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Resumen

Con el propdésito de caracterizar las propiedades fisicas y bioquimicas del
vermicompost de pergamino de café y estiércol de bovino, como fertilizante orga-
nico alternativo para la elaboracién de sustratos se determiné la retencion de
humedad a bajas tensiones, contenido de macro y microelementos, y el fracciona-
miento de la materia organica. Se encontré un valor de indice de humificacion de
0,02% y CIC/carbono organico total de 4,69 cmol.kg*; con fraccién no humificada
de 107,95 g.kg*. Por otra parte, presento alto contenido de macroelementos con
predominio de Ca>Mg>K>Na, aunque muy bajos en micronutrientes. El
vermicompost resulté ser un material estable, del cual el mayor porcentaje de
carbono estuvo representado por la fraccién no humificada.

Palabras clave: macroelementos, retenciéon de humedad, fraccionamiento de la
materia organica.

Abstract

The purpose of this study was to characterize the physical and biochemical
properties of vermicompost as a biofertilizer for alternative substrates. The
moisture retention at low tensions, macro and microelement content and
fractionation of organic matter were determined. We found humification index
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value of 0.02% and CIC/total organic carbon of 4.69 cmol.kg?, with non humified
fraction of 107.95 g.kg™. On the other hand, presented a high content of macro
predominantly Ca> Mg> K> Na, but very low in the micronutrients. Vermicompost
was found to be a stable material, which the highest percentage of carbon was
represented by the non-humified fraction.
Key words: macroelements, moisture retention, organic matter fractionation.

Introduccion

Uno de los componentes de uso
potencial para optimizar
biolégicamente los sustratos es el
vermicompost, cuya utilizacién se ha
incrementado en los Ultimos afios. Este
efecto esta relacionado con las carac-
teristicas fisicas y quimicas, como la
porosidad total, pH y conductividad
eléctrica (Mendoza-Hernandez et al.,
2009). Sin embargo, se debe estable-
cer una ¢ptima relaciéon de carbono y
nitrégeno entre los materiales utiliza-
dos para obtener el vermicompost.
Aungue la calidad del vermicompost
depende de esa optima relacion C/N,
no la obtencion del mismo.

En este sentido, se han obtenido
vermicompost estables y con alto va-
lor como fertilizante organico a partir
de pulpa de café sola y con mucilago
precompostado durante dos meses en
apilado. También, se ha logrado pro-
ducir plantas ornamentales utilizan-
do vermicompost de residuos de culti-
vo de tomate y cascara de almendra
en 75:25%, respectivamente (Mendoza-
Hernandez et al., 2009).

Por otro lado, en el beneficio del
fruto del café se genera el pergamino,
el cual puede ser utilizado en mezclas
para producir vermicompost. Por ello,
el proposito de este ensayo fue caracte-
rizar las propiedades fisicas y
bioquimicas de vermicompost genera-
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Introduction

One of the components with
potential use to optimize biologically
the substrates is vermicompost, which
use has increased in the last years.
This effect is related to the physical
and chemical characteristics, as the
total porosity, pH and electric
conductivity (Mendoza-Hernandez et
al., 2009). However, an optimum
relation of carbon and nitrogen must
be established among the materials
used, to obtain the vermicompost. Even
though, the quality of vermicompost
depends on this optimum C/N relation,
but not on its obtaining.

On this matter, steady
vermicompost have obtained, with
high value as organic fertilizer after
the coffee pulp and the pre-compost
mucilage for two months in stacking.
Also ornamental plants have produced
using vermicompost with residues of
tomato crop and almond peels in
75:25%, respectively (Mendoza-
Hernandez et al., 2009).

On the other hand, the benefit of
the coffee fruit is generated in the
parchment, which can be used in mixes
to produce vermicompost. Therefore,
the aim of this research was to
characterize the physical and
biochemical properties of
vermicompost generated from the
coffee parchment and cattle manure,
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do del pergamino de café y el estiércol
de bovino, como fertilizante organico
alternativo para la elaboracion de
sustratos.
Materiales y métodos

Elaboracién del
vermicompost

El vermicompost se elaboré a
partir de la mezcla en partes iguales
de pergamino de café y estiércol de bo-
vino pre-lavado. El pergamino es un
subproducto del beneficio del café
(endocarpio), obtenido a partir del tri-
Ilado de la baya. Los materiales se co-
locaron alternados en capas de 15 cm
de espesor en un tanque de 1 x 1 m
hasta llegar a 60 cm de altura. El
vermicompostaje se realizé durante un
afo por la actividad de las lombrices
de Eisenia fetida, bajo sombra con rie-
gos interdiarios y con presencia de dre-
naje en la parte inferior del tanque
para evitar aguachinamiento. EI
vermicompost producido se secé al aire
y se tamiz6 a 2 mm para su estudio.

Caracterizacion fisica

Se determiné la relacién masa-
volumen del vermicompost, la cual se
obtuvo con una bureta graduada sos-
tenida en un soporte universal, conec-
tada mediante una manguera trans-
parente a un embudo con filtro
Buchner con una porosidad maxima
de 20 . Dentro del embudo se colocé
una muestra seca al aire de
vermicompost (100 g) y se satur6 por
48 horas, midiendo en ambos casos la
altura en el embudo para determinar
el volumen inicial y en condiciones de
saturado, calculando por diferenciael
volumen expandido. Cada una de los
analisis fueron realizados por triplica-
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as alternative organic fertilizer for
elaborating the substrates.

Materials and methods

Elaboration of the
vermicompost
The vermicompost was

elaborated in equal parts using the mix
of coffee parchment and pre-washed
cattle manure. The parchment is a sub-
product that benefits the coffee and the
pre-washed cattle manure. Parchment
is a sub-product (endocarp), obtained
after the threshing the fruit. The
materials organized alternately in 15
cm-thick layers of 1 x 1 m until
reaching 60 cm of height.
Vermicompost was carried out for a
year, by the worm activity of Eisenia
fetida, on shadow with inter-daily
irrigations, and draining the inferior
part of the tank, to avoid water
logging. The vermicompost produced
was air dried and sift at 2 mm for its
evaluation.

Physical characterization

The mass-volume relation of the
vermicompost was determined, which
was obtained from a gradual burette
with a universal mount, connected
through a clear hose to a funnel with
a Buchner filter, with a maximum
porosity of 20 m. A dry sample of
vermicompost (100 g) was put inside
the funnel and saturated for 48 hours,
measuring in both cases the height of
the funnel to determine the initial
volume , and on saturate conditions,
calculating by difference the expanded
volume,

Each of the analyses was carried
out by triplicate. Also, the solids
‘density was determined, apparent
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do. También se determing la densidad
de sélidos, densidad aparente, porosi-
dad y relaciéon de vacio, humedad
gravimétricay volumétrica, en condi-
ciones inicial (muestra seca al aire) y
en saturado, para lo cual se tomé como
referencia la materia seca a 105°C has-
ta biomasa constante. Ademas se de-
termind la retencion de humedad en
el vermicompost aplicando succiones
de 10, 25, 50 y 100 cm de columna de
agua en el equipo de Haimes, después
de saturado y se determiné la hume-
dad volumétrica y gravimétrica
(Masaguer, 2001).

Caracterizacion bioquimica

Se empled la metodologia descri-
ta para suelos agricolas por la ausen-
cia de metodologias calibradas para
compuestos organicos. Se determiné el
pH y la CE en una relaciéon 1:1 de
vermicompost-agua, con el uso de un
potenciémetro con electrodo de vidrio
para el primero y el conductimetro
para la segunda, considerando el as-
pecto de suelo del material organico
utilizado. EIl carbono organico se de-
terminé por el método de Walkley y
Black. Ademas se determino el nitro-
geno total mediante el método Kjeldahl
y se calcul6 la relacién carbono/nitro-
geno (C/N). Para la capacidad de in-
tercambio catiénico total y las bases
intercambiables (Ca*?, Mg*?, K*y Na*)
en el vermicompost se us6é como
extractante el acetato de amonio a pH
7, medido mediante el
espectrofotometro de absorcién atomi-
ca. El contenido de nutrientes disponi-
bles (Ca, Mg, K, P, Fe, Zn, Mn y Cu),
se usé como solucion extractora Melich
1, la cual es una solucién acida consti-
tuida por una mezcla de acido clorhi-
drico 0,05 N y acido sulfarico 0,025 N
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density, porosity and emptiness
relation, gravimetric and volumetric
humidity and, under initial conditions
(air-dried sample) and under saturate
conditions. For this, was taken as
reference the dry matter at 105°C until
having constant biomass. Additionally,
the humidity retention in the
vermicompost was determined,
applying suctions of 10, 25, 50 and 100
cm of water column in the Haimes
equipment after the saturation, and
the volumetric and gravimetric
humidity was determined (Masaguer,
2001).

Biochemical characterization

The methodology employed
described for agriculture soils by the
absence of calibrated methodologies for
organic compounds was employed. pH
and CE were determined in a 1:1
relation of vermicompost-water, using
a potentiometer with glass electrode for
the first, and the conductivity meter;
considering the soil's aspect of the
organic matter used. The organic
carbon was determined by the Walkley
and Black methods. The total nitrogen
was also determined using the Kjeldahl
method, and the carbon/nitrogen
relation was measured (C/N). For the
total cationic interchange capacity and
the interchangeable bases (Ca*?, Mg*?,
K*and Na*) in the vermicompost, was
used as extractant the ammonium
acetate at pH 7, and measured using
the atomic absorption
spectrophotometer. The content of
available nutrients Ca, Mg, K, P, Fe,
Zn, Mn and Cu), was used as
extracting solution Melich I, which is
an acid solution constituted by a mix
of hydrochloric acid at 0.05 N and
sulphuric acid 0.025 N (UCV, 1993).
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(UCV, 1993). En el caso del fosforo se
determiné mediante el método
colorimeétrico (formacion del color ama-
rillo por el complejo vanadomolibdo-fos-
forico). Para la determinacion de
potasio, calcio, magnesio, hierro, man-
ganeso, zinc y cobre se utilizé el
espectrofotometro de absorcién atomi-
ca (UCV, 1993).

También se realizé fracciona-
miento quimico de la materia organi-
ca (sustancias no humicas, acidos
falvicos y himicos) segun Ciavatta et
al. (1990), para lo cual se utiliz6 una
muestra de vermicompost (2 g), seco
al aire y tamizado (0,5 mm). El carbo-
no organico se determiné en cada una
de estas fracciones, mediante la meto-
dologia de Walkley y Black y se calcu-
laron los indices de humificacion.

Resultados y discusion

Caracterizacion fisica del
vermicompost

La relacion de masa, volumen 'y
su dinamica en el vermicompost se
presenta en el cuadro 1. EIl volumen
total del vermicompost seco al aire y
saturado fue de 139,13 a 169,91 cm?,
respectivamente, con un volumen ex-
pandido de 30,78 cm?®.

Dentro de las caracteristicas fisi-
cas (cuadro 2) se encontr6 Da entre 0,62
a 0,51 Mg.m=2en vermicompost seco al
aire y saturado, respectivamente. Es-
tos valores fueron similares a los repor-
tados por Hernandez et al. (2010) con
valores de 0,33 Mg.m3, para el
vermicompost de grano grueso prove-
niente de la mezcla de estiércol vacuno
con restos de palma aceitera, hasta 0,57
Mg.m=3, para el vermicompost de grano
fino proveniente de estiércol vacuno.
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In the case of phosphorous, it was
determined using the colorimetric
method (formation of yellow by the
complex vanadomolybdate-
phosphoric). For determining the
potassium, calcium, magnesium, iron
and copper was used the
spectrophotometer of atomic
absorption (UCV, 1993). Additionally,
a chemical fractioning of organic
matter was performed (non-humic
substances, fulvic and humic acids)
according to Ciavattaet al., (1990), for
which was used a vermicompost
sample (2 g), air-dried and sift (0.5
mm). The organic carbon was
determined on each of these fractions,
using the Walkley and Black
methodology, and the humification
indexes were measured.

Results and discussion

Physical characterization of
the vermicompost

The mass-volume relation and its
dynamic in the vermicompost are
shown on table 1. The total volume of
the air-dried and saturated
vermicompost was from 139.13 to
169.91 cm?, respectively, with an
expanded volume of 30.78 cm?.

On the physical characteristics
(table 2) was found that Da from 0.62
to 0.51 Mg.m?in the air-dried and
saturated vermicompost, respectively.
These values were similar to those
reported by Hernandez et al., (2010)
with values of 0.33 Mg.m-3, for the
thick-grain vermicompost, coming
from the beef cattle manure mix with
rests of oil palm until 0.57 Mg.m3, for
the thin-grain vermicompost coming
from beef cattle manure.
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Ademas, se evidencio el incre-
mento del espacio poroso total y la
relacién de vaciode 77a81%y 3,26 a
4,21, respectivamente, siendo
reversibles al disminuir el contenido
de humedad. Menores valores de po-
rosidad total fueron reportados por
Duran y Henriquez (2007) vy
Hernandez et al. (2010) en
vermicompost de solo broza de café y
estiércol (44 y 50%) y en vermicompost
de la mezcla de estiércol vacuno con
restos de palma aceitera.

También se observo que el
vermicompost present6 una alta capaci-
dad de retencién humedad (w=158%), ya
que en suelos organicos y materiales
como la turba el contenido de agua a
saturacion sobre la base de la masa po-
dria exceder el 100% (Masaguer, 2001).
El vermicompost presenté alta capaci-
dad de retencion de humedad a bajas
tensiones (cuadro 3), del cual mas de la
mitad del espacio poroso total estuvo ocu-
pado por agua a bajas tensiones.

Caracterizacion bioquimica

El vermicompost evaluado pre-
sent6 un pH de 6,6 (cuadro 4), condi-
cion donde la mayoria de los elemen-
tos podrian estar disponibles para la
planta. Durany Henriquez (2007) en-
contraron pH de 6,9 a 7,8 en
vermicompost de 100% de broza de café
y 100% de estiércol, respectivamente.
Los valores de CE en el vermicompost
fueronde 2,32 dS.m?, lo que indico que
el uso como sustrato directamente ge-
neraria problemas de sales, aunque
podria ser utilizado en mezclas para
elaborar sustratos con materiales de
bajo CE. Valores menores de CE han
reportado Duran y Henriquez (2007)
en vermicompost de solo estiércol y
broza de café.
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Additionally, it was evidenced the
increment of the total porous space and
the emptiness relation from 77 to 81%
and from 3.26 to 4.21, respectively,
being reversible when reducing the
humidity content. Lower values of to-
tal porosity were reported by Duran
and Henriquez (2007) and Hernandez
etal. (2010) in vermicompost with only
solid coffee and manure (44 and 50%)
and in vermicompost with the mix of
beef cattle manure with rest of oil palm.

Also, it was observed that
vermicompost presented a high
humidity retention capacity (w=158%),
since in organic soils and in materials
such as peat, the water content to
saturation on the mass might exceed
100% (Masaguer, 2001).
Vermicompost, presented a high
humidity retention capacity at low
tensions (table 3), on which more than
half of the total porous space was
occupied by water at low tensions.

Biochemical characterization

The evaluated vermicompost
presented a pH of 6.6 (table 4),
condition where most of the elements
might be available for the plant. Duran
and Henriquez (2007) found a pH from
6.9 to 7.8 in vermicompost of 100%
coffee solid and 100% manure,
respectively. The CE values in the
vermicompost were 2.32 dS.m*, which
indicated that the use as direct
substrate would generate salt
problems, but it could be used in mixes
to elaborate substrates with materials
with low CE. Lower values of CE have
been reported by Duran and Henriquez
(2007) in vermicompost with only
cattle manure and solid coffee.

Vermicompost, presented values
of 15.87 g.kg* total organic carbon and
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El vermicompost presenté valo-
res de carbono organico total de 15,87
g.kg?y nitrégeno total de 1,27 g.kg?,
arrojando una relacion C/N de 12,5
(cuadro 4). Larelacién C/N es un indi-
cador apropiado para probar estabili-
dad del material, que facilita la
mineralizacion de la materia organica
del suelo y suministra nutrientes al
suelo. Igualmente, Conteras et al.
(2008) reportaron vermicompost de
estiércol de bovino estable, de facil de-
gradacion. Asi como, Duran y
Henriquez (2007) reportaron
vermicompost de solo broza de café y
estiércol de C/N baja (9,2 y 10,9, res-
pectivamente) que facilit6 la degrada-
cion de la materia organica por parte
de los microoganismos del suelo, con
valores superiores de carbono organi-
coy nitrégeno.

Por otra parte, la capacidad de
intercambio catiénico total (CIC) que
presento el vermicompost fue de 74,38
cmol.kg? (cuadro 4) lo cual se podria
considerar como un indicativo de bue-
na calidad del material como fertilizan-
te organico. Asi mismo, reporté
Conteras et al. (2008) vermicompost de
estiércol de bovino como materiales
maduros bien estabilizados con valo-
res de 53 a 57 cmol.kg™.

La relacion de CIC/carbono orgéa-
nico total de 4,69 cmol.g?, donde el
mayor porcentaje de carbono en el
vermicompost estuvo representado por la
fraccion no humificada (107,95 g.kg™); la
cual estuvo conformada por compues-
tos organicos de facil degradacion; lo
que permitié que fueran utilizados
como fuente de energia y nutrimentos
para los microorganismos y las plan-
tas, por lo que se podria utilizar como
fertilizante organico.
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1.27 g.kg?, total organic nitrogen with
a C/N relation of 12.5 (table 4). The C/
N relation is an appropriate indicator
to prove the stability of the material
that favors the mineralization of the
organic matter of the soil, and supplies
nutrients to the soil. Likewise,
Contreras et al. (2008) reported easily
degradable steady cattle manure
vermicompost. Duran and Henriquez
(2007) reported vermicompost with
solid coffee and cattle manure of low
C/N (9.2 and 10.9 respectively), which
made easier the degradation of the
organic matter of the soil
microorganisms, with superior values
of organic carbon and nitrogen.

On the other hand, the total
cationic interchange capacity (CIC)
which presented the vermicompost
was of 74.38 cmol.kg? (table 4) that
can be considered as a good quality
indicator of the material as organic
fertilizer. Likewise, Contreras et al.
(2008) reported cattle manure
vermicompost as well steady ripened
materials with values from 53 to 57
cmol.kg?.

The CIC/total organic carbon
relation was of 4.69 cmol.g?, where the
highest carbon percentage in the
vermicompost was represented by the
non-humic fraction (107.95 g.kg?);
which was formed by easily degradable
organic compounds, that allowed to be
used as energy sources and
nutriments for the microorganisms
and the plants, thus it can be used as
organic fertilizer.

Regarding the content of the
interchangeable bases, adequate levels
of calcium, magnesium and potassium
were observed (table 4), which would
guarantee an adequate substitution of
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En cuanto al contenido de bases
intercambiables se observaron niveles
adecuados de calcio, magnesio y potasio
(cuadro 4), que garantizarian una su-
plencia adecuada de estos nutrientes
a la planta. Méas aun, el bajo nivel de
sodio en el material fue un buen indi-
cio para su uso en los sustratos, lo que
supondria un bajo efecto de este cation
sobre la estructura del mismo. En
cuanto a la relacion entre las bases
intercambiables se observé un predo-
minio del calcio en el complejo de in-
tercambio, seguido por el magnesio y
el potasio, lo que indic6 una relacién
adecuada, que no causo antagonismo
entre estos nutrimentos.

El fosforo disponible present6 ni-
veles altos (132 mg.kg?) segun Lobo
(1988). Los cationes basicos se encon-
traban en niveles bajos para el Cu, Fe,
Mny Zn (Lobo, 1988) (cuadro 5).

Fraccionamiento de la mate-
riaorganica

El vermicompost present6 un
contenido de carbono organico total de
141,7 g.kg* (cuadro 6), de igual modo
Ciavatta et al. (1990) encontraron va-
lores de 171 g.kg* en materiales orga-
nicos estables como compost. Con re-
lacion al indice de humificaciéon (HI),
se encontr6 un valor de 0,02%, el cual
se presento en el rango de materiales
humificados entre 0y 0,5%, por lo que
se podria considerar el vermicompost
evaluado como material estable, que
podria ser utilizado en mezclas de
sustrato por mantener las caracteris-
ticas quimicas. Al evaluar el grado de
humificacién (DH) se obtuvo un valor
de 98,7% que resulté alto, ya que valo-
res mayores al 60% se consideraron un
material humificado (Ciavatta et al.,
1990). De igual modo, Contrerasetal.
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these nutrients to the plant. The low
sodium level in the material was a good
indicator for its use in the substrate,
which would indicate a low effect of
these cathion on its structure.
Regarding the relation of the
interchangeable bases, it was observed
a higher presence of calcium in the
interchange complex, followed by
magnesium and potassium, which
indicated an adequate relation that did
not cause antagonisms among these
nutriments.

According to Lobo (1988), the
available phosphorous presented high
levels (132 mg.kg?). The basic cations
had low levels of Cu, Fe, Mn and Zn
(Lobo, 1988) (table 5).

Fractioning of the organic
matter

Vermicompost presented a total
organic carbon content of 141.7 g.kg*
(Table 6), likewise Ciavatta et al.
(1990) found values of 171 g.kg? in
steady organic materials such as
compost. In relation to the
humification index (HI), was found a
value of 0.02%, which presented in the
rank of humified materials from O to
0.5%, thus it can be considered the
evaluated vermicompost as a steady
material, that can be used in substrate
mixes to keep the chemical
characteristics. When evaluating the
humification degree (HD) a value of
98.7% was obtained, which resulted
high since values higher than 60%
were considered as humified material
(Ciavatta et al., 1990). Likewise,
Contreras et al. (2008) reported well
stable cattle manure vermicompost
from 78 to 81%.

In relation to the humification
rate (HR), values of 23.31% were
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Contrerasetal.

(2008) report6 vermicompost de estiér-
col de bovino bien estabilizados de 78 a
81%.

En relacién con la tasa de
humificacién (HR), se obtuvieron va-
lores de 23,31%, similares a los repor-
tados por Ciavatta et al. (1990) en
compost después de la estabilizacion,
quienes reportaron valores de 24,4%.
Por otra parte, Contreras et al. (2008)
encontré vermicompots de estiércol de
bovino con valores bajos (13 a 14%).
Con respecto a la relacion HA/FA el
vermicompost estudiado present6 va-
lor de 5,9. De igual modo, Contreras
et al. (2008) encontré valores de 4,5 a
5 en vermicompost de estiércol bovi-
no, indicando que eran materiales mas
maduros que la gallinaza y estiércol
caprino.

Conclusiones

El vermicompost estudiado resul-
t6 ser un material estable humificado,
con alto contenido de sustancias facil-
mente degradables, que podria ser uti-
lizado en mezclas de sustratos, por
mantener sus caracteristicas
bioquimicas. Ademas, por retener la
humedad a bajas tensiones el uso del
mismo en mezclas de sustrato mantu-
vo la humedad y fue facilmente dispo-
nible para las plantas. Sin embargo,
por presentar el vermicompost cierto
nivel de sales, se vio limitado su uso a
mezclas de materiales para la elabo-
racién de sustrato, por lo que seria
importante futuras investigaciones
para definir las proporciones a utili-
zar. Aunque podria ser utilizado como
fertilizante organico por el alto conte-
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obtained, similar to those reported by
Ciavattaet al. (1990) in compost after
the stabilization, who reported values
of 24.4%. On the other hand,
Contreras et al. (2008) found cattle
manure vermicompost with low levels
(13 to 14%). Regarding the HA/FA
relation, the studied vermicompost had
a value of 5.9. Likewise, Contreras et
al. (2008) observed values from 4.5 to
5 in cattle manure vermicompost,
indicating that these were more
ripened materials than poultry
manure and goat manure.

Conclusions

The studied vermicompost
resulted to be a humified stable mate-
rial with high easily degradable
substances, that can be used in
substrates mixes to keep the
biochemical characteristics.
Additionally, its use in substrate mixes
kept the humidity and was easily
available by the plants by the capacity
of retaining the humidity. However,
since vermicompost has some level of
salt, its use was limited to mixes of
materials to elaborate the substrate,
thus future researches are important
to define the proportions to be used.
Although, it can be used as organic
fertilizer by its high macronutrients
content, by the presence of
micronutrients and the provision of
non humic and humified substances
that provided the biological properties
to the substrate.

End of english version
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nido de macronutrientes, por la pre-
sencia de micronutrientes y el aporte
de sustancias no humicas y
humificadas que aportaron propieda-
des biolégicas al sustrato.
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