.66b
4 154.47a 4271a 24.00c 166.42a 101.32a
5 159.67a 4382a 25.75a 48.47d 55.07b
6 158.06a 4469a 25.00b 34.30d 48.54b
7 162.51a 4366a 24.75b 123.55b 87.36a
8 163.35a 4711a 25.50a 86.62c 83.79a
9 162.86a 4440a 25.25a 103.42c 68.81b
10 162.98a 4568a 27.00a 77.00c 47.67b

*Data not followed by the same letter in column are statistically different
from each other by Scott-Knott at 5% level of probability. Trat = Treatment

Induction of resistance and chemical management
of mildew and Asian rust in soybean cultivation

About AACPD asian soybean rust (Table 3)
increased efficiency was observed with the use
of FCuB (TS and T6) associated with fungicides,
which differed significantly from other treatments.
Analogous results obtained by Neves and Blum
(2014) and Silva et al. (2011) about the severity
of asian rust on soybean show that the use of
phosphites associated with fungicides is efficient,
being superior to the control treatment. The
control of asian soybean rust is also efficient with
the use of fungicide only, or of that associated
with ASM (Carvalho et al., 2013).

For asian soybean rust, treatments based
on FCuB associated with fungicides presented
better results in the control of the disease,
possibly having a synergistic effect between
them. The acid phosphite interferes directly
on the development of fungi and combined use
with fungicides, enhancing the action of the
molecules, causing direct toxic effects on the
pathogen and decreasing their growth (Araujo et
al., 2010). It may also be related to the possible
activation of the defense mechanisms of the
plant against the pathogen, since the phosphites
present the potential to intensify the synthesis of
ascorbic acid, phytoalexins, phenolic compounds
and lignin, which indirectly interfere with the
incidence and development of pathogens in plants
(Moor et al., 2009).

The use of the different sources of phosphites
(Mn, K and Cu) and ASM on the AACPD of mildew
(Table 3) showed significant results on the control
of mildew in relation to the (T1), which proves
with the other results obtained in the control of
the same pathogen in the soybean crop (Silva
et al.,, 2011; Silva et al., 2013). However, the
same effect of the isolated use of the different
phosphite and ASM sources was also observed
using the combination of different fungicides (T2
- fungicidal standard).

In general, greater development of mildew
and asian soybean rust occurred in the plants
where FCuB was applied without association
with fungicides (T4) and the combination of
three phosphites (Mn, K, and Cu) combined with
fungicides (T7). Thus, it is possible to infer that
there were cause toxic effects or incompatibility
when phosphite was applied jointly. However,
when using only one type of phosphite associated
with fungicides, the effect was satisfactory but
using only the like fungicides. These results
can be viewed mainly in the final crop cycles,
depending on the physiological responses of plant
defense after treatment application.

Conclusions

The use of phosphite and ASM, with and without
the combination of fungicides Azoxystrobin +
Benzovinindiflopi, Azoxystrobin + Ciproconazole
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e Picoxystrobin + Ciproconazole, did not reduce
the severity of the mildew and asian soybean rust;

Three applications of the same phosphorized
phytotoxic effect on soybean crop, compromising
yield and seed quality;

The use of combinations of different fungicides
was sufficient to mitigate the severity effects of
the mildew and asian rust on soybean crop.
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Abstract

The objective in this study was to determine the nutrient contents in Myrciaria dubia plants in function of five
K,O doses (0, 40, 80, 120 and 160 kg ha) applied through fertigation. Leaf dry matter (LDM), total dry matter
(TDM), and leaf nutrient contents were evaluated. The LDM and TDM were higher in plants subjected to the dose
of 160 kg ha! of K,0, with 52.44 g and 302.69 g, respectively. Leaf N and K contents were 22.15 and 9.48 g kg
in response to 160 kg ha! of K,0. The mean P, Ca and S contents were 1.6, 17.89 and 1.61 g kg, respectively,
and the content of Mg? + decreased from 5.62 to 2.74 g kg’ at the dose of 0 and 160 kg ha™' of K,O, respectively.
The B, Mn and Fe contents decreased from 136.5 to 100.0, 346.24 to 248, and from 142.06 to 97.35 mg kg! at
the dose of 0 and 160 kg ha' of K,O, respectively. The mean Cu and Zn contents were 3.81 and 40,54 mg kg,
respectively, at the K,O doses. The nutrient content determined in the leaves of M. dubia were adequate for the
development of the species in the first year of cultivation, presenting the following decreasing order: N> Ca> K>
Mg> P = S> Mn> B> Fe > Zn> Cu.

Key words: Agronomic management; camu-camu; cacari; leaf analysis; mineral nutrition.

Resumen

El objetivo en este estudio fue determinar el contenido de nutrientes en plantas de Myrciaria dubia como respuesta
a la aplicacion de cinco dosis de K,0 (0; 40; 80; 120 e 160 kg ha'!) aplicadas por fertirrigacion. Se evaluaron los
contenidos de materia seca de hoja (MSH), materia seca total (MST) y el contenido de nutrientes en las hojas. La
MSH y la MST fueron mayores en plantas fertilizadas con la dosis de 160 kg ha' de K,0, con 52.44 gy 302.69
g, respectivamente. Los contenidos de Ny K fueron de 22.15 y 9.48 g kg'! en respuesta a la dosis de 160 kg ha'!
de K,O. Los contenidos medios de P, Cay S fueron de 1.6, 17.89 y 1.61 g kg, respectivamente, y el contenido
de Mg** disminuy6 desde 5.62 hasta 2.74 g kg en la dosis de 0 y 160 kg ha' de K,O, respectivamente. Los
contenidos de B, Mn y Fe disminuyeron de 136.5 a 100.0, de 346.24 a 248, y de 142.06 a 97.35 mg kg en la
dosis de 0 y 160 kg ha™' de K,O, respectivamente. Los contenidos medios de Cu y Zn fueron 3,81 y 40,54 mg kg’
!, respectivamente, en todas las dosis de K,0. El contenido de nutrientes determinado en las hojas de M. dubia
fueron adecuados para el desarrollo de la especie en el primer ano de cultivo, presentando el siguiente orden
decreciente: N> Ca> K> Mg> P = S> Mn> B > Fe> Zn> Cu.

Palabras clave: Analisis foliar; camu camu; cacari; manejo agron6émico; nutriciéon mineral.

291



Acta Agronémica. 68 (4) 2019, p 291-298

Introduction

Brazil is the second largest center of origin of
tropical fruit trees in the world, accounting for
500 native species, from which 44% are in the
Amazon (Santos-Serejo et al., 2009). Among the
native fruit trees found in this region, Myrciaria
dubia stands out for its high content of ascorbic
acid (vitamin C) and phenolic compounds.

The habitat of this species comprises flooded
soils on the banks of rivers, igarapés (small
streams) and lakes (Yuyama and Valente, 2011).
However, in Brazil, there has been an attempt to
domesticate the M. dubia culture in solid soils.
The first studies were conducted from the 1980s
by the National Institute of Amazonian Research
(INPA), followed by studies performed at the
Citrus Experiment Station of the Agronomic
Institute of Sdo Paulo — SP (1994), and by those
carried out by producers in the Vale do Ribeira
region in Mirandépolis, Sao Paulo State, Brazil.
In the same year, the Embrapa Amazonia Oriental
implemented the Active Germplasm Bank (AGB)
of ‘Camucamuzeiro’ plants, and in the last eight
years, the Embrapa-RR has been developing
genetic improvement and fertilization research
in experimental orchards.

Fertilization management is one of the most
important aspects since the determination of the
plant nutritional requirements and responses
is essential to obtain adequate vegetative
and reproductive development (Laviola et al.,
2008). Potassium (K) is one of the essential
nutrients to cultures and plays an important
role in the metabolic activity of plants, such as
in photosynthesis, starch production, enzyme
activity, and plant tolerance to drought and frost.
However, in excess, it may affect the levels of
calcium and magnesium in the plants, in addition
to causing burns on the margins and apex of old
leaves (Faquin, 2005). This fact justifies the need
for an efficient crop fertilization program.

In this sense, production of dry matter is
one of the indicators used to measure the plant
nutrient absorption intensity and is directly
related and influenced by the nutrient content in
the leaves, fruit and other organs (Magolbo et al.,
2015). Thus, studies aimed to quantify nutrient
concentration in plant tissues are essential to
know the nutritional requirements of plants
(Laviola et al., 2008).

In the literature, important contributions
were found regarding fertilization in the seedling
production phase and in the establishment of
M. dubia plants in definitive areas (Panduro et
al., 2016 and Abanto-Rodriguez et al., 2019);
however, there are few studies quantifying
plant nutrient absorption in different types of
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management. In this context, the aim of this
study was to determine the nutritional content in
Myrciaria dubia (Kunth) McVaugh as a function
of different doses of potassium applied through
fertigation.

Material and methods

The research was conducted in the Agua
Boa Experimental Field of the Embrapa-RR,
Roraima State, Brazil, located at the geographic
coordinates 02° 39’ 48.94” north latitude and 60°
50’ 30,39” west longitude, at 90 m of altitude.
According to Koppen, the climate in the region
is Aw, tropical rainy, with an annual rainfall
average of 1678 mm, 70% of relative humidity
and temperature of 27.4°C (Araugjo et al., 2001).

The soil in the region was classified as Yellow
Latosol of medium and clay texture, with low pH
(4.4) and P (3 g dm?), Ca®* (2 mmol dm?), and
Mg>* (1 mmol dm™) contents, high saturation
by AI** (72%) and low saturation by bases (11%),
being corrected with 1500 kg ha! of dolomitic
limestone. To meet the needs for P and N, 400
kg ha! of Simple Superphosphate (SS) and 40
kg ha! of urea were applied, respectively. In the
preparation of pits, both with 0.40 m x 0.40 m
x 0.40 m, 150 g of limestone and 50 g of SS/pit
were also applied, as recommended by Yuyama
and Valente (2011). In addition, 10 g of FTE-
BR12 (9.0 to 9.2% Zn, 1.8 to 2.17% B, 0.80%
Cu, 3.82% Fe, 2.0 to 3.4% Mn and 0.132% Mo)
were also used.

Seedlings from the ‘Candeias’ population of
the INPA germplasm bank were transplanted at
seven months of age, with 4 branches, 35.6 cm
of height and 4.4 mm of base stem diameter, on
average; spaced 4 m between rows and 0.5 m
between plants.

Irrigation was performed by a self-compensating
drip system, automatically activated by RAIN
BIRD® programmer (timer). The system was
supplied by a flow rate of 6.8 1t h'! (3.4 1t h! per
dripper spaced every 50 cm). For the injection of
fertilizers, a 0.75-inch Venturi injector was used,
operating at an injection rate of 150 It/hour. The
amount of water used was determined based on
the reference evapotranspiration estimated by
the Class A tank.

The experiment was carried out in a randomized
block design, with five treatments, consisting
of K,O doses (0, 40, 80, 120 and 160 kg ha'),
and eight replications, using seven plants per
experimental unit. The doses were applied
through fertigation for 40 weeks, divided every
10 weeks, making up 10%; 20%; 30% and 40%
of the total of the corresponding treatment.



At 270 days after transplantation (DAT), the
plants were collected and taken to the sample
preparation laboratory of the Embrapa-RR;
and then they were sectioned (roots, branches,
and leaves) to be placed in a forced circulation
oven at 60 °C until reaching a constant weight.
Subsequently, the dry matter of the samples
was evaluated and total dry matter (TDM) was
obtained. Afterward, the samples were ground
and milled in a Wiley mill and sent to the Plant
Nutrition Laboratory of the Federal University of
Lavras, where the nutrient contents were analyzed
according to the methodology of Embrapa-1998.

The data were subjected to analysis of
variance and, when there was a significant
effect, the polynomial regression analysis (P <
0.05) was performed, using the SISVAR software
(Ferreira, 2014).

Results and discussion

Leaf dry matter (LDM) and total dry
matter (TDM)

The F-test indicated significant effects (P < 0.05)
of the application of K,O through fertigation on
the variable TDM (roots, branches, and leaves),
in which increasing doses of K,O generated a
significant increasing linear trend (Figure 1).
The application of 160 kg h! of K,O resulted in
a maximum value of 302.69 g of TDM. Results
similar to those of Figure 1 were found by Ferreira
(2014), who observed a linear behavior in the
dry matter in response to potassium fertilization
in acerola (Malpighia emarginata) seedlings.
Therefore, it can be stated that the development of
M. dubia plants was not limited by the increasing
doses of K,0.

The results of this research were satisfactory,
since, according to Mendonca et al. (2009), TDM is
an efficient indicator to demonstrate the fertilizer
effect on plant growth. Thus, it is evidenced that
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Figure 1. Total dry matter (TDM) (g) in M. dubia plants as a function of K,0O

doses applied through fertigation. Embrapa-RR, Roraima State, Brazil.

*significant, according to the Tukey test at 5% probability.
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K,O is indispensable to plants because, according
to Faquin (20035), it acts on the activation of more
than 50 enzymes, besides acting on the regulation
of cell osmotic potential and participating in the
cell expansion process and in the opening and
closure of stomata. In addition, this author
mentions that K O is the second most required
nutrient by plants, especially by those producing

starch, sugar, and fibers.

Macronutrient contents

The leaf N, P, and S contents varied with the
increasing doses of K,O and showed significant
linear behavior (P < 0.05) for N and non-significant
behavior (P > 0.05) for P and S (Figure 2) after
270 DAT. A maximum value of 22.15 gkg! of N
content was recorded, in response to the dose of
160 kg ha'! of K,O (Figure 2a), and the increasing
doses of K,O had no negative effect on the N
absorption by plants. In this sense, according
to Marschner (2012) and Ortega and Malavolta
(2012), this may have occurred because the urea
in the soil was possibly in a higher proportion in
the form of NO* (nitrate), considering that, if it
was in higher concentrations of NH**, there would
have been an antagonistic interaction between
these nutrients, affecting thus their absorption
due to the equality of loads.

Costa et al. (2011) studying the potassium
fertilization of mango tree (Mangifera indica)
found similar results of N content. However, the
N leaf content observed in the present study (18
g kg! of N) was higher than those reported by
Esashika et al. (2011). The mean leaf P and S
contents were 1.6 and 1.61 g kg', respectively,
in response to all doses of K,O, (Figure 2b-2f).
The P contents found in this study was higher
than those reported by Viégas et al. (2004) (1.45
g kg'') and Esashika et al. (2011), who obtained
contents ranging from 1.43 to 2.57 g kg of P in
M. dubia plants.

On the other hand, it can be stated that
leaf P content was adequate for the plants,
since, according to Araujo and Machado (2006)
inadequate P supply may decrease the absorption
and translocation of NO3* absorbed to the aerial
part, which did not occur in this study, since
the N contents were adequate. With regards to
the interaction between K,O and P, Ortega and
Malavolta (2012) explain that these nutrients
have no synergism and antagonism neither in
the soil nor in the plant.

The mean concentration of S obtained in
this study is lower than those (2.4 to 2.8 g kg)
reported by Viégas et al. (2004); however, it is
within the standard values since, according to
Faquin (2005), the S contents in plants range
from 0.2 to 0.5% of the dry matter. The K and
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S had no interaction either in the soil or in the
plant because the S is mainly absorbed in the
oxidized form of SO,* (Faquin, 2005; Ortega
and Malavolta, 2012). However, the use of
concentrated fertilizers with high P and/or N
contents can lead to S deficiency when its content
in the soil is low (Alvarez et al., 2007).

25,0 -
20,0 - PO ¥

150 -

10,0 4

N content (g kg')

§=0.0265x + 17.91

50 1 R? = 0.94%

0,0 T T T ]
0 40 80 120 160

a Doses of K,0 (kg ha')

100 -
90 | . -
80 - T
7,0 - "

6,0 - -

4,0 4

K content (g kg)
\

3,0 -
y=0.0272x+5.162

20 1 R2 = 0.70%

1,0 4

0,0 T T T ]
0 40 80 120 160

Doses of K,0 (kg ha™')

8,0 1
70 o
6,0 -
50 -

4,0

Mg content (g kg™)
*

§=-0.0176x+5.618
R = 0.58*

0,0 T T T Y
0 40 80 120 160

e Doses of K,0 (kg ha')

There was no luxury consumption of N, P,
and S since the plants continued to absorb
nutrients and develop. Different results were
reported by Abanto-Rodriguez et al. (2018) who
evaluated increasing doses of N and observed
that the plants absorbed the nutrients but had no
response regarding the development. The different
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Figure 2. Effect of K,O doses, applied through fertigation, on the contents of N (a), P (b), K(c), Ca (d), Mg (e) and S (f) in leaves of camu-camu. Embrapa-RR, Roraima
State, Brazil. *, ns-significant and not significant, according to the Tukey test at 5% probability.
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doses of K,O led to a significant increasing linear
adjustment (P < 0.05) in the K and Mg contents
and a non-significant (P > 0.05) in the Ca content,
in M. dubia leaves at 270 DAT (Figure 2). Thus,
the lowest and highest leaf K contents were 5.16
and 9.48 g kg'! in response to the doses of O and
160 kg ha™' of K,O, respectively (Figure 1c).

The Mg content in the studied plants had a
decreasing linear behavior in response to the
increasing doses of K,O (Figure 2¢). Thus, a
maximum content of 5.62 and a minimum of 2.74
g kg! of Mg were recorded, in response to the
doses of 0 and 160 kg ha' of K,O, respectively,
and the mean leaf Ca content was 17.89 g kg'!
at the doses of K,0 (Figure 2d).

Regarding the minimum and maximum mean
leaf K content, the values found in this study are
adequate for the M. dubia culture since, according
to Faquin (2005), K contents should correspond
to 2 to 5% of the dry matter for the satisfactory
growth of the plants, and may range according to
the species and organ analyzed. Similar results
were found by Ferreira (2014) when evaluating
the growth of acerola (Malpighia glabra) seedlings
at different doses of N and K.From the decreasing
linear behavior in the Mg content in the M.
dubia plants (Figure 2e), it was verified that the
increasing level of K* in the soil solution promoted
a reduction in the Mg content, which could be
caused by the dilution effect, which, according
to Faquin (2005), is understood as the decrease
in the content of a certain nutrient in the dry
matter as a function of plant growth in response
to the application of another nutrient deficient in
the environment.

In addition, the decrease in the Mg content
with the increasing doses of K,O also resulted
from the competitive inhibition interaction
existing between these two nutrients (Marschner,
2012). According to Ortega and Malavolta (2012),
competitive inhibition generally occurs with
similar valence ions because they compete for the
same absorption canal, reducing the absorption
of those in a lower concentration in the soil
solution. On the contrary, Ortega and Malavolta
(2012) emphasize that the high Mg contents do
not have the same effect on K. This is because
K, due to its lower load, crosses the plasma
membrane rapidly, reducing the absorption of
the other cations.

Concerning the mean leaf Mg content, similar
results were found by Amorim et al. (2015), who
studied the nitrogen and potassium fertilization in
guava trees (Psidium guajava L.) and observed that
leaf Mg contents decreased from 2.2 to 1.9 g kg'.
Despite the decrease in the Mg contents in our
research, they remained within the range suitable
for M. dubia plants because they were higher than

Nutritional contents in Myrciaria dubia plants in function
of in Potassium doses applied through fertigation

those reported by Esashika et al. (2011), who
found a value of 1.42 g kg studying the complete
mineral fertilization in the same species.

Regarding the Ca content, the results found
in this study were higher than those determined
by Viégas et al. (2004) and Esashika et al.
(2011), who obtained mean contents of 7.1 g kg!
in M. dubia plants. The K had no competitive
interaction with Ca probably because the
plants received a balanced fertilization of these
nutrients. Normally, high concentrations of K
induce the reduction of Ca absorption (Faquin,
20095). In this sense, Ortega and Malavolta (2012)
state that the increase in the K* content in the soil
solution causes a decrease in the Ca contents in
the plants, which can be caused by the dilution
effect, also considering that the increase in the
K and Ca doses induces the Mg deficiency in the
plants, since their binding forces together are
stronger than those of the Mg, surpassing it at
the cation exchange sites (Ranade-Malvi, 2011).
This fact was evidenced in the present study.

Micronutrient contents

The B and Mn contents in leaves of M. dubia
had a significant quadratic adjustment (P < 0.05)
(Figure 3a and 3b) in relation to the increase in
the K doses. The maximum B content (Figure 3a)
was 136.50 mg kg! in plants without potassium
fertilization, decreasing up to 100.01 kg kg! at the
dose of 160 kg ha! of K,O. The leaf Mn content
in the studied plants (Figure 3b) had a significant
variation in response to the increasing doses of
K,O, reaching values of 346.24 and 248.00 mg
kg at the doses 0 and 160 kg ha’!, respectively.

It can be inferred that the B and Mn contents
in the leaves of M. dubia promoted a decrease in
their respective contents due to a higher dilution
of these nutrients in the plant tissue as a result
of the increase in biomass production (Faquin,
20095). Viégas et al. (2004) state that adequate leaf
B contents in the M. dubia range from 8.4 to 9.5
mg kg'. The contents determined in our study
were much higher, probably due to the application
of 180 mg of B per plant from FTE-BR12.

Moreover, according to Marschner (2012), the
B content adequate for the development of the
cultures is quite variable, since the differences
in the requirement of this nutrient are attributed
to the chemical composition variation of the
cell membranes in each species. In this sense,
Dechen and Nachtigall (2006) report that leaf
concentrations lower than 15 mg kg' indicate a
deficiency of this nutrient. Thus, the contents
found in our research are above those previously
cited, which demonstrates that the M. dubia is
demanding in terms of B.
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On the other hand, the K,O doses had no
influence on the leaf B content. According to
Ranade-Malvi (2011), B and K have overlapping
roles in plant physiology and therefore they are
synergistic because it has been shown that an
optimal level of B increases the cell membrane
permeability to potassium.

Regarding the Mn, Dechen and Nachtigall
(2006) state that the concentrations of this
nutrient in the plants vary from 5 to 1500 mg kg™
of dry matter, depending on the species, besides
considering that leaf concentrations between
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20 and 500 mg kg! are suitable for normal
plant development. For M. dubia, Esashika et
al. (2011) reported adequate leaf Mn contents
(131 mg kg!) in seedlings lower than those
determined in this research.

About the interaction between these
nutrients, Ranade-Malvi (2011) points out
that K has direct synergistic relationships with
Mn because it is an important component for
photosynthesis, metabolism, N assimilation,
and activity of decarboxylase, dehydrogenase
and oxidase enzymes. The amounts of fertilizer
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Figure 3. Effect of K,0 doses, applied through fertigation, on the contents of B (a), Mn (b), Fe (c), Cu (d) and Zn (e) in leaves of camu-camu plants. Embrapa-RR,

Roraima State, Brazil.
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used in this study were probably in equilibrium
because B and Mn contents were not negatively
affected. Thus, Ortega and Malavolta (2012)
explain that excess K and Ca deficiency causes
Mn deficiency, and the high B contents reduce
the leaf Mn contents.

Significant linear responses (P < 0.05) were
found for the leaf Fe content and non-significant
(P> 0.05) for the leaf Cu and Zn contents (Figures
3c, 3d, and 3e). Thus, the maximum and
minimum Fe contents were 142.06 and 97.35
mg kg! in response to the doses of O and 160
kg ha'! of K,0O, respectively. The mean leaf Cu
and Zn contents were 3.81 and 40.54 mg kg,
respectively, in response to the different doses of
K,O, (Figure 3d and 3e). The value found for Fe
is possibly related to the nutrient dilution effect,
because, at higher doses of K,O plant growth
was higher, whereas, at lower doses plants had
a reduced development, remaining with a higher
nutrient concentration in the leaves. Despite
the decrease in Fe content, the obtained values
were higher than those reported by Esashika
et al. (2011) (66 mg kg'!) in M. dubia seedlings
subjected to mineral fertilization.

For Dechen and Nachtigall (2006), Fe contents
in plants can range from 10 and 1500 mg kg of
the dry matter and the doses considered suitable
for the good development of plants are between 50
and 100 mg kg!, and those doses characterized as
deficient for plants correspond to levels below 10
mg kg of Fe. Therefore, the values found in this
research are in agreement with those reported in
the literature.

Regarding the interaction between these
nutrients, Ortega and Malavolta (2012) found
no interaction; however, Ranade-Malvi (2011)
mentions that K has direct synergic relationships
with Fe because it plays an important role in
the formation of chlorophyll. In this case, it is
noteworthy that the Cu and Mn concentrations
were within the adequate range, otherwise, Fe
deficiencies would be evidenced (Ortega and
Malavolta, 2012). Concerning Cu, Dechen and
Nachtigall (2000) state that leaf concentrations
lower than 4 mg kg! indicate a deficiency of this
nutrient in plants, and doses above 20 mg kg
may result in toxic effects on plants.

It is important to note that, regardless of the
range considered adequate by some researchers,
no Cu deficiency symptoms were observed in the
M. dubia plants analyzed. However, the low Cu
content in the leaves was probably due to the
high Mg and Ca contents, because, according
to Faquin (2005) these nutrients tend to reduce
and immobilize Cu causing its deficiency, since
Cu is absorbed from soil solution as Cu?*, which
causes competitive inhibition.

Nutritional contents in Myrciaria dubia plants in function
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As for Zn, the leaf content found here were
higher than those reported by Esashika et al.
(2011) (24 mg kg! of Zn) in a study on complete
fertilization of M. dubia seedlings. According to
Faquin (2005) the adequate Zn concentration
may range from 20 to 120 ppm in the dry matter,
depending on the species studied. The deficiency
of this nutrient is associated with contents lower
than 20 mg kg'! and toxicity levels above 400 ppm.

From the results of this study, it can be
observed that Zn content was not affected by
the P content, since it was within the adequate
values. In this sense, Faquin (2005) explains
that Zn absorption can be inhibited by the
presence of cations at high concentrations, such
as P applied in superfluous fertilizations. In this
relationship between Zn and P, factors such as
the noncompetitive inhibition in the absorption
process and less transport of Zn from the roots
to the aerial parts of the plant may occur. It
can be assured that Zn concentrations were in
equilibrium, otherwise, this element would have
inhibited the metabolism of Fe, making the leaves
chlorotic and later whitish, which could have
affected plant growth. This interaction can be
explained by the similarity of the ionic radius,
that is, by the size of the molecules of these
nutrients (Faquin, 2005).
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Conclusions

The contents of macro and micronutrients found
in leaves of M. dubia corresponded to the following
decreasing order: N > Ca>K > Mg >S =P > Mn
> B > Fe > Zn > Cu,; all of which are within the
levels suitable for the satisfactory development
of plants produced in the first year of cultivation
under potassium fertilization through fertigation.
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Abstract

Pennisetum glaucum (Pearl millet) and P. purpureum (Napier grass) are economically important members of the
genus Pennisetum. The knowledge of variability in chromosome number, size and genomic content of the species
could provide clues on the mechanisms responsible for decrease or increase in genomic content in the evolutionary
pathway. In the present study, twenty nine genotypes consisting of 24 pearl millet and 5 Napier grass were
assessed for inter- and intra-variations in chromosome number, ploidy status and genome content. Conventional
cytogenetic was used for chromosome counting and flow cytometry technique for assessing genomic contents of
the genotypes. Pearl millet genotypes were diploid (2n = 14) while Napier grass were mainly polyploid (2n = 28).
Despite differences in the ploidy levels, the basic chromosome number was 7. The average 2C values was 4.86
pg and 4.58 pg for pearl millet and Napier grass genotypes respectively. The DNA content per haploid cell was
higher among pearl millet genotypes and the genomic size were negatively related to chromosome number and
ploidy levels, meanwhile, the GC richness was directly proportional to genomic size of the genotype. The mean
channel values showed that the genotypes were nuclear haploid. The present study suggests that evolution and
development of polyploidy was accompanied with loss in genomic content in Napier grass. It was also discovered
that pearl millet with less number of chromosome, had higher genome size than Napier grass.

Key words: Genome size; flow cytometry; Napier grass; pearl millet; Pennisetum; ploidy analysis.

Resumen

Pennisetum glaucum y P. purpureum son miembros econémicamente importantes del género Pennisetum. EI
conocimiento de la variabilidad en el nimero de cromosomas, el tamafno y el contenido genémico de la especie
podria proporcionar pistas sobre los mecanismos responsables de la disminucioén o el aumento del contenido
gendémico en la via evolutiva. En el presente estudio se evaluaron veintinueve genotipos que constaban de 24 P.
glaucumy 5 P. purpureum para determinar las variaciones inter e intra del nimero de cromosomas, el estado de la
ploidia y el contenido del genoma. Se usé la citogenética convencional para el conteo de cromosomas y la técnica
de citometria de flujo para evaluar el contenido genémico de los genotipos. Los genotipos de P. glaucum fueron
diploides (2n = 14) mientras que el pasto P. purpureum fue principalmente poliploide (2n = 28). A pesar de las
diferencias en los niveles de ploidia, el numero basico de cromosomas fue 7. Los valores promedio de 2C fueron
4.86 pgy 4.58 pg para los genotipos de P. glaucum y P. purpureum, respectivamente. El contenido de ADN por
célula haploide fue mayor entre los genotipos de P. glaucumy el tamafo genémico se relacion6 negativamente con
el niumero de cromosomas y los niveles de ploidia, mientras que la riqueza de GC fue directamente proporcional
al tamano genomico del genotipo. Los valores medios del canal mostraron que los genotipos eran haploides
nucleares. El presente estudio sugiere que la evolucion y el desarrollo de la poliploidia se acompané con una
pérdida en el contenido genoémico en P. purpureum. También se descubrié que el P. glaucum con un menor nimero
de cromosomas tenia un mayor tamano del genoma que P. purpureum.

Palabras clave: Tamano del genoma; citometria de flujo; Pennisetum glaucum; y Pennisetum purpureum; Pennisetum;
analisis de ploidia
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Introduction

The genome size and ploidy level varies extensively
among organisms and various species. Among the
flowering plants for instance, there are intra- and
inter-species variation in genomic size and ploidy
status among the members of a family, genus and
species (Dolezel et al., 1992). This has given rise to
speculations regarding the ancestral genome size of
these plants and trends in their genome evolution.
The genome size and genomic ploidy level,
chromosome number and size variation between
and within a species may be of great importance
in the study of evolution and development of a
breeding programme (Bennett and Leitch, 1995).
In addition, the knowledge of genomic size and
ploidy status of a plant could provide clues on the
mechanisms responsible for decrease or increase
in genomic content in the evolutionary pathway
(Bennetzen and Kellogg, 1997).

Variation in chromosome number among
the members of a genus of flowering plants
are variously documented (Martel et al., 1997;
Techio et al., 2006; Ogra et al., 2009). Also,
intraspecific variations in genome size have been
reported in maize (Rayburn et al., 1989) and pea
(Arumuganathan and Earle, 1991; Beranyi and
Greilhuber, 1995). A comprehensive study on
angiosperm genome size variation was conducted
by Soltis et al. (2003) and Walker et al. (2005) on
nuclear DNA content and ploidy status of Atriplex
halimus. Genome size in angiosperms varied
from small values (0.05 pg) in Cardamine amara
(Bennett and Smith, 1991) to huge (127.4 pg) in
Fritillaria assyriaca (Bennett and Smith, 1976).
Despite this huge range in DNA contents, the
basic complement of genes required for normal
growth and development appears to be essentially
the same. Meanwhile, chromosomal aberrations
could create structural and sequence composition
differences between genomes of closely related
species. Such changes often affect chromosome
behaviors at meiosis resulting into divergence and
evolution of species (Rees et al., 1982).

Pearl millet (Pennisetum glaucum) and Napier
grass (P. purpureum) are the most economically
important members of the genus Pennisetum,
which consists of heterogeneous assemblage
of species with varying reproductive behaviors.
The basic chromosome numbers are x= 5, 7, 8,
and 9 while ploidy levels ranges from diploid to
octaploid (Martel et al., 1997; Techio et al., 2006).
The primary pool consists of cultivated and wild
diploids, the secondary pool has solely Napier
grass and the tertiary pool includes many distantly
related species of various ploidy levels which do
not naturally interbreed with the primary pool.

Considering differences in chromosome
number and ploidy status of pearl millet and
napier grass, the higher ploidy level of napier
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grass over pearl millet has raised the question
¢which of the species has higher genome content?
¢Could higher ploidy status be linked to smaller
chromosome and less genome size? To this
end, using conventional cytogenetics and flow
cytometry techniques we assessed the ploidy
status and genomic content of the species. The
aim was to determine the intra- and inter-specific
variations in chromosome number and genome
size of pearl millet and Napier grass accessions
with the view of increasing the understanding of
the relationship between chromosome number,
ploidy status and nuclear DNA content as it
affects species complexity and evolution.

Material and methods

Plant material

Twenty-four genotypes of pearl millet collected
from farmer’s field and research institutes in
India and Nigeria were used for the study. Also,
clones of five Napier grass genotypes; two wild
and three cultivated were collected from different
sources as shown in Table 1.

Plant germination and growth

The genotypes were grown in the green house
at C. G Bhakta Institute of Biotechnology, Uka
Tarsadia University, Bardoli, India. Two millet
seedlings were raised in a planting bag while
stem cutting of about two nodes were used to
propagate the Napier grass genotypes. For each
of the genotypes, five replicates were provided.
Observations were made on reproductive
behaviors and life cycle.

Chromosome number and ploidy
determination

Seeds of the pearl millet genotypes were harvested
from the grown plants. The seeds were germinated
on moist filter paper in placed in petri dish in the
Biotechnology Laboratory at CGBIBT. Root tips
(0.3 - 0.5 cm) were harvested and pretreated
with 8-hydroxyquinoline (2 mM) for 4 hours at
4 °C. The pretreated roots were fixed in ethanol
acetic acid (3:1). Feulgen staining and squashing
methods were carried out as described by
Khalfallah et al. (1993). Chromosome number
and ploidy level were determined by viewing the
slides under light microscope (Labophot, Nikon
Corp., Japan) mounted with digital camera (Nikon
DXM1200, Nikon Corp, Japan).

Flow Cytometry Analysis

Flow Cytometry determination of the nuclear DNA
and genomic ploidy status was carried out using
fresh young leaf tissues. About 20 mg of the leaf



Table 1. Name and source of genotypes of pearl millet and Napier grass
used for genomic size and ploidy analysis.

SN Genotype Common name fg;ilerifi:;

1 IP3616 Pearl millet ICRISAT

2 1P3495 Pearl millet

3 NGB00463 Pearl millet NACGRAB

4 BALKUVE Pearl millet Gujarat, India’
5 BAJARA Pearl millet Gujarat, India’
6 NGB00616 Pearl millet NACGRAB

7 1P4133 Pearl millet ICRISAT

8 NGB01263 Pearl millet NACGRAB

9 1P22281 Pearl millet ICRISAT

10 IP12556 Pearl millet

1 NGB00458 Pearl millet NACGRAB
12 NGB00531 Pearl millet

13 1P22271 Pearl millet ICRISAT

14 NGB00476 Pearl millet NACGRAB
15 1P22268 Pearl millet ICRISAT

16 TAYABI Pearl millet Guijarat, India’
17 JALGONE Pearl millet

18 NGB00551 Pearl millet NACGRAB
19 IP17862 Pearl millet ICRISAT

20 1P3122 Pearl millet

21 NGB00528 Pearl millet NACGRAB
22 1P22269 Pearl millet ICRISAT

23 NGB00528 Pearl millet NACGRAB
24 NGB00537 Pearl millet

25 OMUO-GREEN Napier grass Ekiti-State, Nigeria™
26 OMUO-PURPLE Napier grass

27 COMBUS-CO2 Napier grass Tamil-Nadu, India’™*
28 COMBUS-CO3 Napier grass

29 COMBUS-CO4 Napier grass

NACGRAB: National Centre for Genetic Resources and Biotechnology,
Ibadan, Nigeria. ICRISAT: International Crops Research Institute for the
Semi-Arid Tropics, Patanchera, Andhra Pradesh, India. * Collected from
farmers’ field, in Surat District of Gujarat State, India. "Omuo-Ekiti, Ekiti
State, Nigeria. ""Department of Forage Crop, Tamil Nadu University of
Agriculture, Coimbatore, India.

tissues were taken from expanding leaves for
each of the genotypes of pearl millet and Napier
grass. Pisum sativum (2C DNA = 8.76 pg and
DNA diploid) grown under greenhouse conditions
was used as an internal standard (Dolezel et al.,
1998; Godelle et al., 1993). We used intercalating
Propidium iodide (PI) as fluorescence stain for
the genomic size determination and base specific
mithramycin (MI) dye for GC % determination
(Dolezel et al., 1992; Crissman and Steinkamp,
1993). The leaf tissues of each genotype were
chopped and finely diced with a razor blade in a
petri dish containing 0.5 ml of nuclei extraction
buffer. The extraction process followed the
method described by Rounsaville and Ranney
(2010). The resultant mixture was filtered
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into a small test tube. A solution consisting 2
ml staining buffer, 6 ul RNase A and 12 pl PI
(Cystain PI Absolute P Nuclei Extraction Buffer;
Partec GMBH, Munster, Germany) was added
to the filtrate to give the final PI and RNase
concentrations of 50 ug ul! and 17.5 ug ul?,
respectively. The sample solutions were stored
at 4 °C for 1 hour.

FACS Calibur (Becton and Dicknson, San
Jose USA) Flow Cytometer was used for the
analysis. A minimum of 2000 counts was carried
out for each sample to estimate the nuclei DNA
by internal standard method (Dolezel, 1997).
Analysis were conducted in five replicates. The
DNA was estimated by using the ratio of the
pearl millet/Pisum sativum and Napier grass/
Pisum G1 positions, respectively, and the
coefficients of variation observed for the peak
within each histogram were recorded. Haploid,
2C genome size was calculated as: 2C = genome
size of standard multiply by mean fluorescence
value of sample in relation to mean fluorescence
of the standard. The mean DNA content per
chromosome was estimated as: DNA content in
2C nucleus (pg)/total chromosome number to
compare the genome size at chromosome level for
the genotypes. The two complementary estimates
of base-composition of each of the genotype
relative to a standard of known genome size and
base composition (Pisum sativum; 40.5 GC %)
was determined by the method of Godelle et al.
(1993). The nuclear DNA was analyzed using Cell
Quest Pro Software and the result compared and
validated by FloJo, a third party software.

Results

Cytological results showed that pearl millet
genotypes were diploid with 14 chromosomes (2n
= 2x =14). All the Napier grass genotypes were
tetraploid with 28 chromosomes (2n = 28) except
COM-CO-3 (2n = 21) (Figure 1). Observations
on the reproductive behavior of the genotypes
showed that all pearl millet were sexual, flower
and fruit bearing. Napier grass genotypes Omuo
green, COM-CO-3 and COM-CO-4 flowered while
Omuo purple, and COM-CO-3 Napier grass did
not flower during the period of the experiment.
All pearl millet genotypes were annual with a life
cycle of 2-3 months. The Napier grass on the
other hand were perennial (Table 2).

The DNA content per nucleus ranged from
2.96-4.86 pg and 2.70-4.58 pg for pearl millet
and Napier grass genotypes, respectively. The
highest amount of DNA (4.86 pg) was found in
pearl millet NGB01263 genotype and the least
value (2.96 pg) was recorded in IP3616 which is
an ICRISAT genotype (Table 2). Among the Napier
grass, the highest DNA content was found in
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Figure 1. (a): 2n = 14 chromosome numbers of all genotypes of pearl millet; (b): 2n = 21 chromosome numbers of Napier grass COM-CO3 genotype; (c): 2n = 28
chromosome numbers of Napier grass genotypes Omuo-green, Omuo-purple, COM-CO-2 and COM-CO-4.

COM-CO-2, while COM-CO-3 contained the least
amount of DNA (2.70 pg) per nucleus. The mean
DNA content per haploid set of genome varied,
genotypes with higher ploidy levels (triploid and
tetraploid) had less amount of DNA per haploid
set. Similarly, the higher the ploidy status, the
less the amount of DNA per chromosome.

The base composition (%GC) for the genotypes
ranged from 40.01 to 44.44% (Table 2), the
genomic size was directly proportional to the
%GC composition. With respect to DNA ploidy
level, all the studied genotypes had mean channel
values less than 300 in comparison with the
internal standard (Pisum sativum) which had
2400 as against 156.99 - 248.66 among the pearl
millet and Napier grass genotypes. Histograms
of fluorescence intensities and peaks associated
with nuclei isolated from leaves of pearl millet
and Napier grass genotypes by flow cytometry
analysis is shown in Figure 2. The peaks of the
histograms marked the properties and sorting of
events associated with nuclei counts of the cells
from leaves of pearl millet and Napier grass in the
determination of the genomic ploidy analysis by
the flow cytometry procedure.

Discussion

In the present study, we observed a consistent
chromosome number of 2n = 14 among the
pearl millet genotypes irrespective of their
sources while Napier grass had 28 chromosomes
with the exception of COM-CO-3 (2n = 21).
However, despite variations in the chromosome
number, basic chromosome number of x =7
was maintained for the species. Earlier reports
have indicated that basic chromosome number
in Pennisetum varied from x = 5, x =7, x = 8
and x = 9 (Harlan and de Wet, 1971, Morakinyo
and Adebola, 1991; Techio et al., 2006). Pearl
millet and Napier grass belong to the group of
x=7, thus our findings agreed with the earlier
reports. Cytological observation showed fewer
chromosome number in pearl millet, but the
chromosome sizes are larger than those of Napier
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Table 2. DNA amount and base composition of pearl millet and Napier
grass genotypes determined by flow cytometry.

2C Mean DNA/ DNA / chro-

Genotype cl;i:fe DNA Channel haploid mosome ((:/::)
(pg)* (No) (pg)* (pg)*

IP3616 Annual 296 14933  1.48 0211 4021
1P3495 Annual 482 24341  2.41 0344 4411
NGBOO463 Annual 452 22850 226 0322 4160
BALKUVE  Annual 456 23032 228 0325 4215
BAJARA  Annual 482 24341 2.4 0344 4409
NGBOO616 Annual 452 21810 226 032 4075
1P4133 Annual 466 23520  2.33 032 4132
NGBOT263 Annual 4.86 25615 243 0347 4221
P22281  Annual 480 24255 240 0342 4215
IP12556  Annual  4.84 24433 242 0346 4198
NGBOO458 Annual 461 23298 230 0329 4270
NGBOO531 Annual 4.82 24356 241 0344 4291
P22271  Annual 482 24356 241 0344 4212
NGBO0476 Annual 462 23322 231 0330 4158
IP22268  Annual 453 22885 226 0323 4056
TAYABI Annual 457 23091  2.28 0326 4125
JALGONE  Annual 473 23874 236 0338 4323
NGBOO551 Annual 473 23874 236 0338 4418
IP17862  Annual 468 23622 234 0334 4145
1P3122 Annual 456 23007  2.28 0325 4134
NGB00528 Annual 430 23399 215 0307 4085
IP22269  Annual 463 18803 231 0330 4178
NGBOO528 Annual 472 19742 186 0266 4444
NGBOO537 Annual 3.96 18110  1.98 0282 4096
OMUO- Peren- o) 53111 0489 0128 4001
GREEN nial

OMUO- Peren- o0 13619 102 0145 4033
PURPLE nial

€O M- Peren- e 21506 1.4 0164 4261
BUS-CO2 nial

€O M- Peren- o0 4sass 090 0129 4018
BUS-CO3 nial

€O M- Peren- o 14933 107 0153 4226
BUS-CO4 nial

2n = number of chromosomes, 2x = diploid, 3x = triploid, 4x = tetraploid,
2C is the total genome in the accessions and %GC stands for percentage
richness of Guanine and Cytosine base in the genome. *1 pg =987 Mbp
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Figure 2. Representative histograms of fluorescence intensities, markers properties and events associated with nuclei isolated from leaves of peal millet and Napier

grass genotypes by Flow Cytometry technique

grass. The fairly large chromosomes of the studied
genotypes is in tandem with Jauhar (1981), who
noted that generally the x =7 members of the
genus Pennisetum have larger chromosome sizes
compared with other groups.

Ployploidization is a significant phenomenon
that can play a role in genome rearrangement,
adaptation, reproductive isolation and ultimately
speciation. It is important in plant breeding
because it can influence hybridization, fertility
and gene expression (Adam and Wendel, 2005).
The triploid Napier grass genotype is most likely
a product of hybridization between pearl millet
and Napier grass as elucidated by Dowling et al.
(2014). According to Martel et al. (1997), although
strong reproductive barriers exist between pearl
millet and Napier grass, triploid hybrids that
are partially sterile do occur in nature. Due to
their allogamy nature, hybridization between the
species produced AA’B genome during meiosis
in such hybrids, i.e. the A’ and A genomes of
Napier grass and pearl millet associate (Jauhar
and Hanna, 1998; Dowling et al., 2014). Partial
sterility of the resultant hybrid could therefore
be attributed to reduction in paring of smaller A’
chromosomes of Napier grass with the larger A
chromosomes of pearl millet. Since members of A
and B genomes do not pair with one another, the
B genome members remained univalent lagging
behind the other chromosomes during anaphase I
and Il and may not be included in the developing
nuclei, thus resulting in sterility (Jauhar, 1968).

Although the genomic size varied among
the genotypes, the DNA contents of the pearl
millet genotypes were close. Martel et al. (1997)
reported DNA content of 4.71 and 4.59 pg for
pearl millet and Napier grass, respectively,
which is congruent to our present findings.
Whereas the previous report was exclusively
based on representative genotypes of the genus,
a larger number of genotypes of pearl millet and
Napier grass were sampled in our study. Our
observations lend credence to hypotheses of
genome constitution of Napier grass propounded
by Jauhar (1981) and reinforced the allotetraploid

origin of Napier grass by amphiploid mechanism
through unreduced gamete and consequently
decrease in chromosome size. Such decreases
in chromosome size in our view, undoubtedly led
to reduced genome per chromosome. Averagely,
the amount of DNA in the Napier grass is similar,
despite the difference in chromosome number
and ploidy levels. Apparently, the genotypes of
pearl millet which are cultivated species must
have evolved from a common ancestor but
ecologically isolated by domestication and human
agricultural activities which invariably accounts
for different genomic contents observed.

Alternatively, in the opinion of Martel et al.
(1997), Napier grass likely evolved from the
fragmentation of large chromosomes of a diploid
hypothetic ancestor (2n = 14). The variation in
nuclear DNA among the polyploid Napier grass
may reflect their independent evolution from
diploid species of primary gene pool via auto-
or allopolyploidization as opined by Soltis and
Soltis (2000). Different ‘B’ chromosome number
may contribute to variations in DNA content and
compromise fertility of interspecific hybrids due
to chromosomal sterility. Earlier, difference in
nuclear DNA content was suggested to confer
adaptation to different environmental conditions
(Walbot and Cullies, 1985). In contrast, Walker
et al. (2005), noted no significant differences in
nuclear DNA content of Atriplex halimus grown
under different temperatures and humidity.
According to Price et al. (2000), the presence of
secondary compounds in the plant tissues can
affect nuclear DNA content directly or interfere
with the staining and/or the fluorescence during
analysis procedure.

The amount of DNA per chromosome was
reduced among the Napier grass genotypes. This
is likely due to decrease in chromosome size
although chromosome number and ploidy level
increase, without corresponding increase in the
genome content. Thus, reduction in chromosome
size could lead to reduced DNA content per
haploid set of genome, this statement may be
relative and true for the genotypes evaluated.
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Sometimes, genomic size may vary independent of
chromosome number. For instance, Walker et al.
(2005) observed that some tetraploid populations
of Atripex halimus have more than double the
diploid amount of DNA which may be due to
amplification of retrotransposons, accumulation
of retro-elements (Bennetzen and Kellogg, 1997)
or gain of restriction fragments (Song et al.,
1995). The existence of different ploidy levels
in Napier grass could confer a greater genetic
heterozygosity at both individual and population
levels and this may enhance selective advantage
in unsuitable environments. As demonstrated by
Walker et al. (2005), remarkable environmental
tolerance in polyploid members of the Artiplex
halimus was due to their greater heterozygosity.

Among flowering plants, chromosome number
and genome size varies tremendously and there
is a considerable speculation regarding both
the original genome size and base chromosome
number of the angiosperms (Arumuganathan and
Earle, 1991). It was proposed that the original
base chromosome number and genome size for
monocot was small (Soltis et al., 2003). From the
histograms of C-values for about 2802 species
constructed by Leitch et al. (1998), species with
C-values of 1.4 pg and 3.5 pg were designated
as very small and small genomes, respectively.
Consequently, since the pearl millet genotypes in
the present study had less than 3.5 pg C-values
and therefore belong to the category of small
genome plants while the Napier grass (C-value
< 1.4 pg) has very small genome per haploid
chromosome. The small C-values we obtained for
Napier grass genotypes suggest an evolutionary
lineage that have experienced decrease in genome
size over the years.

Genome size and base composition are
directly proportional and genotypes with higher
genome size are also richer in the %GC. The
%GC obtained here was relatively similar and
concurred with the report of Martel et al. (1997).
Meanwhile, the base composition between 40.21-
43.23% we reported for pearl millet genotypes
is less than the values documented for its wild
relatives P. mollissium (46.5%) and P. viola
(47.2%) by Martel et al. (1997). Variation in
base composition have been noted in some plant
species (Cerbah et al., 1995; Godelle et al., 1993).
It is important to mention that variation in base
composition did not provide concise information
of genome sequence that could have changed
in the evolutionary process. In addition, the
relationship between base composition richness
and genomic size may not always be linear with
respect to other species. There is a correlation
between mean channel number of the nuclei
analysis and DNA ploidy status. The channel
number obtained in this study for all the assessed
genotypes was less than 300, thus indicated that

304

all the genotypes are nuclear haploid because,
channel number approximately 400 and above
signifies diploid species as obtained in the
internal standard Pisum satium.

Conclusion

The understanding of nuclear genome and
its components could provide clues to the
mechanisms that could be responsible for genome
increase or decrease in the evolutionary pathway.
In the present study, the difference in C-values
of genotypes of pearl millet was not remarkable,
but genome size of pearl millet was slightly larger
than Napier grass despite the higher chromosome
number and ploidy levels of the latter. The bigger
chromosome size in pearl millet possibly accounts
for its higher DNA content per haploid set even
though the chromosomes are fewer than in
Napier grass. It was possible that in the course
of polyploidy evolution of the Napier grass from
its hypothetical ancestor, genomic materials are
lost and the evolved smaller chromosome size
had reduced genome content. The information
provided by the genomic and ploidy analysis of
these two most economically important members
of Pennisetum will enrich the existing knowledge
of their genetics and enhance development of
improved cultivars.
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Abstract

Orchids are affected by several factors that impair their spreading, which is necessary to know the viability of their
seeds. The aim of this research was to determine the most suitable preconditioning treatment to potentiate the
tetrazolium test in Epidendrum barbaricum seeds. Initially, the mature capsules were collected near the city of
Pasto in the Department of Narifio (Colombia), and seeds were obtained. Subsequently, the seeds were submitted
to four pretreatments: immersion in distilled water, 1% hypochlorite, 10% alcohol and 10% sucrose. Seeds were
then rinsed with distilled water and exposed to two concentrations of 2,3,5-trifenyl tetrazolium chloride (0.25%,
1%) and different exposure times (6, 12, 24, and 48 hours). To perform the tests, the 5 ml syringe with cloth
filter method was used. The viability test results were corroborated with the in vitro germination test, using the
MS (Murashige and Skoog) culture medium. The most reliable viability findings (93%) were obtained by using
preconditioning with sodium hypochlorite, a value that has a high correlation with the percentage of germination
(93%), independent of the tetrazolium concentration at an exposure time of 24 hours.

Key words: Capsules, Germinative capacity, Orchids, Seeds quality, Sodium hypochlorite.

Resumen

Las orquideas son afectadas por varios factores que perjudican su propagaciéon. En este estudio se evaluaron
diferentes métodos de pre-acondicionamento para potenciar la prueba de tetrazolio en semillas de Epidendrum
barbaricum. Inicialmente las capsulas maduras fueron recolectadas en la ciudad de Pasto, departamento de
Narino (Colombia), las cuales fueron sometidas a los pretratamientos: inmersion en agua destilada, hipoclorito
al 1%, alcohol al 10% y sacarosa al 10%, antes de ser lavadas con agua destilada y tratadas con concentraciones
de 2,3,5- cloruro trifenil tetrazolio (0.25%, y 1%) durante tiempos de exposiciéon de 6, 12, 24 y 48 horas. Para
las aplicaciones fueron utilizadas jeringas de 5 ml con filtro de tela. Los resultados del test de viabilidad fueron
validados con la prueba de germinacién in vitro, utilizando el medio de cultivo MS (Murashige and Skoog). Los
mejores porcentajes de viabilidad (93%) se encontraron con la aplicaciéon de hipoclorito de sodio, con una alta
correlacion con el porcentaje de germinacion (93%), independiente de la concentracion de tetrazolio y un tiempo
de exposicion de 24 horas.

Palabras claves: Capacidad germinativa; Calidad de semillas; hipoclorito de sodio; Orquideas; pre-
acondicionamiento.
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Introduction

Epidendrum barbaricum Hagsater & Dodson is
an epiphytic plant belonging to the Orchidaceae
family. This group of plants has a wide variety
and has more than 28,000 accepted species with
763 genus (Zhang et al., 2018), representing
about 10% of the diversity of the plant kingdom.
Orchids are very successful regarding the
adaptation mechanisms to a wide variety of
environments (Alghamdi 2017), occupying almost
all the habitats on the Earth (Ramya et al.,
2017) between tropical and subtropical forests,
where they are found mainly as epiphytes plants
(Srivastava et al., 2018), which represents 70% of
the species of this family and approximately 30%
of the known species are terrestrial (Fracchia et
al., 2016). The commercial production of orchids
is one of the most important and profitable
economic activities in the nursery industry
worldwide as they are very popular plants
because of their beautiful flowers, their long
floral longevity, their medicinal and horticultural
importance (Deka et al., 2017).

Orchids are highly vulnerable to habitat
disturbance compared to other plants (Salazar
and Gelvez 2015), and they are being threatened
due to several factors such as intensive collection,
forest fragmentation, overexploitation and also
due to the fact that they largely depend on biotic
interactions such as pollinators and mycorrhizae
(Segovia-Rivas et al., 2018). In addition, they
produce small seeds, which lack of endosperm
so that under natural conditions they depend on
mycorrhizal fungi for symbiotic germination which
are necessary until adulthood for their survival
(Chaves et al., 2015), accomplishing an important
role in the nutrition of orchids. Moreover, The
seeds present relative low germination rates of 5%
(Vudala et al., 2019). The complicated propagation
of the seeds plus the threats of extinction harms
diverse species of orchids, in such a way that
they tend to decline their population, for which;
generating information about the quality of the seed
is important both for conservation in germplasm
banks and for crop production (Ramya et al.,
2017). Due to the value of this parameter, several
tests have been developed to know the germinative
capacity of seeds, such as germination test and
tetrazolium staining (Salazar et al., 2018; Salazar
et al., 2020a). The last one stands out for offering
a fast and reliable alternative for the determination
of the seeds viability (Carvalho et al., 2017), and
in comparison with the in vitro germination test,
it is not affected by microorganisms (Schultz et al.,
2014). Likewise, it has been proven to be effective
in determining the germinative capacity of several
orchid species (Salazar et al., 2013; Salazar and
Gelvez 2015; Salazar and Vega, 2017), based on the
activity of the dehydrogenated enzymes involved
in the respiration process, especially malic acid
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dehydrogenase, which reduces the tetrazolium salt
upon contact with living tissues, forming triphenyl
formazan, a stable, non-diffusible red colored
compound (Salazar and Botello 2018), which it is
possible to indicate the viability of the seeds based
on the embryo staining.

The tetrazolium test effectiveness is mediated
by the development of preconditioning procedures,
which facilitate the entry of the tetrazolium
solution to the seed (Hosomi et al., 2017). It has
been shown that pre-treatment with 10% sucrose
in species of the Cattleya genus increases the
accuracy of the tetrazolium test when compared
with the in vitro germination rate (Hosomi et
al., 2011). On the other hand, some orchid
seeds have a strong coat that difficult wetting
(Duarte 2017). According to Salazar (2012) the
use of 1% sodium hypochlorite scarifies the
tegument facilitating the entry of the tetrazolium
salt into Cattleya mendelli seeds. According to
the above, it is important to look for different
pretreatments that optimize the seeds viability
and germination. This study aims to evaluate the
influence of preconditioning on the tetrazolium
test effectiveness to determine the viability in E.
barbaricum seeds.

Materials and methods

Vegetal material

Epidendrum barbaricum Hagsater & Dodson
seeds were obtained from mature, naturally
pollinated, indehiscent capsules that were
collected near the city of Pasto (1°10°07” N and
77°09’09” W) at 2800 m.a.s.l. in the department
of Narifio, Colombia. Afterwards, the capsules
were stored at room temperature in Kraft paper
envelopes (Salazar and Gelvez 2015) in a glass
bottle with silica gel, in order to dehydrate
them and avoid deterioration due to excess of
moisture, during a period of 48 hours until the
natural dehiscence of the capsules. The study
was carried out at the Biology Laboratory,
located in the Faculty of Basic Sciences, at the
Francisco de Paula Santander University.

Pre-conditioning and seeds Viability

In order to increase the effectiveness of the
tetrazolium test when determining the seeds
viability, four pretreatments were evaluated,
such as: 10 minutes immersion in distilled
water (Duarte et al., 2017), 10% sucrose solution
(Hosomi et al., 2011), 1% sodium hypochlorite
(Salazar 2012), and 10% alcohol. By using a 5 ml
syringe, which consisted on placing a small portion
of seeds in a sterile 5 ml syringe with a cloth
filter. Subsequently, pretreatments were carried
out (Salazar 2012). The seeds without previous
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conditioning were taken as control. Once the
immersion time had elapsed, the solutions were
extracted and the surpluses were eliminated with
three rinses, using distilled water. Subsequently,
for the determination of viability, 5 ml of the
tetrazolium solution (2, 3, 5 triphenyl tetrazolium)
was suctioned, exposing the seeds to different
concentrations (0.25% and 1%) and exposure
times (6, 12, 24 and 48 hour), under conditions
of darkness at 25 °C. The seeds viability was
classified according to the coloration of the embryo
with the help of a LEICA EZ4 stereomicroscope.
Viable seeds showed red staining in the embryo,
due to the reduction of tetrazolium by cellular
respiration, whereas dead tissues maintained their
original color (lossi et al., 2016).

Seeds disinfection and germination test

The disinfection and sowing of the seeds was
carried out by implementing the syringe method
(Salazar, 2012). Seeds were superficially
disinfected with 70% ethanol for one minute,
then immersed in sodium hypochlorite (NaOCI)
at 0.75% plus 0.1% Tween-20, for a period of 5
minutes in constant agitation. At the end of the
immersion time, 5 rinses were done with sterile
deionized water (Vudala et al., 2019), then the
filter was removed from the syringe and 100
seeds were planted in Petri dishes containing 25
ml of basal MS medium with a composition of
100% macro and micronutrients (Murashige and
Skoog, 1962), supplemented with 3000 mg/L of
sucrose, 8000 mg/L of agar, and 1000 mg/L of
activated carbon. The pH was adjusted to 5.8
using NaOH, before autoclaving at 15 pounds
of pressure (Psi) at 121 °C for 25 minutes. The
cultures were kept in a growth room at 18 + 2 °C
(nigh/ day) and 64% relative humidity, under a
photoperiod of 16 hours of light and 8 hours of
darkness, provided by fluorescent tubes with 28
umol m? s intensity, for a period of 70 days. In
order to determine the germination percentage,
100 seeds were examined per treatment with a
LEICA EZ4 stereomicroscope, the germinated
seed was considered to be the seed that presented
a rupture of the seed coat due to the enlargement
of the embryo according.

Statistical analysis

In the tetrazolium test and germination test,
the data were randomly distributed with 5
repetitions and 100 seeds per repetition. The
data were analyzed by means of a variance
analysis (ANOVA), followed by Tukey’s multiple
range HSD test (Honest Significant Difference),
in order to compare the averages and to
determine the significant differences at a level
of P < 0.05 using statistical software Statgrafic
Centurion XVII version.
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Results and discussion

The results obtained (Table 1 and 2) show that
the coloration in the seeds tissues responds
differently to the pre-conditioning treatment, the
concentration and exposure time to tetrazolium
(TZ). The staining in the E. barbaricum seeds after
using a pre-conditioning treatment with both
sodium hypochlorite (NaOCl) and 10% sucrose
obtained the highest viability percentages,
when compared with the other pre-treatments,
although they are statistically heterogeneous
with each other.

However, when the concentration of TZ
increased to 1%, the viability percentages
tended to be statistically homogeneous (Table 2),
using pre-conditioning treatments with sodium
hypochlorite (1%) and sucrose (10%). This proves
that by increasing the TZ salt concentration, the
detection of the seeds viability optimized due
to the greater interaction of the solution with
the living tissues, which increases the intensity
of the coloration (Espitia et al. 2017 ), taking
control group as reference. On the other hand,
the 24 hours of exposure time, using immersion
in sodium hypochlorite (1%), both for the
0.25% and 1% TZ concentrations gave the most
optimal viability results (93%) compared with the
germinated seeds percentage (93%). The data
are in agreement with Hosomi et al. (2017) where
they found good results, when using the 1%
tetrazolium solution during 24 hours of exposure.

Table 1. Epidendrum barbaricum seeds viability subjected to five
pretreatments and evaluated by the tetrazolium test (0.25%) at different
exposure times.

Pre-treatments 6h 12h 24h 48h
Control 72a* 71a 73a 75a
Chlorine 1% 82a 91b 93b 95b
Sucrose 80a 88b 91b,c 92b
Alcohol 10% 57b 69a 72a 80a
H,0d 72a 80a,b 77a,c 79

*The values of the averages with different letter of each column indicate
statistically significant differences, according to the Tukey HSD test (P<0.05).

Table 2. Epidendrum barbaricum seeds viability subjected to five
pretreatments and evaluated by the tetrazolium test (1%) at different
exposure times.

Pre-treatments 6h 12h 24h 48h
Control 81a* 87a 84a,b 84a
Chlorine 1% 83a 88a 93b 91a
Sucrose 80a 83a,b 80a,b 85a
Alcohol 10% 57b 72b 75a 80a,b
H,0d 72a 80a,b 73a 69b

*The values of the averages with different letter of each column indicate
statistically significant differences, according to the Tukey HSD test (P<0.05).



The seeds viability was determined by the
ability to reduce the TZ to formazan, so the
presence of the red color indicated that the seed
was viable and the absence of this, the embryo’s
death (Figure 1). The TZ biochemical test has
been used in various species of orchids, such
as: Dendrobium bigibbum var. Compactum,
Dendrobium formosum (Kananont et al., 2010),
Cymbidium pendulum (Sw.) Roxb (Aggarwal and
Nirmala 2012), Cypripedium lentiginosum PJCribb
and SCChen (Jiang et al., 2017), Elleanthus
arauntiacum, Epidendrm sp., Maxillaria sp.,
Odontoglossum lindenii, Prosthechea sp., Telipogon
dubios, Stelis sp., Elleanthus sp., Epidendrum
elongatum, Cyrtochilum aemulun (Salazar et al.,
2020b; Salazar and Cancino, 2012; Salazar and
Gélvez 2015), Cattleya mendelii (Salazar, 2012),
Phalaenopsis (Carmela’s Wild Thing x Taipei
Pearl) (Salazar et al., 2013), among others.

Germination percentage

In the in vitro germination test, a 93% of the
seeds from E. barbaricum germinated at in
vitro conditions, breaking the seed coat by the
expansion of the embryo (Figure 2). This value
correlates directly with the viability percentage
obtained by exposing the seeds to a scarification
with 1% NaOCl which is statistically homogeneous
with the 10% sucrose pretreatment, independent
of the concentration (0.25% and 1%) at 24-hour
exposure time (Table 1).

When comparing the Viability results from the
TZ concentrations applied (0.25% and 1% W/V)
demonstrate the pretreatment with NaOCl (1%
W/V, 10 min) positively influenced effectively
the seeds germination capacity, providing a
profitable alternative to evaluate the seeds
germinative capacity since, viable results are
obtained independent of the concentration, in
this way, the concentration to be used could be
reduced by 0.75%, using an exposure time of 24
hours. Being these viability results (93%) those
of greater correlation with the in vitro germination
percentage (93%). The present observation
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would imply to improve the application of the
laboratories financial resources and likewise a
larger number of samples could be evaluated with
a lower cost (Carvalho et al., 2017).

Although, orchid seeds present a simple
structure, to moist them is complicated, due to
the fact that the cell walls of the outer tegument
are lignified and covered with a lipid cuticle
(JevSnik and Luthar 2015), the presence of these
compounds of hydrophobic nature contribute
to the impermeability of the seed. However,
this characteristic depends on the seed state
of development, since it is at immature state,
the testa may not be lignified so it would be
more permeable, when compared to a mature
seed which has a fully formed testa, some
pretreatments made on seeds such as immersion
in NaOCl solutions can improve their permeability
(Zhang et al., 2013). The NaOClI is usually used
to degrade the wood pulp lignin, as it is a strongly
oxidizing agent (Jiang et al., 2017), therefore, the
importance of this chemical compound relies
mainly in the scarification of the seed (Bae et al.,
2014) thus improving the effectiveness of the TZ
test. Itis most likely to degrade some hydrophobic
compounds of the testa, such as lignin, thus
breaking the obstacle from the seed coat cell walls
increasing its hydrophilic character, allowing the
entry of TZ salt in a uniform way and generating
a stronger stain. Previous treatment with NaOCl
also stimulates seed germination by degrading
the seed coat and facilitating the absorption of
water and oxygen (Vasudevan and Staden, 2010)
and accelerating the inhibitors washing, such
as endogenous abscisic acid (ABA) from seeds
(Jianget al. al., 2017, Bae et al., 2014). However,
chlorine causes a cytotoxic effect by generating
chromosomal anomalies (Salazar and Maldonado;
2020; Salazar et al., 2019).

Preconditioning with 10% sucrose improved
the coloration proving to be adequate for a better
identification of viable seeds. These results are
similar to those obtained in Cattleya species by
Hosomi et al. (2011, 2017). This is due to the

Figure 1. Epidendrum barbaricum flower and seeds. (A) E. barbaricum
flower. (B) E. barbaricum not viable seeds. (C) E. barbaricum viable seeds.
Bar scale = Tmm. t: seed coat; e: embryo.

Figure 2. Epidendrum barbaricum asymbiotic germination in MS culture
medium. (A) No germinated seed (B) Expanded embryo. (C) Protocorms
formation. (D) Rhizoids production. (D) Bar scale= Tmm. e: embryo; p:
protocorm; r: rhizoid; ra: root; t: testa/seed coat.
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fact that the sucrose solution offers a benefit by
maintaining a balance between the seeds and
their external environment, thus avoiding an
imbibitional injury, which could cause damage
to the embryo cells when immersed in the
TZ solution, also sucrose immersion may be
important to activate the embryo’s metabolism,
mainly the dehydrogenase enzymes (Hosomi et
al., 2011), ensuring a sharper coloration and
more reliable results.

Hydration facilitates the TZ absorption and
provides the enzymatic metabolite’s activation
(Carvalho et al., 2017). The results obtained with
the control group and direct imbibition in water,
were statistically homogeneous with each other
for the two TZ concentrations evaluated, except
for exposure to a concentration of 1% TZ for 48
hours where it was surpassed by the control
group, with significant differences (Table 2). One
of the reasons is that the water absorption by the
seed is limited by the presence and permeability
of the seed coat, on the other hand, submerging
the seeds directly in water can cause damage by
imbibition, thus affecting the effectiveness of the
test and influencing the differences comparing
with the germination test.

Conclusion

The pre-treatment with 1% sodium hypochlorite
for 10 minutes allows to enhance the viability
reading using the tetrazolium test in E. barbaricum
seeds, when using a concentration of 0.25 or 1%
during 24 hours of exposure. This preconditioning
treatment not only improves embryo staining by
generating a scarification of the seed coat, but
also decreases the concentration of tetrazolium
solution to be used, which translates into a cost
reduction at the laboratory level to determine the
seeds germination capacity
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Abstract

The objective of this research was evaluate the effect of Mentha spicata L. infusion on the productive performance
and organoleptic characteristics of Cobb 500 broilers. The management, biosecurity and welfare of birds for open
houses systems were followed using a completely random design (CRD). In order to evaluate treatments effects
during 35 days, 200 1-day-old mixed chickens were distributed in five treatments, with four réplicas, of 10 birds each
in the following groups: T, (control), T, (M. spicata infusion at 10%), T, (M. spicata infusion at 20%), T, (M. spicata
infusion at 30%) and T, (M. spicata infusion at 40%). The variables studied were broilers productives performance,
carcass weight, abdominal fat and organoleptic characteristics. The data was processed using statistical program
Statgraphics Centurion XV.I, performing a multivariate analysis of variance and determining the factors with
effect, and ANOVA of productive variables per week; contingency tables were prepared with organoleptic indicators
data to determine differences (Chi-square test). Results show no effect on productive parameters up to 30% per
liter because a decrease in feed consumption in the slaugther week for T, (40% of infusion) which indicate a limit
of infusion use; the principal effects on infusion M. spicata L was on abdominal fat which was lower thickness in
T, (30%) and T, (40%) maybe due to the presence of flavonoids in the mint plant, which have a positive effect on
lipid metabolism, resulting in a lean product. Flavor, tenderness and juiciness showed a favorable acceptance
for meat of animals recibing the infusion treatements in relation to the control group due to the tendency of the
majority of the Ecuador population to consume products with markables organoleptics characteristiques coming
from animals raised in tradicional form.

Key words: Broilers, abdominal fat, carcass weight and quality, organoleptic characteristics.

Resumen

El objetivo de esta investigacion fue evaluar el efecto de la infusion de la menta (Mentha spicata L.) en el rendimiento
y las caracteristicas organolépticas de canal de pollos de engorde Cobb 500. Se siguid el manejo, la bioseguridad
y el bienestar de las aves para los sistemas de casas abiertas utilizando un disefio completamente al azar (DCA).
Para evaluar los efectos de los tratamientos durante 35 dias, se distribuyeron 200 pollos mixtos de 1 dia, en
cinco tratamientos, con cuatro réplicas, de 10 aves cada uno en los siguientes grupos: T1 (control), T2 (infusion
de M. spicata al 10 %), T3 (infusiéon de M. spicata al 20%), T4 (infusion de M. spicata al 30%) y TS (infusion de
M. spicata al 40%). Las variables estudiadas fueron: rendimiento de pollos de engorde, el peso de la canal y las
caracteristicas organolépticas. Los datos se procesaron utilizando el programa estadistico Statgraphics Centurion
XV.1, realizando un analisis multivariado de la varianza y determinando los factores con efecto, y un Anova por
semana para las variables productivas; se elaboraron tablas de contingencia con los datos de los indicadores
organolépticos para determinar las diferencias (Prueba de Chi-cuadrado). Los resultados no mostraron efecto
sobre los parametros productivos hasta la dosis de infusién de 30% por litro debido a una disminucién en el
consumo de alimento en la semana de sacrificio para T, (40% de la infusion), lo que indica un limite en el uso de
infusion. Los principales efectos de la infusion de M. spicata L. ocurrieron en la grasa abdominal, que present6
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menor espesor en T, (30%) y T, (40%), posiblemente por la presencia de flavonoides en la planta de menta, que
tienen un efecto positivo en el metabolismo de los lipidos, resultando un producto magro. El sabor, la terneza
y la jugosidad mostraron una aceptaciéon favorable para la carne de animales que recibieron los tratamientos de
infusién en relacién con el grupo control, de acuerdo con la preferencia de la mayoria de la poblacion de Ecuador
por productos con caracteristicas organolépticas procedentes de animales criados en forma tradicional.

Palabras clave: Pollos de engorde, grasa abdominal, peso y calidad de la canal, caracteristicas organolépticas.

Introduction

The need for the consumption of animal protein
is constantly increasing, mainly due to the
demographic growth of the population. This
increase in demand means that the livestock
production sector must continuously make
improvement actions to increase industrial yields.
In addition to this situation, the trend of today’s
society that demands safe meat, from farms that
comply with quality and biosecurity regulations
and specially apply and respect animal welfare,
taking an increasingly growing interest in
ecological management of the animals.

It is notorious the increasing demand for
poultry products, as an alternative to red
meats, which can promote diseases, such as
diverticulosis (Béhm, 2015), diabetes (Pan et al.,
2013) and the increased risk of suffering cancer
(Wie et al., 2014). Under these circumstances
of market demand, a lot of work has been done
on genetic selection of birds (Sheng et al., 2015;
Stratmann et al., 2016), especially in broiler
(Gonzalez-Cerén et al., 2015; Reyer et al., 2015),
with the aim of obtaining a meat product in the
shortest possible time and the reduction of the
resources used in their production.

Increasing the production of poultry meat
for the current demand, is no longer the only
goal that the industry proposes, since it must
consider demands of the market. This raises a
reorganization of the production matrix, given
that production systems must consider ecological
aspects (Onrust et al., 2015; Ricke, 2015), and
this is why the broilers industry has to evolve
according to the market trend, becoming a great
challenge for bird producers. It is meritorious all
the research that has currently done in the area
of new alternatives for avian management; and
specially to replace artificial chemicals; such as
antibiotics (Diaz-Sanchez et al., 2015) that can
cause problems in the consumer’s organism.

The disadvantage of finding traces of residues
of different chemicals used in normal management
for the production of white meat consumption is
not the result of the absence of regulations that
govern a country or international, because by law,
these are worldwide. Rather, it arises when drug
withdrawal times is not correctly established at
the farm level (Beyene, 2016; Muhammad Danish
Mund et al., 2017).

Although many replacement alternatives
are currently used, combinations with artificial
chemical substances also stand out (Samant et
al., 2015), to look for possible effects with their
administration. Aditionally, it has been increased
consumption of traditional foods, and it seems a
return to flavors and colors reminiscent of field
products. This is why research with medicinal
plants attracts a lot of attention (Babak and
Nahashon, 2014; Chiriboga Chuchuca et al.,
2016; Sanchez et al., 2016), given the advantages
they are showing and especially because it is a
resource from which numerous active principles
are being obtained due to the great variety of
species that exist in the world.

In the present research was used Mentha
spicata L. a Lamiaceae family, also known as
mint, a perennial creeping plant with a fresh
and intense aroma. This plant is traditionally
used in Ecuador and other Latin American
countries as a medicinal herb, in infusion, for
the treatment of stomach disorders, diarrhea,
coughing, wound healing due to it’s extraordinary
source of aromatic compounds and essential oils
containing biologically active constituents that
possess antimicrobial action and insect repellent
(Quevedo Guerrero, 2017). The general objective
was evaluate the effect of the infusion of M.
spicata L. on the performance and organoleptic
characteristics of Cobb 500 broilers.

Materials and methods

The research was carried out at the Granja Santa
Inés of the Agricultural Faculty of Sciences of
the Universidad Técnica de Machala ubicate
in Machala - Pasaje way, Machala Canton,
Province El Oro, coastal region of Ecuador, in
the geographic coordinates 79° 54’ 05” longitude
northeast and 3° 17> 16» south latitude. The
enviromment temperature fluctuates from 22 to
35°C, in an altitude of 5 meters. Were adopted
all possible management and biosecurity norms,
for open cages in order to maintain total welfare
in the birds. The disinfection of the vessel with
formaldehyde and application of quicklime to the
floor before the chickens enter. Wood chip was
use as a litter, basic vaccination schedule was
aplallied (New Castle La Sota’ and Gumboro D78)
and no antibiotics was administere. Two hundred
1-day-old mixed chickens of the COBB 500 line
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were distribute in five treatments, each with four
replicates of 10 birds. Those were randomly
assigne (40 birds per treatment) as following: T1
control, T2 (M. spicata L. infusion at 10%), T3
(M. spicata L. infusion at 20%), T4 (M. spicata L.
infusion at 30%) and TS5 (M. spicata L. infusion at
40%). The infusion was offert as driking water.
Animals were feeding with a commercial feed
Proaves (Pronaca — Ecuador) ad libitum according
the age. Treatments were evaluate for 35 days; a
100-watt yellow bulb provided the heat source for
each replica (10 chickens). For the preparation
of the infusion of mind was applied the Chiriboga
Chuchuca et al. (2016) methodology.

The variables measuring were releated with
productives parameters: feed intake, water
consumption, feed conversion ratio, mortality,
live weight evolution, weight before slaughter,
carcass weight, blood weight, weight feathers,
weight visceras except lungs and kidneys, weight
of head-neck and paws, average thickness of
abdominal fat and organoleptic characteristics,
flavor, tenderness and juiciness of breasts
meat. To measure the weight of chickens and
feed was use an electronic scale CAMRY model
EK9332-F302 with a maximum capacity of 5
Kg and an error margin of + 1 g. For water
consumption, was used a container of volume
with minimum measurements of 10 ml and for
fat measuring was employed a digital calibrator.

Feed intake was weekly-recorded (10 chickens
per replica) generating 100 data (5T x 4R x Sw),
applying the equation 1:

Feed intake(g) = of fered feed — leftover feed Eq. 1

The water consumption was weekly measured (10
chickens per replica) registering 100 data (5T x
4R x 5w), with the equation 2:

Water consumption(ml) = of fered water — leftover water Eq. 2

The feed conversion ratio was weekly measured
(10 chickens per replica) recording 100 data (5T
x 4R x 5w), with the equation 3:

Feed C sion Ratio = Total feed consumed (g)
eed Lonverston Ratto = (Final live weight (g) — Initial live weight (g))

Eq. 3

The mortality of the birds, as a percentage, was
obtaine by dividing the dead birds for which they
started the trial, with the equation 4:
Mortality (%) = m% 100 Eq.4

the live weight of the broilers was determined
weekly until day 35, registering individually and
expressed in grams, with this 1000 data were
obtained (ST x 4R x 10c x Sw) without discounting
the mortality registered in the investigation.
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To determine the yield of the carcass in grams,
at day 35 of age, after fasting for 12 hours,
broilers were slaugthered by cervical dislocation
with suspension of the bird (hanging) for cutting
the left jugular and bleeding for two minutes,
and then underwent a blanching process at 60
°C. for approximately 30 seconds. Two birds per
replicate, taken at random for 40 chickens (5T
X 4R x 2¢), to obtain weight data post-bleeding,
post plucking, post-evisceration. For measuring
thickness of abdominal fat, a digital caliper 0-150
mm (TACTIX Mark) was applie directly on it with
moderate pressure. Weight data was obtaine
from head-neck-legs, wings, thighs, drumstick,
shoulder, rump and breast (fresh, frozen,
boneless and cooked). In addition, were recorded
water losses by cooking the meat, taking the
frozen breasts and left them at room temperature
for two hours, then proceeded to make cuts of 1
cm of thick. Breasts were place in baking shells
identified individually, and then placed in a pot
containing boiling water for 10 minutes. They
were remove from the fire and the subsequent
processes were continue, obtaining 600 data (5T
X 4R x 2¢c x 15v).

For organoleptic characteristics, 105
personal surveys were carried out with standard
discrimination questions applied to the consumer
tasting methodology, giving a total of 2100
responses (5T x 105p x 4C), they were evaluated
qualitatively in meat samples from the 5
treatments: flavor, tenderness, juiciness and
smell, for all the pleasant and unpleasant
criterion was applied.

Experimental design. For the research, was
used a completely randomized design (CRD),
with five treatments, each with 4 replicas of
10 chickens, for 40 birds per treatment. The
treatments design was as follows: T1 = Balanced
feed only, T2 = Balanced feed + 2 ml of M. spicata
L. infusion at 10% was administered per liter of
drinking water, T3 = Balanced feed + 2 ml of M.
spicata L. infusion at 20% was administered per
liter of drinking water, T4 = Balanced feed + 2 ml
of M. spicata L. infusion at 30% was administered
per liter of drinking water, and T5 = Balanced
feed + 2 ml of M. spicata L. infusion at 40% was
administered per liter of drinking water.

Statistical analysis. The statistical analyzes
were carried out according to Blasco (2010),
a multivariate variance analysis was used for
the variables under study and to determine
which factors have a statistical effect on the
variables. For live weight, feed intake, water
consumption and feed conversion ratio was used
an analysis of parametric variance (Anova one-
way) per week, after checking the assumptions
of normality and homocedasticity. To establish
statistical differences between treatments Tukey’s



honest significant difference procedure (HSD),
at a confidence level of 95.0% was use. For the
analysis of criterio consumer, contingency tables
were elaborate and chi-square test was use to
establish the differences between treatements. All
the analysis was carrie out using the statistical
program Statgraphics Centuriéon XV.I. ®.

Results and Discussion

Feed intake, water consumption, and
feed conversion ratio

When performing multivariate analysis of
variance in feed intake, it showed a significant
diference in the week*treatment interaction. An
additional Anova analysis was performed per
week. Table 1 shows the averages of feed intake,
with their intervals of confidence. From the
first week, were detected statistical differences,
being the TS the one that maintained it until the
end of the experiment (T5: 32525.8 + 645.8" vs
T1: 34248.5 + 645.8%). In this treatment, lower
intakes were detected, and this agrees with the
results found by Darabighane et al. (2017). In
that experiment using male broiler Ross 308,
they evaluated a fresh leaves of Mentha piperita
and the gel contained in the leaves of Aloe
barbadensis, added in the feed, to compare it
with an antibiotic, used as a growth promoter.

The water consumption did not show
significance in their interaction, however, when
was analyzed the data per week, it showed that
birds in T4 consumed less water (T1: 14578.3
+ 792.72, T2: 14001.5 £ 792.7%*, T3: 14064.3
+ 792.7%°, T4: 12838.5 + 792.7°, T5: 13289.3 *
792.7%%) than T1 (Table 2). The feed conversion
ratio did not show a significant statistical
difference in their interaction. But when week
effect was analyzed, statistical differences were
observed in T1 and T3, but at the end of the
experiment, no differences were detected (Table 3).
These results agree with those found by Ameri et
al. (2016), who administered dried ground leaves
of Mentha piperita in the feed of broilers Ross 308
to evaluate performance, body temperature and
the characteristics of the carcass.

Mortality

For all treatments the mortality observed in
this researh was as expected for tropical zones
(less than 5%), therefore this variable was not
influenced by treatments. This result is similar
to that reported by Chiriboga Chuchuca et al.
(2016) who spreng an infusion of Plectranthus
amboinicus (Lour.) and vinegar in chickens Gallus
gallus domesticus in the drinking water, without
no reporting an effect in this variable.

Effect of Mentha spicata L. infusiéon on the productive performance
and organoleptic characteristics of Cobb 500 broilers

Live weight

When was analyzed the interaction of the live
weight per week there were no significant
statistical differences. After, analyzed the data per
week, it was observed that there is no significance
throughout the duration of the experiment
(Table 4), agreeing with those results of Ameri
et al. (2016), Chiriboga Chuchuca et al. (2016),
Sanchez et al. (2016), the latter administered
to Cobb 500 chickens, 3 ml of 10% infusions of
Cymbopogon citratus (DC.) Stapf., Plectranthus
amboinicus (Lour.), and Tilia cordata (Mill.) per
liter of drinking water and they did not report
differences in the weights of the birds. However,
Darabighane et al. (2017) reported differences
at the beginning, in the growth and in the total
weight of the birds.

Carcass yield

Table 5 shows the data obtained measuring the
weighing of broilers before slaughter, and after
substracting blood, feathers and the head-neck-
paws weight. No statistical differences were
detected; but, the visceral weight (T1: 305.8 + 37.82,
T2: 239.5 + 37.8%%, T3: 212.3 + 37.8°, T4: 190.3
+ 37.8, T5: 247.3 £ 37.8%) and abdominal fat
thickness were different (T'1: 4.95 +0.792, T2: 4.17
£0.79%°, T3: 4.49+£0.79%, T4: 2.90 £ 0.79°, T5: 3.31
+ 0.79). Regarding the weight of wings, thighs,
counter-thighs, shoulder, rump, breast, frozen
breast, water loss by defrosting breast, boneless
breast and cooked breast showed no significance.
Table 6 show the data obtained for chicken breasts,
only detecting significant statistical difference in
the breast bone (T1: 51.25 * 3.43%, T2: 50.88 *
3.43% T3: 45.75 + 3.43%, T4: 47.25 + 3.43%, T5:
43.38 £ 3.43) and the water losses of the breasts
subjected to cooking (T1: 38.88 £ 4.412>, T2: 41.38
+4.419 T3: 33.38 £ 4.41%%, T4: 30.25 = 4.41°, TS:
31.38 £4.41"). The variables that show statistical
differences tend to decrease, since they are the
groups that received the infusion. This differs from
that mentioned by Khursheed et al. (2017), who
did not find significant statistical differences in
data obtained from the commercial broiler chicken
channel in an experiment where fresh mint leaves
were administere with and without enzymatic
supplementation to evaluate blood biochemistry,
carcass characteristics and sensory attributes. It
also differs from that reported by Ameri et al. (2016),
regarding to the characteristics of the carcass.

Organoleptic characteristics

Regarding the taste of meat, not significant
statistical differences between treatments was
report. The flavor (Figure 1) of all the meats were
agreeable for the majority of the respondents (T
1: 85, T2:93, T 3: 100, T 4: 94 and T 5: 103),
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when comparing with the control, all treatments
showed an arithmetic difference, but only were
detectec statistical differences between T3 and
T5. The results of tenderness by criterio of meat
mastication (Figure 2) show that the majority of
respondents find it pleasant for all treatment whit
statistical difference to T4. The juiciness (Figure
3) shows arithmetical differences in all treatments

Table 1. Averages of weekly acumulative feed intake (g).

being pleasant for the majority of respondents,
but statistically, T3, T4 and TS differ from the
control. These results differ from those reported
by Khursheed et al. (2017), who used a panel of
experts, not find significant statistical differences
from sensory analysis of meat. Meat colour was
not evaluate.

Table 2. Average accumulated weekly water (ml) consumption.

Treat. Week Treat. week
1 2 3 4 5 1 2 3 4 5
1692.5 + 5221.3+ 11940.3+ 22061.3+ 342485+ ] 4722.0 £ 145783+ 30169.3+ 55508.3+  94309.5+
! 49.92 48.52 143.42 643.2° 645.8° 348.32 792.72 1340.5° 2584.42 3455.82
1590.5 + 5123.5+ 117513+ 214415+ 33901.0+ 2 4795.0 + 14001.5+ 30280.5+ 53692.0+ 91544.0 +
2 49.92 48.50¢ 143.42 643.2 645.8° 348.32 792.7% 1340.5° 2584.42 3455.8°
1565.0 + 5155.3 + 11720.8+ 21369.3+ 338243+ 3 4740.0 + 14064.3+ 30113.3+ 549405+ 93045.8 +
3 49,90 48.5% 143.4° 643.2% 645.82 348.32 792.7%® 1340.5° 2584.42 3455.8°
1582.0 + 5114.8 + 11763.8+ 217223+ 34187.8+ 4 43935+ 12838.5+ 278640+ 51029.3+ 88902.8+
4 49.9° 48.5b¢ 143.42 643.2° 645.8° 348.32 792.7° 1340.5° 2584.42 3455.82
1530.0 + 5056.5 + 103740+ 20197.5+ 32525.8+ 4604.5 + 13289.3+ 279643+ 527585+ 91613.5%
> 49.9° 48.5¢ 143.4° 643.2° 645.8° 348.32 792.7% 1340.5° 2584.42 3455.8°
Difference superindice, statistical differences (P < 0.05). Difference superindice, statistical differences (P < 0.05).
Table 3. Averages of the weekly feed conversion ratio. Table 4. Averages of the weekly live weights (g) of birds.
Treat. week Treat. Week
1 2 3 4 5 1 2 3 4 5
1 0.90 £ 0.94 + 1.15% 142+ 1.54 + ] 187.6 £ 4943 + 997.2 + 1482.1 + 21284 +
0.042 0.03° 0.06%° 0.08? 0.082 4.92 13.22 30.12 42.82 71.6%
5 0.83+ 0.92 + 1.22 + 134+ 1.55 5 179.8 + 483.8 + 993.9 + 1506.3 + 21735+
0.04%® 0.03? 0.06° 0.08? 0.08? 5.0° 13.9° 31.8° 45.12 75.4°
3 0.82 0.94 + 119+ 134+ 1.57 + 3 183.1+ 480.1 + 998.7 + 1477.6 + 2126.9 +
0.04%® 0.03° 0.06° 0.08° 0.08° 4.9° 13.22 30.1° 42.8° 71.6°
4 0.84 + 0.95+ 1.24 + 1.40 + 1.61+ 4 184.1 + 486.1 + 1007.5 + 15339 % 21441 +
0.0420 0.03° 0.06° 0.08° 0.08° 5.0 13.5° 31.3° 45.12 7552
5 0.81+ 093+ 1.05 + 1.29+ 1.48 + 180.5 £ 4726 + 996.1 + 1497.2 + 2149.3 +
0.04° 0.03? 0.06° 0.08? 0.082 4.9° 13.22 30.1° 42.8° 71.6
Difference superindice, statistical differences (P < 0.05). Difference superindice, statistical differences (P < 0.05).
Table 5. Data obtained with the slaughter of the birds on day 35. Table 6. Averages obtained from the chicken breasts at day 35.
Heat-
: Blood Feath-  Viscera neck-  Abd.Fat W. Breasts Los.Bre. Bone Tissue Wat. Loss
Treat. Slaugh. Treat.
® (8) ers (g) (g) paws (mm) (8) Thaw. (g) (g) Cook (%)
(8)
’ 23391+ 864+t 99.6 + 305.8+ 179.6+ 4.95 + - . : N
187.7° 22.4° 39.1° 37.8 28.22 0.79 1 595.4 £40.8 6.63 £ 1.58 51.25+3.43° 38.88  4.41
2 24295+ 1003 102.8 + 2395+ 187.4 + 417 + .
187.70 22 40 39.1 37.g% 28,0 079 2 669.1 +40.8 6.50 + 1.58 50.88 + 3.43 41.38 +4.41
3 22045+ 89.1+ 913+ 2123+ 1934+ 4.49 + . . " N
18778 2240 3910 378 28,20 0.79% 3 562.5+40.8 7.63+1.58 45.75 +3.43 33.38+4.41
4 2166.5+ 686+ 1085+ 1903+ 2143% 290 i s " .
187.72 22.42 39.1° 37.8° 28.2° 0.79¢ 4 550.9 +£40.8 7.75+1.58 47.25 +3.43 30.25 + 4.41
2213.0% 843+ 89.4 + 2473 + 210.6 = 331+
5 558.5+40.82 7.13+1.58° 43.38 +3.43° 31.38+4.41°

187.72 22.4° 39.12 37.8%® 28.22 0.79¢¢

Difference superindice, statistical differences (P < 0.05).
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Conclusions

The administration of 2 ml of infusion of M.
spicata L. in drinking water showed no effect
on the productive parameters up to 30% per
liter because a decrease in feed consumption in
the slaugther week for T (40% of infusion) was
observed indicate a limit of infusion use. The
principal effects on infusion M. spicata L was on
abdominal fat which was lower thickness in T,
(830%) and T, (40%) maybe due to the presence
of flavonoids in the mint plant, which have a
positive effect on lipid metabolism, resulting in
alean product. Flavor, tenderness and juiciness
showed a favorable acceptance for meat of
animals recibing the infusion treatements in
relation to the control group due to the tendency
of the majority of the Ecuador population to
consume products with markables organoleptics
characteristiques coming from animals raised.
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Abstract

Los Santos district is the main producer of tomato in Panama and has been reported in recent years
up to 100% infestation with begomovirus (Geminiviridae). The objective of this study was to identify
alternate hosts of begomovirus in weeds associated with tomato crops, throughout the year. During
2016-2017 season, 110 samples of symptomatic and asymptomatic weeds were collected into tomato
crops from 10 villages sited in the district of Los Santos. Begomovirus detection was performed by
polymerase chain reaction (PCR) technique using the degenerate primers AVCORE 494 and ACCORE
1048. Of the total collected, thirty-seven samples were positive belonging to 10 species and six
families. Species with the highest prevalence of infection, were: Physalis angulata, Mimosa sp. and
Amaranthus dubius (100%), Calopogonium mucunoides (78%), Rhynchosia minima (67%), Cleome
viscosa (60%), Amaranthus spinosus (50%), Hybanthus attenuatus (50%), Malvastrum americanum
(25%) and Malachra alceifolia (17%), listed in descending order. To our knowledge, this is the first
report of weeds A. dubius, A. spinosus, C. mucunoides, C. viscosa, H. attenuatus, M. alceifolia, M.
americanum and P. angulata as host of begomovirus associated with tomato crops in Panama. These
results indicate that the predominant weeds in the tomato crops of Los Santos district are reservoir
of begomovirus throughout the year.

Key words: Alternative host, Bemisia tabaci, Geminivirus, Solanum lycopersicum

Resumen

El distrito de Los Santos es el mayor productor de tomate industrial de Panama y en los tltimos afos
se ha registrado hasta 100% de infeccion con begomovirus (Geminiviridae) en los campos de cultivo.
El objetivo de este trabajo fue identificar los hospederos alternativos de begomovirus durante la
época de cultivo y de barbecho. En la temporada 2016-17 se recolectaron 110 muestras de arvenses
sintomaticas y asintomaticas en 10 fincas ubicadas en el distrito de Los Santos, provincia de Los
Santos, Republica de Panama. La deteccion de begomovirus se hizo por medio de la técnica de reaccién
en cadena de la polimerasa (PCR) utilizando los cebadores degenerados AVCORE 494 y ACCORE 1048.
Del total recolectado, 37 arvenses resultaron positivas pertenecientes a 10 especies y 6 familias. Las
especies, en orden descendente, de prevalencia de la infeccion fueron: Physalis angulata, Mimosa sp.
y Amaranthus dubius (100%), Calopogonium mucunoides (78%), Rhynchosia minima (67%), Cleome
viscosa (60%), Amaranthus spinosus (50%), Hybanthus attenuatus (50%), Malvastrum americanum
(25%) y Malachra alceifolia (17%). Hasta la fecha del estudio, éste era el primer registro para Panama
de las arvenses A. dubius, A. spinosus, C. mucunoides, C. viscosa, H. attenuatus, M. alceifolia, M.
americanum y P. angulata como hospederas de begomovirus asociadas al cultivo de tomate industrial
en Panama. Estos resultados nos indican que las arvenses asociadas al cultivo de tomate en el distrito
de Los Santos son reservorios de begomovirus durante todo el ano.

Palabras clave: hospedero alternativo, Bemisia tabaci, Geminivirus, Solanum lycopersicum.
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Introduccion

Los virus del género Begomovirus (familia
Geminiviridae) tienen el genoma de ADN circular
de cadena sencilla y son transmitidos por el
complejo criptico de especies de la mosca blanca
Bemisia tabaci (Gennadius, 1889) (Hemiptera:
Aleyrodidae) a plantas dicotiledoneas (Stanley et
al., 2005; Brown et al., 2015).

Las arvenses asociadas a los cultivos
se consideran el sitio ideal para que los
begomovirus puedan sobrevivir, conservar su
estructura genética, participar en procesos
de intercambio genético y la aparicion de
nuevas especies virales (Padidam, Sawyer y
Fauquet, 1999; Ramos et al., 2003; Jovel et
al., 2004; Garcia-Andrés, Monci, Navas-Castillo
y Moriones, 2006). Diversas arvenses son
conocidas como hospederas de begomovirus
en la regiones tropicales y subtropicales a nivel
mundial y han sido estudiadas en América
Central y el Caribe (Brown, Lastra y Bird,
1991; Roye, Mclaughlin, Nakhla, y Maxwell,
1997; Umaharan, Padidam, Phelps, Beachy, y
Fauquet, 1998; Solorzano-Morales et al., 2017).

En 1983, en la region Azuero de Panama,
se observaron las primeras plantas infestadas
con B. tabaci que presentaban sintomas de
infeccion por begomovirus. Sin embargo, solo
fue en 1991 cuando se registraron elevadas
pérdidas economicas en la produccion de
tomate de tipo industrial, atribuidas al
incremento en la poblacion de las especies del
complejo de la mosca blanca en asociacion
con el begomovirus Potato yellow mosaic
Panama virus (PYMPV) (Engel, Fernandez,
Jeske, y Frischmuth, 1998; Anderson y
Morales, 2005). La provincia de Los Santos
pertenece a la Region de Azuero y segun
el informe de produccion agropecuaria del
Instituto Nacional de Estadistica y Censo de
Panama (2017) durante la época seca produce
el 87% del tomate industrial del pais.

En el distrito Los Santos, Fernandez,
Osorio y Frischmuth, (1998) identificaron
las arvenses en los cultivos de tomate con
infeccion de begomovirus que pertenecen
a las familias Malvaceae (Herissantia
crispa, Sida acuta y Sida rhombifolia),
Euphorbiaceae (Euphorbia heterophylla),
Tiliaceae (Corchorus orinocensis), Fabaceae
(R. minima) y Asteraceae (Eleutheranthera
ruderalis). Durante la época lluviosa, las
parcelas de cultivo son dejadas en barbecho
o son usadas para pastoreo. La alternancia
entre temporada de cultivo y de barbecho
puede estimular a la mosca blanca a
utilizar hospederos alternos, siendo estos,
generalmente, las arvenses asociadas al
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cultivo (Bezerra, De Oliveira y Vasconcelos,
2004). Este trabajo se desarrollo con el
objetivo de identificar los reservorios de
begomovirus en las parcelas dedicadas
al cultivo de tomate, en las épocas de
barbecho y de cultivo en el distrito de Los
Santos, provincia de Los Santos (Panama).
La identificacion de nuevos hospederos
alternativos de begomovirus en las areas
de cultivo de tomate permitira mejorar las
estrategias de manejo de las arvenses,
incluyendo la época de barbecho en la
planificacion.

Materiales y métodos

Area de muestreo

Fueron seleccionadas 10 fincas dedicadas al
cultivo de tomate industrial entre los productores
asociados a la Cooperativa El Progreso R. L. del
Corregimiento de Agua Buena del Distrito de Los
Santos. La ubicacion de las parcelas se determiné
mediante un sistema de posicionamiento global
(GPS) (Etrex, Summit HC, Garmin®, Shijr,
Taiwan), en los poblados de Tres Quebradas,
La Limona, La Colorada, San Luis, La Balita, La
Espigadilla, La Lomita y La Honda Los Santos que
pertenecen al distrito de Los Santos, provincia
de Los Santos, Republica de Panama (Tabla 1).

Recoleccion de plantas arvenses

Las recolecciones fueron realizadas en parcelas
de tomate de tipo industrial var. IDIAP T-8, en
el periodo comprendido entre octubre de 2016
y abril de 2017. Las recolecciones en campos
en barbecho fueron realizadas entre mayo y
septiembre de 2016.

El recorrido de las parcelas para la toma
de muestras se hizo tratando de abarcar
una superficie representativa. Durante este
recorrido, fueron recolectadas 110 muestras de
apices de arvenses dicotiledéneas sintomaticas
y asintomaticas, 78 en época de cultivo y 32 en
época de barbecho (Tabla 2). Se consideré como
plantas sintomaticas aquellas con la presencia de
sintomas caracteristicos de virosis, tales como:
mosaico foliar amarillo, moteado foliar amarillo,
entrenudos cortos, hojas enrolladas o rizadas
(Engel et al., 1998).

Procesamiento de muestras

Las muestras fueron colocadas en tubos de
poliuretano de 50 ml con gel de silicio (Scharlau®,
Barcelona, Espafa) como secante para garantizar
su conservacion. La identificacion taxonémica
preliminar se realiz6 en campo, mediante
observacion de las plantas con flores. Luego



fueron codificadas e identificadas en el Laboratorio
del Instituto de Investigacion Agropecuaria de
Panama (IDIAP). Su identificacion fue verificada
en el Herbario de la Universidad Autonoma de
Chiriqui (UNACHI).

Extraccion de acidos nucleicos totales

Se obtuvo el ADN total a partir de 0.05 g de
tejido vegetal como lo indica el protocolo de
Dellaporta (Dellaporta, Wood y Hicks, 1983). El
producto obtenido fue disuelto en 100 uL de agua
bidestilada estéril y conservado a -20 °C hasta
su posterior uso en PCR.

Amplificacion mediante la técnica de
reaccion en cadena de la polimerasa
(PCR)

La solucién para la PCR consisti6é en 6.25 uL de
PCR Master Mix® (Promega®, Madison WI, U.S.A),
0.20 uL de cada cebador degenerado AVCORE 494
y ACCORE 1048 que amplifican universalmente
la region conservada de aproximadamente 550
pb, ubicada en la parte central de la secuencia de
ADN que codifica para la proteina de la capside
de los begomovirus (Wyatt y Brown, 1996). Se
completoé con 2.25 uL de agua destilada estéril
para un volumen de reaccion final de 12.5 uL
que incluia 2.5 uL de ADN total de cada muestra.
La amplificaciéon se realiz6 en un termociclador
modelo 2720 Applied Biosystems Thermal Cycler
version 2.09 (ThermoFisher Scientific, CA, U.S.A).
El programa de PCR consistié en 2 min a 94 °C,
30 ciclos que comprendian tres etapas cada uno:
94 °C durante 1 min, 58 °C durante 1 miny 72 °C
por 1 min. Los resultados se visualizaron en gel
de agarosa (Type I, Sigma-Aldrich) al 1.5% en TAE
1.0% y tincion de bromuro de etidio. Como patréon
se uso el marcador de peso molecular 1 kb DNA
Ladder (Promega®, Madison WI, U.S.A) (Figura
1). Como control positivo se usaron plantas de
tomate del cultivo con sintomas de infeccién por
begomovirus. Como control negativo se usaron
plantas de tomate cultivadas en invernadero.

Analisis estadisticos

La comparacion de la presencia de
begomovirus en las arvenses fue realizada
entre temporada de cultivo y temporada
de barbecho, mediante una Prueba de t de
Student para demostrar que la prevalencia
de malezas infectadas por begomovirus
varia durante la época de barbecho (ul)
con respecto a la época de cultivo (u2), es
decir: Ho2: ul - u2 = 0; en donde: ul es el
valor promedio de la prevalencia de plantas
infectadas por begomovirus durante el
barbecho y u2 es el valor promedio de la
prevalencia durante la temporada de cultivo
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(Tabla 3). Para verificar que las diferencias
entre las medias no fueron debidas al azar,
se uso6 un nivel de significancia de 5%. El
proceso de seleccion de las muestras de
tejido vegetal en campo se realizé de manera
aleatorizada y los valores de las prevalencias
de las plantas infectadas por begomovirus
fueron transformadas con para compensar
la falta de normalidad de los datos. En
esta investigacion la variable de estudio
fue la prevalencia de plantas infectadas por
begomovirus.

Resultados y discusion

Se analizaron un total de 110 muestras mediante
PCR, la observacion de una banda entre 550
y 600 pares de bases indicé la presencia de
begomovirus en las muestras como senalan
Wyatt y Brown (1996) (Figura 1). En la época
de cultivo de tomate de 2016 (Tabla 1) fueron
evaluadas en total 35 muestras de arvenses para
detectar la presencia o ausencia de begomovirus.
Las muestras evaluadas durante esta época
pertenecian a 12 familias, representadas por 18
especies. Los resultados obtenidos mostraron

1 2 3 4 5 6 7 8 9 10

Figura 1. Resultados de la amplificacion por PCR de un fragmento del
componente A de begomovirus de aproximadamente 550 pb con los
cebadores AVCORE y ACCORE. Lineas: 1. Marcador de peso molecular 1 kb
Ladder (Promega), 2. P. angulata, 3. C. mucunoides, 4. R. minima, 5. M. alceifolia,
6. A. spinosus, 7. M. americanum, 8. C. viscosa, 9. Control negativo, 10. Control
positivo. Electroforesis en gel de agarosa 1.0% con tincién de Bromuro de etidio.

Tabla 1. Ubicacion de los sitios de colecta en el Distrito de Los Santos.

Finca Coordenadas (WGS 84)
Poblados
(No.) Latitud

Longitud

1 Tres Quebradas N 7°50'51.4176" W 80°23'37.8605"

2 Tres Quebradas N 7°50'44.4912" W 80°24'05.9858"
3 La Limona N 7°49'24.9456" W 80°26'07.9588"
4 La Colorada N 7°50'09.0924" W 80°31'45.3774"
5 San Luis N 7°51'44.2" W 80°30'60"
6 La Balita N 7°49'400" W 80°28281"
7 La Espigadilla N 7°51'41" W 80°22'33"
8 La Lomita N 7°51'51" W 80°22'37"
9 La Honda N 7°53'56" W 80°21"12"
10 La Honda N 7°54'14" W 80°21'67"
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la infeccién de 12 arvenses de las especies R.
minima, Calopogonium mucunoides, Mimosa sp.
y Physalis. angulata. Es decir, un total del 34%
de plantas estaban infectadas (Tabla 2).

En la época de barbecho del 2016, (Tabla
1) fueron evaluadas 32 muestras. Los
resultados obtenidos indicaron que 13 muestras
pertenecientes a siete especies fueron positivas
a infeccién por begomovirus. Estas fueron: A.
dubius, Cleome viscosa, C. mucunoides, R. minima,
Malvastrum americanum, P. angulata y Hybanthus.
attenuatus, para un total del 41% de plantas
infectadas durante esta temporada (Tabla 2).

En la época de cultivo de 2017, se tomaron
muestras en cuatro fincas (Tabla 1) para un
total de 43 muestras evaluadas. Los resultados
obtenidos fueron: 12 muestras positivas de
las especies A. spinosus, C. viscosa, R. minima,
Malachra alceifolia y P. angulata, para un total
de 28% (Tabla 2).

Los resultados muestran la presencia de
arvenses infectadas por begomovirus en fincas
dedicadas al cultivo de tomate industrial en el
distrito de Los Santos, tanto en épocas de cultivo
como de barbecho. Las especies de arvenses
que resultaron con mayor numero de plantas
infectadas por begomovirus fueron: P. angulata.
(100%), Mimosa spp. (100%), A. dubius (100%),
R. minima (70%), C. viscosa (60%), A. spinosus
(50%), H. attenuatus (50%), C. mucunoides
(44.4%), M. alceifolia (28%), M. americanum (25%).
En general, el 33.64% de las arvenses resultaron
infectadas por begomovirus. Las plantas positivas
pertenecen a las familias Amaranthaceae,
Cleomaceae, Fabaceae, Malvaceae, Solanaceae
y Violaceae.

Las arvenses A. dubius, A. spinosus, C.
mucunoides, C. viscosa, H. attenuatus, M.
alceifolia, M. americanum, Mimosa sp. y P.
angulata fueron registradas por primera vez como
hospederas de begomovirus asociadas al cultivo
de tomate industrial en el distrito de Los Santos
y en la Republica de Panama.

Los sintomas de infeccion con begomovirus,
como mosaico dorado, fueron observadas en C.
mucunoides, R. minima y Sida spp. tanto en la
época de cultivo como de barbecho. Las arvenses
M. alceifolia, M. americanumy Euphorbia spp. no
fueron recolectadas durante la época de cultivo,
ya que por tratarse de arbustos de mayor tamao,
son eliminadas por los productores de las areas
de cultivo. No obstante durante la época de
barbecho fue posible recolectar plantas con
sintomas de mosaico amarillo y clorosis en la
hoja. La presencia de arvenses con clorosis de la
hoja y negativas a begomovirus, pudo ser debido
a que estaban infectadas con otros patégenos o
presentaban carencias nutricionales. Las plantas
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con alto contenido de mucilago como Sida spp. y
Euphorbia spp., no dieron resultados positivos, a
pesar de que se les extrajo ADN total siguiendo
protocolos especificos (Echevarria-Machado et al.,
2005; Ghosh, Paul, Ghosh, Roy, 2009).

E1 100% de las arvenses identificadas como P.
angulata que fueron recolectadas, tanto en época
de cultivo como de barbecho, fueron asintomaticas
y presentaron infeccién por begomovirus. Este
dato es importante porque esta especie, igual
que S. lycopersicum, pertenecen a la familia
Solanaceae, lo que aumenta el riesgo de ser un
hospedero alternativo de los begomovirus que
infectan al tomate o una fuente de variabilidad
genética para estos (Briddon, Patil, Bagewadi,
Nawaz-ul-rehman, y Fauquet, 2010). La
presencia de begomovirus que infectan arvenses
y plantas de interés economico en Centroamérica
ha sido documentada entre Fabaceae en el
caso de frijol y Calopogonium golden mosaic
virus en Nicaragua y Costa Rica (Diaz, Maxwell,
Karkashian y Ramirez, 2002; Karkashian,
Ramos-Reynoso, Maxwell y Ramirez, 2011;
Fiallo-Olivé, Navas-Castillo, Moriones y Martinez-
Zubiaur, 2012). Los resultados presentados
indican que el 26% de las arvenses infectadas
por begomovirus son asintomaticas (Tabla 2), lo
que permite suponer que la cantidad de in6culo
presente en el agroecosistema al momento de
establecer el cultivo puede ser subestimada
por el productor. Una practica frecuente es la
remocion de las arvenses infectadas por virus y
que se encuentran presentes en los alrededores
de cultivos de interés econoémico. Sin embargo,
esto no siempre reduce la prevalencia de virus
en un cultivo inclusive, en algunos casos puede
incrementar la infeccion, ya que induce al vector
a trasladarse desde las arvenses hasta el cultivo
(Bezerra et al., 2004).

Presencia de begomovirus en las
arvenses en temporadas de cultivo y de
barbecho

La gran capacidad innata de sobrevivencia
de las arvenses les permite persistir en el
ecosistema a través de las épocas del ano.
No obstante, esta situacion las expone a
infecciones por begomovirus provenientes
de las moscas blancas viruliferas de la
zona. Este hecho, permite la propagacion
y recombinacion de los begomovirus en
hospederos alternativos, atn en épocas con
ausencia de los hospederos de interés econo6mico,
como senalan Gilbertson, Rojas, Russell
y Maxwell (1991). La comparacion de la
presencia de begomovirus en las arvenses
entre temporada de cultivo y temporada
de barbecho, indic6 que la prevalencia de
malezas infectadas no vario (P > 0.05) a
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Tabla 2. Presencia de begomovirus en arvenses asociadas al cultivo de tomate, en el distrito de Los Santos, Panama.

Cultivo 2016 Brbecho 2016 cultivo 2017
Familia Especie

Sint'. PCR Sint. PCR Sint. PCR
Amaranthaceae Amaranthus dubius Mart. ex Thell. — — A** 1(+) — —
Amaranthaceae Amaranthus spinosus (L.) — — A 1(-) A 1()
Amaranthaceae Amaranthus spinosus (L.) — — — — A 2(+)
Rubiaceae Borreria laevis (Lam.) Griseb. — — — — A 1()
Fabaceae Calopogonium muconoides Desv S* 3(+) S 4 (+) — —
Fabaceae Calopogonium muconoides Desv A 1() A 1() — —
Cleomaceae Cleome viscosa (L.) A 2() A 1(+) A 2(+)
Tiliaceae Corchorus orinocensis Kunth A 1(-) — — A 1(-)
Euphorbiaceae Croton hirtus L'Her. A 1(-) — — — —
Cucurbitaceae Cucumis melo (L.) S 1(-) A 1(-) — —
Fabaceae Desmodium tortuosum Desv — — — — A 1(-)
Fabaceae Desmodium tortuosum Desv — — — — S 1(-)
Asteraceae Eleutheranthera ruderalis (Sw.) Sch.Bip A 1(-) — — A 1(-)
Euphorbiaceae Euphorbia heterophylla (L.) A 2(-) S 2() A 1(-)
Euphorbiaceae Euphorbia heterophylla (L.) — — S 3()
Euphorbiaceae Euphorbia hypericifolia (L.) — — S 2()
Boraginaceae Heliotropium indicum (L.) — — A 1(-) A 2()
Violaceae gggx.tgugcitﬁguatus Humb. & Bonpl. ex _ _ A 104) A 14)
Euphorbiaceae Jatropha gossypiifolia (L.) — — A 3(-)
Euphorbiaceae Jatropha integerrima Jacq. A 1(-) — —
Zygophyllaceae Kallstroemia mdxima Scop A 1(-) — — A 2(-)
Zygophyllaceae Kallstroemia mdxima Scop. — — — — — —
Onagraceae Ludwigia sp. — — A 2(-)
Malvaceae Malachra alceifolia Jacq. A 2(9) 2() A 2()
Malvaceae Herissanta crispa — — A 1) — —
Malvaceae Malachra alceifolia Jacq. — — S 1(-) A 1(+)
Malvaceae Malvastrum americanum (L)Torr — — S 2(-) — —
Malvaceae Malvastrum americanum (L.) Torr — — A 1(-) — —
Asteraceae Melampodium divaricatum (L. C. Rich.) DC. — — A 1(-) — —
Sterculiaceae Melochia pyramidata (L.) — — — — A 2(-)
Fabaceae Mimosa sp. A 1(+) — — — —
Cucurbitaceae Momordica charantia (L.) — — A 1(-)
Phyllanthaceae Phyllanthus amarus Schum. & Thonn. A 1() — — A 1()
Solanaceae Physalis angulata (L.) A 2(+) A 1(+) A 3(+)
Portulacaceae Portulaca oleraceae (L.) A 3() — — A 2()
Fabaceae Rhynchosia minima (L.) DC S 6 (+) S 4 (+) S 3(+)
Fabaceae Rhynchosia minima (L.) DC A 4(-) — — A 3()
Rubiaceae Richardia scabra (L.) A 1(-) — — — —
Malvaceae Sida spp. — — S 2() — —
Malvaceae Sida spp. A 1(-) — — A 1(-)
Asteraceae Spiracantha cornifolia Kunth — — A 1(-) — —
Asteraceae Tridax procumbens (L.) — — A 1(-) — —

*S: Sintomatica: Presencia de mosaico dorado, clorosis de la hoja, enrollamiento de la hoja, clorosis de las venas.
descritos para la infeccién con begomovirus. '.Sint. = Sintomas.

**A: Asintomatica: Ausencia de los sintomas

323



Acta Agronémica. 68 (4) 2019, p 319-325

través del ano (Tabla 3). Los resultados
obtenidos indican que, tanto en época
de cultivo como de barbecho, se pueden
encontrar arvenses infectadas en las parcelas
de cultivo de tomate, lo que muestra el
potencial que tienen como reservorio y
hospedero alternativo de begomovirus, que
infecten las plantas de este cultivo de una
temporada a la siguiente.

Tabla 3. Prevalencia de begomovirus en las malezas durante las temporadas
de cultivo y de barbecho (2016-17). distrito de Los Santos, Panama.

Finca (No.) Barbecho Cultivo
1 1.449 1.414
2 1.472 1.472
3 1.612 1.528
4 1.549 1.700
5 1.581 1.500
6 1.658 1.528
7 — 1.472
8 — 1.477
9 — 1.512
10 — 1.569
Promedio 1.553 1.517
F test (P) 0.520 n.s.
F calc. 0.901 n.s.
t test (p) 0.438 n.s.
t score (calc.) 0.798 n.s.
t0.05/2 (14 d.f.) 3.326 n.s.
(@Y 0.030

*P<0.05, **P<0.01 y n.s. P>0.05
Datos transformados con la funcion vx+2.
+Fuente: Biometrika tables for statisticians (Pearson y Hartley, 1966).

Conclusiones

Los resultados indican que las especies de
arvenses asociadas al cultivo de tomate en
el Distrito de Los Santos, son hospederas de
begomovirus durante las épocas de cultivo y de
barbecho. Las especies de plantas infectadas con
begomovirus fueron: P. angulata, A. dubius, A.
spinosus, R. minima C. viscosa, H. attenuatus,
C. mucunoides, M. alceifolia, M. americanum y
Mimosa sp.

Las arvenses A. dubius, A. spinosus, C.
mucunoides, C. viscosa, H. attenuatus, M.
alceifolia, M. americanum, Mimosa sp. y P.
angulata, fueron registradas por primera vez en
este estudio como hospederas de begomovirus en
el distrito de Los Santos, Republica de Panama.

Las especies sintomaticas R. minima y C.
mucunoides y la asintomatica P. angulata
presentaron resultados positivos a infeccion por
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begomovirus tanto en la temporada de cultivo
como de barbecho. No se encontraron diferencias
(P > 0.05) en los valores de prevalencia de
infeccion por begomovirus entre las arvenses
recolectadas durante la temporada de cultivo y
la de barbecho.
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