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ELABORACION Y USO AGRICOLA DE ABONOS OBTENIDOS A

PARTIR DE RESIDUOS DE ALMAZARA
J. Cegarra

1. Introduccion,

La produccion de residuos y subproductos de la industria extractiva del aceite de oliva en
Espafla en la campaiia 1997/98 puede cstimarse en mas de J millones de Tm. . o que si se
compara con la produccién anual de basuras de arigen doméstico de 1oda la poblacién espafiola. se
aproximaria al contenido de materia orgdnica, directamente aprovechable como abono orgénico del
suelo, existente en el 50 % de esa produccion total de basuras domésticas.

Como subproducto mis importante dentro de ésta enorme cantidad de biomasa residual, es
ciertamente el alpeorujo el residuo de la industria oleicola del olivar cuya problematica awae la
mayor atencién , ya que se genera por el sistema de centrifugacion en dos fases, tecnologia que
comenzo a introducirse en la campaiia de 1992-93 con un ritmo creciente v con la que se alcanza yva
a procesar ¢l 80 % de toda la produccion olivarera de Espafa. La ventaja principal de este sistema
sobre el de tres fases (aceite, orujo y alpechin) redunda sobre todo en la importante economia de
agua que conlleva. si bien la excesiva humedad del alpeorujo obliga a secarlp como paso previo a 1a
extraceion con hexane de su notable contenido de aceite residual. Los costes asociados al secado y
la caramelizacion de los aziicares que dificulta la extraccion quimica son dos claras dificultades que
estan conduciendo al rechazo creciente por parte de las orujeras de este subproducto. Si a lo
anterior se affade la practica cada vez mas habimal en numerosas almazaras de someter el alpeorujo
a una Gltima centrifugacion (proceso de repasado) para la extraccion de casi un 50 % dc su aceite
residual, no es aventurado afirmar que este subproducto, & mayor pare deshuesado, se estd
transformando rdpidamente en un residuo incémodo de manejar y costuse de almacenar al que urge
enconltrar métodos alternativos de (ralamiento que, como minimo, limiten su impacto ambiental.

A parte de la cogeneracion de energia eléctrica, a la que se dedica una relativamente
pequefla proporcién de la importante produccién nacional de alpeorujo. poco es lo que todavia se
ha investigado sobre otras allernativas de utilizacion y tracamiento entre las cuales cabe sugerir cf
compostaje como método para su transformacion en abonos organicos. En la presente
cormunicacion se apunta taj solucién para el problema det alpeorujo. considerando su contenido de
nutrientes v otras- caractenisticas quimicas vy fisicas del mismo y tomando en consideracion los
resultados obtenidos por el autor en anteriores experiencias dc compostaje de alpechin  y en
cnsayos agricolas dirigidos a evaluar la potencialidad de éste método para el tratamiento y
aprovechamiento de este residuo liquido de elevado poder contaminante (Paredes v col.. 1996 :
Cegamra 'y col., 1996).

2. Caracteristicas del alpeorujo,

Los resultados del analisis de alpeorujo realizados sobre 2| muestras de este subproducto
procedentes de las provincias de Jaén, Cordoba, Granada y Murcia, tomadas directamente sin
transfonmar en almazaras diferentes y también en orujeras después del repasado y deshuesado del
mismo, pennite afinnar que este material de naturaleza pastosa y muy himedo (en tomo al 64% de
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humedad) posec un contenido de materia orgdnica sobre materia seca (s.m.s) muty elevado (hasta el
95%) v también de carbono orgénico (52% como valor mediv). Su contenido de nitrogeno no es
demasiado alto (1,4 % de media s.m.s.), aungue se han encontrado muestras de alpeorujo con una
riqueza en nitrégeno total de hasta el 2.3% v lo mismo puede decirse de los niveles de potasio (1,5
% de media y un intervalo de variacion comprendido entre 0.7 y 2.8 % ) v més aun para los de
fosforo tolal que nunca superaron el 02 %. Entre los micronuirientes se encontrdo como mas
abundante ¢l hierro (875 y 1706 ppm, respectivamente, como valores medio y maximo). y en mueha
menos concentracion cobre, manganeso y zinc que mostraron valores medios de 22, 22 y 30 ppm.
respectivamente,

Otros pardmetros también determinados (ueron el contenido de lignina (45.3 % de media) ;
el de grasas (valor medio 12,7% s.m.s.} pero eon valores muy variables dependientes de si las
muestras de alpeorujo habian sido 0 no repasadas para extraer aceite residual o si habian o no sido
deshuesadas (intervalo de variacion comprendido entre 19,8 ¥ 7.2% ) ; el pH. con un valor medio
estimado en 55 y un intervaio de variacion comprendido enire 4.7 v 6.5 y finalmente. la
conductividad eléctrica cuyo valor medio fue 3.86 mS/cm y que mostrd un coeficiente de
variabilidad notablemente mayor que el pH.

3. Compostaje del alpeorujo.

Este material puede considerarse, en principio, apropiado para la elaboracion de abonos
organicos mediante compostaje ya que, como se ha indicado, posce un aceptable contenido de
nutrientes. €s muy rico en materia organica, tiene un pH moderadamente 4cido. posce un contenido
salino relativamente bajo v muestra valores de la relaciéon C/N ni demasiado bajos ni tampoco altos
{intervaio comprendido entre 22.8 y 51.7), con un valor medio en tomo a 38,

Sin embargo esta notable variabilidad de su relacion C/N, junio con el hecho de tratarse de
un material con un gran comenido de agua, muy triturado y, por @nto de pequeno lamafio de
particula, determina la necesidad de mezclarlo para su composizje con otros materiales residuales
con valores de C/N diferentes ¥ mayor tamaiio de particula. de tal modo que pueda equilibrarse
dicha relacion, en tomao a 30 por ejemplo, a la vez que facilitar la aireacion durante el proceso
aerobico de transformacion.

Las primeras experiencias desarrolladas en ]a planta-piloto de compostaje del CEBAS.
mediante el sistema Rutgers utilizando como componente comnplementario de la mezcla con
alpeorujo un residuo muy comun procedente de plantas desmotadoras de algodén, han permitido
obtener resultados muy prometedores. Asi. la mezcla inicial que mostrd un valor de C/N en tomo a
28, se mineralizd moderadamente a través del proceso de compostaje obteniéndose un valor final de
ésta relacion del orden de 18 en el compost maduro. Esta evolucion fue consecuencia de la
degradacién de la materia organica. habiéndose apreciado una caida del porcentaje de carbonu
desde 51 al principic del proceso hasta 45 en el producto maduro y un escaso incremento del
nittogeno desde 1.9 hasta 2.5 %. Como un efecto del compostaje, también se observd una
importante  elevacion del pH desde 63 hasta 94, una casi constancia de los valores de
conduetividad eléctrica que a penas varié de 4 mS/cm y una clara disminucion del contenido graso,
cuyo valor inicial de 8 % decreci6 hasta el 1,3% al final de] proceso.
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4, Caracteristicas del compost de alpeorujo.

El compost obtenido tras una fase bioxidativa con ventilacion forzada de 12 semanas, se
dejé madurar durante 3 meses, tras lo cual se molié y homogeneizo, procediendoe después a su
analisis. El producto maduro mostrd un elevado porcentaje de materia orgéanica (82 %) y contenidos
notables de nitrdgeno y potasio (2,5 y 2,7 %, respectivamente), pero sélo se encontraron pequefias
concentraciones de nitrdgeno en forma amonica y nitrica (152 y 23 ppm, respectivamente).

El valor de pH fue francamente elevado pero no, en cambio, el de conductividad eléctrica,
mientras que su indice de germinacion (57 %) debe considerarse en el limite de lo permitido para su
empleo como abono organico. El extracto himico total, medido como carbono extraible en medio
alcalino, fue del orden del 14 % y la relacién entre los contenidos de é4cidos himicos y filvicos
(AH/AF) estuvo en tomo a 2. Por tltimo, su capacidad de cambio catibnico alcanzé los 123
me/100 g.

La consideracién global de estas caracteristicas permite definir este primer compost
obtenido a partir de alperujo, como un material susceptible de ser utilizado como abono organico,
con algunas cautelas derivadas del moderado valor encontrado para su indice de germinacion, el
cual aun dentro de la nonnalidad no fue demasiado elevado. Esto Gltimo podria relacionarse con una
posible insuficiente degradacion de los polifenoles existentes en ¢l alpeorujo a lo largo del proceso
de compostaje.

En la actualidad, se estd disefiando una experiencia que implicard ensayar este compost
como abono para la produccidn de plantas horticolas, para lo que se comparara su eficacia con la
del abonado quimico convencional y con la efectividad de un estiércol elaborado industrialmente y
que se comercializa con notable aceptacion en amplios sectores agricolas del Levante espaiiol.

Los resultados del ensavo agricola junto con el estudio del conjunto de todos los datos
obtenidos en la experiencia de compostaje, deberdn servir de base para desarrollar nuevas
experiencias en la planta-piloto que permitan optimizar la metodologia mas adecuada para
transformar el alpeorujo, via compostaje, en abonos organicos de calidad, adaptados a las
necesidades de la demanda comercial de los sectores mas dinamicos de la produccion agraria,
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Abstract

Iniroduction of the two-phase centrifugation syster for olive oil extraction during the early nineties in Spain has led 10 the
generation of approximately four million tons per year of a solid olive-mill by-product called “alperuio™ (AL). Agrochemical
characterisation showed that AL has a high moisture content, slightly acidic pH values and a very high content of organic matter,
mainly composed by lignin. hemicellulose and cellulose. It also has a considerable proportion of fats, proteins, water-soluble
carbohydrates and a small but active fraction of hydrosoluble phenolic substances. Amongst plant nutrients, AL is rich in potas-
sium, less so in (mainly organic) nitrogen and poor in phosphorus and micronutrients. Some of those properties are not compatibic
with agricultural requirements, for which reason composting may be considered a suitable alternative for its disposal. AL needs te
be charactensed before composting, and so an attempt was made to correlate the easily determined ash content with other para-

meters. the regression models thus obtained are discussed.
© 2003 Flsevier Ltd. All rights reserved.

Keywords: Alperujo: Compostng; Olive-mill wastes, Two-phase centnfugation sysiem, Agrochemical charactensation

1. Intreduction

Most of the world's production of olive oil, 2,500,000
tons per vear (Food and Agriculture Organisation,
2003), is based in the countries of southern Europe, the
Near East and North Africa, where olive (Qlea europaea
L.) cultivation is a centuries old tradition, especially for
oil extraction. Spain is the greatest producer of olive il
{a mean production of 990,400 tons per year for the
1997-2002 period, Spanish Agency for Olive Oil data-
base, 2003), and production is likely to continue in-
creasing because of the substantial increment recorded
in olive tree cultivation. The olive fruit consists of pulp
(70-90%), stone (9-27%) and seed (2-3%) on a total
weight basis (Hermoso et al., 1998), and the two main
constituents (water and oil) are mainly concentrated in
the pulp and seed.

The technology for olive ol extraction in Spain has
progressed significantly since the beginning of the sev-

*Corresponding author. Tel: +34968-396313; fax: +34-568-
156213,

Eamail address. joegarra@eebas.csic.es (1. Cegarra).

(960-8524/8 - see front matter © 2003 Elsevier Ltd. All rights reserved
doi: 10, 1016/50960-8 524(03)00177-9

enties, when the three-phase centrifugation system ap-
peared. By means of this system, the oil, vegetation
water and solid phase of the olive can be separated in a
continuous process, with the result that the traditional
discontinnous press system is almost non-existent at
present. The main inconvenience of the three-phase
system is the geueration during a short period of the
year (November-February) of large quantities of olive-
mill wastewater (OMW), which is a very polluting liguid
made of the olive vegetation water plus the water added
in the different steps of oil production. In an attempt to
lessen its environmental impact, different methods have
been tried to make the best use of OMW. these include
storage in evaporation ponds aud its direct application
to agricultural soils as fertilizers. However, these meth-
ods have gradually become less viable for OMW dis-
posal, and so a new two-phase centrifugation system for
oil extraction was developed during the early nineties.
Although this s called the ecological system because it
greatly reduces wastewater generation and its contami-
pant load, it stll produces a solid and very humid
by-product called “alperuje” or “alpeorujo”™ (AL).
The production of olive oil in Spain with this pew
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centrifugation system. which saves both water and en-
ergy compared with the three-phase system. s estimated
to represent aboul 75% of the total and the system is
used roughly by 90% of olive-mulls. As can be seen in
Fig. 1, which schematically compares the three and two-
phase centrifugation systems, approximately 800 kg of
AL per ton of processed olives result from using the
two-phase system, meaning that the yearly production
of this by-product [rom the whole Spanish olive oil in-
dustry may approach four million tons.

AL is usually treated with a second centrifugation to
extract the residual oil. The resulting by-product of this
sccond extraction is dried, then subjected to chemical
extraction with hexane in order to produce an extra
yield of oll. Nevertheless, the recently discovered prob-
lems concerning the detection of PAHs in this oil 25 a
result of drying the AL before ail chemical extraction
has obliged manufacturers to perform a further punifi-
cation step, which greatly increases production costs.
Finally, the new resulting waste of the chemical extrac-
tion (“"orujillo™) can be used for the co-generation of
electrical power, although this method needs to be
subsidised by public authorities.

The problem of AL disposal, then, bas not been
fuliy resolved and research inte new technological pro-
cedures that permit [1s profitable use is needed. One
possibility is to usec composting as a method for the
preparatien of soil organic fertilizers and amendments,
since the direct application of AL to the soil has been
seen to have a detrimental effect on the soil structural
stability (Tejada et al., 1997). It may also negatively
affect seed germination, plant growth and microbial
activity, In fact. several studies have repornied the phyto-
toxic and antimicrehial cffects of both olive-mill wastes

and by-products due o the phenoi. organic and fatiy
acid contents (Gonzilez et al., 1990; Riffaldi et al., 1993;
Linares et al., 2001).

In this study the composition of AL has been deter-
mined by analysing samples [rom different mills in
southern and eastern Spain and ao attempt has been
made to correlate its characteristics in order to ascertain
whether the composihon of a given sample can be esti-
mated by reference to onc or more easily measured aha-
lytical paramciers.

2. Mecthods
2.1 Sampling of AL

In order to characterise the AL, twenty samples were
taken [rom eleven olive-mills located in different pro-
vinces of Spain {Albacete, Cérdoba, Cuenca, Granada,
Jaén, Mialaga, Murcia and Tarragona} during the three
successive olive campaigns included in the 1997-2000
penod. Fresh samples were collected and kept in a cool
environmen! during the joumey to the faboratory, where
they were subdivided into two sub-samples. One of them
was dried in an oven at 105 °C for 24 h to determine ils
moisture content, while the other sub-sample was rozen
at =20 °C, and later ficeze=dricd and ground to less than
0.5 mm before performing analyses.

2.2, Analytical methods
The following parameters were determined in the

materials: electrical conductivity (EC) and pH in a water
extract 1:10 {(wiv), the volatile solids, which reflect the
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oTganic mattet content (OM), by loss on igmition at 430
*C for 24 h, and total nitrogen (TN) and total organic
carbon {TCC) by automatic microanalysis (MNavarro
et al, 1991}, After HNQ\/HCIO, digestion, P was mea-
sured colorimetrically as molybdovanadate phosphoric
acid (Kitson and Mellon, 1944), K and Na by flame
photometry and Ca, Mg, Fe, Cu, Mn and Zn by atomic
absorption spectrophotomelry. The total fat content
was determined using the traditional method of extrac-
tion in 2 Soxhlet with diethy! ether and later weighing.
Other parameters determined in water extracls (1;20,
wiv) were. water-soluble phenolic substances by a
modified version of the Folin method for chemical
quantification (Maesiro Duran et al,, 1991} and water-
soluble carbohydrates by the anthrone method (Brink
et al,, 1959). Lignin and celluiose were determined ac-
cording to the American National Standards Institute
and American Society for Testing and Materials
{1977a,b) and holocellulose atcording te Browning
{1967). Hemicellulose concentration was calculated as
the difference between holocellulose and cellulose. The
protein content was calculated by multiplying TN by the

cenversion factor of 6.25. All the analyses were made 1n
tripheate.

2.3. Statistical aralyses

Basic statistical analyses of data, corretation coefli-
cients and regression models were made using the SPSS
11.0 program for Windows.

3. Results and discussion
3.1, Characreristics vf the AL

As shown in Tables 1 and 2, the sampled AL had »
moisture content higher than 56°%. and together with its
small particle size, this made 1t a scarcely porous mate-
rial, plastic and susceptible to compaction. These char-
acteristics hinder and make expensive its transport and
handling and may be an obstacle for 1ts correct aeration
as a composting substrate, because such a process must
be carned out in favourable conditions (appropriate

Table !

Main characteristics of the “alperuje’” samples {dry weight)
Parameters Mean Range CV (%)
Moisture (% lresh weight) 4.0 5546-74.5 1.6
pH* 532 4.86-6.45 5.6
EC* [dSm™} 142 .88-4.76 g
Ash (gkg™ ) €74 24.0 1511 ars
TOC (gkg~) 519.% 4950-519 2 18
CIN raue 47 8 B 1729 21
TN (gkg ' 14 T0-18.4 4.5
P {gkg") 1.2 0.7-2.2 29.7
K {gkg™) 198 77-291 142
Caigkg™") 43 1.7-9.2 573
Mg (gkg " 1.7 0.7-3.8 58.7
Na (gkg ") 08 0.5-16 36.6
Fe fmgkg=") 614 TR-1462 F49
Cu (mgkg ") 17 21 285
Mn (mgkg '} 16 539 702
Zoimgkg ) 21 10=37 3.3

CV: coeflicient of vanation.
* water oxtract |10

Tabke 2

Main eomponents of the organic fraction of the “alperujo’ samples (gkg ! dry weight)
Parameters Mean Range CV (%)
Total organic matter 9126 B48 =976 4 il
Lipnin, 426.3 |45.8] 323.0-356.5 16.0
Hermiveltuluse 350.8 [37.7) 273.0-415.8 127
Cellislose 193.6 [20.8] 1402 245.0 148
Fais Y210 (13.49) 7751946 289
Protein N5017 418-1150 245
Waler-solubtle carbohydralts 958 {I0L1] L9-led 00
Water-soluble phenols 142 15 62-13.9 4].0

CV coefficien! vl variation

Figures between brackets represent percentages with respect to the 1otal arganic matter contert
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bumidity, nutnent balance, structure and air disto-
buton) to obtain a useful final product. The pH values
were shiphtly acidic (mean value $.32), showing a small
coefficient of variation (6.6%), as did moisture, while
those of EC had a greater coefficient of variation
(33.9%) with a mecan velue of 3,42 dSm!. )

As regards the plant nutrient content, AL was spe-
cially rich in K (mean value of 19.8 gkg-}, which is a
common characteristic in olive-mill wastes and by-
products. However, AL samples were poorin P, Ca and
Mg compared with municipal solid wastes (MSW) and
sewage sludpes (88) although similar to other vegetable
wastes and manures in this respect (Cegarra et al., 1993;
Pascual et al., 1997). The TN content, substantially or-
ganic and relatively low compared with the value in 58
and manures, was in the range of 7.0-18.4 gkg~', with a
mean value (11.4 gkg™*) between those of OMW and
OMW sludge as reported by Paredes et al. {1999). The
main micronutrient in AL was Fe, with a mean value of
614 mgkg ', while Cu, Mn and Zo showed similar meun
contents, bul very much lower than Fe. The levels of Fe
and Mn varied greatly, and these iwo elements showed
the highest coefficients of varation. Generally, the
concentrations of these nutrients were low compared
with those of other materials either employed as fertil-
izers or as soil amendments {manures, MSW and 55), as
also was the Na content (0.8 gkg~! mean value).

With a low coefficient of vanation, both the OM and
TOC contents were much higher (932.6 and 519.8 gkg™'
mean values, respectively) than in OMW, OMW sludge
and the other organic wastes currently used for soil
amendment. The main organic constituents of the AL
samples were ignin, hemicellulose and cellulose, which
roughly accounted for 46%, 38% and 21%, respectively,
of the total OM. Such a high lignin content and 1he
degree of binding of this component to the other organic
constiluents in lignoczllulosic materials, as reported by
Lynch (1993), may hinder the ability of microorganisms

F A Albwrquerque et gl | Rioresource Technology 1 "2004) 193200

and their enzymes to degrade the AL, if used as a
composting subsiraic.

Other important OM compopents were fats (about
13% of the total OM), hydrosoluble carbohydrates (107%1)
and proteins {nearly 8%). The frst two may act asreadily
available substrate for the initial microbial growth if AL
were composted, while the last weuld be scarcely avail-
able because of its assosiation with the lignocellulosic
fractton (Valiente et al, 1995; Molina Alcaide et al,
2001). The availability of nitrogen is a critical factor for
composting; the AL samples showed relatively high
TOC/TN (CIN ratio) values, which ranged between 28.2
and 72.9; hence they may be often greater than those
recommended for the efficiency of composting (25-35).
Lastly, the samples analysed showed a small but active
fraction of water-soluble phenolic substances {about
1.5% of the tota] OM), which together with the lipidic
fraction, has been often related with the phytotoxic and
antimicrobial eflects usually attributed to olive-mill
wasies and by-products (Gongzalez et al., 1390; Linares
et al., 2001). Moreover, even if the direct application of
these materials to land is an inexpensive way for disposal
and recovery of their mineral and orgamic contents as
fertilizers, the addition of AL into soil can be a source of
pollution and unfavourable environment impact. This
wolld be associated with the acidic pH, inhibinon of
seed germination and plant prowth, antimicrobial
properties and frequent unbalanced (YN ratio. These
properties are not compatible with agricultural require-
ments. for which reason composting can be considered a
good alternative for AL disposal.

3.2, Relationships between the main analytical parameters
of the AL samples

A correlation matrix between the main AL analyti-
cal parameters was made in order to evaluate their de-
gree of association (Table 3). The variation coefficicnts

Table 1
Correlation matru belwesn some parameters used for AL characlerisation {dry weight)
Patameters Ash ™~ CMNras K P Ca Mg Fe Cu Mn In
Ash 1
™ [ R Shriad ]
C/N rauo ~0.73 [ERRT)
K NS WS NS |
F 0.659 0580 -0.533" =052 1
Ca 0616 0676 -0.710  —0.579" 0.662" !
Mg 0677 0.603" -0.631" -0.688 0B63 080 |
Fe 0. 4aad” N3 NS —0.451" 0476 0742 g3z 1
Cu 0653 0447 — e —0 847 0 1657 n iR~ 08140 A2 |
Mn 0.495° NS§ NS ~0.628™ 076 0,783 D 842 Dyzser 0T 1
Zn 0475 [h ket —0.747 0580 Q.707 (836 0.EIF 0636 0 Ta0 0668 |
NS$. not ugnificant.

*Significant at p < 4,05
*Significanl at p < 0.0,
"*Significant at p « 0.001
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Tuble 4

Mathematical modely and coeflicients of determination (as 1008%) corresponding to the fitting equations

Equations of the modelx fitted 1o data

Variance explained by the model

C/N ratio — 110.00] 5{=" ggp -0 480k
TN = 06042 + (08000 ash
P - 0.1483" —0.0379™" ash +0,(070™ ash? — 00003 ash’

Ash, TN and P contents as % dry weight

62.4% p < 0 001
86.7% p < 0 001
59 1% p < 001

INS. pot significant, ®significent at p < 003, ** ygnificant a1 p < 0.0) and *** sgnificant at p < 0001

of the parameters (Tables 1 and 2) generally revealed a
high degree of randomness in most of the parameters
analysed due to the wide varialions on the factors
which influenee the composition of AL (production
process, olive variely stage of maturity, agronomic and
edaphoclimatic conditivns and uime of storage). In our
study, none of the following parameters {dry matter,
pH. EC, TOC, fat conlent, water-soluble carbohydrate
and phenol concentrations, hemucellulose, cellulose and
lignin contents) were significantly correlated; neither
were they correlated with the remaining pammeters
analysed (datz not shown). However, ash, macro and
micronutrient contents and the C/N ratio showed
significant correlations. Therefore, because the ash
content is easy to determine, this was taken as the
reference parameter 1o estimate other useful parameters
which are much more difficult to chemically analyse.
Thus, correlations between ash and the C/N ratio, TN
(both p < 0.001) and P (p < 0.01) were bLighly siatisti-
cally significant. Linear regression provided the best fit
for the ash-TN relationship, but other models had to
be used to fit the other relationships. Table 4 shows the
regression equations obtained in the three cases and the
percentage of variance explained by each model.

4. Conclusions

The AL studied was shown 10 be an aadic and very
wet olive-mnill by-preduct, rich in K, poor in P, Ca and
Mg, and containmg an intermediale level of nitrogen,
moest of which is organic. The main micronutrient was
seen to be Fe, while Cu, Mn and Zn levels were similar
but very much lower than that of Fe. Except in the case
of K. both the macro and micronutrient content was
lower in the AL than in most manures and other organic
soil amendments.

However, the OM content was much higher, its
main conosttuents being lignin, hemicellulose and cel-
lulose. Other imporiani organic componenis were fats,
hydrosoluble carbohycdrates and proteins, the last of
which might be less available for microorganisms than
the others if the AL is composted, due to its asso-
ciation to the lipnoccllulosic fraction. Lastly, a small
fraction of water-soluble’ phenolic substances was en-

countered, which, together with the lipidic fraction, has
been related with the phytotoxic and antimicrobial ef-
fects currently attributed to olive-mill wastes and by-
products,

Highly statistically significant correlations between
ash and the C/N ratio, TN and P were found and an
attempt was made to estabhsh the corresponding re-
gression equations. This suggests that the ash content
might be taken as an easy-to-determine reference pa-
rameter for cautiously estimating the other parameters,
which are much more difficult to chemically analyse.
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Abstract

A pollutant solid matenal called “alperujo™ (AL), which is the main by-product ltom the Spanish olive oil industry, was com-
posted with a cotton waste as bulking agent, and the compost oblained (ALC) was compared with a cattle manure {CM) and a
sewage sludge compost (S5C) lor use as organic amendment on a calcareous s0il. The expenment was conducted with a commercial
pepper crop in & greenhouse using fertigation.

Composting AL mvolved a relatively low level of organic matter biodegradation, an increase in pH and clear decreases in the C/
N and the fat, water-soluble organic carbon and phenol contents. The resulting compost, which was rnich in arganic matter and free
of phytotoxicity. had a high potassium and organic nitrogen content but was low in phosphorus and micronutrients. The marketable
vields of pepper obtained with all three organic amendments were similar, thus confirming the composting performance of the raw
AL. When CM and SSC were used for soil amendiment, the soil organic matier content was significantly reduced after cultivation,
while it remained almost unchanged in the ALC-amended plots.

@ 2005 Elsevier Ltd. All rights reserved.

1. Introduction

The industrial olive oil sector generates large quanti-
ties of sohid and liquid wastes and by-products in many
Mediterranean countries during a short period of time
(November-February). The gradual accumulation or
incorrect disposal of thess wastes may cause environ-
mental problems. These materials must be treated or
re-used if their environmental impact is to be reduced,
enabling at the same time some of their primary compo-
nents 1o be recovered (organic matter, nutrients, eic.),

The two-phase centrifugation system for olive oil
extraction was introduced in Spain at the beginning of
the 1990s. It produces a new by-product called “'alperujo™

" Corresponding author, Tel : +34 068 396 313, fax. +34 068 396 213
E-mait address. yeegurraiacebas.csic.es {J. Cegarra).

0956-053X/% - see ftont matler © 2005 Elsevier Ltd. All rights reserved.
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(AL}, a solid matenal of low consistency, whose main
agrochemical characteristics have been exiensively re-
ported (Alburquerque et al., 2004). Due 1o the rapid
and generalised implementation of the two-phase system,
the yearly production of AL in Spain may exceed 4 mil-
lion tons. Composting as a method for preparing organic
fertilisers and amendments 1s economically and ecologi-
cally sound and may well represent an acceptable solution
for disposing of AL, at the same lime increasing its value.
Composting AL, prior to its application in the field,
should improve the soil’s agronomic quality and reduce
or avoid some of the adverse effects that have been re-
corded when olive-mill residues are directly supplied to
the soil. Some of these effects have been related to its phy-
totoxic and antimicrobial properties due to their phenolic
and lipidic constituents (Paredes et al,, 1987; Perez et al..
[992; Linares et al., 2003), while damage io the sol’s
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structural stability has also been described (Tejada et al,,
1997).

Several composting experiments (Madejon et al,
1998; Rosa ¢t al., 2001; Filippi et al., 2002) have demon-
strated the effectiveness of composting to transform AL
into suitable soil organic fertilisers or amendments,
However, there has been very little, if any, research into
the possible use of AL compost for crop production.

In the present work, we study the suitability of AL
for composting as a way of transforming the by-product
into a non-toxic organic amendment, as well as the po-
tential of the AL composi for growing pepper under
commercial conditions.

2. Materials and methods
2.1. Composting performance

The compost was obtained by co-composting AL and
a cotton waste {CW), the latter acting as a bulking agent
to increase AL porosity and improve oxygen supply dur-
ing the process. A pile of about 2700 kg was prepared by
mixing on a fresh weight basis (dry weight basis in paren-
theses) 92.6% AL + 7.4% CW (80/20). AL was provided
by “Cooperativas Agricolas Albacetenses” from Cuenca
{Spain) and CW by “SAT 1371” from Torre-Pacheco
(Murcia, Spain). The collecied AL was very rich in or-
ganic mater (OM), mainly composed of lignin, cellulose
and hemicellulose; it had a high meisture content and
carbon-to-nitrogen ratio (C/N}, an acid pH and low elec-
trical conductivity (EC). It also had a considerable pro-
portion of fats, water-soluble phenols and outrients,
mainly potassium and nitrogen (Table 1). CW had a

Table 1
Main charactenstics of the “alperujo” (AL) and cotton waste (CW)
used in the composting experiment (dry weight)

Paramclers AL CW
Moisture (% fw.) 7.3 1.5
pH" 497 6.80
Electrical conductivity* (dSm ™) 101 4.12
Orgamc matter (g kg ™' 952.6 913.0
Lignin (g kg™ " 449.0 23zn
Cellulosz (gkg™") i 207.0 3922
Hemicellufose (g kg™ 379.3 207 8
Total fats (g kg ") 1163 210
Total organic carbon (g kg™") 5390 4770
Total nitrogen (g kg™') 122 L3
CMN 4.2 2.4
Pigkg™) 0.9 1.8
Kigkg™ 15.9 17.4
Catgkg™") a5 3.0
Mg (g kg™ 1.6 42
Fe (mg kg™ 350 1710
Cuimgkg™) 13 12
Mn imgkg '} 12 108
Zn (mg kg™") 17 40

* Warer extract 1:10,

neutral pH, a slightly higher EC value than the AL, a
high OM content (mainly composed of cellulose) and a
low moisture content and C/N. [1 also showed a good
water-retaiming capacity.

A trapezoidal pile of material, approximately 1.5 m
high with a 2 mx 3 m base, was composted in a pilot
plant by using lorced aeration combined with tempera-
ture feedback control (Finstein et al. [985). the air
being blown from the base of the pile through the holes
of three PVC pipes (3 m in length and 12 cm in diame-
terj located at the bottom. The timer was set for 305
ventilation every 15 min, and the maximum temperature
for continupus air blowing was 50 °C. The pile was
turned once during the eighth week to improve both
the homogeneity of the composting substrate and the
oxygen supply. The active phase of composting was cop-
sidered finished when the pile temperature was stable
and close to that of the ambient, which occurred after
26 weeks. Forced aeration was then stopped to allow
the subsirale to mature over a period of 4 months.
The pile’s moisture level was controlled weekly and the
necessary amount of water was added 10 maintain a
moisture content between 45% and 55%. The excess
water that leached from the pile was collected and added
to the pile.

The composting substrate was sampled weekly during
the bio-oxidalive phase and then after the maturation
period, taking samples from six random sites around
the pile using a cylindrical drill (1.5 m in length and
8 cm in diameter) to bore holes through the whole height
of the pile. The collected samples were mixed, homogen-
ised and subdivided into three sub-samples in the labora-
tory. One of the sub-samples was [rozen (—20 °C) and
kept for the determination of NH_ -N and NO;-N, the
second was dried in an oven at 105 °C for 24 h 1o deter-
mine its moisture content, while the third sub-sample
was [reeze-dried and ground to less than 0.5 mm prior
to analysis.

2.2. Greenhowse cufture

The compost obtained (ALC) was evaluated as an or-
ganic amendment for the production of pepper (Capsi-
cum annuum ov “Orlando™), comparning it with a cattle
manure {CM) and a sewage sludge compost (SSC).
The field experiment was carried out under lertigation
conditions in a commercial greenhouse siteated in San
Javier (Murcia, Spain), where pepper plants were grown
on a calcareous soil with a clay loam texture (Table 2),
The three organic amendments were added manually
over the trealment area. tilled into the soil and mxed
with a rotary soil tiller 1o ensure thewr uniform distribu-
tion. One month later, pepper sesdlings were trans-
planted to 1.1 m x 3O m soil plots, the plant population
being equivalent to approximaiely 2.2 plants m~? Thus,
there were three organic treatments: C1 (with ALC), €2



JA. Alburquerque er ol | Wasie Management xxx ' 2005) kxx-xxx 3

Tuble 2
Mauin charactenistics of the sol employed for the pepper culre in the
greenhouse experiment

Parameters Soil
pH* 747
Electrical conductivity® (dS m™"1 1.42
Organic matter (g kg ™) 18.4
T'otal mitrogen (g kg™') 1.6
CIN 67
Available phosphorus {mmal P kg™") Gk
Available potassium (mmol K kg™') 99
Catron cachange capacity {emal kg™ 14.7
C4C0y (%) 3.2
Sand () 5.6
Silt (V) 8.6
Clay (%) 358

¥ Water sxtract 1:5,

{with CM} and C3 (with $8C) and a non-amended con-
trol (C0). Each treatment comprised two replications
separated by a border, also of 1.1 m x 30 m. The amend-
ment ratios used for ALC (20kgm™2) and SSC
(5.0 kg m™?) were based on the addition of 1.5kgm™>
of organic matter to the soil, as supplied by CM
(44 kgm™?, which is commonly used as organic
amendment in local pepper production.

A basic standard ferligation program was used to
supply nitrogen, phosphorus, potassium and micronu-
trients to all of the trealments, and crop management
followed the common practices used in the area. Red
and green peppers were harvested according 1o commer-
cial size and shape criteria determuned by the operators
of the greenhouse. A comparison of both total produc-
tion and fruit guably was made between treatments
and the macro- and micronutrients in plant leaves were
analysed at 59, 149, {90 and 219 days after planting. In
addition, the effect of adding the three products as soil
organic amendment was evaluated in all the treatments
by determining the soil organic carbon content before
and after cultivation.

Two representative leal samples per plot were taken
randomly, washed with distilled water, oven dried at
60 °C for 24 h, ground and stored for analysis. For each
plot, soil samples were taken at 10 different random sites
(0-40 cm depth) and combined to obtain two represen-
tative samples, which were air dried and ground 1o
2 mm prior to analysis.

2.3 Anafytical methods

The methods used for analysing the soil and compo-
sting the organic matenals have been previously de-
scribed by Caravaca et al. (1999} and Paredes et al.
(2002), respectively. The total organic matter {volatile
sohds) losses were calculated during compostng accord-
ng 1o Stentiford and Pereira Neto {1985) by laking into
account the apparent increase in the ash content result-

ing from the loss of dry matter weight in order to better
reflect the overall changes, as also those of the main
componenis of the organic matier (lignin, cellulose
and hemicellulose).

For plant analysis, total nitrogen was determined di-
rectly in a Carlo Erba ANA-1500 CNS analyser and the
other nutrients were determined after digestion with a
mixture of HNO,/HCIO, according to Abrisqueta and
Romero {19693, Thus, phosphorus was measured color-
imetrically as molybdovapadate phosphoric acid (Kit-
son and Mellon, 1944); potassium by fame
photometry; and calcium, magnesiun, iron, copper,
manganese and zine by atomic absorption
spectropholometry.

2.4, Statistical analyses

Variance and the least ugnificant differcnce were cal-
culated for the results of the composting samples to
determine changes in the parameters with time, whereas
the experimental data {rom the pepper culture were sub-
jected to an analysis of variance, statistical differences
between treatments being estimated by Duncan’s mulu-
ple range test, using the SPS§ 11.0 program for
Windows.

3. Results and discussion
3 1. Evolution of the composiing process

With respect to the temperature prohle (Fig. 1), the
process exhibited an ininal long mesophilic peried,
which lasted until the eighth week with temperatures
of around of 40°C. a thermophilic step between the
eighth and 12th weeks. mnitiated immediately afler turn-
ing and coinciding with the better aeration conditions
induced as a response to mixing and heomogenisation
of the composting substrate; and, finally. another meso-
philic period. which lasted untii the end of the acuive
phase of the process (26th week). Such a long compo-
sting period could be related to the low bioavailability
of N-compounds existing in AL and the high proportion
of biodegradation-reststant componenis, such as lignin,
compared with other wastes currently used for compo-
sting (manures, city refuse and sewage sludges)

During the initial phase ol the process. the pH pro-
gressively increased until the 22nd week due to the deg-
radatton of acid compounds and the liberation of
ammonia, after which 11 remained stable at around 9
{Table 3}. The EC values, on the ather hand, decreased
from an initial value of 3.56-2.77 dS m™" during the first
four weeks, then values remain still lower until the 16th
week of composting, alter which 1t rose to reach a pla-
1eau slightly higher than 3dSm ' (Table 3). A decrease
in EC during compostng is rather unusual but, when
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observed (Raviv et al., 1987, Wong et al., 2001), it has
been related to a decrease in the soluble nuirieni tons
fixed during the rapid proiiferation of the aerobic micro-
bial population, and to their precipitation as insoluble
mineral salts or by ammonia volatilisation. In our expes-
iment, a rather low degree of OM mineralisation oc-
curred, releasing only relatively small amounts of
mineral salts, which might rapidly have been removed
from the soluble phase, as explained above.

During the whole composting process, the OM can-
tent decreased from 938.1 10 900. | g kg ™' (Table 3), lead-
ing to a calculated total OM-loss of 40.6% according to
Fig. 1.in which experimental data were fitted to a sigmoi-
dal model. Three different phases in OM loss related with
the above discussed temperature profile could be dis-
cerned in the model: a slight but continuous increase of
losses {10-15%) coinciding with the initial mesophilic
period (eight weeks), a higher rate of OM degradauon.
which mostly occurred during the thermophilic phase,
and a third step. reflecting a progressive stabilisation 1n
OM loss due 1o the high lignin concentralion existing
in the raw malerial that reduced the bioavailability of
the organic substrate (Lynch, 1993: Vikman et ak.
2002). It should be added (Fig. 1) that lignin was much
less degraded than cellulose and hemicellulose (total
losses of 28.9%, 56.9% and 51.8%, respectively).

The low OM degradation rate coinciding with the ini-
tial mesophilic step could be related to insufficient sub-
strate aeration, especially with the high initial moisture
in the mixture {around 66%). It is well known that
important physico-chemical changes occur during com-
posting, affecting the velume, mass, bulk density and
waler content of the substrate, whose porosity (free air
space) greatly influences the aeration efficiency and coz-
rect air distribution through the composting mass.
When such properties are limited, turning may be an
cflective operating strategy for encouraging the process

Table 3
Evelution of main analytical parameters duning composting (dry weight}
Composting ime (weeks) pH  EC (dS m Y OMgkg™ TOC(g kg™') TN (gkg™™ NH-N(mgkg'} NO7-Nimgke o
0 61 156 9381 5189 151 279 -
2 69 320 9389 5136 169 236 -
4 gA| ri 9341 514.6 176 E1 L0
[ 77 im 9300 51t.3 175 192
.4 7.5 260 9307 4047 164 196
10 78 13 9233 495 8% 183 459 -
12 80 261 9160 4864 19.7 505
14 8.3 266 8977 4941 2313 2 -
16 83 | 9048 4%6.0 224 417
n 89 ips 3062 492.6 223 X8 -
24 90 105 8972 4951 220 192 b1}
42 89 307 900.1 491.5 217 i 112
Lsd 0.1 .16 4.2 6.3 0.8 9 3
- Not detected

EC: electrical conductivity, OM: organic matter, TOC: total organic carbon and TN: total nitrogen.

Lsd; least significant difference at 7 < 0.03,



J A Alburguerque et al / Waste Manggement xxx {2005} vax-xxx 5

by restoring the zir-low channels or pores, homogenis-
ing and re-inoculating the composting substrate, as was
demonsirated in our expenment,

With a clear predominance of the organic forms, there
was an increase in the total nitrogen concentration [TN)
from 15.1 g kg™! at the start of composting until values of
around 20 in the 12th week {Table 3), as a result of the
OM mineralisation which reduced the weight of the pile.
The increase of nitrogen led the C/N to decrease from
4.4 at the beginning to 22.7 at the end of composting,
the latter value being rather high compared with other
composis made of animal manures and city refuse, but
reflecting the substantial proportion of lignin remaining
in the mature AL compost. After the start of the thermo-
philic stage (eighth week), a relative increase in the NH; -
N content was detected, values of 400-500 mgkg ™',
coinciding with the more intense rate of OM biodegrada-
tion (until the 16th week). Thereaflter, the NH;-N con-
tent decreased as the composting progressed and
reaching the lowest content (90 mgkg™) at the end of
the process, which is well below the maximum Hmit of
400 mg kg~ established for a mature compost {Zucconi
and de Beriold:, 1987; Bemal et al., 1998)_ Nitrates, on
the other hand. could hardly be detected at the end of
the active phase of composting and in the mature com-
post, when temperature dropped (Table 3). These results
agreed with those of Filippi et al. {2002), who did not
detect nitrifying bacteria during AL composting.

In the early stages of composting, readily available
compounds, such as sugars, starches, fatty acids, lipids
and proteins, are degraded by microorganisms as the
most suitable carbon and energy source, [n our experi-
ment, a decrease in the water-soluble organic carbon
(WSC) and carbohydrates (WSCH) was already evident
in the fourth week of composting, both parameters
reaching values of around 30 and 10 g kg™", respectively
(Table 4), revealing the availability of these OM fraclions
for microbial metabolism. Other important fractions of
the initial composting substrate were total fats
(918gkg™") and water-soluble phenols (WSPH,
5.7gkg '), both components being responsible, as in
the case of the organic acids, for the antimicrobial and

Table 4

Evoluton of water-soluble organsc carbon (WSC). carbohydrates
{WSCH} and phencls {WSPH), total fat content and germmation
index (G1) during composting (dry weight)

WSCH WSPH

Composting  WSC Total fars Gl

ume (weeks)  (gke!y  (ekgh  Gekeh)  (gkg™h (%)
0 7 i3.6 37 91.8 50

4 n 1Hé 40 620 528
Hil il4 2.0 40 15.6 730
1] b N 186 28 15.0 740
42 lla (R ] 12 LR R0
Lsd 1.4 L .2 A2 BT

Lad: least sigruficant difference st F < 0.05,

phytotoxic effects currently assigned to olive-mill wastes
and by-products (Estaua et al., 1985; Riffaldi et al,, 1993,
Linares et al., 2003). Until the 10th week of composting,
the total fat content decreased 1o 15.6 g kg ™' and WSPH
10 4.0 gkg ', but these values were reduced to 8.8 and
2.ngg'l. respectively, in the mature compost. Both
decreases contrasted with the increase observed in the
germination index (GI), an easy to quantify parameler
that predicts the potential phylotoxicily of a compost.
Thus, the high initial phylotoxicity tended 1o disappear
during the process, as the decrease in the above
mentioned potentially phytotoxic compounds led to the
higher GI, which reached a value greater than 70% in
the 10th week of composting (Table 4).

The compost obtained (ALC), clearly lacking in phy-
totoxicity, had considerable greater OM and hignin con-
tents than the other two organic amendmenls lested
(Table 3), lignin being recognised to be both poorly bio-
degradable and an importam precursor of soil humic
substances. ALC also had a considerable content of
potassium aod organic nitrogen, although phosphorus
and micronutrients were rather low.

1.2 Greenhouse experiment

During the experiment, there was no evidence of ad-
verse effects on plant growih or phytotoxicity symptoms
in plots treated with ALC. Marketable pepper yields in
plots amended with ALC, CM and SSC were similar
(99.6, 98.3 and 977 tha . respectively) and rather
greater than in the control (90.0 1ha™'), although the

Table 5

Main characteristic of the “alperye” compost (ALC), cattle manure
(CM) and sewage sludge compost (S5C) used in the agronomi
experiment (dry weight)

Parameters ALC CM 88C
Mowsture (M5 Ew.) 4 41 £3
pH* K 8% 867 703
Clectrical conductivity® (S m™") 307 53 463
Organic matter (gkg™") %001 6034 649 2
Lignin (g kg™ ") 4100 248 3 k|
Total orgasic carbon (g kp ') 491 % 3320 152
Total mitrogen (g kg™ a7 2h4 235
CIN pi 155 134
Figkg") ES$ 10 16k
K (g kg™ '} 4.9 83 §4
Caigks™"} 13.4 58 5 s
Mg igke ) 29 7.7 51
Na (gkg™ '} 26 68 31
Fe{gkg™ 0.7 42 394
Cufmg kg™’ b 2 03
Mn (mg kg™ 36 252 M
Znimg kg™ ") 4 175 Bl
Pb (mg kg™ 3 L i
Cr(mg kg™ & 9 1
Nitmgkg™) & 10 3
Cd (mgky™') = |
- Not detected.

" Water extract 1:14
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Table 6
Organic maiter content of soil (C0), soil + ALC (CI), soil + CM C2i
and soil + 88C (C3), beffore {T1) and after (T2) the pepper cultivauen

Treatments Time Soil organic maticr (g k.g’l'r
cn Ti 18.33¢
T2 18 40
Ci Tl 2. 4la
T2 21.28a
Cc2 Tl 20.76a
T2 19.06bc
C3 Ti 11.53a
12 19.50b
Treatment gl
Time :

Treaiment » me

Yalues followed by the same leiters are not statistically dilfercol
according to the Duncan’s multiple range test at §% probability level.
" P<0.01

P <0001,

differences were not statistically significant and did not
affect the commercial quality of the fruit, thus confirm-
ing the beneficial effect of composting on the starting
phytotoxicity of the raw AL. Nutrient leaf concentra-
tions were also generally similar in all treatments due
to the efficiency of fertigation in supplying nutrients,
although the three organic amendments led to a stausti-
cally significant but rather negligible increase in the leal
nitrogen, potassium and copper contents compared with
the control {data not shown). After cultivalion, the soil
organic matter content was significantly reduced in the
plots amended with CM and SSC, but remained almost
unchanged in the ALC-amended plots (Table 6). dem-
onstrating the considerably greater resistance of the ob-
tained compost 10 edaphic biodegradation.

4. Conclusions

The AL composting process involved a relatively
slow biodegradation rate of organic matter, an increase
in pH and decreases in the C/N and the fat, water-solu-
ble organic carbon and phenol contents. The compost
oblained was free of toxicity. rich in organic matter
{mainly composed of hgnin), and had a considerable
polassium and organic nitrogen content bul was low
in phosphorus and micronutnents. It can be used as
an efficient organic amendment, as was shown by its
companson wilh other organic materials for growing
pepper. [t also demonstrated a considerably greater
resistance 10 edaphic biodegradation in the harsh ther-
mal conditions of the greenhouse.
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UTILIZACION DE ESTIERCOLES Y RESIDUOS VEGETALES PARA CO-
COMPOSTAR ALPERUJO, EL PRINCIPAL SUBPRODUCTO DE LA
INDUSTRIA EXTRACTIVA DEL ACEITE DE OLIVA EN ESPANA.
INFLUENCIA SOBRE EL PROCESO Y LA CALIDAD DEL COMPOST.

Cegarira, Juan; Alburquerque, José Antonio; Tortosa, German

Departamento de Conservacion de Suelos y Aqua y Manejo de Residuos
Organicos. Centro de Edafologia y Biologia Apiicada del Segura, CSIC.

El alperujo, principal subproducto del sector oleicola espafiol.

El cultivo del olivo ¥ la actividad de la industria oleicola tienen una gran importancia econgmica
y social en los paises de la Cuenca Mediterranea, siendo Espana el principal pais productor de
aceite de oliva a nivel mundial. Dada la masiva adopcidn por 1as almazaras espafiolas ded
sistema continuo de dos fases para la extraccion del aceite de oliva, éstas generan
.principalmente .como subproducto un material sdlido de escasa consistencia y muy hdmedo
denominado alperujo.

£l destino principal del alperujo es el agotamiento del aceite residual que contiene mediante
extraccidn quimica en las orujeras (a pesar de su elevada humedad y de la incorporacién de
solidos finos y compuestos organicos que dificultan et desarrollo de {as operaciones de secado v
posterior extraccion del aceite) y su aprovechamiento energético, una vez seco y agotado. Sin
embargo y considerando los buenos resuitados obtenidos en el compostaje del alpechin y otros
subproductos de la industria extractiva del aceite de oliva, asi como en el emplec de los
composts obtenidos como enmendantes y/o abenos orgédnicos (Calvet y col., 1985; Tomati y
col., 1995 y 1996; Cegarra y col., 1996; Martin Olmedo, 1996; Negro y Solano, 1996; Cabrera y
col., 1997; Paredes y col., 2002 y 2005), nuestro grupc de investigacion se planted el
compostaje del alperujo como una opcidn viable para minimizar el problema ocasionado por la
excesiva acumulacidn del mismo. En este sentido, hemos desarrollado varios proyectos en
colaboracién con empresas espafiolas e instituciones de investigacidn de otros paises europeos
sobre ef compostaje del alperujo y el aprovechamiento de los productos obtenidos que
demuestran el interés y la viabilidad del proceso.

Cabe aiadir por Gltimo, que !a alternativa de tratamiento del alperujo mediante compostaje
.debe redundar .en beneficio para el productor de este subproducto, ya que podrd asi disponer
de un producto final comercializable o para su propio uso, frente al procesado en las orujeras
que reguiere disponer del alperujo a coste minimo o gratuito. Lo anterior resulta especiaimente
cierto en explotaciones de olivo ecoldgico, ya que en este caso deben soportar los elevados
costes derivados de la utilizacidén de abonos organicos producidos a partir de materias primas
“limpias”, procedentes de las propias explotaciones ecoldgicas agricolas y ganaderas.

Ensayos de compostaje de alperujo y caracterizacién de los productos obtenidos.

El objetivo de esta ponencia es exponer resumidamente los resultados obtenidos por nuestro
grupo de investigacién en diferentes experimentos de compostaje de alperujo, a escala de
planta piloto e industrial (Tabla 1), y en ensayos agrondmicos realizados con los productos
obtenidos. La informacién que se aporta se refiere a los siguientes aspactos:

a) Caracterizacién agroquimica del alperujo, seleccidn y caracterizacion de agentes
estructurantes, indispensables para el compostaje de! mismo. Los agentes ensayados fueron:
un residua de algoddn, raspajo de uva, hoja de olivo y estiércoles frescos (vacuno, avicola y
ovino),



b) Control y seguimiento del proceso de compostaje, estudiando la evolucion de distintos
parametros analiticos con el avance del mismo y definiendo los mas adecuados para tal fin.

¢) Caractenzacion agroquimica de los composts obtenidos y evaluacion agricola de los mismas.
Tal evaluacion se efectud mediante dos ensaygs de cultivo: con ryegrass (Loffum perenpe L.} en
camara de crecimiento controlado y con pirmiento Capsicum anauwm cv “Orlando™) bajo
invernadero y condiciones reales de fertirmigacion, comparandose en este ultimo ensayo el
compost de alperujo con dos abonos organicos de uso comun.

Tabla 1, Composicidn inicial (ALP: alperujo, RA: residuo de algodén, RU: raspajo de uva, HO:
heja de olivo, EV: estiércol vacuno, CA-4; compost maduro pila 4, EA: estiércol avicola y EQ:
estiércol ovino), peso y manejo de las pilas de compostaje.

Composicién (%) Peso de Tatalde Ventilacién
Mezzclas las pilas  volteos forzada
Peso fresco Peso seco (kg)
Pilas 1y 2 92,6 ALP1 + 7,4 RA (80/20) 2.700 i Si
Pila 3 94,6 ALP2 + SRU + 0,4 urea {87/12/1) 2.600 3 St
Pla4 94,6 ALP2 + 5 HO + 0,4 urea  (87/12/1)  2.600 3 5i
Plas5y6  90ALP3 +9EV + 1CA4  (87/11/2) 4.000 14 5(No) 6(5i)
Pila 7 52 ALP4 + 4B EA {49/51) 20.000 ? No
Pila 8 65 ALP4 + 35 FO (65/35) 20.000 7 Mo

Resultados.
a) Caracterizacién del alperujo y seleccién de agentes estructurantes.

El alperujo mostre valores moderados de acidez y conductividad eléctrica, asi come un
contenido muy elevado de materia organica, constituida mayoritariamente por lignina,
hernicelulosa y celuipsa. También su contenido de carbono organico fue etevado, mientras que
el de nitrégeno fue generalmente bajo. Consecuentemente, ta relacion C/N fue en general alta
en la mayoria de las muestras. Asf mismo, el centenido en potasio fue alto pero, en cambig, fue
bajo el de fésforo y micronutrientes {Afburquerque y col., 2004),

Qtras caracteristicas del alperujo, como su elevada humedad, escasa consistencia como
matenal sdlido y pequefio tamano de particula, te confieren una deficiente estructura fisica y
una reducida porosidad que restringen enormemente su aptitud para ser areado durante el
proceso de compostaje. Estas propiedades, junto a su abundante contenido en grasas, riqueza
en compuestos de naturaleza fendlica con accidon antimicrobiana y naturaleza lignocelutdsica
mayoritaria de dificil biodegradacién, pueden dificultar iqualmente su compostaje y alargar el
proceso. En consecuencia, B viabilidad del mismo dependid en gran medida de la adicién de
ios agentes estructurantes, ya que contribuyeion a mejorar su deficiente estructura fisica,
absorhiende ademas el exceso de agua del alperujo y ajustando su elevada relacion C/N.
Aunque todos los agentes estructurantes dinamizaron el proceso, resultaron especiatmente
Ltiles los estiérooles y el residuc de algoddn.

La aplicacidn de volteos a los sustratos de compostaje fue siempre eficaz v en algunas pilas
decisiva para su compostaje, ya que el método de pila estdtica resultd ineficaz a pesar del
empleo de ta ventilacidn forzada en los ensayos de planta piioto (Alburquerque v col., 2005).



b) Control v sequirmiento del proceso.

El avance del compostaje se caracterizd por un aumenté del pH desde valores iniciales cidos
hasta valores préximos a 8,5 al final del proceso, pudiéndose considerar tal incremento como
‘indice del correcto avance del mismo, especialmente durante su fase inicial. También disminuyé
claramente e contenido de carbohidratos sencillos y polfenoles cxistentes en la fraccion
hidrosoluble, alcanzandose valores finales muy parecidos entre las distintas  pilas,
independientemente de las diferencias en la evolucidn de las mismas y entre los contenidos
iniciales de tales compuestos.

La mayor descomposicion de la materia organica coincidié con temperaturas claramente
termdfilas y siempre se ralentizé en los periodos de persistente acidez, coincidiendo con
dificuftades para la aireacién de las pilas. Entre los tres principales componentes de la materia
organica de los sustratos de compostaje (lignina, celulosa y hemicetulosa) la menor
degradacion se aprecid en la lignina (14-41%), mientras que el mayor porcentaje de pérdidas
se observo en la hemicelulosa (45-70%). Estas pérdidas dependieron de las condiciones de
oxigenacidn de los sustratos y generalmente fueron mas intensas a temperaturas claramente
termafilas,

El procaso de compostaje increment6 el contenido de nitrégene total, debido principalmente a
efecto de concentracion provocado por la pérdida de peso originada por la biodegradacion de la
materia organica, registrandose siempre un claro predominio de tas formas organicas de este
elemento sobre fas inorganicas. Las pérdidas totales de nitrégenc fueron relativamente bajas y
'se produjeron al coincidir un importante aumento del pH, temperaturas altas y periodos largos
de ventilacidn forzada (ensayos de pianta piloto), produciéndose tas pérdidas de nitrdgeno en
forma de ameniaco fundamentalmente.

La relacidn C/N experimentd una disminucién con el avance del compostaje, mds pronunciado
durante ios periodos mas activos del mismo, mostrando valores finales relativamente altos en
todos los casos, pero acordes con la naturaleza lignoceiuldsica de 1os sustratos que determing
una concentracion final de los biopolimeros mas resistentes a 1a biodegradacion {muy ricos en
carbono).

En todos los ensayos se registrd un daro ascenso de la capacidad de cambio catidnico, mientras
que se aprecid una rdpida y drastica reduccion del contenido graso, alcanzéndose valores
finales siempre inferiores al 2%. Sin embargo tal reduccida fue menor cuando se produjercn
retrasos en €l aumento del pH y dificultades para la correcta aireacidn de las pilas.

Coincidiendo con la fuerte biodegradacién y mineralizacidn de los compuestos mas labiles
durante los tres primeros meses de compostaje, la relacién de humificacidn disminuyd para,
posteriormente, aumentar y/o estabilizarse conforme progresaron los procesos de
reorganizacién y condensacidn molecular propios de la humificacidn, a la vez que el porcentaje
de Acidos hiumicos aumentd claramente en todos los casos.

‘Tnicialmente todos los sustratos mastraron un fuerte caracter fitotdxico, con un wvalor
practicamente nulo del indice de germinacidn, si bien este caracter fue desapareciendo
progresivamente. La pérdida de fitotoxicidad estuvo limitada por las condiciones de aireacion
imperantes en los sustratos, de forma que las pilas con unas condiciones de aireacion
relativamente mas deficientes mostraron cierto retraso en el crecimiento del citade indice.

¢) Caracterizacion y evaluacidn agricola de los composts maduros,

Los composts obtenidos {Tabla 2), muy ricos en materia orgdnica predaminantemente
lignoceluldésica, mostraron un importante contenido de potasio y aungue menos también de
nitrdgeno, principalmente en forma orgéanica no inmediatamente asimilable,

En cambio, fue escaso su contenido de fasforo y también el de los principales micronutrientes,
mientras que los controles de fitotoxicidad realizados en todos ellos mostraron siempre indices
de germinacian superiores al 70%.



Tabla 2. Comparacion entre la composicion de estiércoles de uso comin y distinto origen
(n=10) y los composts obtenidos del alperujo {n=8),

Parametro (s.m.s.) Estiércoles Composts
Media Rango Media Rango
pH 7,8 6,5-9,1 8,7 8,3-9,0
Conductividad eléctrica’ {dSfm) 4,56 3,56-6,20 3,13 1,69-4,81
Materia organica (g/kg) 756 545-859 815 561-912
Relacidn C/N 12,5 8,7-19,2 19,2 13,5-22,7
Nitrégeno total (g/kg) 31,7 17,7-46,0 22,6 18,6-26,3
Fasforo (g/kg) 3,2 1,0-5,1 1,7 1,4-2,0
Potasic {g/kg) 209 11,0-35,9 29,3 11,0-42,7
Calcio {g/kg) 564 29,5-102,2 24,4 G,4-65,0
Magnesio {(g/kg) 5,8 5,1-15,9 4,9 1,9-12,7
Hierro (mg/kg) 3.180 1.000-6,900 2.010 525-6.520
Cobre (mag/kg} 256 15-492 27 16-36
Manganess {mg/kg) 280 112-402 88 38-183
Cinc (ma/ka)} 231 20-576 71 38-138

T 1:10 {p/v)

Ensayos agricolas.

La adicién de uno de los composts de alperujo a un suelo calizo de escasa fertilidad estimulg el
crecimiento de las plantas de ryegrass (Figura 1), sin gque se evidenciaran en ningdn caso
signos aparentes de fitotoxicidad que pudieran relacionarse con la aplicacién del compost y
aumentando de forma estadisticamente significativa el peso fresco y seco de material vegetal
en la primera y tercera cosecha. El factor limitante del cultive fue la disponibilidad de nitrégeno,
registrandose siempre los rendimientos mas bajos en los tratamientos sin fertilizacidn
nitrogenada (N0), dada la escasa disponibilidad det nitrdgeno del compost.

En general, la adicion del compost incrementd |a concentracion de fsforg, potasio y cobre en e
material vegetal recogido en las tres cosechas y disminuyd la de calcio y magnesio, mientras
que, s6lo en la tercera cosecha, también disminuyd el contenido de hierro y manganeso,
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Figura 1. Rendimiento medio de las tres cosechas de ryegrass para los 6 tratamientos
ensayados (valores medios + desviacion estandar, n=4). Dgsis de compost (C0: 0 t/ha, C1: 40
t/ha y C2: 80 t/ha) vy de fertilizacion nitrogenada (N0O: 0 kg de N/ha y N1: 60 kg de N/ha)
empleadas en el ensayo.

Cuando se compararon los efectos de otro de ks composts de alperujo con los de un estiércol
vacuna y un compost de lodo de aguas residuales urbanas, scbre un cultivo de pimiento bajo
invernadero y condiciones reales de fertirrigacidn, no se apreciaron apenas diferencias ru sobre
el rendimento de cultivo ni scbre el estado nutricional de ias plantas, debido a que la
fertilizacién mineral aplicada enmascard los posibles efectos de los tratamientos orgénices. Sin
embargo, la matena organica aportada por los tres enmendantes que, en parte sc degradd
durante €l ciclo del cultivo, permanecid casi inalterada en las parcelas tratadas con el compost
de alperujc (Tabla 3), de acuerdo con la naturaleza lignocelulésica de éste, fuertemente
resistente a |la biodegradacion edafica.

Tabia 3. Andlisis del contenido de materia organica del suelo antes (Inicial) y después (Finaf)
del cultivo de pimientg,

Tratamiento Matarfa orgdnice (g-kg)
Cantrol Inicial 18,53¢
Final 18,49¢
Compost de Inicinl 214la
Alperujo Final 21,28a
Estiércol Inicial 20,763
vacuno Final 19,06bc
Compaost de Inicigl 21,53a
Lodo de EDAR Final 19,50b
Tratamiento *xw
Tiempo *xx
Interaccién *3

Valores seguidos de la misma letra, no son significativamente diferentes a p<0,05 de acuerdo
con ¢l test de Duncan. **; Significativo p<G,01 y ***: Significative p<0,001.

Conclusion.

Cabe condluir, por tanto, que la transformacidn del alperujo en enmendante yfo abono orgénico
mediante compostaje es una técnica viable en fas rondiciones aqui descritas, siendo suficiente
para el seguimiento del proceso controlar ta evolucion de 1a temperatura, humedad, el pH, la
refacion C/N vy el indice de germinacion, a la vez que se puede prescindir de fa ventilacion
forzada y recomendar la utilizacidn exdusiva de volteos para abaratar costes en el desarrollo
industrial del mismo. Los composts obtenidos exentos de fitotoxiadad, mostraron escaso
‘contenido de fésforo y micronutrientes, pero notable contemdo de potasio y tambien de
mtrogeno, s bien este Gltimo fue mayoritanamente arganico.

Fueron también muy nwcos en matena organica de naturaleza  predominantemente
lignoceluldsica  (resistente  a la  biodegradacion edafca), pudiéndose  considerar
aproximadamente una cuarta parte de la misma de naturaleza hdmica mads o menos
evolucionada.
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Abstract

In this study, the composting performance of two olive oil husk piles was compared using two different aeration processes:

aeration by mechanical turning or by forced air-injection,

The results showed that after the maturation phasc both piles had a similar chemical composition and the same level of organic
matter degradation (around 55%). However, the time necessary to reach the thermophilic phase was shorter for the turned pile (2
months in comparison to 3 months for the air-injected pile) and the humification degree achieved was slightly higher (94% versus §3%),

Both piles showed the presence of an active microbial community, with an increase by 2-3 orders of magnitude in the number of
cultured microbial colonies during the composting process. No significant difference in quantitative or qualitative terms was found in
the microbial populations of both piles, nor was a clear succession between a mesophilic and a thermophilic population observed.

In terms of industrial application, the mechanical turning process seems to be better since it is a lower energy and time consuming

process.
© 2004 Elsevier Lid All rights reserved.

Kepwords: Qlive ot mdustry; Olive husk; Composting; Humification; Microbial population; Aeraled piles

1. Introduction

Olive oil extraction represents an economic and social
industrial activity of high relevance in the Mediterra-
nean countries, Spain, Italy, Greece, Tunisia, Turkey,
Syria and Portugal being the main producers. Among
these couniries, within EC (Spain, Italy, Greece and
Portugal) represent about 75% of the world production
(International Olive Qil Council, www international-
oliveoil.org).

The olive oil industry is characterized by its great
environmental impact due to the production of a highly
polluted wastewater and/or a solid residue, depending
on the olive oil extraction process.

In Portugal, until 1980s, the olive oil exiraction was
performed by using the traditional pressing system,
which has been gradually replaced by the continuous
centnfugation technology. This technelogy, known as

" Corresponding author. Tel.: +35-121-716-5141; fax: +35-121-716-
6966
E-mail address: ana.anselmo@ineti.pt {A M. Anselmo).

0960-8524/% - see front matter © 2004 Elsevier Ltd, All rights reserved.
dok:10. 10164 biortech.2003.06.007

the three-phase system, separates the three main olive
constituents; olive oil, vegetation water (which, together
with the water added to the process to improve separ-
ation, makes up the olive oil wastewater) and a solid
residue made of olive skin and stone (olive husks).

This system produces a low fat content effluent as
compared with the traditional pressiug operation.
However, these wastewaters cause a significant nogative
impact in the environment and require 8 treatment sys-
tem before being discharged into the nvers or soils.
Therefore, a low water-consuming technelogy was sug-
gested for olive oil extraction—the two-phase centrifu-
gation process—aimed at reducing both the amount of
process water and the output volume. This process,
however, results in husks with higher moisture content
and different chemical characteristics, which created a
new problem for industries and a loss of market value for
these sub-products (Madejon ¢t al., 1998a; Rosa et al.,
2001).

Several studies have been performed in order to
provide alternative solutions for the use of these “new”
husks, and two main alternatives have been proposed go
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far. the first one is husk combustion for energy pro-
duction and a second one¢ is a bio-treatment using a
composting process (Madejon et al., 1998a; Vitolo et al.,
1909; Filippi et al, 2002},

Dwring the composting process, the organic fraction
is partially aerobically degraded by microorganisms to
catbon dioxide and water, whereas the other part
undergoes a humification process which result is a stable
compos! possessing suitable characteristics to be used as
bio-fertilizer (Vlyssides et al,, 1995; Tomati ¢t al., 1996;
Paredes et al., 2000; Bertoldi and Schnappinger, 2001).

The acceptance of composting, however, depends on
how well the operating strategies being employed are
developed for both product quality (Tiquia et al., 2000)
and environmental protection (Savage, 1996). Proper
evaluation of the system is, therefore, required if an
acceptable product is to be generated, and the system
cfficiency is to be maximized (Tiquia and Tam, 2002).

The aerobic composting technologies are wandrow
(turned pile), aerated static pile and in-vessel, being the
former iwo the most commonly used. The technologies
vary in the method of air supply, temperature control,
mizxing/turning of the material, and the time required for
composting. The corresponding capital and operating
costs also vary considerably.

The efficiency of composting under different aeration
and/or mixing methods was tested using different sorts
of organic materials such as poultry manure amended
with sphagnum peat (Femandes and Sartaj, 1997), spent
pig litter and sawdust (Tiquia and Tam, 1998), poultry
titter (Brodie et al.,, 2000), vinasse and cotton gin trash
(Diaz et al.. 2002a) and beet vinasse and grape marec
{Diaz et al., 2002b). The resuits obtained in these studies
demoustrated that the efficiency of composting is quite
similar. The main differences seem te be related with the
teruperature profile and time for composting, ie. ther-
mophilic phase seems to occur later and to [ast longer in
forced aerated piles. The temperature values achieved in
this phase are generallty higher in turmned piles.

The aim of the present work is to study the compo-
sting of olive oil husks using two different acration
techmiques, forced aeration by air inmjection and
mechanica] turning, and to assess their performances in
terms of the main characteristics of the final composl
(chemical composition, humification degree and phyto-
toxicity). The microbial popuialion involved in the
process was also studied.

2. Methods
2.1 Husk coffection and pile construction
For the pile construction, 2.5-3.0 ton of fresh husk

were collected in a two-phase olive oil milling plant. The
husks were mixed with about 2% (w/w) grape stalks, and

two trapezoidal piles were prepared (2.5 m longx2.0 m
widex 0.8 m high).

Two different aeralion processes were tested -
mechanical turning and forced air injection. In one pile
(pile 1), the mixture was turned once a fortnight with a
small plough (600 W, supplied by Gardena, Ulm, Ger-
many). In the other pile (pile 2), the aeration was
provided by a centrifugal ventilator (medel CMB/4-200/
80-1/3 hp, Solar & Palau, Porto, Portugal) connected to
PVYC tubes (12 cm 2 and 3 m long) perforated in two
diametrically oppesite lines, and placed at the bottom of
the pile. The ventilator was controlled by means of a
timer, in order to inject atround 10 m® h~' air during the
first ffteen days of the composting process (corre-
sponding to the ventilator being on 2 minh~!} and |
m’h-' afterwards, until the thermophilic phase was
achieved.

Temperature was followed by three PTI00 probes
(Class A, AISI 316, IP65) installed in each mle and
connected to the aeration control system. In each pile,
one probe was fixed at a depth of 20 cm from the top,
and the other two were placed at random inside the pile,
at different points. The lemperature was recorded daily
and the value was the average between the three read-
ings.

2.2 Analyrical methody

The samples were analysed for pH and electrical
conductivity in aqueous extracts (1:10 wfv), after stirring
for 15 min and allowing to stand for at least 30 min
Electrical conductivity was determined using a portable
meter equipped with a conductivity sensor {model 90,
Mettler Toledo Ltd., England).

All other analyses were carried out in fresh husk
samples unless otherwise stated. Dry mnatter and mois-
ture content were analysed by drying husk samples at
105 °C for 24 h; organic matter and ashes by weight loss
after ignition at 350 °C for 24 h. Total pitrogen was
analysed using the Kjeldhal method {Association of
Official Agricultural Chemists, 1975). Fats were ex-
tracted with hexane at 60 °C. The cxtraction process
consisted in three extractions with 1 5-min each, followed
by one extraction overnight. Fats were determined by
weighing the extracts after solvent evaporation and were
expressed in percentage {Greenberg et al, 1998). Total
phenolic compounds were extracted with ethyl acetate
at 60 °C. The extraction process consisted in three
extractions with 10-min each and one extraction over-
night. After solvent evaporation, the extracts were dis-
solved in methanol, and the phenolhc compounds were
determined by colorimetric analysis at 765 nm, after
reaction with the Folia -Ciocalicau reagent. A calibra-
tion curve was oblained with a standard solution of
caffeic acid in the range 5-90 mg/l (Singleton and Rossi,
1965).
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The method for total organic carbon (T'OC) analysis
used dichromate in acidic hot medium for organic
matier oxidation. The organic carbon was determined
by colorimetric analysis measuring the absorption of
Cr(1II) at 585 nm. A calibration curve was obtained with
a standard glueose solution, which had been previously
submitted to the same treatment (Tinsley, 1950). Total
extractable carbon (TEC) was determined using the
method referred above for TOC, afier carbon extraction
with alkaline sodium pyrophosphate {De Nobili and
Petrugsi, 1988).

Humic acids (HA) were precipitated with H;SO,
from the carbon exiracts. The supernatant was passed
through a polyvinylpirrolidone column, where fulvic
acids (FA) were adsorbed and eluted with NaOH. The
fulvic fraction was added to the humic (raction, and the
total humified carbop (HA +FA) was calculated using
the method referred above for TOC. The humification
degree was calculated using the formula (HA +FA)/
TEC x 100 (Sdnchez-Monedero €t al., 1596).

Lignin and celiulose content were determined by the
Amencan National Standard Institute (1997) on sam-
ples obtained by drying the fresh husk at low tempera-
ture (<40 *C) and then grinding il to a particle size lower
than 0.5 mm.

Phytotoxicily expressed as the germination index (Gl)
was assayed by the Lepidium salivum lest, according to
Zauacconi et al. (1985).

All analyses were performed at least thrice.

2 3. Microbial analysis

The busk samples (10 g) were suspended in 90 ml of a
sterile mineral medium (Pettigrew et al,, 1990) and
stirred at 150 rpm for 10 min at 28 °C. The suspensions
were used for microbial counts being cell enumeration
assessed by the determination of the number of colony
forming wmits (CFU).

Serial dilutions of each suspension (107*-10"") were
plated in uiplicate gn different agar media; Tryptic Soy
Agar (TSA) {(Difco, Detroit, USA), Rosc-Bengal
Chloramphenicol Agar Base (CRB) (Difco} and 1/50
strength TSA Polymixin B (Merck Laboratories,
Darmstadt, Germany) for enumeration of the hetero-
trophic bacteria, fungi and actinomycetes, respectively.
The incubation pericd was 72 h, except for actinomy-
cetes, which was 15 days. The incubation temperature
was 28 and 50 °C.

2.4. Degradation experimenis

The detection of the celluloiytic microofganisms was
performed by screening the endoglucapmase activity
{CMCase) (Teather and Wood, 1982). The test subsiraie
was carboxymethylcellulose {Sigma), which was incor-
porated as the sole carbon source into the mineral agar

medium at 0.1%. The incubation time was 3 days at 28
or 50 °C.

Pheno!-degrading microorganisms were delected in
minera] agar medium (Petiigrew et al., 1990) with caffeic
or syringic acids at a final concentration of 200 mgl '
Caffeic and syringic acids were used as test substrate and
were added to the mineral medium after sterilization by
filtration. The plates were incubated at 28 or 50 °C for
3.5 days.

2.5, Strain identification

The characterization and identificution of the isclated
bacterial strains were based on colony morphalogy,
gram staining, spore formation, calalase and cyto-
chrome oxidase enzyme activities. Several physiological
characteristics were also determined by the Analytical
Profile Index (API system), with commercial test kits,
namely Api 20 E, Api 20 NE and Apt 50 CHB
(bioMéreux Vitck Inc.. Marcy-FEtoile France).

3. Results apd discussion

Under optimat conditions, composting proceeds
through three phases: the mesophilic phase, the thermo-
philic phase, which can last from a few days to several
monshs, and the cooling and maturation phass which
lasts for several months (Tuomela et al., 2000). Con-
comilantly, the waste went through physico-chemical
and microbial changes that at the end of the composting
process will result 1o 3 rich-humuos complex mixture,
known as compost.

In the present study, olive husks were supplemented
with grape stalks, which are a low cost residue and the
most abundant one in the region where the husks are
produced. The addition was made to decrease the
moisture conten! and o create a higher amount of
aeration channels in the piles.

Table 1 presents the average values of the chemical
paramelers analysed iu olive husks samples and in grape
stalks. Dug to the high total orgenic carbon to total
nitrogen ratio of both wastes, the initial mixture had a
C/N ratio of 46, higher than that recommended for
composting. ¥alues between 25 and 35 are referred in
the literature as being the most favourable for an effi-
cient composting process (Tomati ¢t al,, 1996; Paredes
et al., 1996; Barringion et al., 2002, Charest and Beau-
champ, 2002).

3.1. Temperature patterns

The temperature within the piles was measured daily
throughout the process and the temperature profiles of
both piles are shown in Fig. |. These results allow the
identification, in both piles. of three different phases
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Table 1

Chemical characterization af olive husk and grape stalk
Parameters Olive husk Grape statk

Average Range Average Range

pH ¢(H:0) 49 4.6-3.2 49 46-52
Conductivity {1:10, 25 *C) (mSem ™) 178 1.50-2.28 211 200-2.24
Humidity (% f.w) 61.8 38.3-66.9 8.6 73104
Ashes (% Lw.) 26 20-14 5.2 4466
MO (Yo fw.} 974 56.6-98.0 94.8 9314 033
TOC (% d.w.) . 559 43.7-72.1 51.5 50.4-52.2
Total nitrogen (% d.w.) 1.05 095-1.17 1.19 1.08-1.27
/N matio 53 45-66 43 4146
Lignin (%) (d.w.] 41.2 394437 554 55.3-55.5
Fats %% dow.| 376 098-R.12 ad nd.
Phenolic compounds (% d.w.} 0.54 0.33-0.81 n.d nd.

The results are the average of three independent analyses on five olive husk samples and three grape stalk samples. For each sample. standard error

<5% {fals) and <1 (remaining parameters).
nd.: not determined.

[—~—Rmm o Rile ] —o— Rila2

g
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Fig. |. Temperature profiles in the two piles along the composting

process, (Pile | —aeration by mechanical wrning; pile 2—forced aer-
alion.}

occurring sequentially in time, namely a mesophilic, a
thermophilic and a maturation phase.

In pile 1, where mechanical turning provided the
aeration, il was observed a progressive and smooth
temperature increase. After the 4th turning (day 53), the
temperature rose more rapidly and reached a maximum
value of 65 °C in the thermophilic phase. This phase
lasted for about one month with temperatures in the
range of 60-65 °C,

Following this period the decrease in temperaiure
was rapid and the process was considered complete
after 4 months, when values close to room temperature
were reached. Then, the mixture was allowed to rest for
more 2 months ia order 10 complete the maturation
phase.

In pile 2, during the initial phase, the temperature
increased more slowly than in pile 1. Since after 2
months it appeared 1o have stabilized at around 40 °C,
the mixture was turning mechanically on day 71. It i
worth note that the temperature difference between the
two piles was about 20 °C, at that time.

A temperature increase was then verified, the thermo-
philic phase being rapidly reached with a maximum
temperature of 54 °C. Several authors have reported the
re-activation of the composting process in aerated static
piles, immediately after a mechanical wrning reflected
by a marked temperature increase, which 1s explained by
the incorporation of externa! maierial into the pile,
providing degradable substrate [or the microbial bio-
mass (Brodig et al., 2000 Paredes el al., 2002; Garcia-
Gomeez et al., 2003).

The following phase of temperature decrease was
again slower than in pile | and room lemperature was
reached only after five more months (Fig. 1).

Temperature has been widely recognized as ong of the
most important parameters in the composting process
(Mckinley and Vestal, 1985; Strom, 19783). Moreover,
temperature has been correlated with microbial activity
(Tiquia et al., 1996) and with most of the imporiant
compost properties, including /N ratio and pH be-
tween others (Tiquia et al., 1998).

In this study two main features were observed: a very
slow beginning of the composting process, reflected in a
13 day-period where the temperature in both piles was
not significantly different from the room temperature
(IC 95%—room: 14.97-1641, pile 1: 13.75-16.55 and
pile 2: 13.88-17.28, for » = 13) and a long mesophilic
phase in both piles with a very slow temperature in-
crease. This was particularly truth in pile 2, where only
after 85 days, a temperature of 50 °C was attained.

According to several authors high initial C/N (opti-
mal values belween 25 and 35) will cause a slower
beginning of the process and the required composung
time to be ionger than usual (Madejon et al., 1998a;
Tuomela et al., 2000).

[n fact, Madcjon et al. {1998a) studying the compo-
sting of olive husks from the two-phase process, sup-
plemented with wheat straw, with an initial C/N ratio of
about 47, added urea 1o reach a C/N ratio of about
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35 40. llowever, the same authors refereed thal if the
Iignin component <ue to chopped stones was exciuded,
the nitial tatio fell 1o 29. In this case, the very sjow
beginning of the contposting process coutd not be ex-
plained by the high C/N ratio and other factors may be
involved.

In this study, the particular evolution of the temper-
ature patlern might be related with the negative syner-
getic effect of some initial parameters as the low pH and
the high fat content (Fig. 2 and Table 2). contributing
this last one 1o inhibit the oxygenation and to difficult the
absorption of water to the pile, as refereed by Garcia-
Gomez et al. {2003),

Comparing both piles, aeration provided by
mechanical turning appears to be more effective than air
forced injection in terms of time required to attain the
thermophilic phase, maximum temperalures reached
and length of ume to reach the maturation phase.

Similar results have been described in the literature.
Poultry manure amended with sphagnum peat was
composted by natural, forced and passive acration
¢{Fernandes and Sartaj, 1997). The results showed that in

[ —a—ptf ] —a—pH 1 —» Conductivily | —— Condadivity 3[
q- -

& 1 I
F
. L »
x
[ L [

. . - o
u i [IL1] 150 0 I8
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lag 2 Evolution of ptl and clectrical conductivity in the pites along

the composting process (Pile | aeration by mechanical tumning; pile

T Toveed aeration )

Tubk: 2

"

the case of foreed aeration the temperature stayed above
55 °C less ume than in natural and passive aeration and
longer time was necessary to reach this temperature in
forced aerated pile,

Diaz et al. (2002a) compared the composting effi-
ciency of vinasse and cotton gin using two different
aeration systems- static aerated pile and Lurned pile, and
found differences in temperature changes between both
composting syslcms: 4 lasler increase of temperature in
the turned pile (54 °C a1 7 days) than in the static pile
(45 °C at 21 days) was observed. The same authors, in a
similar work (Diaz et al., 2002b) but using a composling
mixture of beet vinasse and grape marc reported that the
thermophilic phase was longer in the zerated static pile
(25 days) than in the turned pile {11 days).

3.2, Chemnreal mennitorizutivn

Some of the most representative chemical parameters
were analysed during the composling process and are
shown in Table 2.

The biodegradation uf organic matter occurred in
both piles, especially what concerns the content in
phenolic compounds and fats. For phenols, which are
an imporiant component of olive husks, a reduction of
about 83.7% and 77 67 respectively in pile 1 .and pile 2,
wiis achieved in the cod of the mesophilic phasc. A
marked decrease was also observed in the lipid content
with a reduction of abouwt 75% in both piles al the end of
the thermopthilic phase. Madejon et al. (1998a) obtained
similar results working with a mixture of olive husks
amended with wheat straw thal were composted in a
static pile, reporting 4 reduction of about 100% for
phenols and 60%% lor lipids during the thermophilic
phase. Filippi e1 al. (2002) in a compostling experiment
performed with olive husks amended with poplar saw-
dust and bark chips reported a rapid reduction of the
lipidic and phenulic ractions

Chemical parameters during the compasiing process in piles 1 and 2 (dry weight basis)

Ty Temperature (°77 Fats (%) Phenotics %) Ashesitm CN Ligmun (%1} Cellulos: ("a1 Holocethulose 1%
Fule !

] 10 L 0.4% 256 46 437 TR 632
3l k2 949 0.20 2n i6 471 a4 [
o2 ol 434 0.8 35R 3 ELE G h 632
121 H 201 1) 06 .47 15 St EhJ) [S]
0 K 440 0o 519 17 a3 i35 LA
e 2

Tt 11 X127 N 49 Y a6 437 RIR.S 632
3 L 89 LR 249 45 44l L4y T
it} i 181 011 433 i Al s R 6.3
125 13 1 81 Q.06 4449 7 477 sl 77
44 28 03 0.06 5132 8 L] 217 H8.4

The values are the mean of &t least thice mdependent analyses with & standard erronr = 8% (tata, ccliulose and helocellubosel wid <10 (remawming

raramaiers)
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The increase that was observed in ash concentration
clearly shows that elfective organic matier degradation
occurred during the conmiposting prowsss, Organic matte
(OM) losses can be caleulated based on the intial {X))
and final {X3) ash contents, according to the formula
{Paredes et al., 2000):

OM losses (%) = 100 — 100[X {100 — X3)]/ X100 — X))

There were indeed OM losses of §7% and 53% in piles |
and 2 respectively from the initial process stage to the
{inal maturation phase. This variation is consistent with
the pronounced dectease in the C/N ratio, mainly in the
maturation phase, where values of 17 and 18 were ob-
tained for piles | and 2. respectively.

Wiilh similar nitial values tor CfN ratio (40-45)
Madejon e1 al. (1998a4) and Filippi et 2l. (2002) oblained
values of about 30 at the end of the coniposting prouess
of olive husks. Madcjon ct al. (1998a} rclated this high
value with the presence of the grinded stones, hardly 10
be microbiologically degraded.

The lower ratio obtained in this work 1s explained by
the fact that the amount of carbon Is reduced by way of
partial conversion to CQ,, while nitrogen continues 1o
be recycled {Golueke, 1992),

The decomposition of OM brought about an inerease
i1 pH and EC in both piles (Fig. 2). Values of pH in-
crease from 4.8 (pile 1) and 4.7 (pile 2) o values close to
neutrality at the end of the thermophitic phase 1n both
pres. As refereed by Paredes et al. (2000}, the increase in
PH owurred as a consequence of the biodegradalion of
acid-1ype compounds such as those wath carboxylic and
phenclic groups u#nd the mineralization of organic
compounds. such as proteins, amino acids and peptides
1o inorganic compounds. Increase in EC has been re-
ported by several authors {Madcjon et al., [998b:
Patedes et al., 2000) being correlated with water evap-
oration and the consequent sall concentration.

No degradation of ligiin, cellulose and hemicellulose
was detected throughout the process {Table 2). The non-
brodegradation of hignin could be related to the fact,
besides i1s relatively low biodegradability, that this
component of olive husks is due to chopped stones and
presents & reduced surface 1o microbial attack, as ref-
ereed before. Low levels of lignin degradatien {about
2044) were obtained [n the composting of this waste
(Madejon et al., 1998a). An increase in the lignin con-
tent in paraltel with the compnsting process ol ofive oil
wastewater mixed with other wastes was reported by
Monteoliva-Sancher et al. (1996).

Concerning cellulose and hermicellulose, the lack of
microbial atlack of these polymers may be related with
nutrient limitation, particularly nitrogen, stressed by the
long mesophilie phase that occurred n both piles.

In order 10 assess the compost stability some humi-
ficalion parameters were analysed and it was verified
that the degradation of grganic matler corresponded Lo

an increase in the humification degree. In tact, the
humification degree mereased ftom 694 10 gbout 4%
in pile | and 1o 83% in pilc 2. This observation s in
agrecment with the increase in the germination index
from 1.0°% 10 42.4% apd to 533.7% in piles | and 2
respectively. at the end of the thermophilic phase. indi-
cating a relevant decrease in substrate phylotoxicity
The results obtained at the cnd of the maturation phase
showed a complete foss of toxicily.

33 Microbial monorization and degradation sitidies

Raw olive husks were predominantly colonized by
mesophilic bacteria, including actinomygeles and meso-
philic fungi (Table 3). At the end of the composting
process. in both piles, an imurease o the population of all
the mesophilic groups was detected, rangig from 19°
10%g husk in the beginning of the process o 19 1Y
CFU/g husk at the end.

Although in low pumber. thermophilic mieroorgan-
isms were firstly detected in pile 2 and this Tact is coin-
cident with the increase i pH to values close to
neutrality observed in this pile, what did not occur in
pile 1 (Fig. 2).

An interesting finding is the fact that thermophitic
CMC degraders follow @ pattern simular to that dis-
piayed by thermophilic fungi as can be seen in Tables 3
and 4. Moreover, their number 15 closely comncident m
both piles, suggesting that. in the present case, hermo-
philic CMC degraders could belong to that group of
microorganisms.

The high number of colonies Jdetected with UM Case
activily did uot correlate with a decrease in cellulose and
hemicellutose contents {Table 2). This fact can he related
with the mode! substrate used. Carboxymethvlcellulose
is a water-soluble subsirate and could lead to false
positive degraders

Mesophilic phenol degraders were presenmt in a
growing number during the composting process, fvl-
lowsng a patiern close resembhng thal displaved by the
mesophilic bacteria. This group of nliwreorganisms seen
to be the main responsible for the removal of phenoliv
compounds, since Juring the mesophilic phase a reduc-
tion of about 60% and 73% was attained for piles | und
2, respectively. Three bucterial strains were isolated as
phenol-degraders and were identified as Psewdomonns
geruginosa and Ralstania pikesti {syvingic acid) and
Psendomenas cepacia (calfeic acid).

The composition of the microbial populations in hoth
pites did not show significant differences in qualitative
and gquantitauve terms, namely 10 respect 10 the numbe.
of bacteria. actnomycetes and fungr The predominant
microbial sirans thal were present along all of the
composting process were identified as Py tesisne-
ront, Ps. putida, Bacifies sp . Aspergdius sp. and Cludo-
apravitan sp.
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Tablke 3

Logs numberg husks (fresh weight buss) of 1otal mesophilic and thermophilic microorganisms in the different phases of the composting process
Days Temperature (°C} M bactenia M. zctinomyceles M. fung: T. bacteria T. activomycetes T fung
Pile |
0 19 8.04 7.76 200 nd n.d. nd.
kY| 18 818 8.00 170 n.d. n.d. nd.
72 60 9.08 2.00 842 8.00 7.48 1.00
121 kL 9.63 8.34 BR3 6.00 7.34 600
174 3 9.45 8.52 862 7.85 648 .
240 18 10.00 8.78 915 8.95 .60 700
Pile 2
0 10 8.04 7.76 .00 nd nd nd.
3} 19 9.20 9.00 772 590 5.00 300
M) 51 9.04 8.73 9.40 B.42 5.00 71
125 45 .9 9.48 . 8.08 878 1.00 160
195 2 9.53 8.60 885 R.i& 6.60 700
240 bl 1045 £.85 49.56 £.9% 7.95 100

The values are the mean of three independent analysas with a standard error € (%
M —Mesophilic, T. — Thermophilic; n.d.—not detected under the expenimental coaditions.

Tuble 4
Log,o numbers/g husks (fresh weight basis) af phenolic and carboxymethylcellulose degraders (mesaphilic and thermophilic microorganisms) i the
different phases of the comnpostiog process

Days Temperature °C - M, caffeic acid M. syringic acid M. CMC T. caffeic acid T. syrngic acid  T. CMC
degraders degraders degraders degraders degraders degraders

FPile |

0 10 7.30 7.38 n.d. n.d. n.d. n.d.

31 8 6.95 7.71 530 n.d. n.d. nd.

72 &0 7.30 8.38% 748 nd 830 770

121 34 2.08 9.26 B.92 T.48 785 7 08

174 i3 9.43 938 7.08 6.00 748 nd

240 i) 8.93 9.56 87 785 EM 730

Pile 2

D 10 i) 7.38 nd a.d. n.d. n.d

3 9 B.T0 8.54 Y10 n.d. n.4d 5.00

20 51 8.28 1.0 7.73% 7.36 il 7.00

125 45 B.13 9.70 670 7R G.(X} 730

195 L 8.40 9.20 8.12 1A 708 1.8%

240 X 9.5 9.92 §.00 7.95 8.54 130

The values are the mean of three independent analyses with a standard error € 10%.
M —Mesophilic; T.—Thermophilic; n.d.—nal detected under the expenmental conditions.

In the thermophilic phase Penicillium sp., Aspergillus
sp. and Serratia marcescens, thermophilic strains gen-
erally presents in this composting phase (Tuomela et al.,
2000; Heerden et al., 2002), were also isolated. The
bacterial isolale was identified with excellent identifica-
tion to the genus level (API 20 E). All strains belonging
to Serratia group occur in the natural environmental
and can grow at temperatures between 10 and 36 °C
at pH 5-9. The strains are facultative anaerobic and
produce exiracellular enzymes that hydrolyze DNA,
lipids and proteins. Ortho-nilro-phenyl-galactoside
(ONPQG) is hydrolyzed by most strains (Holt et al.,
1984},

In the maturation phase, when the lemperature de-
creased to 28 °C. the microbial diversity increased,

having been identified in this phase the bacterial strains
Ps. paucimobilis and Ps maltophitia.

Table 5 presents the results of bacteriological, bio-
chemical and growth tests for the gram-negative bacte-
rial strains (API 20 NE). These strains are included m
the genus Pseudomonas that can be characterized by its
high nutritional versatility showing the ability for
growth in simple mineral media a1 expense of a single
carbon compound as sole carbon sources. In addition to
iow molecular weight compounds, a variety of macro-
molecules can be degraded by means of extracellular
enzymes. Many [atty acids and aromatic compounds
can be used for growth by Pseudomonas species {(Holt
et al., 1984}, Gram-positive bacteria. Bacillus sp.. were
present along the whole composting process. They are



b £ Buera- Aull et af | Bioresouree Tedlineders 0 2005 nv ™y

| abie 3

Idenufication oF gram-negatise strains predominaied in the composung process

Charactensu

Pa reatasterang

Ps puinda P oo imobeha Pa nnntopilia

Ciram toachion -
Morphalogy Rods
tndospore Tormation

{hadase 1esl

Redustion ol mikraley (o mifttes of (o mitrogen -
Indok: production -
Glucose scidification -
Azgimine dihydrolase -
Urcase Lest -
Cscuhn hydrolysis -
Celatine hydrolyis .
B-Galactosidase -
CGlucose assenilation -
Arabliose assimilation -
Minpose assmnilation -
Munmiio. assmilution -
Neagetylglucosamine assemtitutton -
Maltose assimiiation -
Cluconate asmmulation -
Caprate assimilalion +
Adipate assinylavon -
Malate assimilaton -
Citrate assinnlation +
Pheny bavetate assintlation -

Ruade Roods Roda

+
+

'
+ =+ 4
|

L |
-
+ |

+
+

+
|

Ps Faeldomonas, (+), present, (-), absent, (), weakly posinive

capable of producing enduspores, which are very resis-
tant 1o heat, radiation and chemical disinfection (Houg,
1993), becoming metabolically active when a suitable
substrate is made available and play an importani role
in the biological cyeling of carbon and nitrogen. These
bacterial groups are typical of compost environments
and different species of Psewdornonas and Baciffus have
been solated during this biological process (Tuomela
et al., 2000; Hassen et al,, 2001).

In the present study, and conversely io some liter-
ature (Golueke, 1992; Beffa et al, 19%6; Tuomela
et al., 2000; Hassen et al., 2001}, it was not visible a
sigmficant succession  between 1he mesophilic and
thermophilic populations. The reasen for this patiern
is probably related with the temperature evolution.
The length of the mesophilic and thermophilic phases
and peak temperature seem to have a marked effect
in the number and diversity of the microbial popu-
lation

As desenibed by Tiguia et al. {2002) dunng the com-
posting of yard trinimings the number of total aerobic
heterotrophs, actinomycetes and fungi decreased dra-
matically when pile temperature started peaking at 70
°C Also, Heerden ¢t «l. (2002) founded significant dif-
ferences in population densities at § and 30 cm within
Citrus waste composting pile, corresponding to impor-
tant differences in temperature profiles, being reported
values Between 60 and 70 °C only at 30 am within the

pile.

4. Conclusions

Despite the high humidity and consequent compact
structure of olive oil husk, this study showed that the
campostng of this agriculture residue 1n piles is feasible
and it takes aboul 6 months (o complete. However,
before the process can develop efficiently, it is necessary
to add « structurmg agent and promote an adequate
aeration of the muxture.

When the aeration system by mechanical turning 1s
compared with the torcad aeration provided by a ven-
tilator, the former appears to be more at an indusirial
scale. In fact, although there were no significant differ-
ences in terms of chemical parameters for both pre-
cesses,  mechanical  wrning  allowed  for  higher
temperatures, corresponding o 4 more rapidly devel-
oping process and to higher humification efliciency
Furthermore, this process is energetically more eco-
nomic since 11 requires reduced workmansnip and a Jow
initial investmeny.

The microbial results showed thal the microbiolog:
of the compost is quite complex, being very difficult to
correlate the microbal populations 1solated during the
different phases of the process with their role in the
degradation of some of the chemical subsiances present
in the husk. To understand this correlation, composting
phases/miciootganisms/hiodegradation, other method-
ologics [molecular technology, PLFA profiles, bio-
chennstry and immunology} should be used. which will
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undoubtedly allow for the development of a new
understanding of this complex and fascinating biological
process,
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Abstract

Olive-mill wastes and by-products from the edible olive oil industry contain a high non-stabilised organic load, including organic
acids, phenolic compounds and fats with antimicrobial and phytotoxic properties, which make them unsuitable for direct agricubiural
application. The most abundant olive-mill by-product in Spain is "alperujo” (AL|. a solid material with a lack of consistency and
low puresity due w its high water content and small particle size, which can be suitably composted by adding bulking agenis. Six piles
were prepared by mixing AL with cotton waste, grape stalk, olive leaf and fresh cow bedding, then successively composted, five al them
managed by foreed ventilation assisted by mechanical turning and the sixth only turned. After monitoring the process. the relationship
between the germination index (Gl and the presence of some potentially phytotoxic compounds, as well as several maturity and stability
indices, was assessed. As composting advanced, the GI increased and both the fat and water-scluble phenol contems decreased, indicar-
ing a gradual detoxification as the composts matured. The values of the maturity and stability indices were frequently different from the

values reported lor other composts.
& 2005 Elsevier Lid. Al rights reserved.

Keywords: Composiing: “ Alpeno”; Phytetoxioity, Germination index; Matunily and stahility indices

1. Inroduction

The agticultural food industry penerates a greal variety
and quantity of wastes and by-products. which can poten-
tially be used as soil fertilisers and amendments due to their
high contents of organic matter and plant nutrients.

Most countries of the Mediterranean Basin annuatly
produce vasi quantities of olive-mill wastes and by-prod-
ucts from the edible olive oil industry, whose high content
of non-stabilised organic load., which includes organic
acids, phenolic compounds and fats with antimicrobia)
and phytoioxic properties, may affect the physical, chemi-
cal and biological properties cof a soil il applied directly

" Comresponding author, Tel.: +34 968 396313; fax: +34 968 396213,
E-mull adddresy. joegarra@oebas.usices (J. Ceparia,

KS-H5334% - see fronl matter @ 2005 Elsevier Ltd Al nights reservad
doi: 4. 1016/ chemospherc. 2003 10,055

{Gonzdlez et al., 1990; Riffaldi et al, 1993; Martin et al.,
2002). Following the large-scale introduction of the new
two-phase centrifugation system. which greatly reduces
the generation of pollutant wastewater compared to the
classical three-phase system, ““alperujo™ (AL} has become
the most abundant by-product of the Spanish olive oil
extraction industry and its current disposal represents a
greal economic and iechnical problem for producers. AL
is a sohid material with a lack of consistency and low poros-
ity due to its high water content and small particle size.
which makes it difficult and expensive to handle and trans-
port, and even to extract the residual ol it contains,
Much research has been carned out into the composting
of olive-mill wastewater from the three-phase system
fTomati et al, 1995 Paredes et al., 20004, the solid vake
resulting from hoth press avd three-phasc systems (Calvet
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et al., 1985; Ail Baddi et al.. 2004), the fAocculated solid
fraction of olive-mill wastewater (Negro and Solano,
1996; Garcia Gomez et al, 2003} and AL (Madejon
et al., 1998; Filippi et al., 2002; Baeta Hall et al., 20035},
as a result of which valuable final products potentially suit-
able as soil organic fertilisers and amendments have been
obtained. Due to the above-mentioned deficiency of phys-
ical structure in AL, several organic wastes were added as
bulking agents in the above experiments to improve
composting.

Before a compost can be used safely in agricultural or
horlicultural production. its stability and maturity should
be assessed. Stability is usually defined in terms of the bio-
availability of the organic matter, referring exclusively to
the resistance of the compost organic matter to further deg-
radation (Brewer and Sullivan, 2003} Materials with a high
proportion of bicavailable organic matter generate a high
level of microbial activity and are considered unstable.
Mamrity is defined, loosely, as the suitahility of the mate-
nal for plant growth and often has been associated with the
degree of compost humification (Cooperband et al., 20031,

Phytotoxicity is one of the most important criteria for
evalualing the suitability of organic materials for agricul-
tural purposes. Also, testing the phytotoxicity of compo-
sting substrates is a valuable way ol evaluating the stage
of the process reached (decomposition, stabilisation and
curing phases) as well as its efficiency and conditions. Phy-
totoxicity has been related mainly to the presence of differ-
ent compounds in the added organic matter, such as
phenolic substances, organic acids. arnmonia/ammonium
and heavy metals. The germination index (GI), which com-
bines the measure of relative seed germination and relative
rool clongation of cress seed (Lepidium savivum L.j, has
been used widely (o evaluate both the phytotoxicity and
maturity of compost {Zucconi et al, (98lab; Bernal
et al., 1998: Wong et al., 2001

This study examines the relationship of the Gl with the
content of some potentially phytotoxic compounds during
AL composting. and with other parameters including sev-
eral indices commonly used to define compost maturity
and stahility,

2. Materials and methods
2.1, Composting performance

Six trapezoidal piles japproximately 1.5 m high with a
2x3m base) of about 3 tans (piles 1-4} and 4 [ons (piles
5-6) were prepared by tnixing three selected AL sainples
(ALl AL2 and AL3) with four bulking agents (CW, cot-
ton waste: GS, grape stalk; OL, olive leaf and FFCB, fresh
cow bedding) on a fresh weight basis (dry weight basis in
brackets) as indicated below:

e Piles 1 and 2: 92.6% ALl + 7.4% CW (80720}
e Pile 3- 94.6% AL2 + 5.0% GS + 0.4% urea (87/12/1).
s Bile 4: 94.6v¢ ALZ + 5.0% OL + 0.4% urea (87/12/1).

e Piles 5 and 6 90% AL3+ %% FCB + 1% mature com-
post from pile 4 (87/11/2).

in piles 1. 2, 5 and 6, the initial values of the C/N ratio
ranged from 33.1 to 34.4. whereas in piles 3 and 4 they were
much greater than those recommended tor the composting
process: thus, they were lowered 1o a simiiar value by add-
ing urca {36.6 and 35.3, respectively).

Three composling experiments were carried out in a
pilot plant during a period of nearly 3 vears (piles 1 2.
34 and 5-6, successively) using the Rutgers strategy
{(Finstein et al., 1985) combined with mechanical turning,
except in pile 5, which was only turned. Forced ventilation
of the pilcs was provided during the bio-oxidative phase
{active phase) of the process through a biower (1/6 HP),
operated on a timer-schedule with on/ofT cycles of 0.5 min/
14.5min in piles | and 2. Smin/{5 min in piles § and 6
and. in piles 3 and 4. | min/S min during the first three
months and 0.5 min/29.5 min during the rest of the bio-oxi-
dative phase. Despite the addition of bulking agents, the
use of the static pile system alone was shown at an early
stage to be unsuitable for AL composting due to the defi-
cient physical structure of the resulting substrates. which
restricted the oxygen distmbution within the composting
mass. In fact, the static system favoured substrile compac-
tion and the subsequent low porosity and deficient air dis-
tribution caused by the blockage of pores mcant thal
forced ventilation was clearly insufficient to maintain the
correct aerobic conditions. This explained the need for
mechanical turning in addition 1o the forced ventilation,
since, in this way, substrale oxygenation would be
improved by reducing compaction and increasing porosity,
al the sume time homogenising and re-inoculatung the sub-
strates. Thus, the piles composted first {1 2} were turned
the eighth week; those processed next {3-4). in the fourth.
tenth and twenty first weeks: whereas piles 5 and 6 were
turned fourteen times during the entire process. The bhin-
oxidatlive phase was considered finished when the pile tem-
perature was stable and close to that of the atmosphers.
This occurred alter 26 weeks (piles |, 2. 5 and 6} or X4
weeks (piles 3 and 4); then, air blowing and turning were
stopped to allow the mixtures to mature.

In order to avoid high temperatures that might limit the
process, the ceiling temperature for continuous air blowing
was 50 °C (pile 1), 60 °C (pile 2) and 55 °C (piles 3. 4 and
0). The mosture content was controlled periodically and
maintained at 40-55% by adding the necessary amount of
waler and the excess water leached from the piles was re-
virculated.

Composting materials were sampled weekly during the
bio-oxidative phase and then at the cnd of the maturation
penod, from randomised sites around the pile. The repre-
seniative samnples were homogenised and subdivided into
three sub-samples in the laboratory. One of them was fro-
zen (~20°C) and kept for the determinaticn of inorganic
nitrogen (NH; and NOJ ). the second was dried in an
oven at 105 °C for 24 h to delermine its moisture content
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and the third sub-sample was lreeze-dried and ground to
less than 0.5 mm prior to analysis.

2.2, Analytical merhods

The water-soluble organic carbon (WSC) was deter-
mined, for a 1:20 (w/v) deionised water extract, by using
a Skalar-Formacs?™ TOC analyser; NH, was extracted
from the previously-stored frozen sub-samples with 2 M
KCl and determined by a colorimetric method based on
Berthelot's reaction (Sommer et al., 1992) while NQ7 was
measured by using an ion-selective electrode in the water
extract; organic nitrogen (ON) was calculated as the differ-
ence between total nitrogen (TN), determined using a
Carlo-Erba NA 1500 CNS elemental analyser for solid
samples, and inorganic nitrogen; cation exchange capacity
(CEC) was determined with BaCly-triethanolamine {Lax
et al., 1986) and the volatile solids. which reflect the organic
matter content {OM), by loss on ignition at 430 °C for 24 h.
Other parameters, including pH. total organic carbon
(TOC), lignin, cellulose, fat content, water-soluble phenols
(WSPH) were determined according to the methods previ-
ously described by Alburquerque et al. (2004). OM losses
were calculated according 1o the equation of Stentiford
and Pereira Neto (1985), taking into account the apparent

100, .
pile 1 (1sd: 8.7)

80 -

50 1 pile 2 {isd: 6.9}

pile 3 (Isg: 3.5)

60
pile 4 {lsd: 7.7}

Gl (%)

40 -
20 4

iR

pile & (isd: 5.2)

80 1

pile 5 (isd; §.0}

24 32 40 48

Fats (%)

[

increase in the ash content resulting from the loss of dry
matter: OM-loss (%) = 100 x [(OM,/Ash, — OM,/Ash,}/
(OM;/Ash,)], where OM; and OM, are the organic matter
contents in the sample initially and at time ¢, respectively.
and Ash; and Ash,; are the ash contents of the sample ni-
tially and at time 7, respectively.

Phytotoxicily was evaluated by modifying the original
method of Zucconi et al. (1981b), which combines the mea-
surements of seed permination and root elongation of cress
(Lepidium satfvwn L.). GI measurements were made by
using water extracts obtained as follows: samples (4 g of
dry material} were moistened to 60% moisture content;
after being allowing to stand for 30 min, more deionised
water (54 ml) was added and the samples were stirred
mechanically for 30 min and then filtered through 0.45-
pum Whatman filter papers. Eight cress seeds were evenly
distnbuted on filter paper in Petri dishes (|0-cm diameter)
and moistened with 1 ml of the obtained extract. Ten rep-
licates per sample were incubated in an oven for 48 h at
27 °C in dark conditions; later, the number of germinated
seeds and their root length were measured and results
expressed as a percentage of germination and root elonga-
tion of a control (seeds moistened with | ml deionised
water and incubated in the same conditions) as follows:
%G1 = (Yogermination x %eroot elongation)/100.
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Fig. 1. Evolution of the germination index (GI), fat content and pH during AL composting (lsd: Jeast significant difference at 7 -2 0.05),
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2.3. Swatistical analyses

Basic statistical analyses of data and correlation coeffi-
cients were made using the SPSS 11.0 program for Win-
dows. Analysis of varance and the least sigmficant
difference were calculated for the results of the composting
samples, to determine changes in the parameters with time.

3. Resulis and discussion
J.1. Phyrotoxicity

In our piles. very low initial GI values were recorded in
the early composting suage (2%, Fig. 1), suggesting a
severe phytotoxicity in the subsirates. In piles 1 and 2,
which showed a similar behaviour throughout the process,
the GT had increased by over 50% by the end of the first
month, reaching the highest values during the thermophilic
period {Fig. 2). In contrast, no increases were detected in
piles 3 and 4 during the first menth of composting, coincid-
ing with the low temperatures provoked by the difficulty in
aeraling the substrates in this experiment, whose physical

40
3C 1 4 arnd uf the Iblooxld.u:rve phase
204
10
[ T T T T T 1 v |
o 4 8 12 16 20 24 28 32 38
70+
o 60 —4— pile 3
. 50 —o— pile 4
g 30+
[=8 1
5 20 Jal e of fie bib-oxidative phase
= 10 48 %
Q- T T T T T T T T )
o 4 a 12 -16 20 24 28 32 38
—+— pila 5

—o— pile B

™ 1 r T 1
0 4 B 12 16 20 24 28 32 36
Composting time (weeks)

Fig. 2 Temperature profile during the bin-oxidabve phase of composting
tarrows indicale tumings.

structure was hardly improved by the bulking agents added
to AL. However, an immediate increase in the GI followed
the first turning; this increase was delayed in pile 4 as was
the evolution of other parameters, such as temperature
(Fig. 2), OM-loss {Table 1}, pH and fat content {Fig. 1),
due to the extremely deficient aeration conditions induced
by the olive leaves used as bulking agent in pilke 4. In
addition, this material could have conlributed 10 increasing
pliytotoxicity threugh the Tormation of low-molecular
weight organic acids, as was rcported by Manios et al.
(1989) After the third month, the GI was higher than
5045 in both piles but always remained lower in pile 4 until
ke end of composting. Moreover, the GI values were lower
in pile 5 (only mechanical turning] than in pile & tbath
forced ventifation and mechanical turning) almast through-
out the entire bio-oxidative phase. which might have been
related to the comparatively restricted oxygen supply 1o
pile 5. again coinciding with similar behaviours of pH.
OM-loss and fat content. The acid pH. the delay in both
OM and [at biodegradation and the temperature decrease
all resulted from the lack of the fully-aerobic condiitons
required for composting. Phytotoxin production is a char-
acteristic of the initial stage of OM decomposition. the
intensity and duration of this process being mainly depen-
dent on oxygen availability (Zuccon; et al., 1983). As com-
posting advances, different experiments (‘Fiquia et al., 1997;
Wong et al., 2001} have shown that GI values increase, par-
ticularly when an adeguate vxygen supply is used. In faa,
phytotoxic decomposition products are liberated and accu-
mulated under deficient-oxygenation conditions | Pawick.
1971; Harper and Lynch, 1982, Zucconi et al.. 1985; Miche!
and Reddy. 1998). However, these compounds are increas-
ingly degraded by the intense aerobic microbal activity
devefoped under appropriate temperature. oxygen, water
and nutrient condilions.

Several experiments performed with olive-mill wastes
and by-products have linked phylotloxicity to organic acids
of low-molecular weight, lipids and phenols (Estadn et al.,
1985: Madejon et al. 1998: Filippi et al. 2002; Linares
et al., 2003; Ait Baddi et al., 2004). Throughout our com-
posting experiments. the increases of pH and total
decreases of fats (7-20 fold) and WSPH (2-4 fold) con-
trasted with the above-mentioned mcreases in (51, Thus,
the water extracts employed to determine GI at the begin-
ning of our experiments could have included lipidic com-
pounds, either emuisified or partially solubilised, which
would have contributed to low GI values by diminishing
ihc moisturising effect on the cress seeds. In fact, Dhinel
et al. (1996) revealed that lipids may influence negatively
the hydrological properties of growing substrates. thus
redueing biological activities such as germination and seed-
ling growth As regards WSPH, it has been reported
(Greco et al | 1999) that the oxidoreductive enzyines con-
tained in AL may remove phenols by oxidising jow-molec-
plar weight phenolic compounds., which polymerise (0
produce less soluble substances. Alse, it has been clanned
{Martinez Nieto et al , 1993} that several microbial groups
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Table |
Yalues of several composting parameiers
Pile Time OM-loss WEPH NH; - wsC WIC/ON CEC* CEC/TOC
{weeks) (e} igkg™h {mgke ) tgkgh tmeq (00 Y imeg '
0 0.0 5.7 274 a0 7 274 522 094
4 6.3 3.0 310 3X0 1.85 42.9 078
! 10 2006 40 459 304 | 76 60 ] 112
|6 373 ] 417 297 1.35 641 .26
42 405 X2 20 4 1.4% 7.9 &1
LS 30 0.2 55 14 0.13 6.7 014
0 0 6.1 306 44 4 2.91 4.6 98
q 1.8 50 297 145 216 449 (.54
2 0 P87 4.2 048 26.8 146 ERY A
& 477 14 443 26.0 [ 164 © 19
42 430 34 26 9.6 [.36 853 -
LS 7.3 0.7 41 2.6 017 36 o6
0 00 14.2 146 94.8 7.07 292 0.55
5 44 00 parl] 624 4.42 353 n75
3 it 24.1 7. 472 e 2.29 557 1.06
23 43.1 4.1 281 278 1.52 BOL6 1.50
49 S0 33 1738 Exa) 1.43 Q3. 1.96
LSD 9.7 0.4 30 |31 0.24 N 0.07
Q Ry 158 131 118 791 33 .57
b 3 1.3 305 69.3 4 84 76 .68
4 1 6.1 R3 M9 437 269 434 .80
3 NG 59 447 370 1.66 6.4 |14
49 344 ' 4.1 183 350 1.54 Iy |45
L5S[» 23 0.6 37 19 020 40 0.67
0 0.0 90 1282 74.2 570 219 .41
4 177 10 761 643 4.95 kN .56
s 12 05 5.4 783 40.¢ 2,18 515 .98
22 452 19 166 264 1.22 767 | 44
16 5.1 2.3 114 264 [ ESIRY | R7
LSD 5.3 0.5 30 43 (.28 44 410
3] an a0 1029 Big 637 273 a5l
4 2935 LX) 313 65.2 4.06 418 [
6 12 44.9 4.8 362 374 187 398 182
2z 512 14 207 30.4 147 736 |37
6 60.5 29 11% 27.0 1.02 1100 2.01
LS 1é n3 435 23 0.23 131 0.22

WSPH, WSC: water-soluble phenols and organic carbon, respectively, OMN: organic nitregen; CEC: calinn exchange capacily and TOC: total organe

carborn.
* Ash-free material. LSD: least significapt difference at 2 < 0.03.

can contribute to phenol degradation, both processes lead-
ing 1o detoxification of the composting substrates. During
maturation, the WSPH content remained nearly constani
(Table 1), indicating a final balance between the release
of these compounds to the aqueous phase (mainly through-
out lignin degradation) and the above processes.

As shown in Table 2, correlations between values of GI
and those of fats. WSPH, NH; N and pH (Fig. | and
Table 1) in different stages of composting have been found.
Sigmficant inverse correlations between the Gl and both
the fat and WSPH contents were obtained in all the piles,
and with NH; -N in pile 5, where the highest NH; —N con-
cenfration was detected throughout the process. These
results confirm the inhibitory effect of these components
on seed permination, as mentioned above.

The same stalistical approach apptied to Gl and pH alse
led to significant direct correlations (piles L, 3. 4 and 35},
again in agreement with the preceding discussion. This
result may be related 10 the existence of phytotoxic com-
pounds haviag an acid character (for example, organic
acids) or to the possible inhibition of the microbial popula-
tion responsible for the degradation of the phytotoxic com-
ponents at low pH values.

32 Maturity and stability paramerers

Our composts reached C/N vatues clearly higher than 12
{Table 3}, the limit value established by lglesias Jimenez
and Pérez Garceia (1992b] and Bernal et al. (1998} for com-
posts made, respectively, with city refuse and a wide runge
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Table 2

Significant correlations between the germination index and cther composting parameters icorrelaled points = 5)

Parameter Pile | Pile 2 Pile 3 Pile 4 Pile 5 Pile 6
pH 0.929" NS§ 0.992" 0936 0886 NS

Fat content | %} -0.958" —0.998""" —0.994™ 0978 —0.900" ~0919
WSPH (%) -0.598" -0919" —0.881" -0.937" —0968"" -0.939™
NH; Nimgkg™l) NS NS NS NS —0.924° NS
C/N -09(9" NS NS —0.573"" 0,080 -04975
WSC (%) —09617 09807 —0.907 NS -0.962"" —0990"
WSC/ON -0.966" —0.960™ —-0.92% —0.906 ~0.948" 0976
CEC (meq 100g™") NS NS 0.895 0.919 0977 0.922°
CEC/TOC (meq g} NS NS 0.895" 0.920" 0979 0421”
OM-loss (%) NS N§ 0970 0918 0951 09617

NS: not significant.

* Significant at P <0.05.
" Significant ar P < .01
™ Significant al P < 0.001,

Table 1

Maturity and stability parameters in AL composis (n = 6, dry weight)
Parameters Mean Range CV (Y}
C/N ratio 200 16.6-22.7 13.3
{Final C/N)f{initial C/N) 0.58 0.50-0.67 12.9
NH;-Nimgkg™") 129 86155 134
NOT-Ni{mg kg™ 74 31-112 50.8
Cellulose/lignin ratio (44 0.40-0.52 0.6
OM-loss (%) 471 14.4-60.5 20.3
CEC {meq 100 g~ OM) 958 77.2-110.0 i2.3
CEC/TOC (meq g Y 177 1.45-2.01 12.2
WSC (gkg™) 30.3 26.4-35.0 1.1
WSC/ON 1.31 1.01-1.54 17.6

Gl (%) 79 T1-83 5.8

CYV.: cocfficient of variation; CEC: cation exchange capacity, TOC: total
organic carbon; WSC: water-soluble organic carbon; ON: organic nitro-
gen and Gl: germunation index.

of organic wastes, thus reflecting the substantial proportion
of lignin (around 40%) resisting hiodegradation during AL
composting. Due to the high resistance of lignin. the cellu-
lose/lignin ratio decreased during the process to 0.5 and
below, in agreement with Komilis and Ham (2003), who
defined this ratio as a relatively accurate maturity indica-
tor. Also, a mean value of the (Final C/N)/(initial C/N)
ratie similar to that proposed for city refuse compost
(0.60) by lglesias Jiménez and Pérez Garcia (1989) was
recorded in our case (Table 3).

AL compost showed a quite low mineral nitrogen con-
tent, while the common beliel is that a good compost
should contain substantial quantities of mineral nitrogen,
preferably more NO7 ~N than NH; -N. In our case, the lat-
ter ranged from 86-185mg kg~!, clearly lower than the
maximum value (400 mg kg”} suggested by Zucconi and
de Bertoldi {1987) and Bernal et al. (1998). Also, a value
of the NH; -N/NO; N ratio lower than 0.16 has been sug-
gested as an appropriate: maturity index Bemal et al.
{1998), although this was of limited use for us due to the
low NOT-N values detected in our experiments.

Two other parameters commonly used as indicators of
the progress towards maturity and stability were analysed:

WSC and WSC/ON ratio (Table 1). Both clearly decreased
from widely different initial values to values relatively sim-
ilar and nearly constant. showing the equilibrium between
the rates of depolymerisation of biopolymers and the min-
eralisation of the resultant fractions. However, the values
still remaimed higher than those proposed by Bernal et al.
(1998) and Hue and Liu (1995} for WSC (<17 gkg™
and <10gkg™') and WSC/ON (<0.55 and <0.70),
respectively.

Malurity was also confirmed by the considerable increase
in CEC and the CEC/TOC ratio observed during compo-
sting (Table 1), changes in both parameters being particu-
larly apparent in the piles showing the greatest OM-losses
(3, 5 and 6). Yalues were much lower in pile 4 than in pile
3, which, once again, might be related to the better acration
conditions existing in the latter. Qur CEC values {Table 3
were undeniably higher than the 60 and 67 meq 100 g
presented respectively by Harada and Inoko (1980} and
Iglesias Jiménez and Pérez Garcia (1992b) for city refuse
composts, whereas those of the CEC/TOC were relatively
close to the minimum values reported for municipal com-
posts (1.9 meq g~ ") and manures (1.7 meg g~") by Iglesias
Jiménez and Pérez Garcia (1992a) and Roig et al. (1988),
respectively.

Since increasing maturity leads to a decrease in phyto-
toxicity, the GI was correlated with the maturity and stabil-
ity parameters, as was shown previously for fats, WSPH.
NH; -N and pH. It can be seen that the Gl was inversely
correlated with the C/N ratio (piles 1, 4, 5 and 6), wilh
the WSC (piles 1, 2, 3, 5 and 6} and with the WSC/ON
ralio, in all the piles (Table 2). Bernal et al. {1998) found
that WSC/ON is the most suitable parameter of those stud-
ied for describing the maturity and stability of different
composts,

In addition, the GI was correlated directly with the CEC
and CEC/TOC in piles 3. 4, 5 and 6, reflecting the progres-
sive humification of the organic substrate, since this
process produces functional groups leading 1o increased
CEC values. whereas the sipnificant correlations obtained
between the Gl and the OM-loss in the same piles could
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be related to the overall OM biodegradation and the pro-
gressive decomposition of phytotoxic compounds.

4, Conclusions

As composting advanced, the (] inereased and the con-
centration of both fat and water-soluble phenols decreased.
indicating a progressive detoxification. However. the less
oxygen available to substrates, the greater the delay in
the increase in GI and the longer the delays in temperature
and pH increases and in OM and fat biodegradation.

Detoxification contributed to maturity, as shown when
correlating the GI with other parameters commonly used
as indicators of the progress of composting towards stabil-
ity and maturity. The values of these parameters indicate
that all the composting substrates reached an acceptable
degree of maturity and stability, even if these values were
often considerably different from the data reported for
other composts, thus indicating the peculiar nature of the
AL compost, which showed considerably higher C/N,
WSC, WSC/ON and CEC values,

The long composting period observed should be related
Lo the low bioavailability of nitrogen compounds in AL
and to the high proportion of resistant components, such
as lignin, in comparison to other wastes currently used
for zomposting. For the application of these resulis to
real-scale composting, the economical significance of such
a long period. clearly greater than that employed for nor-
mal matrices, should be taken into account.

Although all the bulking agents contributed to the
composling advance, CW and FCB showed the best results.
These composting experiments underline the need for
mechanical turning in erder to homogenise and re-incculate
the substrates, as well as to re-establish the material’s struc-
ture, to permit a better-distributed ventilation. The slight
delay in the evolution of some composting parameters,
observed when only turning was emploved, was overcome
when forced ventilation was coupled to mechanical turning.
However. prodoction costs would be moch lower without
using forced air, since the compositions of the two end-
producls were comparable.
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Resumen

La doble necesidad de integrar rentabilidad y medio ambiente en cultivos de olivar ecologico ha
promovido |a bisqueda de soluciones para resolver el problema de escaser de fertilizantes y
manejo de subproductos en este sector. Bajo estas condiciones se ha considerado el
compostaje del alperujo, principal subproducto de fa extraccion de aceite de oliva, como una
aiternativa buena para solventar el problema de manejo de subpreductos y cbtener una
enmienda que mejore sus condidones de cultivo. Se han realizado unas experiencias previas
para compostar el alperujo, mezclandolo con hoja de olivo, estiércol, compost maduro y una
harina carmica. Se ha estudiado durante este proceso la evolucidn de los procesos mas
importantes, como temperatura, descompasicién v humificacidn. Se observd que la mezcla que
meror comportamiento tuvo fue la formada con una harina camica, ya que aicanzd la madurez
mas rdpidamente, necesitd menos dias de descomposicién v la calidad fisico quimica gue
alcanzo fue muy buena. También se observa que la modelizacion del compostaje con cineticas
de primer orden fue buena. Paralelamente al ensayo de compostaje se realizéd una prueba de
aplicacién de compost de alperujo, mostrande valores esperanzadores de cara al futuro, como
enmienda organica de calidad, al incrementar la fertilidad del suelo.

Palabras clave: Alperujo, compost, temperatura, carbono organico, cinética de
descomposicidn, dias de descompaesicidn, humificacion, fertilidad.

Introduccion

En regiones como Andalucia, que representa mas del 60 % de la produccidn espafiola de aceite
de ¢liva y practicamente ronda el 30 % de la produccion mundial [1], afio tras afo, se produce
un problema de manejo con fa gran cantidad de subproductos generados durante esta
actividad. Problema acrecentado por ef corlo espado de tiempo en gue estas (ndustrias
desarroflan su actividad, generalmente entre los meses de Noviembre y Febrero. Estos dos
factores: cantidad producida vy tiempo en el que se desarrolla fa actividad, propician que se
profundice en ¢l estudio de estrategias que tiendan a minimizar el impacto que, sobre el medio
ambiente y sobre la economia de este tipo de industrias, pueda derivar la produccion del
alperujo, subproducto mas importante obtenido durante el proceso de extraccidn del acete de
oliva por e método de dos fases.

Han sido diferentes las estrategias estudiadas para dar un uso adecuado al alperujo, entre los
que cabe destacar la aplicacion directa del alperujo al sueio sin recibir ningun tratamiento {2,3];
extraccion de antioxidantes u otros compuestos con aito valor afiadido {quitina, quitosan o
hidroxitirosol) [4,5,6]; vermicompostaje [7]; generacidn eléctrica [8] o co-compostaje
[9,10,11,12).

Dado que en las principales zonas olivareras hay un riesgo alto de padecer procescs eroSivos
[13] y que la tecnologia mas proxima a practcas medicambientalmente correctas y sostenibles
es el compostaje ¢ co-compostaje con otros agentes, nuestros esfuerzos se han centrado en
esta estrategia.



En 2onas como en el valle del Guadiato, en Cérdoba, el cultivo ecoldgico del olivo es el mas
extendido v cuenta con una gran tradicion e innovacion, como demuestra el desarrollo de |a
trampa OLIPE para el control de Dacus sp. [14], asi como el contar con uno de los aceites de
oliva virgen ecoldgico espaiol mas preciados en el mercado internacional. De acuerdo con los
principios basicos de la agroecologia, el consumo de fertilizantes o enmiendas de sintesis esta
restringido y se debe potenciar, en la medida de lo posible, el consumo de productos lo mas
cercanos posible a la explotacién. Por lo tanto la utilizacion del alperujo producido en esta zona
y otros agentes acondicionadores de la masa a compostar, igualmente producidos en la zona,
como son hoja de olive, estiércol vacuno y harinas carnicas, en procesos de compostaje s una
practica de gran interés, que puede solventar las necesidades fertilizantes de sus explotaciones
y que implica un coste minimo al integrar ¢! bajo coste de la produccién del compost, el ahorro
en el coste para los cooperativistas pertenecientes a la principal almazara de la zona (OLIPE),
asi cormo un ahorro en la aplicacion de fertilizantes al estar afiadiendo al suelo unas cantidades
importantes con la enmienda.

Con la presente comunicacion se pretende hacer un analisis de los parametros mas importantes
del proceso de compostaje, estimar la evolucién que puede tener la fraccién orgdnica durante el
proceso, asi como realizar un acercamiento previo a la aplicacidn de esta enmienda en olivares
ecoldgicos.

Material y métodos,

El valle de los Pedroches se encuentra al norte de la provincia de Cérdoba en una extension
situada al pie de la Sierra Morena cubierta por una vasta dehesa y donde se ubica una gran
superficie de olivar ecoldgico, principalmente en las laderas. En esta zona el cultivo del olivo se
ve limitado por el escaso desarrolio del suelo, asi come por la crografia del terreno, con
pendientes por encima del 10 % y por un clima muy riguroso, con caracter continental, con
temperaturas minimas bajo cero y una pluviometria media anual de entre 400 y 500 mm. Al
desarrollarse la mayor parte de la agricultura de esta zona bajo cultivo ecolgico, los
fertilizantes y enmiendas que pueden aplicar los agricultores son reducidos. De ahi que se haya
seleccionado el compostaje ¢ maduracion del alperujo para mejorar la fertilidad de sus
explotaciones,

Como experiencia previa se han realizado una serie de mezclas con el alperujo, procedente de
la cooperativa OLIPE (Pozoblanco, Cordoba), cuyas caracteristicas se muestran en la tabla 1,
con otros agentes estructurantes y elementos ricos en Nitrdgeno, para fadlitar la actividad
transformadora y degradadora de 105 microorganismos. Estas mezclas estuvieron compuestas
por Alperujo, compost de alperujo y estiércel, estiércol y una harina carnica en las proporciones
detailadas en ia Tabla 2.

Tabla 1. Caracteristicas fisico — quimicas del alperujo empleado.

Humedad % 65.0
Materia orgdnica % sms 97.3
pH 4.93

CE . dS/m 6.54
Nejeigan % sms 1.26

C/N T 45.40

PoOs J 0.19

K:0 o 2.07

Ca*t * 0.33




Mg E 0.07

Na* » 1.41
Fe mg kg* sms 268
Mn by 14.8
Cu . 16.9
Zn % 138

Para la realizacidn de los ensayos de compostaje se construyeron unas pilas de forma piramidal,
con las mezclas obtenidas por triplicado, en un sistema de pilas estaticas con valteo manual.

La temperatura interior de las pilas de compostaje se monitorizd con dos sensores de

termopares conectados a una centralita HOBO vy situados en dos profundidades diferentes (10 y
20 cm sobre el fondo).

Tabla 2. Mezclas realizadas durante el primer afio de ensayo

Mezcla 1
Materiales % Humedad Cog(5ms) MNyedan (SM5) kg
A 65.0 57.2 1.3 80.0
E 45.0 28.1 2.3 20.0
H 40.0 50.5 14 10.0
H 59.1
CIN 32.2
Mezcla 2
Materiales % Humedad C (sms) N (sms) kg
A 650 - 57.2 1.3 70.0
C 40.0 21.1 1.2 30.0
H 400 50.5 1.4 15.0
H 55.2
C/N 34.4
Mezcla 3
Matenales % Humedad C (sms) N (sms) _kg
A 65.0 57.2 1.3 60.0
= 40.0 21.1 1.2 15.0
E 45.0 28.1 2.3 15.0
H 400 50.5 1.4 20.0
H 54.3
C/N 30.7
Mezcla 4
Materiales % Humedad C (sms) N (sms) kg
A 650 57.2 1.3 80.0
Hn 103 56.5 12.0 3.0
H 40.0 50.5 1.4 17.0
H 59.1
C/N 27.8




Se muestrearon las pilas de compostaje con una periodicidad quincenal en cinco puntos
diferentes y se homogeneizé la mezcla para su andlisis en laboratorio.

El contenido de carbono orgdnico se evalué con el método de Walkley - Black, Nitrégena total
por el método Kjeldahl tras digestién ©n sulfirico concentrado y fosfora disponible por el
método de Olsen tras formar un compuesto coloreado y medida en espectrofotometro de
ultravioleta visible [15].

Sodio, Potasio, Calcio, Magnesio y metales (Cu, Mn, Fe, Zn) fueron determinados segin los
métodos oficiales del MAPA [16]), por calcinacion por via humeda vy medida en
espectrofotémetro de llama. Na y K se midieron por emisidn y el resto de elementos por
absorcion atémica.

Humedad, pH v CE se midieron segin los métodos oficiales de analisis propuestos por el MAPA,
[16].

Para la caracterizacién y extraccién de &cidos himicos y fllvicos se emplearon las metodologias
descritas por Duchafour (1977) y Schnitzer (1990) citados por Mustin (1987) [17] modificadas,
con extraccion con pirofosfato potdsico, posterior alcalinizacion con sosa, retirada del
precipitado y posterior acidificacién con acido sulfirico concentrado

El analisis de la fitotoxicidad de los tratamientos realizados, se estimd por el métode de Zucconi
et al. [18] con semillas de mastuerzo evaluando el indice de germinacion.

Para estudiar la evolucion de la materia organica presente en las pilas de compostaje se
seleccionaron dos métodos diferentes, Por un lado se ajustd esta evolucidn a una cinética
Michaelis - Menten (1) (MM) [19,20,21,22] y se estimé la calidad de su ajuste con el indice de
Nash - Sutcliffe [23]. Por otro se aproximé esta evolucién a un comportamiento lineal, al
cambiar la escala de tiempo real por una serie de dias de descomposicion efectivos [24,25,26],
obtenidos a partir de considerar un dia efectivo de descomposicién como aguel que satisface
simultaneamente las condiciones de superar una humedad del 25 % y una iemperatura
superior a 32 @ C, considerados a partir de otros trabajos [17,25,26,27,28].

&
Z=2f.c(
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C = contenido en carbono organico; t = tiempo; §: = constante de descomposicion

Paralelamente se realizd también una primera experiencia de aplicacidn de los compost
obtenidos a partir de alperujo en un ofivar de 13 zona bajo cultivo ecoldgice, para servir de base
de un ensayo que actualmente se esta llevando a cabo en una finca de olivar tradicional en
Montoro, Cérdoba y otra en olivar ecol6gico en Pozoblance.

El ensayo consistié en dos aplicaciones de compost de alperujo, en dos afios consecutivos, a
dosis A: 10 kg compost por arbol (color azul), Tratamiento B: 5 kg alperujo por arbol (color
rojo) Tratamiento C: 0 kg alperujo por arbol. (Testigo- color verde) (Figura 2)




Figura 2. Esquema de las parcelas de ensayo.
Resultades.

Se observa que inicialmente las pilas atraviesan una fase mesofilica de corta duracion tras la
que discurre una pimera fase termofilica que concluye con el voiteo realizado el dia 15 del
proceso (Figura 3), Esto se debe a gue la descomposicion de compuestos organicos facilmente
degradables, unido af descense en la poblacién microbiana termofilica como consecuencia @l
enfriamiento producido por el volteo, asi como un contenido menor de humedad, decelera el
metabolismo microbiano. Este efecto es menos acusado en la mezcla 2, mientras gue la mezcla
4 es {a que mas acusa este efecto [10,21,28]. Tras el volteo realizado durante la sexta semana,
asi como tras ka adicion de agua en los dias posteriores, se proguce una reactivacion en las
plas de compostaje reactivacion que en primer lugar sufre la mezcla, que posteriormente se
desarrolla en el resto de mezclas, y que se mantiene durante un espacio de corto méas breve en
la mezda 4. Tras esta nueva fase termofilica, paulatinamente la temperatura en todas las pilas
desciende hasta aproximarse a la temperaturo ambiente, fase cominmente denominada como
de enfriamiento y maduracién.

&0

Temperatua {"C)

G 40 80 120
fiempo [dias)
Figura 3. Evolucion de la temperatura en la parte superior de las pilas de compostaje.

La materia organica evoluciona, durante ¢l proecess de descomposicion, llegando a producirse
unos descensos en el contenido en carbono organico de entre el 30 y el 50 % (Tabla 3).

Tabla 3. Parametros incluidos en los ajustes de descomposicion.

Ttmto Co {% sms) E Enasn suanfte Diasde ¢ (4, sms)
observado  estimado __ (semanas ') DescomposIcion
1 51.8 47.8 0.0393 0.9 55 44.6
2 50.8 48 0.0447 0.89 58 47.5
3 49.4 46.3 0.0332 0.87 55 43.2
4 54.9 52.2 0.0297 0.86 42 3141

Carbono Organico (C); constante de degradacién ( § ¥; descenso en carbeno orgdnico (4C)



Carbono Organico (% sms)

Esta evolucidn puede ajustarse a cinéticas de descompasicidn de primer orden, tipo Michaelis -
Menten, coma hace van Ginkel [20] u otros autores, como Paredes y col. [21] o Garcia - Gomez
y col. [22], en sus trabajos sobre compostaje (Figura 4 a). El ajuste obtenido tiene bastante
calidad, como se puede observar en los indices de Nash—Sutcliffe de la tabla 3. Se observa
como la constante de degradacion para el tratamiento 4 es la menor de todos los valores,
mientras que este valor es maximo en el tratamiento 2, en el que, atendiendo a los datos de
carbono arganico registrados durante el proceso, se aprecia una mayor descomposicion (Tabla
3).

60 60
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Figura 4. Evolucion del carbono organico durante el proceso de compostaje. Ajuste a cinética
Michaelis - Menten (a). Ajuste lineal al nimero de dias de descompaosicion (b)

Autores, como Stroo [24] o Steiner [25], estudian la evolucién en la descomposicion de los
residuos organicos a través de un cambio en la escala de tiempos, permutando los dias por dias
de descomposicién, calculados a través de dos factores dependientes de la humedad y de Ia
temperatura Optima para la descomposicion y de los datos registrados de pluviometria y
temperatura. Girdldez y col. [26] aplican estos dias de descomposicién a un residuo de trigo,
mostrando una relacién lineal entre la evolucion de la descomposicion del residuo y los dias de
descompoesicion. Esta relacion tiene un buen ajuste también en el caso de sistemas de
descomposicion forzados, como es el compostaje, tal y como se puede comprobar en la figura 4
b. Del andlisis de los dias de descomposicidn se observa que igualmente a lo reflejado por la
constante de degradacidn en el caso de ajustes exponenciales, como MM, el tratamiento 4 es el
gue menor nimero dias de descomposicion atraviesa, refrendado por el menor descenso en gl
contenido de materia organica que se produce, mientras que el tratamiento 2 sufre la mayor
degradacion.

Tabla 4. Caracteristicas del extracto humico al inicio y al final del proceso

Extracto hlimico (%) AH (%) AH/AF COoT
I F I F I F ] F
Ttmto 1 15,23* 871  7,86* 5,04 1,07 1,44 51,77* 30,45
Ttmto 2 13,30% 7,34 6,41% 3,43 0,96 0,94 50,75* 29,85
Ttmto 3 11,55 8,00 5,67 5,18 1,02 1,85 49,42* 29,07
Ttmto 4 12,29% 9,00 6,02 5,42 0,96 1,58 54,94* 32,32




* diferencias significativas entre valores iniciales (I} y finales (F) p < 0.05.
Acidos Hamicos (AH), Acidos Filvicos (AF), Carbono Orgénico total (COT)

La actividad microbiana durante el proceso de compostaje produce una disminucion y
transformacion de la materia organica, tal y como se observa en la tabla 4. Ei extracte humico
disminuye significativamente en todos tratamientos, salvo en el 3, donde estas diferencias no
son significativas. Este extracto varia sus caracteristicas como consecuencia del proceso y se
producen una serie de polimerizaciones y policondensaciones [29], pasando en todos los casos,
salvo en el tratamiento 2, a formar una mayor proporcién de compuestos mas estables y
complejos, como los dcidos hamicos, tal y como se observa de la relacidn AH/AF. Esta
diferencia en el caso del tratamiento se puede deber a una mayor degradacién y un menor
extracto humico, tal y como se observa en las tablas 3 y 4. esta degradacién incide en una
menor polimerizacién y consiguientemente en una menor propordén de acidos hdmicos y
fllvicos.

Los compost obtenidos durante el procese de maduracidn presentan un buen aspecto,
granulado y de coler oscuro, y unas buenas cualidades agronomicas: atto contenidc en materia
organica y potasio, pH alcalino, valores medios de salinidad y nitrdgeno organico y valores
bajos de fosforo, mostrando valores similares a los aportados por otros autores [9,30,31]
(Tabla 5). Su relacién C/N se sitia praximo a 15, dando muestras de la madurez alcanzada y la
toxicidad inicial que presentaba el alperujo queda reducida en gran medida.

Tabla S. Caracteristicas fisico—quimicas de los compost obtenidos.

Tratamiento 1 2 3 4
Humedad 25.2 27.6 24.8 26.2
M O (% sms) 48,7 a 453 a 47,7 a 64,3b
PH 841 8.24 8.31 7.85

CE (ds m™) 5.32a 3.72b 433b 4.70 a
NOy™ (% sms) 0,06 0,08 0,09 0,09
Nijetaan 1,89 a 1,86 a 2,12 a 2,890
C/N 15,17 14,34 13,25 13,09
P30s5(% sms) 0,40 a 0,24b 0,33 ab 0,32 ab
= 24a 1,83b 1,86 a 2,20 ab

MNa* 4,88 a 1,69 b 4,64 a 2,63b
Ca*t (% sms) 341 2,72 3,25 1,94
Mg™* 040 a 0,17 b 032a 0,16 b

Fe mg kg 1519 a 1960 b 1363 ac 991 ¢
Cu 363a 319a 32,2a 1266 b

Mn 82,0 71,8 B2.7 56,2

2n 300 321 242 141

Letras diferentes indican diferencias significativas entre tratamientos (p<0,05)

Los valores de concentracion de metales pesados, a pesar de no llegar a ser limitantes en el
caso de enmiendas organicas para laboreo tradicional, si que pueden liegar a superar algunos
limites establecidos en la etiqueta ecoldgica [32], como en el caso del Cu, para el tratamiento 4
y del Zn para el tratamiento 2. Estos excesos pueden ser debido a haber empleado hojas de
olive que pueden haber sido tratados anteriormente.

En el ensayc eh campo para obtener unos datos previos a la planificacion de un ensayo de
aplicacién de compost de alperujo en olivar, se observd como I3 aplicacidn repetida de este tipo



de compost, repercute positivamente en las caracteristicas del suelo, factor muy importante en
suelos con escasa fertilidad como es el caso (Tabla 6). El contenide en materia organica se vic
incrementado en todos los casos como consecuencia de 1a aplicacién de la enmienda,
estableciéndose unas diferencias significativas con respecto al valor inicial. El incremento en el
testigo se debe a un aporte externo desde las parcelas de mayores dosis como consecuencia de
no haber incorporado con el primer horizonte del perfil el compost y 2 una mala distribucion del
mismo. Estos valores coinciden con los mostrados por otros autores [2,3]. Se observan también
diferencias significativas entre el K en suelo para d tratamiento a dosis maxima y el valor
inicial. La capacidad de intercambio catidnico y el pH también aumentan en los suelos fratados
con compest, ne obstante, las diferencias que existen no son significativas y del estudio de las
nuevas parcelas destinadas a la evaluacion de esta enmienda se mostraran resultados mas
consistentes, tanto para el andlisis en suelo como en las caracteristicas fisiologicas y nutritivas
del arbol.

Tabla 6. Caracteristicas del suelo antes y después de aplicar compost de alperujo.

P K MO DHHQ(} ac

% Sms - molckg™*
10 kg  arbol 20.95a 162.60a 359 6.48a 0.142a
5 kg / arbol 15.88a 134.97ab 327a 6.67a 0.141a
0 kg / arbol 15.63a 136.33ab 379a 6.69a 0.234a
Inicial 7.20a 76.28b 1.66b 6.26a 0.117a

Letras diferentes indican diferencias significativas entre tratamientos (p<0,05)
Concusiones.

La aproximacion y estimacion de la evolucién det carbono orgénico durante el compostaje
quedan bien reflejadas con cinéticas de primer orden y reduccidn a dias de descomposicion.

Como consecuencia del procese se produce una estabilizacion y transformacion de fa materia
orgdnica y se obtiene una enmienda organica de gran calidad, que aporta grandes cantidades
de materia orgénica y potasio y medias de nitrdgeno.

La aplicacién continuada de alperujo comportado al olivar produce mejoras en las propiedades
quimicas del suelo, aumentando, principaimente, el contenido en materia organica y potasio.

La aplicacion de esta enmienda en olivares en pendiente debe ser lo mas homogénea paosible y
se recomienda su incorporacion superficial al suelo.
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Fitotoxicidad y valor fertilizante de enmendantes
diferentes orgéinicos

LA PASCUAL. M. AYUSOQ.T. HERNANDEZ, C GARCIA
Depanamento de Conservacidn de suelos ¥ 3gua y manejo de residuds orgdnicas.
Centre de Edafologia y Biclogia Aplicada del Segura. CSIC, Murcia. Espafia.

INTRODUCCION. — En general, la incorporacién de enmendantes
orgdnicos a un suelo mejora las propiedades fisicas, quimicas y
bioldgicas de este y en dltimo término mejora su productividad
(PEREZ GaRCla er al., 1986). El conocimienio del grado de estabi-
lidad de la materia orgdnica de los énmendantes orgdnicos es uno
de los aspectos mds imporantes para el entendimiento de su ac-
tuacidn sobre las propiedades quimicas, fisicas ¥ broquimicas del
suelo asi como sobre el desarrollo vegetal, después de su aplica-
c1én. Los materiales orginicos de reciente produccidn (denomina-
dos frescos) tales como lodos de depuradora, residues sélidos ur-
banos, estiércoles, etc. generalmente pueden producir efectos ne-
gativos sobre la germinacidn de semillas y €} crecimiento vegetal
al presentar gran contenido de compuestos ticiimente biodegrada-
bles v compuestos semidegradados de naturaleza hidrosoluble con
cardcter fitotéxico. tales como: dcidos orgdnicos de bajo peso mo-
lecular. fenoles. etc. (WILSON Y DALMAT, 1986}. Ctros problemas
relacionados con fitotoxicidad pueden ser: conductividad elevada
{PEREZ GaRCia et al., [936); exceso de amonio {GoDDEN er af..
1983): elevado contenido de metales pesados (ANID, 1986), asi co-
mo otros metabolitos de naturaleza orgénica. Esto hace que sea
conveniente el estudio de los enmendanies organicos a utilizar
Previo a su aplicacién a suelos. Con e! fin de facilitar y simplificar
Su conocimiento. en la bibliografia se propenen diversos indices
quimicos que indican la madurez o estabilidad de la materia orgs-
nica tales como: C/N. C hidrosoluble/N (GaRCia ef af . 1992a);
contenido de amonio (SPHON. 1978): C extraible/C orgdnico; C
fulvico/C himico (SEQUL. 1086). A pesar de ello, ningdn indice es
totalmente concluyente por lo que para evaluar ¢! grado de madu-
rez de los enmendantes orgdnicos es recomendable el uso de va-
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rios indices, con el fin de conseguir una informacién lo mas com-
pleta posible del material.

En el presente trabajo se ha llevado a cabo el estudio de diver-
sos pardmetros quimicos y bioquimicos de enmendantes orginicos
de distinta procedencia y con diferente grado de estabilidad de su
materia orgdnica, con el fin de establecer el efecto positivo o ne-
gativo de estos enmendantes sobre la germinacidn, elongacién de
raices y el crecimiento vegetal.

MATERIALES ¥ METODOS. - Se han utilizado seis enmendantes orgdnicos
de distinto origen: dos materiales, leonardita y turba, como enmendantes
mis edafizados y los otros cuatro de formacion reciente, un lodo de depu-
radora. un residuo sélido urbano, un estiéreol caprino ¥ un compost toma-
do a partir de una mezcla de un lodo de depuradora y la fraccién orgdnica
de un residuo sélido urbano (en una relacion 1:1 de su contenido en car-
bono argénico total, COT).

El COT. el C extraible (Cex) con pirofosfato a pH 9.8 (p:v, L:10), la
fraccidn de éste. soluble a pH 2. y el C hidrosoluble se determinaron por
<l méodo de oxidacidn por el dicromato (YEOMANS y BREMNER. 1988).
Ei carbono del extracto obtenido con pirofosfato. que precipita a pH 2 (C
de dcidos himicos, CAH) se obtuvo por diferencia entre el C del extracto
total v el de la fraccién que permanecen soluble a pH 2. El N se deter-
mind por el métode Kjeldahl, el N-NH,* extraido con KCI 2N. se midic
con tlectrodo de idn selectivo y el N-NO," extraido con agua a 30°C (puv.
1:101 se midid espectrofotométricamente (BOLARIN ez al., 1982}, EI P ¥y K
total s¢ determinaron a partir de fa digestihn nitrico-perclonca de los en-
mendantes: el P wo1al ¥ ¢l extraido con bicarbonato sédico 0.3 M a pH =
3.5 se determinaron por ¢! método de MURPHY y RILEY (1962) vel K te-
tal v ¢l extraido con acetato amonico 0.1 M. por fotometria de llama. La
conductividad eléctrica y el pH se¢ midieron directamente en extracto
acuoso |:10 {p:v) y los deidos orginicos de bajo peso malecular por
HPLC despuds de eliminar los tencles por Seppak (SOUTHERN. 1987). Las
actividades ureasa, proteasa que hidroliza Na-benzoil-Largininamida
iproteasa BAA) y Fosfatasa se determinaron sobre 0,2 g de muestra moli-
da v seca segdn el método de NaNNIPER et al, {1930} ¥ Ia B-glucosidasa
tue medida segdn el método de MASCIANDAROD er ¢/, (19947,

L. posible fitotoxicidad y valor fertilizante de estos mareriales se de-
fermind mediante un ensayo de germinacidn vy otro de crecimiento vege-
tal; ambos se realizaron por cuadruplicade. El experimento de germina-
cion se realizé en placas Petri utilizando semillas de ryegrass (Lolium pe-
renne L. Cv. Argo) y tonune (Lycopersicum esculentiom tipo Daniela). En
cada placa se ¢olocaron 15 semillas ¥ 2 ml del extracto acuoso (peso:vo-
lumen 1:10) de cada uno de los materiales organicos. Las placas se man-
tuvieron en oscuridad a 18°C durante 5 dias determinando entonces el
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porcentaje de semiltas g¢mMinadas y |5 longitud de rajces. El indice de

un 90% de humedad relativa y yna l€mperatura 20.30°C El fotoperiodo
fue de 12 horas €on una intensidad de 40.000 lux, EJ control de Ia hume-
dad en los contenedores se realizg de una forma periddica. La experiencia
tuvo una duracign de 39 dias, realizando dos cones, uno a lgg 21 dias y
otro al final dej eXxperimento, A partir de |a Primera semana $¢ tomaron
medidas de 1a aliurg de Ias plantas, cada dos dias con el fin de determinar
la velocidad media de crecimiento en distintos periodos de! desarrol]o,
Por otra parte se determinaron Jog rendimientos de o distintos trata-

mientos (peso fresco PesO seco 3
TagLa | Asitisis $ramdoméiricoy  60°C), ¢n 10s dos cortes efeciuados,

caracte sricay fisicas. quimicas

VJfisico-suimicas del sueto RESULTADOS v DISCUSION. - Las ca.
Andlisis granulométrice rqcrcristicas. de los materiajes orgi-
Arena gruesy 3, 20.50 MCos estudiados (Tabig 2) ponen
Arena fina i <z, 13.70 de manifiesto |3 diferente naturaje.-
Limo (%) 39.50 22 de los mismos, Y3 que los vale-
Arcilla 1) 27.90 res de cualguier Pardmetro difieren

notablemente <nire |pg Mmateriales.

Analisis fisico-quimico Asl. el pH oscila de fuertemente

gg :-TS?n’! ?;: dcido. en |a leonardita, g ligera-
CaCO total =, 53.00 mente bdsico como en o] compost
CaCo active 75, 17.00 Y el estiéregl, Es de destacar e ela.
Materna orgin: sy (i) 0.4 Vado valor de CE del estiéreol 1o
Carbong orgirico (%) 0.25 que puede constituir, g determina-
N total (% 002 das dosis. Un Inconveniente parg ¢}
K0, 3.35

desarrollo vegera) (CHANYASAK,

FiOas, 0.09 1982y, En Cuanto a) contenido ep
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macronutrientes (N, P, K) tanto los contenidos totales de estos ele-
mentos como de sus fracciones utilizables por las plantas, son, en
general, superiores en los materiales frescos que en los m4s humi-
ficados. Cabe resaltar los altos contenidos en N y P del lodo lo que
le confiere un efecto fertilizante considerable (D BerTOLDI e al.,
1982). Por otra parte, el contenido de amonio del lodo supera el
nivel de 0.4 g Kg' establecido por FINDENEGG (1987) como valor
limite de toxicidad para las plantas.

TaBLa 2. — Caracteristicas de los enmendantes orgdnicos {peso seca, 105°C).

Pardmetros Leonardita Turba Compost Estiéreol  Lodo RSU
pH 3.20 5,17 7.52 1.57 6.52 6.06
CE.dSm* 235 1.23 3.00 6,60 347 4,90
N.g kg 5.60 920 1260 1730 4920  15.80
N-NH,. g kg 0.15 0.4 D.11 0.12 1.20 0.28
N-NQoL g kgt 0.03 0.62 0.63 1,27 1.30 0.87
P. g kg" 0.22 120 9.1l 188 745 433
Pext. g kg~ 0.02 0.54 0.60 0,38 2.08 0.45
K. g ke 300 300 5350 3250 280 9.50
Kexr. g ke~ 0.16 230 400 2650 1.80 7.00
Materia orgdnica g K g &02.50 95040 36500 698.00 74330 354860
COT. g kg* 34740 48740 12250 26070 36440 217,20
Cex. g ke 190.50 40.80 19.10 3140 7570 38.10
C., ke 17540  29.80 6.00 760  16.60 5.80
Csol.pH2g kg 1500 1100 1330 2380 5910 3230
C..x100/Cext 92 73 n hE} 3 13

CH 2z kg 0.01 140 1.00 10.30 30,20 2110
o 82.04 5297 972 1507 141 13.74
CH/N 0.01 0.13 0.03 062 061 1.33

COT = C organico total: CAH = C da dcidos humicos:
Cet = C extraible con Na,P.O.: CH = C hidrosoluble,

Los valores de COT v sus diferentes fracciones muestran tam-
bién una amplia variedad entre los materiales estudiados. Por otra
partz. en base a los valores de la relacion CaH/Cex considerados
como indices de humificacidn, estos materiales podrian clasificar-
se en tres grupos: los que han sutrido un proceso intenso de humi-
ficacién. como leonardita y turba; aquellos materiales que no han
estado sometidos a dicho proceso como estiércol, lodo y RSU, de-
nominados trescos y el compost que ocupa una posicién interme-
dia entre estos dos grupos. Los valores de C hidrosoluble (CH) y
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de la relacién CH/N, consideradas como indice de madurez de re-
siduos orgdnicos (GARCIa et al., 1992a), son mayores en la leonar-
dita. turba y compost que en el estiercol, lodo y RSU, lo cual pone
de manifiesto la mayor estabilidad de la materia orgdnica de
aquelios materiales,

Se han identificado algunos dcidos de bajo peso molecular, los
cuales son citados entre otros por DEVLEESCHAUWER ef ai. (1981),
como inhibidores de la germinacién y crectmiento vegetal. En los
materiales mas humificados incluyendo al compost se han detecta-
do trazas o pequefias cantidades, mientras que son los materiales
frescos los que presentan los valores mds altos (Tabla 3}, al no ha-
ber sufrido estos dltimos, un ataque microbiano tan prolongado
como ¢s el caso de los materiales mds humificados.

Tasta 3. — Conrenida de deides orgdnices de bajo peso mioleculur ¢n los enmendan-
res orgomicos img kg ' peso seco).

Leonardita Turba Compost  Esiiéreoi Lodo RSU
Formico Trazas Trazas 14 418 79 97
Ac#tico Trazas L 5 762 306 19
Propidnico Trazas 3 33 1013 4063 1632
[sobutingo Trazas Trazas 1 243 423 16
Butinco Trazas Trazas L16 393 6973 1725

El contenido en meltales pesados ¢n los diterentes materiales
varfa mucho en funcidn del origen de los materiales eorginices
estudiados, En general, fa leonardita ¥ la turba presentan <oncen-
traciones de metales pesados inferiores a o de los residuos urba-
rnos 0 su compost (Tabla 4). En cualquier caso. el nivel de metales
pesados en estos materiales estd por debajo de los niveles maixi-
mos establecidos por la Union Eurcpea para el uso de lodos en
agrnicultura (Council Duective 86/278 1/EEC) v por la legislacion
Espafcla pura el uso de fertilizantes y atines (BOE Real Decreto
72/1988 del 3 de Febrero).

La Tabla 3 refleja el estado bioquimico de los diversos mate-
riales en estudio. En ella se abserva una disminucién de actividad
enzimitica en funcidn de la estabilidad de la materia orgdntca: ma-
teriales frescos mayor actividad que malteriales estabilizados: este
hecho confirma la hipétesis de que las hidrolasas estudiadas de-

- - penden de fa bromasa microbiana: es por ello que el compost mues-
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tra una menor actividad que los materiales de partida (Lodo y
RSU), puesto que el propio proceso de compostaje conlleva la dis-
minucién de materia orgédnica libil y por consiguiente la pérdida
de biomasa microbiana (GaRcia ez al., 1992b). La leonardita, ma-
terial sumamente estable, muestra los valores mds bajos de activi-
dad enzimdrtica. Diversos autores han puesto de manifiesto la posi-
ble inhibicidn de diversas actividades enzimaiticas por metales pe-
sados (Dick and TaBaTaBal, 1993). En nuestro caso, a pesar del
contenide en metales pesados de los materiales frescos, estos pre-
sentan una elevada actividad bioquimica pesiblemente debido a
que ¢l contenido de metales pesados no llegua a umbrales de inhi-
bicién ¢ a que esta inhibicién se vea ampliamente superada por la
cantidad de sustratos susceptibles a ser hidrolizados, presentes en
los materiales frescos. Ouwo heche destacable. es el elevado valor
de actividad fosfatasa presente en el lodo frente al resto de mate-
riales frescos, lo que es atribuible al elevado contenido de com-
puestos tosforados presenies en los lodos, procedentes de deter-
gentes que actian como sustratc induciendo la sintesis del enzima.

TiBLa 4. = Contenido de metales pesudos de los enmendanies grgdnicos (mg Kg™').

Cr Fe Mo N Pb Zn Cu Cd
Leonarduta 24 14544 14 3 26 40 21 ND
Turba 15 |O80D 35 ND 10 3t A ND
Compost 261 L1565 404 221 198 335 184 ND
Estiercal 16 2319 08 37 18 94 14 ND
Lodoe Eh 4061 70 ) 85 415 151 ND
RSU 250 5498 209 178 Fi 231 77 ND

Limite miv:mo permitide:
Urivn Eurores

1Lodeos) - - - 300400 7S0-1200  2300-4000 EOOO-1750 10-40
Ldg E:p’.l:-‘l\.‘ =
[ o L - - H0 1200 000 1730 4

ND =no dzizeade

Ensavo de germinacion.- La germinacion de semillas es un test
recomendado por diversas administraciones de proteccion me-
dicamnbiental para la determinacién de efectos téxicos. al ser el
periodo de germinacién uno de los mds sensibles al estres ambien-
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tal durante el desarrollo vegetal. Pero cada planta puede ser sensi.
ble a un tipo de toxicidad diferente, es por esto que distintas admi-
nistraciones medioambientales, (Food and Drug Administration,
(FDA), 1987: Organization for Economy Cooperation and Deve-
lopment, 1984), recomiendan al menos el uso de dos semillas. Ep
' - el presente estudio siguiendo la normativa de FDA se han utjliza-

eléctrica de estos materiales (PEREZ er al., 1986). De hecho se ha
encentrado una correlacidn negativa entre el indice de germina-
: cidn de esta semilla y los valores de CE (r = -0.9566, p = 0.01).
= Asimismo, se ha observado una correlacién negativa entre el indi-
ce de germinacién y la relacién CH/N, considerada como {ndice
de madurez (r = -0.7550, p = 0.05).

TraLs 5. - Acrividad especifica ureasa. proteasq 8AA, fosfatasa ¥ B-gtucosidasa do
tos enmenduntes orgdnicos tactividad en funcién de sy € oryanico totaf. COT,.

Creasa Proteasa BAA Fosfatasa Giucosidasa
i SH /¢ COTm e NH /g COT e 'umol PNE 2 COT by ‘umol PNF (2 COT n

Leonardisa l e 3 4

Turba e | 279 414
Compost 17 =] 19435 577
Esttercoi 676 66 3662 3326
Laodo 326 53 21859 4373
RSU 630 61 3742 2200

PNF = p-nitrofensl.

tencia de este tipo de Compuestos no puede ser descartado en el
resto de materiales va que pueden estar encubiertos per otros fac-
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RYEGRASS TOMATE

LEO TURE COMP EITT LODO RIUCONTROL LS foas cowr

Fic. 1. - Indices de germinacidn (IG) de las semillas de ryegrass y tomate sobre los extrac-
tos acuosos (1:10. prv) de los materiales argdnicas (Expresados como % del [G dei con-
troli. Los datos correspondientes a barras con igual letra o son significativamente dife-
renies al nivel de probabilidad del 95% segun el 1est de Tukey.

tores negativos (conductividad eléctrica, dcidos organicos, fenoles,
pH excesivamente 4cido, etc.).

Ensayo de crecimiento. - La influencia que los materiales en-
sayados han tenido en el crecimiento vegetal se muestra en las Fi-
guras 2 y 3. En el primer corte (Figura 2), se observé que en la
primera semana se producia una disminucidn del crecimiento ve-
getal con respecto al control en los tratamientos con materiales
frescos que no han sufrido un proceso de humificacién, siendo
esta disminucién mds marcada en la dosis mayor. lo que pone de
manifiesto la existencia en estos materiales de inhibidores del cre-
cimiento. El ¢crecimiento vegetal, en los materiales mads humifica-
dos (leonardita y turba). era igual o ligeramente superior al control
independientemente de la dosis. lo que indica la no presencia de
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Fic. 2. - Crecimiento del ryegrass. en relacidn al conlrel, en los distnios traami=nios 2 lo
fargo del cultivo. 1° corte.
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COmpuestos que tengan un efecto depresivo sobre el desarrollo. El
compost puede considerarse como un eéstadio intermedio entre los
materiales frescos y los mds humificados, produciendo una ligera
inhibicién con respecto al control pero ésta no se ve afectada por
la dosis. -

A partir de la primera Sémana, se observd una paulatina recu-
peracidn del crecimiento vegetal en los tratamientos con materia-
les frescos con fespecto al control, indicativo de [a desaparicién de
compuestos fitotéxicos. Sin embargo, el tratamiento con lodo ne
experimentaba la recuperacién de una forma tan répida, debido a
elevado contenido del lodo en amonio y dcidos org4nicos de hajo
peso molecular (Tabla 2), en particular de 4cido propidnico, el mas
toxico para el crecimiento vegetal (KaTavama er gf., 1983). Esto
es indicativo de que la fitotoxicidad no ha desaparecido por comn-
pleto durante los primeros dias del cultivo, cuando &sta desaparece
los rratamientos con lodo adquieren un crecimiento considerable,
llegando incluso a Superar al control y resto de tratamientos, a pe-
sar del retraso de las primeras fases. Esto puede ser debido funda-
mentalmente a su elevado contenido en macronutrientes particu-
larmente N y P (Tabla 2).

En Ia dosis de 0.5%, antes del primer corte (a los 2| dias), 1o-
dos los tratamientos Presentan un crecimiento superior al control,
indicativo de Ia desaparicién de la prictica totalidad de los posi-
bles inhibidores que en un principio podrian tener los materiales
en origen. actuando las propiedades positivas de los materiales,
Esta actuacion positiva puede ser de una forma directa a través del
dporte nutricional o fitohormenal. o de forma indirecta por la
mejora de las propiedades fisicas del suelo. En la dosis 2%. los
tratamientos con lodo y residuo SOlido urbano a los 21 dias, a pe-
sar de haber mejorado e] crecimiento con respecto al control a lo
large del cultivo, todavia se encuentran por debajo del mismo, va
que posiblemente los Compuestos fitotéxicos presentes en estos

materiales adn no se han degradado por completo. particularmente

en el caso del RSU,

A partr del segundo corte (Figura 3), todos los tratamientos, a
¢xcepcion de la leonardita, présentan crecimientos superiores aj
control. independientemente de Ja dosis. lo que indica la elimina-
cidn total o al menos en parte de compuesios filot6xicos, comen-
zando a predominar las propiedades positivas frente a las negati-

ey e — - L e e e ke — AT
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Fic. 3. - Crecimiento del ryegrass. &n relacion al control, en los distinos tratamientos a lo
largo del cultivo. 2° cone.

vas de los materiales de partida. Los tratamientos que dan lugar a
los valores de crecimiento mds altos con respecto al conirol son
los correspondientes a los materiales frescos, al ser estos ultimos
los que presentan mds nutrientes

En relacién a los rendimientos (Figura 4), se cbservd que en el
primer corte. los tratamientos con dosis elevadas de los materiales
frescos producian rendimientos similares o inferiores al control,
mientras que los materiales mds humificados. incluyendo al com-
post, superaban al control. Estos mismos materiales frescos, al ser
incorporados en menores cantidades dejaban de producir inhibi-
cidn. En el segundo corte, se observaba una clara recuperacion £n
los rendimientos obtenidos con los materiales (valores significati-
vamente iguales o superiores al coniroi). En el caso de los mate-
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riales frescos y CoOmpost se advertia un aumento con respecto al
primer cornte y en el caso de los materiales humificados y el con-
trol. una disminucién, Esto puede ser debido a que en el tiempo
iranscurrido desde la adicidn de los materiales frescos al suelo,
¢stos han sufrido una maduracidn suftciente para que comiencen a
actuar los macro y micronutrientes Y para que se degraden, al me-
s en parte. las sustancias fitotdxicas: mientras que en ei caso de
los materiales humificados, el PTopio cuitivo va agotando 1os nu-
trientes con el paso del tiempo (GARCtA e ai., 1992¢).

En cuanto a la dosis de 0,5%, cabe indicar que en ambos cor-
tes. la mayoria de los tratamientos presentan rendimientos signifi-
cativamente superiores al control, mostrando la existencia de un
efecto residual. en especial en el caso de! lodo, con liberacidn de
NuvP

En cuanto al rendimienio total, ef lodo y el residuo sclido ur-
bano. independientemente de |a dosis. presentan los mayores ren-
dimientos, a pesar de la inhibicidn inicial que tenia lugar en la do-
sis alta. Sin embargo, el tratamiento con estiércol se ve claramente
influenciado por la elevada conductividad eléctrica de este mate-
rial por le que el rendimiento que produce es menor que el de los
CIros compuestos organicos.
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RESUMEN. - Se han caracterizado quimica v bioguimicamente dos
matenales orgdricos muy ¢volucionados: una turba y una leonardita: ¥
cuatro materiales de formacion reciente: un lodo, la fraccion orgdnica de
un residuo sélido urbano (RSUL un estidrcol y un compost obtenido a
partir de¢ una mezcla de lodo ¥ RSU. La posible fitotoxicidad de estos
matertales asi como su valor agronomico se ha éswdiado mediante un en-
savo de germinacion de semillas de ryegrass v romate sobre extracto
acuose de¢ los mawenales. ¥y otro de crecimicnto de ryegrass ¢n suelo trata-
do con dos diferentes dosis de material. Los matenales frescos inhibian ia
Tarminacton. particularmente la del romate indicando la presencia de sus-
tanctas fLotdxicds en ellos. La CE v lu relacidn C hidrosoluble/N de tos
muateriales se cormelacionabun negativamente con el fndice de germina-
Zidn. A 12 dosis baja no se observaba depresidn del rendimiento pro a
Jdosis alta. los materiales frescos (lodo. estiércol ¥y RSU) deprimian el ren-
Jdimiente del primer corte de ryegrass mientras que los de los materiales
estabilizados (leonardita, turba ¥y compost) superaban al conirol. En el se-
zundo corte todos los tratamientos v dosis superaban al controi. Los efec-
tos fitotéicos de fos materiales frescos desaparecian con el tiempo des-
pués de su adicion al suelo, mostrando estos materiales ua importante
efecto positive residual sobre el cultivo.
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Abstract

A pot experiment was conducted on a low-fertility calcareous sod in order to evaluate the effect on ryegrass growth and nutrient
uptake of an organic lertiliser obtained by composting “alperujo™ and cotton gint waste. Compost, alone and combined with nitrogen
ferulisation, was added 1o the soil at three rates and three harvests were obtained.

The compost application enhanced plant growth in the first and third harvest. However, the additional nitrogen fentilisation clearly
improved soil productivity due to the scarce availability of this nutrient in the compost. Also, a general inciease in the plant contents of
phusphorus and potassium in the first twe harvests was recorded, whereas treatiments with the maximum compost rate showed the high-
est plant content of copper in the last 1wo harvests. Decreases in calcium in the last two harvests, in magnesium in all of them and in iron

amd mangamese 1 the last harvest were also observed.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Olive-mill by-product “alperujo”; Compost application; Ryegrass; Plant growth; Planl nutnent content

1. Introduction

The role of organic matter and its appiication 1o soil
have changed in modern agriculture where chemical fertil-
isers have become the major source of crop nutrients. The
use of mtensive agricultural methods gepsrally leads to
fertility loss, soil erosion, water conlamination, soil com-
paction and organic matter conient decline. A com-
mon characteristic of the Mediterranean soils is their low
organic matier content, which is highly correlated with
their potential productivity and fertility due to its direct
influence on physical, chemical and biological soil proper-
ties. Thus, the use of organic wasles through soil systems

* Corresponding author. Tel: +34 968 196313 fax: +34 965 396213
E-mail address, jcegarmaigiocbas.csic.es {J. Cegurra).

1960-8524/3 - see front matier © 2006 Elsevier Lid. Adi righis reserved
dour 10, 10164 aerech. 2006.04.014

for different land purposes scems to be the best way to
improve soil organic content and composting, as a method
to transform organic wastes and by-products either into
organic fertilisers or amendments, has received increasing
altention in modern sustainable agriculture (Felipd, 1996,
Sequi, 1996),

The olive oil production industry has a great socio-eco-
nomu¢ imporiance in Mediterranean countries. In Spain,
the biggest olive oil producer in the world, this industrial
sector generales large quantities of organic wastes and
by-products during the short olive harvest season, whose
gradual accumulation or incorrect disposal may have dam-
aging effects on the environment. Nowadays, the Diost
abundant by-product from the olive oil extraction process
in Spain is “alperujo” (AL), a wel solid material obtained
from continuous two-phase centrifugation, which is the
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mos! recent technology employed for clive oil extraction
{Alburquerque et al., 2004). For its appropriate compo-
sting, addition of several bulking agents such as grape stalk
(Baeta-Hall et al., 2005), poplar sawdust and bark chips
(Filippi et ai., 2002) and wheat straw (Madejon et al.,
1998) has been performed in order to improve its scarce
perosity; in all cases, end-products with a high content ol
organic matter and significant amounts of plant nutrients
were obtained. Also, cotton gin waste has been tested for
composting another olive-mill waste by Paredes et al.
{2002}.

Effects on plant growth of other composted olive-mill
wastes, different from AL, have been evaluated already
(Cegarra et al., 1996: Martin-Olmedo et al., 1995}, but little
information exists about the effect of ALcompost applica-
tion on plant nutrient uptake and crop production, the sub-
ject of the present work, where perennial ryegrass was used
as the test plant.

2. Methods
2.1, Compost preparation

Cotton gin waste (CW), which is a ccllulosic material
widely produced in southern Spain, was added to the AL
as bulking agent in the following proportion on a fresh
weight basis (dry weight basis in brackets): 92.6%
AL +74% CW {80/20) and composted by using the
Rutgers system ({Finstein et al., 1985), as was reported in
detail by Cegarra et al. (2000).

2.2. Soif and compost characteristics

The soil used in the experiment was collected from 0
30cm depth of a low fertility calcareous clay loam soil
(Table 1) located in Murcia, south-¢astern Spain, classified
as a Haplic Calcisol (FAO, 1988) and sieved through a
2 mm mesh.

The compost showed a basic pH value and was very rich
in organic matter, even though nearly half was composed
of lignin that caused a relatively high C/N ratio (Table
2}, It had a considerable content ‘of potassium and nitro-
gen, mainly in organic form and poor in available forms

Tabie |

Main charactensiics of the Spanish sotl vsed in the experiment
Parameter Yalue
pH* $.04
Electrical conductivity® (dS m™") 0.16
Qrganic matter {g kg™') 3.3
Total nitrogen (g kg L
C/N rauo 20
CaCOy (%) 270
Sand (%) 203
Silt (%) 43
Clay {¥) 36.5

* Water extract |3

Table 2
Main charectenstics of the compost made from AL and CW employed in
the expeniment (d.w )

Parameter Value Parameter Yaluc
pH" B9 Pgkg') 1.4
Elecincal conductivity® {dS m ™) 19 Kigkg™h s
Organic matter (g kg~ Y 889.5 Caigkg™) 12.8
Lignin (g kg™") 4246 Mgigke™ 28
TOC(gkg™") 4890 Fe{mgkg 'y SI0
TN (g kg™h 289 Cuimgkg™ 21
C/N ratio 7223 Mn(mgkg'ly a4
NH} =N (mgkg™) B Inimgkg™y 3B
NO, =N (mpgkg') 108 Gl (V) 7

TOC: wotal organic carbon. TN; 1otal nitrogen and Gl germination index
* Water extraet 1110,

(NH; - and NO7-), whereas the content of other nutrients
was low when compared with manures and other com-
posts. Moreover, the compost showed a relatively high
value of the germination index {GI), which combines the
measure of relative seed germination and relative root elon-
gation of cress seed (Zucconi et al., [981), suggesting the
absence of phylotoxicity.

2.3. Growih chamber trial

The experiment on ryegrass was conducted in a con-
trolled environmen! chamber at a day/night temperalure
of 25 °C/20 °C, a 16 h photoperiod and a relative humidity
kept at 70%. It was carried out in round pots with a surface
area of 75 cm®, each of which had a capacity of 500 g of
soil. The ryegrass seeds were surface sown on the pots
(0.3 g per pot, equivalent to 40 gm~2) and a sand layer
was spread over the seeds to facilitate germination. Four
pots were used for each treatment and all pots were irri-
gated daily with distilled water to field capacity. Ryegrass
was grown by using six different treatments, which were
arranged as a 3 (compost application rales) % 2 {with and
without nitrogen fentilisation} factorial. The treatments
were @ combination of the following three compost rates:
CO (O t/ha), C1 {40 t/ha, 30 g per pot) and C2 {80 t/ha,
60 g per pot) and the lollowing levels of nitrogen fertiliser:
NO (O kg N/ha) and N) (60 kg N/ha, 78 mg urea + 26 mg
NHNO, per pot) and were called: COND, CONIL, CIND,
CINI, C2N0O and C2N |

The compost (17% moisture) was incorporated before
sowing ryegrass seeds, while the complementary nitrogen
lertiliser was applied in two fractions: 80% of the totai as
urea (46% N) before sowing and the remaining 20% as
NH NO; (33.5% N) immediately after the first harvest.
Moreover, all treatments received 60 kg P,Os/ha and
100 kg K;O/ha by adding 86 mg KH3PO4 (52% P;05 and
34% K,O) and 92 mg K,S0,4 (50% K,O} per pot, before
SOwing.

The ryegrass was harvested three times at 31, 61 and 87
days from sowing. Al each harvest, the aerial parts of the
plants were cul approximately | cm above the soil surface
and the fresh plant material was weighed, washed with
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distilled water, oven dried at 60 °C for 24 h and reweighed.
The dried plant material was later ground and stored for
nutrient analysis.

2.4, Analytical merhods

Soil texturc was revealed by sieving and sedimentation,
using the hydrometer method (Gee and Bauder, 1986).
Total nitrogen (TN) and organic carbon (TOC) cohicen-
trations of the soil compost and planl material were
measured with a2 Carlo Erba automatic microanalyzer
(Navarro et al., 1991). Organic matter of soil was deter-
mined by multiplying TOC by 1.72, and that of compost
by ashing at 430°C. For determination of CaCO,, CO,
released by addition of HCl was measured with a calcime-
ter. Values of pH and electrical conductivity (EC) were
determined Tor 1:5 (seil) and 1:10 (compost) aqueous
exiracts. NH, — N was extracled with 2 M KCl! from the
frozen sub-samples of compost and determined by a color-
imetric method based on Berthelot's reaction (Sommer
et al., 1992) whereas NOy — N was measured by using
an ion-selective electrode on the compost water extract.
Phytotoxicity was determined from the germination index
(GI) according to Zucconi et al. (1981). Lignin was ana-
lysed according to the American National Standards Insti-
tute and American Society for Testing and Materials
(1977).

After nitric acid-perchloric acid digestion {Abnisqueta
and Romero, 1969), phosphorus was measured colorimetri-
cally as molybdovanadate phosphoric acid (Kitson and
Mellon, 1944), polassium by flame photometry and cal-
cium, magnesium, iron, copper, manganese and zinc by
atomic abserption specirometry.

2.8 Statistical analyses

Analysis of variance was used to evaluate the effects of
the compost and nitrogen fertiliser additions and their
interactions on both plant growth and nutrient content.
When the interaction between both factors was significant,
a subsequent analysis was carried out to test the simple
eflect of one of the main factors at a particular level of
the other. Duncan’s multiple range test was employed to
determine statistical differences in plant yield and nutrient
content for both main and simple efects.

3. Results
3.1. Effect of compost on plant growth

Ryegrass growth was evaluated by determining the plant
fresh weight. The interaction between the two factors con-
sidered, compost and nitrogen fertilisation, was not signif-
icant in any of the three harvests (Table 3). Plant yield in
the first harvest was found to be higher in the compost-
added treatments than in the control (C0) and non-signifi-
cant differences were observed between yields at the C1 and

Table 3
Maio effects of AL-compost (C) and N fentilisation (N) on fresh weight
(g pot™) of ryegrass foliage at the three harvests

Factor First Second Third Accumulated
harvest harvest harvest vield

Coonpast (C)

C0 5.52b 4.40 1.08¢ | 3.00b

Cl T.80a 4.86 5.02b 17.48a

Cc2 7.4%7a 51 5,90 19.08a
avs NS 1) ek

Mitrogen ferdlisurion (N)

MO 450 217 1.94 5.63

Ni 9.3 7.82 1.37 2442
AEF TR [T T 3

CxN NS NS NS NS

For each factor values in the same celumn (oflowed by the same letter are
not significantly difierent according to the Duncan's multiple range test at
% probability level NS: not significant and P <0.001.

C2 application rates, whereas there were not significant dif-
ferences between compost rates (C0, C1 and €2} in the sec-
ond harvest. In the third one, a similar behaviour (o the
first harvest was observed again, but plani yield at the C2
application rate was significantly greater than at the Cl.

Table 4

Main effects of AL-compost (C)and N fertilisation {N) on the phosphorus
e kg“), iron and copper vonients (mg kg~'} of ryegrass foliage au the
three harvests

Factor First harvest Second harvest Thard harves:
Phosphaorus
Co 31b 27b 22b
Cl 3ba 30b 29a
2 3ba 14a 30a
N0 37 is 14
NI 33 26 0
LS L2 e ¥ ®ExX
CxN NS NS NS
Tron
Co 178 130 210a
C1 206 173 127h
C2 189 180 136b
N5 NS i
NO 206 173 151
Ni 176 184 168
WS NS *
CxN N§ NS NS
Copper
C0 13 18b 15b
Ci 14 16b I15b
2 12 3a 23a
NS "% -
NG 14 20 18
NI 12 25 17
N§ NS NS
CxN NS NS NS

For each nutrisnt and factor, values in the same column followed by the
same letler are not significantly difierent according to the Duncan’s mul-
tiple range test at $% probability level. NS: not significant, *P < 0.05.
“P <001 and P <000I.
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Fig. 1. Contents of nitrogen, potassium, calcium, magnesium, manganese and ane of ryegrass fohiage in the six treatments at the three harvests {for cach
harvest, vertical bars with the same letter are not significantly different according 10 Duncan’s multiple range test at 5% probability level).

Also, the accumulated yields were greater in the compost
treatments than in those not amended with compost and,
as might be expected, a general increase in the ryegrass
fresh weight was recorded ir all the harvests when nitrogen
fertilisation was used. Furthermore, yields in the first har-
vest were generally higher than in the other two harvests,
which was more cvident in the lreatments without nitrogen
fertilisation.

3.2, Effect of compost on plant nutrieni conteni
The interaction compost x nitrogen [ertilisation was

not significant for phosphorus, iron and copper in any of
the harvests (Table 4}, whereas it was significant for the

remaining plant nutrients tested. A general increase in the
phosphorus content of the plants was observed after com-
post application, but the treatments including nitrogen fer-
ulisation lowered the contents, Also, the C2 applicalion
rate clearly increased plant copper concentration except
in the first harvest and both CI and C2 application rates
of compost resulted in decreased ivon content only tn the
third harvest.

As was expected, nitrogen fertiliser treatments caused
the highest plant nitrogen concentration, mainly in the
second harvest {[Fig. 1). Among the treatments not supple-
mented with nitrogen, the €2 application rate resulted
in the highest concentration of this nutrient in the first
harvest. However, C2 in combination with nitrogen
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fertilisation (C2NIi) led 10 the lowest concentration of
nitrogen in the second and third harvesis, when compared
to the two other treatments including nitrogen (CONI and
CIN!). As a geperal trend, the compost application caused
an increase In potassium, mostly in the first and second
harvests, and a decrease of calcium and magnesium. Man-
ganese also showed a clear decrease, except in the first and
second harvests obtained without nitrogen fertilisation.
No trends in zin¢ concentrations were observed with any
of the three harvests (Fig. 1).

4. Discussion

Due 1o the low fertility of the soil employed, the initial
availability of nutrients and their progressive depletion
determined that the highest plant yields were obtained in
the first harvest. The soil compost application without add-
ing nitrogen (CINQ and C2NO treatments) increased plant
vield, indicating a beneficial effect on crop production, but
this effect was rather low compared to that of the nitrogen
fertilisation (CONI1, CIN{ and C2N1). Morcover, planis
not treated with nitrogen (CONO, CINO and C2NO) clearly
showed nitrogen deficiency (<20 gkg™) in the last two
harvests, according to Bolton et al. {1976) who reported
a critical value of 25 g kg ™! for concentration of this nutri-
ent in ryegrass. When supplemented with nitrogen fertilisa-
tion, the C2NI treatment led to lower plant nitrogen
content than CONI and CINI. which could be relatéd to
higher microbial competition for available soil nitrogen
at the C2 application rate. The above results suggest that
soil nitrogen availability was a critical factor for plant
growth and nutrient uptake in this experiment. Thus, the
scarce supply of available nitrogen provided by the AL-
compost {a lignocellulosic material mainly containing
organic nitrogen, Table 2), as opposed to the fertilisers
employed, should be related to the presumably slow miner-
alisation of the compost organic nitrogen. In longer-term
experiments, Cabrera et al. {2005) and Madejon et al
{2001) found thal a considerable amount of the organic
nitrogen in calcarcous soils amended with other composted
olive-mill wastes was highly resistant to mineralisation,

The application of AL-compost te soil increased the
content of phosphorus in the ryegrass plants. In this res-
pect. i must be noted that high soil carbonate contemt
and pH are unfavourable characteristics making phos-
phorus less available for plant nutrition (Hiosinger,
2001), thus applying the compost in the present experi-
ment may have improved phosphorus plant availabihty.
Several reactions may have been involved lo increase
availability, including formation of phospho-humic com-
plexes, protective coatings over colloidal sesquioxides with
reduction in phosphate adsorplion as well as chelate com-
plexes with Ca from the insoluble Ca-phosphates that
predominale in calcareous soils, following the release of
phosphate 10 waler seluble forms (Stevenson, 1994). Sim-
ilar results were found by Cegarra et al. {1996} in an
experiment involving a chard (Beta vuigaris L.) culture

and the addition of another composted olive-mill waste to
a calcareous soil. Moreover, the lowest phosphorus concen-
tration in ryegrass was registered in the treatments with
nitrogen fertilisation, which was much more apparent in
the third harvest. The lower phosphorus concentration
could be explained by either the substantial increase of
plant biomass because of the nitrogen fertilisation (dilution
effect) or the depletion of phosphorus availability due to its
progressive consumption. The compost application addi-
tionally increased the plant potassium contents. which were
higher than the optimal contenl reported for ryegrass
(Bergmann, 1992) in all the treatments, in agreemen! with
Cegarra et al, (1996) who reported the great effectiveness
of composts made with other olive-mill wastes for supplying
potassium te plants,

Treatments with the maximum application rate of com-
posl showed Lhe lowest plant contents of calcium and mag-
nesium, but they never reached deficient levels according to
Bergmann {1992). The decrease can be atiributed to either
an antagonist effect with potassium or a chelating action of
the compost organic malter (Nogales et al., 1984). As
regards to the micronutrients, the compost addition caused
an increase in piant copper in agreemen! with Kabata-
Pendias (2001), who reported that low-molecular weight
compounds liberated during decay of plant residues may
greatly increase the availability of this micronutrient to
plants, but a decrease in both iron and manganese plant
conten! probably due to the formation of poorly soluble
and unavailable chelates {Linehan. 1978: Madrid. 1999).
However, all values were found to be within or above the
optimal range defined by Bergmann (]1992).

5. Conclusions

Under the conditions of the presenl experiment, the low
fertility of the soil employed and the slow supply of nitro-
gen from AL-compost were the most important factors
influencing the growth and development of ryegrass. The
compost tested, a lignocellulosic material containing nitro-
gen scarcely bio-available in the short term, demonstrated
its capacity to stimulate plant yield even without adding
nitrogen, but this effect was rather low compared to that
of the additional nitrogen fertilisation.

Also, compost addition generally increased the plant
concentrations of phosphorus and potassium and
decreased the contents of calcium and magnesium. For
the micronutrients, an increase of copper and a decrease
of iron and manganese were detected. Compost addition
had no effect on zinc, which showed a non-defined trend
throughout the experiment.

Even if further experiments should obviously be
conducted, 11 can be concluded that the application of
this compost, supplemented with nitrogen fertilisation,
would be suilable and would contribute to the enhance-
ment of productivity m the agriculiural scils of southern
Spain, which strongly demand supplementary organic
fertilisation.
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Abstiract

Ten samples of olive mill wastewater {OMW) takes from different mills in southem Spain and other ten of OMW sludges
from evaporation ponds were analysed. The aim was to study the composition of these wastes and to find relationships which
would make it possible to use easily determinable parameters to ascertain their composition,

Compared with other organic wastes, these materials had a high potassium concertration, a similar organic maner content and
notable levels of nitrogen, phosphorus, calcium, magnesium and iron. The highest potassium concentrations were observed in the
OMWs, while he sludges showed higher levels of the other nuirients, especially iron. The dry matter of the OMYs was
significantly correlated with most of the pararneters studied but, in the siudges, the only correlation was berween the ash content
and the total organic carbon and rolal nivogen mneentrations. The regression cyuations obtained permitted a rapid characteriza-

tion of the OMWSs from their dry matter content. © 1908 Published by Elsevier Science Ltd. All rights reserved.

Keywords: Ofllive-mill wastewater, Sludge; Organic carbon; Plant mutrients; Fats; Polyphenols; Carbohydrates

1. Introduction

Olive oil extraction produces vast amounts of liquid
and solid wastes, The elimination of olive mill waste-
watcr {OMW)} is one of the main environmental
problems related to the olive oil industry in Mediter-
rancan countrics, where Spain and ltaly arc the
greatest producers. During recent years, the OMW
production of Spain has been approximatcly
2.1x 10 m*year !, which is generated during a few
months of the year {(November-February). This liquid
waste comes from the vegetable water of the fruit and
the water used in the different steps of oil production
and contains olive pulp, mucilage, pectin, oil, etc.
suspended in a relatively stable emulsion.

To solve the problems associated with OMW,
different elimination methods have been proposed
based on ecvaporation ponds, thermal concentration
and physico-chemical and biological treatments, as well
as its direct application to agricultural soils as an
organic fertilizer (Fiestas Ros de Ursinos and Borja
Padilla, 1992; Maninez Nieto and Garride Hoyos,

*Correspanding auther,

1994). However, the most frequently used methods
nowadays are the direct application to agricuttural soils
and storage in evaporation ponds, which produces 4
sludge.

OMW contains a high organic load, substantial
amounts of plant nutrients and is a low cost source of
water (Cegarra et al., 1997), all of which favour its usc
a5 a soil fertlizer. However, many authors have
observed phytotoxic effects in plants when this waste is
used directly as an organic fertilizer and have therefore
wamed against its direct application (Zucconi and
Bukovac, 1969; Jelmini et al, 1976). Such negative
effects are associated with its high mineral salt content,
low pH and the presence of phytotoxic compounds,
especially phenols. Negative effects have also been
recorded on soil properties, including the immobiliza-
ion of available nitrogen (Pérez and Gallardo-l.ara,
1987: Saviozzi et al., 1991), the displacement of the
exchange complex calcium by potassium in an anfisol.
increased salinity (LOpez et al., 1996) and decreased
plant-available magnesium, perhaps because of the
antagonistic effect of potassium (Pérez et al., 1986).

Therefore, before an OMW can be used properiy
and safely it must be characterized. The aim of the

0960-8524/99/5 — gee frone matier © 1998 Published by Elsevier Science Lid. All righis rewerved
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study described in this paper was t¢ characierize OMW
and OMW-sludge samples from different mills in
southern Spain in an attempt to find relationships
which would make it possible to estimate the composi-
tion of these wastes from easily determined
parameters.

2. Methods

Ten OMW samples were collected directly from the
centrifuge of different mills in southern Spain and the
ten OMW sludges from different evaporation ponds.
All the samples were homogenized in a mixer and
stored in a cool environment (4°C) prior to analysis.
Electrical conductivity (EC) and pH were determined
directly in the OMW samples and in a 1.5 (w/v) water-
soluble extract of the OMW sludge samples, density
(d) by weighing an exactly measured volume of OMW,
dry matter content (DM) by drying at 105°C for 12 h,
organic matter (OM) by loss on ignition at 430°C for
24 h (Navarro et al., 1993) and total nitrogen (TN) and
total organic carbon (TOC) by automatic microanalysis
(Navarro et al., 1991). After HNOyHCIO, digestion,
the P content was measured colorimetrically (Kitson
and Mellon, 1944), Na and K by flame photometry and
Ca, Mg, Fe, Cu, Mn and Zn by atomic absorption
spectrophotometry. Polyphenols were extracted with
cthyl acetate (Balice and Cera, 1984) and determined
by the Folin method (Maestro Durin et al, 1991),

Table 1
Anatysis of OMW and OMW sludge samples (dry weight)

carbohydrates by the anthrone method (Brink et al,
1960) after deproteinizing the sample with Pb(CH:-
COO0), (Ebell, 1969) and fats by cxtraction with
petroleum ether (Ministerio de Sanidad y Consumo,
1985). These methods for phenols, carbohydrates and
fats were not suitable for determination on sludges.

3. Results and discussion
3.1. Characterisiics of the olive oil industry wastes

The analyses made of OMW and OMW sludge
samples are summarized in Table 1. As was to be
expected, the percentage of dry matter of OMW
sludges was statistically higher than that of OMWs,
while no significant differences were observed in the
pH, EC, OM and TOC berween the sludges and the
OMWs. The similar OM and TOC values might
indicate the low degree of mineralization suffercd by
the organic matter of OMW during its storage in the
evaporation ponds, while simultaneous processcs of
degradation and rcorganisation may have taken place
during this time. This was suggested by Saiz-Jiménez et
al. (1986), who cbserved the simultaneous degradation
of high molecular weight fractions to produce fractions
of a smaller molecular weight and the synthesis of
compounds which were more resistant to degradation.
Pérez et al. {1992} also pointed to the lower phenol

OMWs OMW sludges

Mean Range CY Mean Range Ccv
Dry matter (%)" 719b 4.12-16.38 3.87 4800 8 14.23-94.69 43.38
pH 517a 4.80~5.50 483 54l a 485-5.87 786
EC (dS/m) 550a 4,00-13.98 41,73 6.74 a 1.53-9.03 53.76
OM (%) 64.60 a 58.45-70.63 6.33 T1.06 & 43.84-94.26 26.43
TOC (%) 47152 a 43,61-53.45 6.46 4790 & 31.08-63.21 257
TN (%) N8 b 0.58-1.13 25.18 1.4 a 0.60-2.73 3892
P (%) 0.19a 0.06-0.32 51713 0.14 8 0.06-0.30 45.37
K (%) SHa 3.30-6.94 23.18 14l b 0.78-3.10 5785
Na (%) 015a 0.04-0.48 114,97 0.06 8 0.02-0.13 63.71
Ca (%) 0.42 b 0.32-0.53 18.66 287 a 051-10.22 107.24
Mg (%) 0.18 b 0.06-0.22 26.10 0362 0.09-0.67 5244
Fe (mg/Kg) 951 b 652-1482 31.83 4501 a 194-12096 97.74
Cu (mg/Kg) 21 b 14—44 a0.63 61 a 14-203 91.51
Mn (mg/Kg) 5k 1-53 110.07 97 a 19-288 91.15
Zn (mg/Kg) 57 u 31-82 31.55 Tk 18-55 3730
d (g/em”} 1.02 1.01-1.06 1.30 nd nd ad
Fats (%) 427 0.55-11.% 84.41 nd nd nd
Polyphenols (%) R 1.32-399 3580 nd ad nd
Carbohydrates (%) 1222 3.37-32.91 16.79 nd nd nd

*Refetred to fresh weight.
CV: Coefficient of variation. nd: Not determined (see Section 2).

Mean values followed by the same letter are not significantly different {p <0.05) berwren the groups of wasies.
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Tabke 2

113

Correlation matrix bersecn the main analytical parnmeters of OMW samplcs referred as fresh weight {a = 10]

Dry Ash EC d TOC ™ P K Ca Fe Cy Mn in Fats Poly-
matier (gh)  (&Sm} (gemd) {(gM) e @n (7] U (mp)  (mph) (mgl)  (mgAd  (gf) phenols
e igM

Ash 0.982*" 1}

EC 0968 * DeT2*** ]

d O.NT"‘ n’mu - O.M' 'y ‘

TOC 0.995°** OSTE™™* 09%'** 0950 |

™ DETI*** DSTI'**.0857°" 078" 0509 |

P O8I """ 0.933"*" 0.911**" 0.772'* 0.883"** 0B8487""" 1

K 0.937%* 0.969*** 0575 0904 * 0.925*** 08D0** (9147 |

Ca Ng*** DB24*" 0824 O0R67'"" 0.BYI™* 0845** 0.690° 0.726* |

Fe DB&9°** 0840"* 0783** 0BLY** 0878 0ITI** 0607 076 0795 |

Cu NS NS 067" NS NS NS 0.689° NS NS NS 1

Mn 0762 0835 0792"" 0697 0.7 N3 G772 0878""" N§ NS ™S 1

n 0911 0908'** 0.315"*" 0916 0897 0719 0.824%* Q917" 0450 0767 0432' 0768 |

Fats 0795 DBl 071 064" 0.827** 0269** O.TN" A8 NS 0854 NS 0713 6748 1

Polyphenols  0925°** 0962°** 0918°" 0858** 0.928%* 0810** O897°** 0565*"* 0.724* 0857°* NS  0BS6™* 0875""" 0.905°"* |

Carbohydraes 0.728° 0.734° 0.678" 0761 0.718* NS 0.653* 684" NS 17,0 . ] NS 0.BOE"" NS 1)

g

e, v mer Significant at p < 0.05, 001, 0.00], respectively. NS: Not significant.
Data not shown were not statistically significant.

content of an OMW stored in an evaporation pond
compared with that of a fresh OMW, and suggested
that this may have been due to the polymerization of
the low molecular weight phenals.

As regards the macronutrient content, the sludges
had higher levels of TN, as has been reported
previously by Saiz-Jiménez et al. (1986) in a study to
identify proteins in OMW and OMW sludge. This
might have been due to the biological fixation of
nitrogen during storage of OMW in evaporation ponds
since OMW is considered by many authors to be
suitable substrate for the growth of free nitrogen fixers
(Paredes et al., 1987; Garcfa-Barrionuevo et al,, 1992).

The levels of K were lower in the sludges than in the
OMWs, probably because of the highly soluble nature
of this element, which would lead to its filtering

Table 3

through the permeable substrate in the bottom of the
ponds. The higher Ca levels noted in the sludges may
have been duc to mixing with the calcium present in
the soil where the ponds were constructed, since the
soils of southern Spain are calcareous.

The levels of micronutrients varicd greatly although
they were generally higher in the sludges. The high
iron content of the sludges may, as in the case of Ca,
have been due to mixing with the mineral components
in the hottom of the ponds.

The fat, polyphenol and carbohydrate contents and
density of OMW were also determined (Table 1), the
fat and carbohydrate levels, particularly, varying
greatly.

The two groups of wastes analysed generally showed
high concentrations of K, similar quantities of OM and

Correlation matrix between the main analytical parameters of OMW sludge sampies referred as dry weight {n = 10)

Dry maiter (%) Ash (&) pH
pH 0.683* 0.648" i
EC NS 0.696* NS .
TOC NS —0.942% " ~0.13"
TN NS =0.906"** —~(.708*
P NS 0.6452° N3
Ca NS 0.657* 0.636*
Fe NS NS NS
Cu NS NS NS
Mn NS NS N§
Zn (mg/Kg) NS 0.584°"" S H

EC (dS/m)  TOC (%) ™ (%) Mg(%)  Fe (mg/Kg)
i

NS 1

NS 0918°** )

NS NS NS

NS -0723 NS

NS NS NS 0813 1
-0.678° NS MS 0.658* NS

NS NS NS NS 0663°
NS —08s0+- -0.754°= NS NS

*, ** *** Significant at p<0.05, 0.01, 0.001, respectively. N5: Not significant.

Data nol shown were not statistically significant.
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Table 4
Parameten of the lincar regreasion and comrelation cocffickem valucs
betwesn dry mattcr {DM) and eleancal conductivity (EC), organic
matter (OM), total organic carbon (TOC), the main macro and
micronutrients and polyphenols in OMW. ¥ =a+bX; X = DM ().
{n=10}

Y a b r
EC {d%m} 1.516" 0.071""" 0.5682%**
Ash (g) - 4. 98 NS 0.427%=" 0.9822°*=
TOC {g/) 1.220 NS 0.4554=" 0.5952°**
TN (g} 0.160 NS 0.0069 " 0.8764%*
P (g -0.081 N§ 32370 n.8756*¢
K (g -0.916 NS 0064 0.9365%*
Ca (g1) 0080 NS 304 0.5898¢
Fe {mg/) 16.994 N§ 0.667°° 08686
Zn (mgh) ~0.T01 NS 0.068** 0.9114""
-~ 1.438" 0,044 092470

Palyphenols (g1}

't e Significant at p <0.05, 0.01, 0.001, respeciively. NS: Not
sigmificant. : :

notable levels of N, P, Ca, Mg and Fe compared with
those found by Cegarra et al. (1993) in manures and
composts made from municipal solid wastes, which are
commonly used as organic fertilizers. According to
that, these wastes from the olive oil indusiry could be
uscd as organic fertilizers in agricultural soils both for
their elimination and for improvement of soil fertility.
However, the notable contents of mineral salts, fats
and polyphenols in OMW could limit their direct appli-
cation to soils.

3.2. Relationships between the main anabpical
parameters of OMW and OMW sludge samples

The great variation found in the characteristics of
these wasies (see coefficients of variation, Table 1),
means that they should be chatacterized fully before
being used for agricultural purposes. This is particu-
farly true in the casc of the sludges since their compo-
sition depends not only on the factors which influence
the composition of OMW but on such factors as the
time of storage, depth of the pond (which decides
whether the organic matter degrades aerobically or
anacrobically), climatic conditions, loss through

Table 5

Parameters of the lincar regression and correlation coeficient values
between =sh and total otpanic carbon (TOC) and total nitrogen (TN}
in OMW sludges. ¥ ma+dX: X = Ash (%) (dry weight). (n= 10}

Y a & r
TOC (%) 65 TB4™ "~ —.615""" — 09415
TN {%) 2642 —D03%0 > = 0. 9060 ¢

o+ Significant at p < 0.001.

seepage, etc. However, since a full analysis would be
very time consuming, it would be useful to establish
cquations which would make it possiblie to ascenain
most parameters from one of them easily determined.

Correlations between the main parameters of the
OMWs, referred (0 fresh weight, are shown in Table 2,
where those berween dry matter and ash, EC, 4, TOC,
principal nutrients and polyphenols are highly siatis-
tically significant {p <0.001). However, in the case of
the sludges significant correlations (p<0.001) were
found only between ash and TOC, TN and Zn and
between TOC and TN (Table 3).

Table 4 shows the values for the coefficient of corre-
lation and of the parameters of the regression
equations obtained between dry matter and EC, ash,
TOC, principal nutricnts and polyphenols for the
OMWs, while Table 5 shows the regression equations
between ash and TOC and TN for OMW sludges. [n
both groups of equations the high r values, of between
0.9952 and 0.8686, indicate a high level of correlation
(p<0.001). [n the case of the OMWs, it was found
that, except for EC and polyphenols, the intercept (g)
was not statistically significant so that the ash, TOC.
TN, P, K, Ca, Fe and Zn contents could be determined
by multiplying the conceniration of dry matter by the
slope (b). In the case of the sludges, on the other hand.
the intercept (@) was significant for all parameters so
that an equation must be used to caiculate the concen-
tration of TOC and TN from the ash content.

3.3, Conclusions

Both groups of wastes showed generally notable
contents of organic matter and substantial quantities of
planat nutrients compared with those found in manures
and city refuse composts.

The great variation in most of the parameters deter-
mined in both the OMWSs and the sludges means that
they should be characterized fully before they are used
for agricultural purposes. In the case of the OMW,
their composition can be easily ascertained by deter-
mining the dry matter content, using the highly signifi-
cant correlations observed between this parameter and
the ash, EC, principal nutrients and polyphenols. In the
case of OMW sludges, only the TOC and TN concen-
trations can be calculated by reference 1o the ash
contenl, a routine method which is much more
straightforward and less costly than those usually used
for their analysis.
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Use of Olive Mill Wastewater Compost for Crop
Production

J. Ceparra, C. Paredes, A. Roig, M. P. Bena! & D. Garcia

Deparimeni of Suil and Waier Conservation and Organic Waste Managemeni, Centro de Edafolegia v 8wivgla Aphcada dei Segura,
CSIC. P.O. Box 4195, 30080 Murcia, Span

Yast amounts of olive mill wastewatlers {OMW) are produced 1n Mediterranean
countries, where their treatment and disposal are becoming & serious environ-
menial problem. Increasing attention has been paid to discovering a use for
OMW and a wide range of technological treatmenis are available nowadays for
reducing their pollutant effects and for their transformanton into valuable
products, the most suitable procedures being found to snvelve recyeling rather
than the detoxication of these wastes. Direct application of OMW to soil has
been considered as an inexpensive method of disposal and recovery of their
mineral and organic components but, because of their organic acid and phenol
contents, OMW are also a source of pollution. By using composting technologies,
i is possible to transform either fresh OMW or sludge from pond-stored OMW
mixed with appropriate plant waste malenals (carmiers) inte organic fertifizers
(composis} wilh no phylotoxicity Lo improve soil Tertility and plant preduction.,
the process involving the microbial degradation of the polluting load of the
wastes. Resulis of field and pot expcriments using OMW-composts to cultivate
horticullural and other crops have shown that yields obtained with osgamc
fertilization are similar, and sometimes higher, 1o those obtained with a balanced
mineral ferlilizer. A comparisan bgtween the macre and micronuirient conlents
of plants cultivated with organic or mineral fertilizers did noy generally reveal
important dsfferences. However, (he cases of iron and manganese are worth
mentuoning s their bio-availubtlity may be hnked to the soit humic complexes
originated by the OMW organic fertifizers. © 1997 Elsevier Saience Limited. All
rights reserved

INTRODUCTION important advantages may be derived for soil
fertility, among which the following can be cited
(Fiestas Ros de Ursinos, 1986; Tomati and

Galli, 1991):

Vast amounts of olive mill wastewaters (OMW) are
produced in Mediterranean countries, where their
treatment and disposal are becoming a serious
environmental problem. Increasing attention has
been paid to discovering a use for OMW and a
wide rangc of technological trcatments are
available nowadays for reducing their pollutant
cffects and for their transformation into valuable
products. Different methods based on thermial
concentration, physico-chemical and biological
treatments of thc OMW as well as their direct
application to agricultural soils as a fertilizer have
been widely tested, the most suvitable procedures
being found to involve recycling rather than

the effective use of plant nutrients contained in
the wastes, mainly K. but aiso N. P and Mpg;

a low cost source of water, taking into account
the increasing scarcity of hydraulic resources
for imgation; and

supply of organic matter (OM). which enhances
microbial activity and improves the physical
and chemical properties of soil.

As disadvantages, the following mav be cited:

the high coment of mineral salts and :he

detoxication of these wastes.

If soil characteristics are¢ appropriaie, (he
OMW are probably best used as a lertilizer since
this is an inexpensive method of disposal and

presence of organic compounds, such as ity
acids and polyphencls in the OMW, both
lactors being detrimental 10 soil fertility: and

the difficulty of storing and disposing of the
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large amounts of this liquid waste which is
produced in a short, and often rainy, period of
time.

According to the above considerations, the
following recommendations for using OMW as
fertilizer have been made (Fiestas Ros de Ursinos,
1986):

the by-product should be applied at a certain
distance from trees;

doses should not exceed 30m*ha~'year™
(OMW from traditional olive ¢il mills} and
t00m*ha~'year' (those obwained by the
continuous system);

applications should be made in a stepwise
fashion;

at least Imonth should elapse between the
application and the sowing for seeding yearly
crops; and

the by-product must never be added when the
crops are in the sprouting period.

1

Some studies have been carried out on the direct
application of OMW to soils as fertilizer eithcr as
a fresh liquid or sludge and their effect on soil
characteristics and crop production (Morisot and
Tournier, 1986; Pérez and Gallardo-Lara, 1937;
Garcia-Rodriguez, 1990; Saviozzi er al, 1991;
RilTaldi e al., 1993). However, very litle research
has been performed as on OMW composting and
the use of such compost for crop production
(Amirante and Di Renzo, 1990; Cabrera er af.,
1990). More work is-necessary to improve our
knowledge of OMW composting, which probably
is the best method for recycling these pollutant
liquid wastes.

Composting is as a conirolled bicoxidative
process that involves a heterogeneous organic
substraie in the solid state, which evolves through
a thermophilic stage and the temporary release of
phytotoxins, leading to the production of carbon
dioxide, water, mineral salts and stabilized OM
containing humic-like substances. By using this
method, it is possible to transform either fresh
OMW or sludge from pond-stored OMW mixed
with appropriate plant waste materials (carriers)
into organic fertilizers (compasts} with no
phytotoxicity to improve soil fertility and plant
production.

In the following paper, the characteristics of the
raw materials needed for OMW composling, the
effect on the composting process of adding fresh
OMW to the carriers, the ongin and main

charactenstics of the OMW composts, and the
effect of these composts on the vyield and
nutritional status of different crops are examined.

CHARACTERISTICS OF RAW MATERIALS
FOR OMW COMPOSTING

Composting of OMW may be performed starting
from fresh samples or studges which have been
stored in ponds for meonths or even years. As
regards their potential use as fertilizer, OMW
samples obtained by the continuous system
contain substantial amounts of K (2-4g1~') which
is useful for compost preparation (Table 1),
although their N and P contents are very low
(<0.8 and 0.24gl™", respectively), as is the level
of the principal micronutrients (data not shown).
As also shown in Table 1, the fat content ranges
from 0.26 to 4.79gl™}, that of sugars from 1.4 o
15.9g!7!. and polyphenols from 0.86 to 1.61g! "
The exception is the sample No. |, which was
taken from a factory that still uses the traditional
method of extracting oil (discontinnous system)
and which exhibited much higher values for the
above-mentioned parameters.

A slatistical analysis of some chemical
characteristics of fresh and pond-stored OMW
sammples (Table 1), shows that the vajoes of the
coeflicient of varialion and the range of most of
the parameters studied are usually higher in the
sludges than in the fresh OMW, as is o be
expected considering that the former are
influenced by the changeable climatic conditions
during their storage. The mean value of the K
content is clearly lower in the studges probably
due to its great mobility, which fucilitates its
percolation through the more or less permeable
layers of soil at the bottom of ponds. However,
the statistical values of the Ca content are higher
in the stored samples, which may be explained by
its Jower mobility compared with the K, its special
suitability for linking OM and also because it is a
common component of soil minerals, which may
easily mix with the olive wastes durng theu
storage in ponds. In addition, the mean values of
the Fe content is clearly higher in sludges than in
fresh samples. which is beneficial in the
production of OMW compost because this
micronutrient is of paramount interest for plant
growth, particularly in calcareous soils, Lastly, it
must be noted that the mean value of N content is
higher in the stored than in the fresh samples,
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Table 1. Some Characienstics of the Fresh OMW Samples

Sampic No.  Walcrcontent (%)} Dry matter  Orgamic matier  CrganicC K l Fals Sugars Pulyphengls
gl”

1 BZ2.70 172.94 {025 80.0 11 33 1115 24.5 6.90
2 94 43 557N 32.68 24.0 159 (.82 2.8 1.3%
1l 9540 4594 o7 2258 119 283 27 0.9
4 9376 62.41 40.50 2.7 1 1.03 54 1.03
s 93142 65.78 42.78 312 276 3142 159 1.158
<] 95.084 41.54 28.93 220 2.0 4.92 14 1.30
7 92.24 7760 47.66 374 4.16 055 9.1 1.61]
£ Y223 VARt 50.19 LY 154 479 59 1.48
9 90,57 v4.30 66.6} 414 1.86 1.63 K 1.25
10 9533 46.65 3112 207 221 0.26 15.4 0.86

Tabk 2. CoefTicient of Variation (CV), Mean Value and Range ol Some Characteristics of the Samples of Fresh OMW (f) and

OMW Sludges (s) (% d.m.)

cv Mean V Range
f 5 f 5 ) s
Organic matter 6.3 26.4 4.61 7106 S8 55-70.64 43 84-94.26
Organic C 62 25.7 47.52 4790 4108 5296 31.08 &3.21
Nitrogen 23] 8.9 084 | 74 3 54-1 09 nel-271
Phosphorus 52.6 453 0.J9 0i4 006-0.3] 0.06-0.30
Potassium 23.2 57.8 524 141 129-6M 0.78-3.10
Soditm 1155 o349 0.14 006 003048 0.02-0.13
Calcium 187 107.2 Q.42 287 032 0.53 0.51-10.22
Magnesium 400 523 Q19 036 O 06036 008067
lton 39 57.0 0,09 0.45 (H00-0.15 0.05-1.21

which suggests both a selective biodegradation of
the organic compounds not conlaining N and a
degree of biological N-fixation during the storage
of olive wastes. Nevertheless, the fact that the
average OM content (s higher in the sludges
(71.06% against 64.61% in fresh samples) points
to the elaboration of organic compounds rather
than their biodegradation during OMW storage,
biological fixation probably being responsible for
most of the increased N content in stored samples.

The characteristics of the carriers are of

basically because of their differing capacity to
hold the OMW Table 3 and Table 4 show some
characteristics of a scries of plant waste materials,
most of them suitable for mixing with OMW
samples as carriers for subsequent composting,
Except in the case of one of the carriers (spent
mushroom compost) all contain 75% or more
OM, a relatively low percentage of lignin (except
for grape and olive marcs) with a consequently
high ievel of both a-cellulose and hemiceilulose
and generally show low electncal conductivity

parsmount interest for OMW composting. (EC) walues. Thesc results mean that these
Tabde 3. OMW-HC, EC and Other Characienstix of the Carsers (d.m.}

Carners HC {Tkg" Y EC (mScm"‘) pHH.O Orpganic matter  Lignin (%) z.Cellulose Hemicellulose
Swext sarghum 6.42 .39 6.3 96.66 219 7o 38
bagasw

Sugar cane bagass 633 .04 6.1 9592 18.5 326 EHR)
Barley straw 5.4\ i.62 7.2 93.32 20.0 40.3 36.6
Maize straw 527 P64 68 9387 271 25.5 0.5
Catton wasle 328 1.6! 73 B7.99 ) an.4 239
Spent mushroom 1.89 8,65 7.0 37.44 222 16.3 14.0
COmpost

Grape marc 1.92 1.02 T2 Y 33 55.3 37.4 18.3
Olive mare i.12 1.52 5.4 97.85 327 29.5 42.7

Rice hull 2.56 0.84 4,5 78.64 22.4 36 30.0
Sugar ¢ane sludge 202 4.66 62 74.58 t74Q 154 274
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Table 4. Macro and Micronutrieni Content of the Carriers {d.m.)

J. Cegarra et al.

Carrier N P K Fe Cu Mn Zn
(%) mgkg"  mgkg'  mgkg'  mgkg’
Swee! sorghum bagasse 0.42 002 062 1032 p.1] 12 3l
Sugar cane bagasse 0.54 .06 0.53 1090 13 20 93
Barley straw 0.53 0.08 1.57 280 12 13 30
Maize straw 0.52 0.16 114 410 11 30 72
Cotton wasic 1.64 0.18 1.48 1911 10 30 &0
Spent mushroom compost 2.2 0.57 1.92 4930 33 210 L
Grape marc 1.69 0.17 1.35 2573 40 60 34
Olive marc 0.64 0.64 0.50 351 10 Il 21
Rice hutl 0.35 0.67 0.44 2705 14 205 32
Sugar cane sludge 3.25 0.26 0.38 7320 40 202 160

materials may be considered suitable for preparing
organic fertilizers, because a high content -of
organic compounds rich in cellulose and of low
salinity enhances microbial growth during
composting and improves compost quality. As
regards the OMW-holding capacity (HC) of the
carriers, sweet sorghum and sugar cane bagasgses,
barley and maize straws, and cotton waste show
the highest values among all the materials studied.
Quite high levels of N (sugar cane sludge, spent
mushroom compost, cotton waste, grape mare), K
{spent mushroom c¢ompost, barley straw and
cotton waste} and also Fe (sugar and mushroom
wastes) are present in the earriers.

When carrier and OMW arc mixed, it is
necessary Lo ensure that appropriate values of the
C/N ratio are reached in the starting mixtures and
so it may be considered convenient to add organic
wastes containing heavy loads of N, such as
poultry manure and sewage sludges, to the above
mixtures. Also, neutral or acid pH values are to
be recommended for the starting raw mixlures,
since this minimizes N losses during OMW
composting. In addition, care should be aken to
keep EC values as low as possible, as composts
with high salt loads are detrimental to soil fertility.

EFFECT OF ADDING FRESH OMW ON THE
FERMENTATION OF THE CARRIER

In order to ascertain the influence of adding fresh
OMW on the aerobic fermentation of the solid
carrers used to hold these liquid wastes during
composting, an experiment was carried out by
making two identical mixtures of sewage sludge
(8) and cotton waste {C), which were prepared by
mixing 32.1% of S and 67.9% of C on a fresh
weight basis (9.2 and 90.8% dry weight,
respectively), and composting in the pilot plant,

One (SCQO) was watered with fresh OMW
{943 [tonne of wet solid mixture} and the other
(8C) with only water, their characteristics at the
beginning of the process are shown in Table 5.
The moisture of both mixtures was brought up to
70% during composting.

About 1500kg of each mixture was placed in
trapezoidal piles of 1-1.5m high with a 2x3m
base. The Rutgers static pile composting system
was used, involving on-demand ventilation
through temperature feedback control. The air
was blown from the base of the pile through the
holes of three PVC tubes of 3m length and 12¢m
diameter. The timer was set for 30s ventilation
cvery 15min, and thc ceiling temperaturc for
continuous air blowing was kept to 55°C, cxcept
during the first week of composting when the
temperature reached nearly 60°C due to the excess
of heat produced by the vigorous biodegradation
of OM. Piles SCO and SC were turned after 35
and 21 days, respectively, in order to improve the
homogeneity of the material and the fermentation
process. The bicoxidative phase of composting

Table 5. Analysis of the Sewage Sludge and Cotton Waste
Mixiares Walered (SCO) and Not Waigred (5C) with Fresh
OMW at the Starting (1) and Maturity (2} Steps of Compost-
ing {d.m.)

SCO(y SCO@)y sC(() 5C (2}
pH (Hy0) 110 7.84 7.61 7.31
EC (l:lD) 4.39 1.66 KR 6,70
{mScm™ )
Organic matter  80.74 S6.43 §1.53 64.85
Organic C 42 50 29.37 43.86 35.55
Nitrogen (%) 192 END 2.08 379
C/N ratio 2213 5.44 21.09 9.38
HA-C 283 1.36 7.8 507
EA-C 2.95 l.B4 375 2.57
HA:FA 096 0.74 1.5 1.97
HR (%) 13.60 10.90 24.92 21.4%
CEC 591 109.8 53.5 {24.4
{me per [(dg)
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was considered finished when the temperature of
the pile was stable and near to that of the
atmosphere, this stage being reached after 84 and
4%days of composting for piles 8CO and SC,
respectively. The airblowing was then stopped to
allow the compost to mature over a period of two
months.

Results of the experiment show that the addition
of OMW led to a longer composting time, the
thermophilic phase of the process lasting about
Bweeks, compared with the 4-5wecks this step
lasted in the pile containing no OMW. As a result
of the Jonger composting lime, the biodegradation
undergone by the OM was greater in the SCO
mixture than in the SC and, at the end of the
process. the OM contents in the mature composts
were 56.43 and 04.85%, respectively (Table 5).
The addition of OMW resulted in higher EC
values (7.66 as opposed to 6.70mScm™" in the
mature composts). The initial cation exchange
capacity (CEC) value was lower in SCO than in
SC. but not significantly, given the limitations of
the technique wsed (0 measure this parameter in
fresh organc wastes. However, the CEC was
notably lower in the mature compost containing
OMW. The characteristics of the humic-like
substances were also affected by the addition of
OMW. and the data referring to the humification
rate (HR) and the HA/FA ratio were pariicularly
striking, as the values of both parameters in
madture composts were clearly lower in that
prepared with OMW.

ORIGIN AND CHARACTERISTICS OF THE
OMW COMPOSTS

In addition 10 the SCO compost made with fresh
OMW, two other composts were made by using
the above mentioned C waste and maize straw
(M) as carriers, and mixing them with OMW
sludges. The siarling mixtures were prepared by
mixing (fresh weight) 20% of C with 80% of
OMW sludge (COS) and 11.1% of M with 88.9%
of the same OMW sludge (MOS). The same
technica! conditions as were employed for fresh
OMW composting were used.

Composts from OMW sludges, clearly showed
different characteristics to that obtained {rom
fresh OMW (Table 6). The former had
considerably lower contents of OM, total N,
nitrates and P, and had a lower EC value
compared with the latter. On the other hand, they

Table 6. Charactenstics of the Mature OMW Compasts id.m.)

5CO CQOSs MOS
pH (H:O) 7.84 §.99 §7
EC (110 (mSem ) 1.00 5.01 5.03
Organic matler (%) 56.43 3484 37.40
Organic C (%) 937 1995 1B 78
Nitrogen (%) kRS 187 1.4
NGOy N{%) 0.36 Traces Traces
C/Nratio 9.44 10,67 13.04
Phasphorus % 0.87 0.26 on
Potassium % 1al 373 3325
lron (%) 0.50 1.46 1.30
Copper (mgkg™") 51 62 62
Manganese (mgkg "1 241 o 268
Zinc {mgkg™") 245 17 7
HA-C (%) 1.36 6.29 7.49
FA-C (%) 1.84 1.72 228
HA/FA 0.74 3.60 k.
HR (%) 10.90 40.15 52.02
CEC (me per 100g) 100.8 1nLe 96.2
GI 94.4 824 £9.8

exhibited higher pH values, a greater content of K
and particularly Fe and had humic-like substances
which were more alkali-soluble (higher HR) and
polymerized (higher HA,FA ratio) than compost
prepared using the fresh OMW. The compasitions
of the mature OMW composts are consistent with
that of the starting mixtures. Thus, both the COS
and MOS starting mixtures had the highest
amounts of OMW. which was a determining
factor in producing the longest bicoxidalive
periods durng composting and the greatest
biodegradation of the OM of all the OMW
composts. Also, the high degree of water
evaporation due 'o the excessive heat generated
during composting of OMW sludges. meant ihat
the piles had to be watered frequently dunng the
process, which increased salt percolation and
probably losses of highly soluble compounds such
as nitrates and low molecular weight humic
substances (FA). Lastly, the clearly higher HR
values and thosc of the CEC in COS and MOS
(321 and 257me per 100g of OM, respectively in
comparison to 167me per 100g of OM in SCO)
meant that organic fertilizers obtained with OMW
sludges were more humilied and showed better
stability and maturity characteristics than that
made with fresh OMW,

USE OF OMW COMPOST FOR CROP
PRODUCTION

Below wc detail the results of feld and pot
experiments with three horticultural crops. cereal
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and rye-grass using the SCO compost made with
fresh OMW and that prepared with the same raw
materials but not watered with OMW (SC), as
well as the two OMW sludge composts (COS and
MOS}.

Field experiments with horticultural crops nsing
compast of fresh OMW

In an attempt 10 ascertain comparatively the
effectiveness of SC and SCO composts on piant
yield and quaiity, field experiments were carried
ount with two horticultural plants. The results
obtained using the composts in a calcareous and
sandy clay loam textured soil (Typic Calciorthids)
were compared with thosc obtained using a
balanced mineral fertilizer in the same soil
{control trcatment). Chard (Beta vudgaris) was
cultivated for 77 days and then the soi! was tilled
and allowed to rest for 3 wecks. Lettuce (Lacfuca
sativa) was then cultivated for 44 days. For
irrigation purposes the soil was divided into lots
measuring 2x3m with 1m Icft between each plot.
Three treatments (control with mineral fertilizer,
and soil amended either with SC or SCO
composts} were then carried oul, using 1wo
different doses for . the composts (30 and
60tonnesha™"). Four repetitions of each dose and
treatment were made. 8. vuigaris was collected in
three successive harvests (1otal yield being the sum
of the three), while L. sativa was harvested once.

The yields of both crops obtained by means of
organic fertilization did not differ significantly
from the yields obtained in the control either as a
consequence of the compost type or of the doses
used [Fig. 1{a)). The only difference was in the
length of 8. wuigaris leaves, which were slightly
shorter with low doses of both composts, while
the same parameter did not dilfer from the
control when the composts were added at high
concentrations.

The macronutrient content of B. vulgaris plant
material [Fig. I(b)] was significantly affected by
both compost types and application rates, with
higher concentrations of all elements except K
being observed after treatment. Thus, the N
content was higher in compost-fertilized plants at
hugh application rates than in the control,
aithough this increase was less evident when the
compost prepared from fresh OMW was used
(8CO). A similar type of behaviour was observed
for P, although in the case of this nutrient both
application rates resulted in significantly higher

concentrations than was obtained with the
control. The levels of the other macronutrients,
Ca and Mg, were alsc higher in soil treated with
both composts than in the control, but only at low
doses. As regards the micronutrient content {Fe,
Cu, Mn and Zn) of the B. vuigaris plants, only the
concentrations of Fe and Mn were sigmificantly
affected by application rate and treatment
[Fig. I(c)). The levels of the former were always
higher in plants cultivated with compost than
those in the control particularly at low doses and
in those plants cultivated with compost SC. The
levels of Mn were greater in organically fertilized
plants, except in those cultivated with the high
dose of the SC compost, which was similar to thal
of the control.

The macronutrient content of L. sativa plants
was not significantly affected by either treatment
or application rate [Fig. I(d)] and tbhe
micronutrient content was only slightly affected
[Fig. 1(e)]. In the casc of Mn, the concentration in
this plant material was almost the same as in the
control when SCO compost was added but clearly
less when the soil was fertilized with SC. Copper
behaved in a similar way to Mn, although the
differences beiween both composts and between
those and the control were very slight.

Coftivation of barley with compost of fresh OMW

Barley (Hordeum vuigare} was cuohivated in the
same plots as those employed for the cultivation
of both B. vulgaris and L. sativa and only the
control was again fertilized wilth an approprialte
mineral fertilizer. The barley grew for exactly
Smonths before it was harvesied, the grain being
separated from the straw for yield determination
and macro and micronutrient analyses.

The total biomass yield (11.96tonnesha™') was
clearly highest in the crop harvested from mineral
fertilized plots [control, Fig. 2(a)], whereas barley
grown with composis vielded less biomass than
the control. At low doses, thc compost prepared
with OMW (SCQO) vielded less than the SC
compost, but higher and equivalent results were
recorded in plots which had been fertilized with
high doses of the two organic ferilizers. Grain
yield followed an almost identical and
approximately equal pattern to that of total
biomass, although it is worth noting that the grain
harvested from organically fertilized plots
accounted for about 50% of the total biomass,
pariicularly at the high dose, this rate decreasing
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Fig. 1. Effect of the SC and SCO compost treatments and doses (1, 11} on leaf length and yield of (a) & vulgarss and L. sativa, (b) macro
and (c) micronutrients of B. vulgarisand (d) macro and () micronutrients of L. sativa, I, 11, Doses of 30and 60 tonnesha™ ', respectively
Columns with the same letter are not significantly different at the 0.05 probability tevel (Duncan test)

to nearly 40% for the crop obtained with mincral
fertilization.

As regards macronutricnts, barley grain
concentrated more N and P than id straw, whereas
the latter concentrated more K, Ca and Mg
[Fig. 2(b)l. Among the micronutrients, the
concentration of Fe was much higher in straw than
in grain, the difference being lower for Mn
However, the Cu and Zn contents, were nearly the
same in grain and straw. The N content of both
plant components [Fig. 2(b and d)] from crops
grown on mineral fertilized plots was greater than in
crops cuitivated with the composts, slightly greater
values being found for SCO-cultivated barley. The P
concentration of both grain and straw was generally
higher in compost-amended plots than in the
control, the effect being more evident in the grain of

the SCO fertilized crop. Results for K showed that
composts were generally more effective in supplying
this macronutrient to barley than was the mineral
fertilizer (in the case of siraw). the elfectiveness
being nearly equal for grain. As for the Ca content
of the straw, the diflerences were not significant but
they were slightly so in grain, whereas Mg was
found to be more concentrated in SCO-cultivated
barley, this being particularly evident for straw.

As regards the micronutnient content, it must be
stressed that no important differences were
observed between treatments in grain {Fig. 2{(c)|
In the case of straw, the concentrations of Fe, Cu
and Zn in plants cultivated with the SC compost
were generally higher than in the control, and the
results for this latter treatment were often similar
to those recorded from the SCO-fertilized plots
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Fig. 2. Effect of the SC and SCO compost treatments and doses (I, II) on (a) total biomase, grain and straw yields, (b) maero and
{c) micronutrlimts of the grain and (d) macro and (¢) micronutrients of the straw of H. wulgare. 1, 11, Deses of 30 and
60 tonnesha™ ', respectively. Columns with the same letter are not significantly different at the 0.05 probability level (Duncan test),

[Fig. 2(e)). The pattern {or Mn was opposite, as the
highest content of this element was found in straw
from barley fertilized with the SCO compost.

Ryegrass pot experiments using compost of fresh
OMW

English ryegrass { Lolium perenne) was cultivated in
pots conlaining the above mentioned calcareous soil
which was fertilized with the SCO compost and the
results compared with those obtained either using a
balanced munerai fertilizer or with no fertilizer
added. Three repetiions of each trcatment were
carried out. The unfertilized pots were filled with
3000g of soil while those fertilized with the organic
SCO received 2700¢g of soil and 100g of compost
{equivalent to 30 tonnesha™'), The mineral fertilizer

was added weekly as a nutrient solution, which
contributed 284 mg of N, 129mg of P and 236 mg of
K during the cultivation period. The grass was
harvested three times at 30 day intervals and the
vields of plant material along with the N, P, K, Ca,
Mg and Fe contents in plant tissues were measured
for each harvest.

The yield of L. perenne fertilized with the OMW
compost was in all cases higher than the yields
recorded for the experiments using mineral
fertilizer and with no added fertilizer [Fig. 3(a)],
the greatest yield corresponding to the second
harvest and the smallest to the third.

The N content in plant tissues obtained by means
of organic fertilization was greater than in the other
two treatments at the first harvesting, with an even
greater difference being recorded at the second
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Fig. 3. Effect of the SCO compost treatmeént on (a) yield and (b) nitrogen, (c) phosphorus, (d) potassium, (¢) calaum,
(1) magnesium and (g) iron contents of L. perenme. Columns with the same letier are nol significantly differens al the
0.05 probability level{Duncan est)

harvesting [Fig. 3(b)). However, at the third
harvesting the N level had fallen to below that
recorded for the plants grown in soil receiving
mineral fertilizer. The P content of L. perenne
[Fig. 3(c)] was also higher in the organically
fertilized experiment than in the other two
treatments, although only at the first harvesting. Al
the second harvesting, the P content was similar in
all three treatments while at the third harvesting it
was clearly higher in the plants grown with mineral
fertilizer. Considering the results for N and P

together, it is clear that the compost rapidly made
available to the plants the most casily assimilable
fraction of both nutrients, but by the end of the
experiment the concentrations of biocavailable N
and P were well below the easily available levels of
the mineral fertilizer. As regards K [Fig. 3(d}], the
organic fertilizer supplied a sufficient quantity of
this minera! throughout the experiment, since at the
first harvesting the levels were almost equal in the
plants cultivated with both fertlizers but much
higher in those grown with organic fertilizer at the
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second harvesting, this same patlern continuing at
the third harvesting. As was to be expected given the
ready availability of Ca in experiments using a
calcareous soil, there were no significant differences
between the Ca levels recorded in the three
treatments at any time [Fig. 3(e}]. As regards Mg, it
is clear that this nutrent was easily available in the
compost-treated soil, where its levels were highest at
all three harvestings, aithough the mineral fertilized
soil at the first harvesting and the unfertilized soil at
the third harvesting supplied similar levels of Mg to
plants [Fig. 3(f)).

The case of Fe is worth mentioning [Fig. 3(g)]
since the levels of this micronutrient were clearly
lowest in the organically fertilized piants at the
{irst harvesting, while by the second harvesting
and even more so by the third, its concentration in
the plant matenial had increased substantially and
was higher than in the other two treatments. This
suggests that the increasing humification of the
SCO compost in the soil facilitated the
bioavailability of Fe, probably through the
formation of humic complexes which would have
contributed to the increased mobility of Fe in the
soil and to improved cationic exchange in the root
zone.

Cultivation of cauliflower with composts made with
OMW sludges

The effectiveness of both the organic fertilizers made
from OMW sludges was tested by cultivating
cauliflower (Brassice oleracea) in other plots of the
same calcarcous soil, which was feruilized with the
two composts at  30tonmesha™'. The field
experiments lasted for exactly 4 months in similar
conditions to those used for the orgunic fertilizers
made from fresh OMW. Three treatments (control
with mineral fertilizer, plots fertilized with COS and
those treated with MOS) and [our replicates of each
were made. In order to monilor the nutritonal
status ol plants, samples of leafl matenal were
analysed at the start of the twelfth week and at the
iast harvesting, which took place two weeks after
the first harvesting. Total yield of fruit and total
biomass was measured and analyses of [ruit Lissues
were performed.

Teking info account the important variability of
plots (high standard deviations were observed
particularly for control and MOS treatments), the
results of Fig. 4(a) indicate that the total biomass
of cauliflower yicided by plots fertilized with
composts was not significantly different to that

produced by the control, and the same was true
for the yield of the edible flower (mean value for
biomass and flower of the three treatments being
around 50 and 25tonnesha™', respectively).

Data of both the macro and micronutrient
contents of the leaves are shown in Fig. 4(b and c},
respectively. The N content was similar in young (I}
and adult (II) leaves but compost-fertilized plants
had slightly lower levels of N than the control al
both growing steps. those cultivated with MOS
showing the lowest N content. The P content was
higher in step II than in step 1 and no differences
were found between treatments, whercas organic
fertilization increased the K content in young leaves
compared to the levels found in plants grown by
means of mineral fertilization. As regards, Ca and
Mg, it can be added that leaves from adult plants
generally had the greater content of both ziements,
particularly of Mg, only slight differences between
treaiments being found. As regards micronutrients,
Fe is worth mentioning as this was clearly more
available to adult planis in plots fertilized with the
organic fertilizers, particularly when MOS was
employed. These differences were not detected
during step I of plant growth because at this time
the plants probahly had not great need of Fe. It was
only later, when the [Fe demand increased, thal
organically-linked Fc was absorbed by the plants.
The completc opposite was found for Mn,
suggesting that linking of this metwal by the
compgests’ organic compounds restrained iis uptake
by plants, at both 1 and II steps of the cropping
cycle. Resuits recorded for Cu and Zn were not
pariicularly relevant, and no definite rends were
observed concerning their uptake by the plants.

The nutrient contents of cauliflower [Tuits were
generally similar, irrespective of ireatment and
only very slight significant differences were found
for K, Fe, Cu and Zn [Fig. 4d and e)], the
concentration of the first nutrient being higher in
plants grown in compost fertilized plots and, that
of the other mentioned micronutrients in planis
cultivated with the mineral fertilizer. Among
organically-fertilized plants, those cultivated with
COS generally exhibited greater concentration of
Fe, Cu and Zn in the flower material than plants
grown in MOS fertilized soil.
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Abstract

The Hocculawed solid fracton of olive mill wastewaters, obtained from two different olive oil extraction sysiems (FOMW]1 and
FOMW2) was composted, with olive leaves (OL) as bulking agent, by the static pile system (Rutgers). The dynamic of organic
matter (OM) degradation during composting and its relationship with the basal respiration and fluorescein diacetate (FDA) hy-
drolyiic activity, as indicators of biclogical activity, were studied. Two mixtures were prepared: C1, from 65% FOMW1 plus 35%
OL; and C2, from 74% FOMW?2 plus 25% OL and 1% urea. The bicoxidative phase of composting in C1, which had a high initial C/
N ratio, was long, leading to a high OM degradation, mainly of the lignocellulosic compounds. The water-soluble organic carbon
content, C/N ratio and the urea supplied as a N source for the C2 compost make this mixture more adequate for composting, as it
had a shorter composting time than C1, and developed a mitrobial population with a high metabolic activity. The results for basal
respiration in Cl and C2 were correlated at a high probability level with those of FDA hydrolysis, and both parameters can be used

for establishing the degree of biological stability of the composting material.

© 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Composliog; Organic maitter degradation; Biological activity, Basal respiration, Fleorescein diacetate hydrolysis

1. Introduction

The importance of the olive mill industry in Mediter-
rancan countrics is well known, as is the serious problem
that the olive mill factories have in disposing of their by-
products, mainly the olive mill wastewater (OMW)
(Cabrera, 1994: Paredes et al_, 1999). There are two main
olive oil production systems: the three-phase centrifuga-
tion system, which produces OMW as the waste product,
and a solid byproduct which is used for further oil ex-
traction; and the two-phase centrifugation system, in
which olive husks are left, together with a small amount
of UMW from oil washing. OMW is a liquid waste highly
contaminating and phytotoxic, due to the presence of
polyphenols, salts and fats (Saviozzi et al., 1993; Paredes
et al,, 1999). Diflerent methods have been used for its
elimination or transformation. A new technology devel-

" Corresponding author. Tel.: +34-968-396-200; [ax: +34-968-396-
213
E-maif address: phermnal@ceebas.csic.es (M.P. Bernal)

oped by Trainalba 5.L. consists of a physico-chemical
treatment to flocculate the organic matier (OM) of OMW
with an organic conunercial polyelectrolyte. This pro-
duces water, which can be used for irrigation, and a
sludge as a waste, which is difficult to dispose of. This
flocculated fraction of OMW (FOMW) is characterised
by a slightly acid pH, due to the presence of fatty acids
and alcohols from the OMW (Lanzani and Fedeli, 1986).

Composting has been shown to be a suitable method
for recycling olive mill wastes, mainly OMW and olive
husk, which need to be mixed with lignocellulosic ma-
terials to obtain adequate physical conditions for com-
posting, due to their sticky texture (Madejon et al., 1998;
Paredes et al., 2000). Preliminary studies of FOMW
composting with different bulking agents, in a compo-
sting simulator, produced high OM degradation and a
decrease in phytotoxicity wheu using siraw or vine
shoots as bulking agents (Negro and Solano, 1996).
Composting produces degradation and stabilisation of
OM, and degrades the phytntoxic organic substances
The composting process requires adequate conditions of

0950-8524/03/§ - sec front matter © 2002 Elsevier Science Ltd. All nghts reserved.
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pH, temperature, moisture, oxygenation and nutrients,
to allow the adequate development of the microbial
population {De Bertoldi, 1992). Therefore, changes in
these conditions during the process will affect the pro-
liferation of certain microflora, having different enzy-
matic activities, which controi the OM degradation.

A knowledge of the dynamic of OM degradaltion and
biological activity aspects is required to further under-
stand FOMW composting, but literature concerning this
particular topic is scarce. Indices of microbial activity
include measurement of basal respiration rate (C-CO,
gvolved), which indicates the total metabolic activity of
all microbioclogical processes that occur during OM de-
gradation. This has been used as a measure of potential
OM degradation in soil and during composting (Haynes,
1999: Wu et al, 2000). Measurement of Ruorescein di-
acetate (FDA) hydrolysis has besn used frequently to
evaluate the total enzymalic activity of the microbial
population present in soil and in organic substrates
(Schnurer and Rosswall, 1982; Cralt and Nelson, 1996;
Haynes, 1999). This determination can be useful for
studying the evolution of the biclogical activity during
composting, however it has been seidom used for this
purpose.

In the preseni work, the composting of FOMW was
studied by mixing it with olive leaves (OL), which arc
usually harvesied with the olives and separated from
them in the mills before starting the oil extraction pro-
cedure. The aim wag to study the mineralisation process
of the OM during composting of FOMW with OL as a
bulking agent. and its relationship to the basal respira-
tion and FDA hydrolysis, used as indicators of the bi-
ological activity.

2. Methods
2.1 Composting procedure

By-products from tbe olive mill industry were sup-
plicd by Trainalbae S.L. the solid fraction of the OMW

Table |

from two mille (FOMW] and FOMW2}, obtained by
flocculation of OMW through the process deveioped by
Trainatba S.L. (patent no. P9401934), and OL were sec-
lected for composting (Table 1). FOMW] came from
OMW produced during the olive cil cleaning procedure
in a two-phase extraction system, while FOMW2 came
from OMW of the three-phase systen, and contained
olive pulp, giving it a more solid texture than FOMW]1.
The fresh OL (free of branches) used were separated
from the harvested olives on arrival at the mill. The
mixtures were prepared as follows:

CI. 65% FOMW]1 + 35% OL (dry weight), equivalent
to 0% FOMWL + 20% OL (fresh weight).

C2, 74% FOMW?2 +25% OL+ 1% urea (dry
weight), equivalent to 91.5% FOMW?2 + 3.0% OL +
0.5% urea (fresh weight).

The proporuon of FOMW in the mixture C2 was
increased with respect to Cl in order to recycle as much
waste as possible, also an additional source of urea was
used to increase the initial N concentration and lower
the C/N ratio of the mixture to a more adequate value
for composting than in CF {i.e. about 30).

About 2500 kg of gach mixiure were composied in
trapezoidal piles 1.5 m high with a 2 x 3 m base, by the
Rutgers static composting system (Finstcin ct al., 1985).
Air was blown from the base of the pile through the
boles of three PVC tubes, 3 m in length and 12 em in
diameter. The timear was set for 30 s ventilation every 15
min, which meant alternative periods of air blowing (30
s}, and 14 min 30 s without ventilation. Moreover, this
system maintained a temperature ceiling in the pile at 55
°C, through the on-demand removal of heat by pressure-
forced aeration (feedback). When T > 55 °C the forced
venlilation system was connecled autcmatically for
continuous air blowing until 7 < 55 °C (Paredes et al.,
2000). Yentilation demand was measured as the time of
ventilation necessary to maintain the temperature below
55°C. This encourages a high decompaosition rate, since
high temaperatures inhibit and slow down the OM de-

bain chemical chatacteristics of the original wastes used, the solid fraction of OMW (FOMW! and FOMW2), the OL, the inmial mixtures Cl and

C2 {i), end the mawre composts (m) (dry weight basis)

pH OM (%) TOC HOC TN CN Lignin* Celinloee® Hemicellu- Fat (%)
8kg™!) (gkg™") (gkg™') (%) (%) tosze* (%)
FOMWI 5.6} 85.24 626.3 nd® 11.6 54,2 44.9 %7 393 13.8
FOMW2 5.80 95.02 5515 nd 15.1 36.5 40.0 226 40.0 10.2
OL 6.27 73.3% 3916 nd 11.9 330 304 153 254 6.2
Cl4 580 65.14 434.0 19.1 10.8 40.1 369 L7 26.3 15.2
C2-+4 6.13 92.6% 528.5 139 1.0 278 I%6 260 36.3 71
Cl-m B.46 42.33 243.6 15.8 17.6 14.1 14.7 5.5 6.3 1.1
CZ-m 78 88.3% A68.4 215 30.2 15.5 238 16.2 34 i1

* Porconlages with respect to initial dry weight of pile, consideting constant the ash eontent during the composting process.

®nd: not determined
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gradation. Temperature probes were situated inside the
pile, hallway up, where the highest temperatures devel-
oped. When the temperature staried to decrease, the pile
was turned once in order to homogenise the mixture and
stimulate the process. The biooxidative phase of com-
posting (active phase) was considered finished when the
temperature of the pile stabilised near to the ambient
temperature (final stage). Air blowing was stopped and
the mixtures were then allowed to mature over a period
of two months (maturation phase). The moisture leve] of
the pile was contrelled weekly during the biooxidative
phase of composting and adjusted by adding the nec-
essary amount of water, using overhead sprinklers, to
obtain values between 40% and 60% moisture content.
One representative sample was taken at each sampling
time by mixing six sub-samples from six sites of the pile,
spanning the whole profile (from the top to the bottom
of the pile). A sub-sample was air-dried and ground to
0.5 mm for chemical analysis, the rest of the sample was
kept frozen (-20 °C) until being used for biological
determinations.

2.2, Analytical methods

The samples were analysed for pH in a 1:10 (why)
water-soluble extract, dry matter by drying at 105 °C for
12 b, and for OM content by loss on ignition at 430 “C
for 24 h (Navarro et al., 1993}, Total nitrogen (TN} and
total organic carbon (TOC) were determined by auto-
matic microanalysis (Navarro et al,, 1991), as was the
water-soluble organic carbon (HOC), after a 1:20 (wiy)
extraction. Lignin and cellulose ¢oncentrations were
determined by the American National Standard meth-
ads (ANSI/ASTM, 1977) and the hemicellulose con-
centration by subtracting the cellulose concentration
from the total value for the delignified sample (holo-
cellulose) obtained by Browning's method (Browning,
1967). The [at content was determined by diethyl-ether
extraction (Soxhlet system). All analyses were done at
least in duplicate. The relevant parameters of the origi-
nal wastes and the initial and mature samples of the
composting are shown in Table 1.

The proportion of OM-loss by mineralisation was
calculated using the initial (X)) and final (X;) ash con-
centrations, according to the equation:

OM-loss (%) = 100 — 100[X; (100 — )]/ W2(100 — X7)]

The results were fitted to a first-order kinetic equation
by a non.linear least-square procedure (Marquardi-
Levenberg algorithm, Table 2), described by the equa-
tion:

OM-loss = A{l —e™)

where OM-loss represents the OM degraded (% of initial
OM), ¢ is the composting time (d), A the maximum

Tahle 2

Parameters obtained (rom the fitting of the OM-loss curves 1o a first-
order kinetic mode): maximum OM degradation (4], rate constant (k)
and mineralisation rate (4 x k)

Mixture A k™) Axk RMS F
%% OM) %% OM d-'y

Cl 77.1 0.010 0771 20.6 556.6'"
(4.48) (0.0012)

2 46.0 0011 0506 248 5.5

(8.67) (0.0033)

Statistical parameters: residual means square (RMS) and F factor.
Standard deviation in brackets.
P <0001

degradation (% of initial OM) and & is the rate constant
dn.

Basal respiration and FDA hydrolysis activity were
determined on the frozen sub-samples, after defrosting,
homogenisation and chopping in a mill. Samples were
incubated at 20 °C for 24 h in order to reactivate the
microbial biomass. Fresh samples, equivalent to 8 g dry
matter, were incubated in 250 ml plastic flasks, at 26 *C
for 10 d. The CO; produced was adsorbed into 10 ml of
2 M NaOH solution placed in a vial on the compost
sample inside the plastic incubation flask. The CO,-C
evolved was determined by titration of the NaOH so-
htion with 2 M HCI in an excess of BaCl,. Basal res-
piration rate was expressed as mg C-CO; evolved per
gram of dry material d-'. The FDA hydrolysis was de-
termined, by the modified method of Inbar et al. {1991)
and You and Sivasithampararn (1994), on a sample
equivalent to | g dry matter. The calibration curve was
performed for each sample, using 1 g dry matter, to
aveid any interference of the humified OM (Swisher and
Carroll, 1980; Inbar et al., 1991).

3. Results and discussion
3.1. Qrganic matter degradation

Both piles were turned once dunng the full compo-
sting process, when the temperature first started to de-
crease (after 56 and 28 d in Cl and C2, respectively, Fig.
1b). After turning, the process was re-activated as shown
by the increased temperature and ventilation demand
(Fig. la and b). During turning, material at the exterior
of the pile was incorporated into the pile, providing
degradable subsirate for the microbial biomass. The
presence of urea in the C2 mixture could have retarded
the development of high thermophilic temperatures,
producing a long initial wesophilic phase, as shown by
Sanchez-Monedero et al. (2001). The ventilation de-
mand indicates the maximum microbial activity reached
during composting (Jeris and Regan, 1973). Therefore,
microhial activity was higher in both piles during the
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Fig. 1. (a) ¥entilation dermand required in piles C1 and C2 during the
biooxidative phase of composting, to maintain the maximum tem-
perature at 55 °C and (b) temperature profile during composting of the
piles C1 and C2, (arrows indicate whirling).
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Fig. 2. Degradation of OM during composting of piles Cl and C2.
Symbols represent the experimenial results and lines the fitted curves.
Bars indicate Lhe least significant difference.

thermophilic phase. The high initial C/N ratio in Cl
(Table 1) caused an excessively long composting time,

with low ventilation demand in the thermophilic phase
(Fig. ).

However, the longer biooxidative phasein Cl ledto a
greater proportion of the OM fraction being degraded
during composting, the values being 64% in C! and 40%
in C2 (Fig. 2). The curve of OM degradation fitted a
first~order kinetic function (Table 2), as generally found
during composting (Bernal et al,, 1996; Paredes et al,
2000). The value for maximum OM degradation (A) of
C1 was close to the range found for the composting of
sewage sludge, animal manure, OMW and OMW sludge
with different lignocellulosic wastes as bulking apents
(55-68% OM) (Bernal et al., 1996; Paredes et al., 1996,
2000). But the value found for C2 was lower than the
cited range, indicating that its OM was more resistant to
degradation. This was due to the nature of the FOMW?2,
as the same Ol. was used in both piles. FOMW2 came
{rom three-phase OMW, which contains olive pulp, muci-
lage, pectin, etc. (Paredes et al., 1999), while FOMW]
came from the two-phase OMW produced during the
washings of the olive oil (free of olive pulp).

About 60% of the initial contents of lignin and cel-
lulose were degraded during composting in C1 (Table 1},
compared to 39% and 38% respectively in CZ. More-
over, the high concentration of ammonium furmed
during hydrolysis of the added urea in C2 could have
inhibited the activity of fungi responsible for degrada-
tion of lignocellulosic compounds (Ko et al., 1974). The
degradation of fats ig of special interest due to their high
concentration in FOMW samples (Table 1). Fats give a
particular texiure to the composting mass that mhibit
the oxygenation (gas exchange) of the pile, whilst their
hydrophobic character makes difficult the absorption of
water added to the pile in order to naintain an adequate
moisture content. Most of the fat was degraded during
composting (Table 1), as has been found also during
composting of all olive mill wastes, such as olive marc
(Estain et al., 1985), olive husks with wheatl straw
(Madejon ¢t al., 1998), and FOMW with grapc marc
and siraw in composting simulator experiments (Negro
and Solano, 1996).

3.2 Microbial activity

In Cl the basal respiration did not change signifi-
cantly during composting, and only a slight increase in
the FDA hydrolysis activity occurred after 84 d of
composting (Fig. 3a and b). In CZ, basal respiration and
FDA activity increased during the thermophilic phase,
reaching their maximum values on day 49, when bath
maximumn temperature and ventilation demand oc-
curred (Fig. 1a and b). The development of the micro-
bial biomass neceds a large quantity of available
nuirients, particularly nitrogen, which was mainly sup-
plied by urea hydrolysis in this pile. Later, microbial
respiration activity and FDDA hydrolysis decreased in
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Fig. 3 (a} Evolution of basal respiration and (b) FDA hydrolytc
activity during the composling process.

C2, as did the temperature, indicating a decrease in the
organic substrate degradable by the microflora. This
was also found by Schwab et al. (1994), in a simulated
solid waste using a pilot plant-scale composter. Both
basal respiration and FDA activity remained constant
during the maturation phase. The values of basal res-
piration after two months of maturation were very close
to those found by Forster et al. (1993) (0.25-0.62 mg C—
CO; g7 'd™") and Hue and Liu (1995) (0.06-0.63 mg C-
C0O,¢g'd™") in mature composts of diflerent origin,
which indicates the microbial stability reached after the
composling process.

The results for basal respiration in C] and C2 were
correlated at a high probability level with those of FDA
bydrolysis (r = 0.749, P < 0.01), thus both parameters
indicated the total microbial activity during composting.
Some studies have shown that the absorbance value
of FDA can indicate the microbial biomass in organic
substrates and soils amended with organic materials
{Swisher and Carroll, 1980; You and Sivasithamparam,
1994; Sanchez-Manedero, 1997). According to Swisher

and Carroll (1980), and Inbar et al. (1991), not all mi-
croorganisms show FDA activity. In fact, Schwab et al
(i994) found a good relationship between microbial
biomass, measurcd by direct bacleria counting using
microscopy, and FDA activity during composting of
simulated solid waste, but the relationship was not found
for fungi and actinomycetes. Similarly, You and Sivasi-
thamparam (1994) did not find a significant correlation
between total fungi counts and FDA activity in mixtures
of manure and straw. Therefore, in Cl, fungi may have
been the dominant microflora developed during com-
posting, which was able {o degrade mainly polymers,
such as cellulose and lignin, as sources of C and N, be-
cause of the initial conditions of the C! mixture (high C/
N ratio, low HOC and N concentrations, and high fats).
However, further research is needed to confirm this.

Therefore, the FOMW can be composted, with OL as
bulking agent, intc a stabilized product. However, the
mixture of wastes for C2 was better for comnposting than
Cl, as shown by the shorter composting time with
higher microbial activity than C|. The high initial HOC
and N concentrations, together with an adequate C/N
ratio of C2Z were responsible for the development of a
microbial population with a high metabolic activity. The
basal respiration and FDDA hydrolysis activily are valid
parameters for establishing the degree of biological
stability of the composting material. As a general con-
clusion, it can be said that both the two- and three-phase
olive oil extraction systems can become environmentally
friendly technologies by integrating a composting sys-
tem for transformation of the wastes into stabilised
compost.
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Abmstract

Biosorption of heavy metals is an innovative and alternative technology to remove these pollutants from agueous solutions using
inactive and dead biomasses such ms agricultural and industrial wastes, algae and bactena. In this study olive mill selid residue was
used as heavy metal adsorbent matesial for its wide availability as agricubural waste and also for its cellelosic matrix, rich of
potentinl melal binding ective sites. Preliminary studies concerned with the removal of different keavy metals (Hg, Pb, Cu, Zn and
Cd), the effect of pre-Lrealments by water and a-hexane and the regeneration possibility. Olive mill solid residue resulted abie to
remove heavy metals from aqueous selutions with an alfinity stres reflesting the hydrolyuc properties of the melallic ions, but alse
a particelar affinity for copper. It can be supposed that biosorption phenomenon occur by a general ion exchange mechanism
combined with a specific complexation reaction for copper ions. Water pre-treatment 1s sufficient 10 reduce COD release in the
cfluent according to (he law limit, while #-hexane pre-treatment strongly reduces alsc the adsorption properties of this maternal.
Experimental isotherms obtained under different operating conditions were finled using a non Linear regression method for the
estimation of the Langmuir paramelers. Moreover a simple Scatchard plot analysis was performed lor a preliminary investigation
of the uctive sites, showing the presence of two different site affinities depending on the metal concentration, according o the pre-
vipus hypothesis of two kinds of uplake mechanisms for copper bioserption. Regeneration tests gave good resulis in terms of yield

of regeneralion and also concenlration ratios.

. 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Biosorption of heavy metals from aqueous solution
cin be considered as en alternative technology in
industrial wastewaters treatments (Veglio and Beolchini,
1997). This innovative depuralive process uses bioma-
terials which are ejther abundani in nature such as
marine algae {Schiewer and Volesky, 1995) or wastes
coming from industrial production {(Gallagher and
Moo-Young, 1998) and biclogical processes such as
fermentation (Ttanwei and Peng, 2000) and water
treatments (Leung et al, 2000). Several agricultural
wastes were already been tested to remove heavy metals
such as apple residues (Chong et al., 1998), olive mill

* Corresponding author. Tel.: +3906-4991-3333; fax: +3906-
450611,
Ewmaif addresses: francesca.pagnanelli@uniromat.it
{F. Pagnanelli}; Luig.toro@uniromal. il (L. Toro);
vegliof@ing.univag.it {F. Veglid)

solid residue (Gharaibeh et al., 1998}, plant root lissues
(Chen et al., 1998} and so on.

This study presents the first outcoming results about
the possible usc of the solid wasies of an olive mill as
heavy metal biosorbents. This material was chosen
considering its large amoun: availability and the basic
cellulosic structure, rich of possible binding active sites
{Irwin et al., 1984; Platt and Clydesdale, 1987).

In the Mediterranean area where the largest world-
wide olive oil producers are concentrated (Spain, Italy,
Greece, Portugal, Tunisia, Turkey and Syria), treatment
and disposal of residues from oil processing are a ser-
ious problem the industries have to solve.

The i} production is based on a semes of steps
(cleaning the olives, grinding the olive to paste, mixing
the olive pasie, sepaurating the oil and water from the
fruit—pomace—, scparating the oil from the water and
processing the olive oil) thnt yields an oily phasc (20%),
a solid regidue (30%) and an aqueous phase (50%)

0956-053X/02/5 - see front matler 4 2002 Elsevier Science Ltd. All rghts ressrved.

PiL: 30956-053X(02)00086-7
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A part from vegetation waters treatments (Ylyssides
et al., 1996), the solid wastes are partially used as nat-
ural fertilizer (Saviozzi et al., 2001}, nutrient additive for
animal food, source of heat energy (Tekin and Dalgic,
2000) and soil stabilizer {(Attom and Al-Sharif, 1998),
but the larger amount is still left in place causing a big
environmental problem for the acute odour and the
possible contamination of soil and ground water. Many
researchers and environmental technicians suggest
incinerating these wastes to solve part of the problem.
An alternative use could be as low cost adsorbent in the
treatment processes and operations of contaminated air
and water (Gharaibeh et al, 1998; Abu-El-Sha'r and
Gharaibeh, 1999). This last application could be rea-
sonably effective considering the pomace composition.
In general the plant cell wall is a macromolecular matrix
that consists of different kinds of polymer chains packed
together in a three dimensional structure. Olive pomace
consists of fibre (as cellulose), lignin and uronic acids
along with oily wastes and polyphenolic compounds
(Saviozzi ¢t al., 2001). This complex matrix contains
numerous fixed polyvalent functional groups (such as
carboxylic, hydroxylic and methoxy groups) and a high
amount of fixed anionic and cationic functional groups.
This particular composition enables olive pomace to
bind metallic ions in solutions by different mechanisms:
complexation, chelation, physical adsorption, ion
exchange and electrostatic interaction (Veglio and
Beolchini, 1997).

In this work some aspects concerning with possible
technological application of olive mill solid wastes as
heavy metal sorbent material were reported. In parti-
cular the attention was focused on the potential heavy
metals that the solid waste can remove, the effect of the
pre-ireatment and the possible regeneration of the
material.

2. Materials and methods
2.1. Olive mill solid residue

The clive mill solid wastes used in this study were
collected from an clive oil production plant near Ter-
amo (Italy). The solid residue, as pressed and sunny
dried disks, was ground and the size distribution was
determined by using an automatic sieve (Fig. 1.

2.2. Kinetic tests

A biomass suspension {10 g/l) was rehydrated under
agitation for 1 h, then a multi-metal bearing solution
(Hg, Pb, Cu, Zn, Cd as divalent ions nitrate salts) was
added. The metal bearing biomass suspension was kept
under magnetic stirring and the pH was monitored and
maintainéd constant. Duning the test different samples

40

30

20
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Fig. 1. Size distribution diagram as weight percent for 4 representative
ground sample of the olive mill solid residue usad as heavy msal
adsorbent materiai.

were collected, centrifuged to separate the solid and the
metal residual concentration of the different metals in
the liquid was determined using an Inductively Coupled
Plasma Spectrophotometer (ICP).

2.3. Equilibrium tests

The ground solid was preliminary washed twice with
distilled water (or sn-hexane), dried and stored in closed
recipients.

Equilibrium biosorption was determined by using 10
g/l re-hydrated biomass suspension samples in which
different initial metal arncunts were added. The samples
were kept under magnetic stirring at constant pH and
temperature for the time necessary to reach the equili-
brium conditions. Solid-liguid separation was per-
formed by centrifugation and the liquid equilibrium
concentration was determined by an ICP. For each
sample a blank test without biomass was also performed
to avoid confusion between biosorption and possible
metal precipitation.

The adsorption equilibrium tests after regeneration
were carried out using regenerated pormnace samples
washed by distilled water and dried, according to the
experimental procedure described above.

2.4. Regeneration

Exhausted bicmass samples were washed by distilled
water and dried. Then different regenerator solutions of
CaCl;, HNCQ; and HCIl were tested at various con-
centrations mixing diverse volumes of regenerator with
dried metal bearing pomace samptes.
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3. Results and discussion
3.1. Biosorption kinetic tests

Preliminary kinetic tests were carnied out to determine
the time necessary to reach the equilibrium conditions
and the affinity of different heavy metals for the solid
residue. In Fig. 2 the kinetic profiles of the biosorption
of the diffierent heavy metals were reported. The experi-
mental results show that the equilibrium conditions
were reached in a time ranging from 2 to 4 h depending
on the metal.

Copper, zinc and cadmium biosorption takes place
within 2 h, while for mercury and lead, the heaviest tes-
ted metals, a 4 h time is necessary to reach the equili-
brium conditions probably because of the large ionic
radius and the related problems of diffusion in the bio-
logical matrix.

Considering the metal equilibrium residual con-
centrations, the metal specific uptake (g) of the solid
wasle can be calculated as:

V(Ci - Cp)
q 3 ()
where ¥ is the total suspension volume, g is the amount
of biomass, C; is the initial metal concentration in solu-
tion determined on blank sample and Cyis the residual
metal concentration in solution at the equilibrium con-
ditions.

The metal specific uptakes were reported in Fig. 3 (as
mmol/g of dried selid) showing that the most efficiently
removed ion is copper, while the affinity order for the
other heavy metals is strictly related to their acidic
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Fig. 2. Kinetic profiles related to the biosorption of different heavy
metals using 10 g/l of rehydrated ground solid adsorbent at pH 5.
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Fig. 3. Metal specific uptake (¢) of different heavy metals (pH 5, 10 g/l
biomass coneentration) related to the hydrolytic properties of the same
metallic ions (pKi).

properties as it is possible to see by the pX; values of the
first hydrolysis reaction (2).

HO - H + Me>* — Me(OH)*+H"* (2)

This experimental finding was already observed for
heavy metal adsorption both onto biological matrices
(Esposito et al,, 2000; Pagnanelli et al., 1995, in press)
and inorganic materials (Spark et al., 1995; Elliot et al,,
1986) confirming the general trend that an adsorbent
generally prefers to bind acidie ions and that speciation
predominates on adsorbent characteristics.

The outlined general trend can be interpreted sup-
posing that the affinity of the surface for the hydrolysed
metal species Me(OH) is significantly greater than that
for the unhydrolysed ones (Spark et al., 1995) also con-
sidering that in the usual pH range [Me(OH)] < «<[Me].

Otherwise this experimental result can also foond an
explanation by considering the analogy between the
hydrolysis reaction (2) and the metal uptake by the
active sites (3):

S —H + Me** - SMet + HY (3)

where Me is the heavy metal and SH is the active site in
the protouated form.

In both reactions a metal ion breaks a bond and a
hydrogen ion is released. When an heavy metal present
a large first hydrolysis constant (because of its particular
charge to mass ratio and ¢lectronic configuration) it <an
react more easily with a protonated site respect to a
weaker heavy metal. Of course if a different mechanism
(t.c. complexation) takes place instead of ion exchange
(3), the discriminating factors among heavy metals can
change. So that the existence of an affinity semes in
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agreement with the hydrolysis constant series can help
in the identification of the opcrating mechanisms.

In the case of hcavy mctat removal by olive mill solid
residues, the particular affinity for copper could be
probebly due to the presence of a funher operating
mechanism besides the basic ion exchange, such as spe-
cific complexation by carboxylic and hydroxylic groups
present in the basic fibrous cellulosic structure of this
material. The presence of different chemico-physical
mechanisms operating simultaneously is rather in bio-
sorption also considering the heterogeneous nature of
the biological matrixes (Veglic and Beolchini, 1997).
Anyway, a part from these first mechanism hypotheses,
this agricuitural waste is able to remove different heavy
metals from agueous soluiion with removal percentages
ranging from 50-70% for mercury, lead and copper.
These first positive results encourage further experi-
mental work 10 determine maximal uptake capacity and
optimnm operative conditions.

3.2. Biosorption equilibrium tests

Copper biosorption was performed using differently
pre-treated pomace as adsorbent at various equilibrium
pH. The olive mill solid waste was preliminary washed
in order to have effluents with Chemical Oxygen
Demand (COD) values according to the faw limits (Ita-
lian law no. 152/1999). The pre-washings werc carriet
out with distilled water or n-hexane and the experi-
mental isotherms were reported in Fig. 4.

The use of n-hexane reduces the organic releasa in the
trealed effluent, but the metal uptake is also diminished
in comparison with the water pre-washed sorbent
material that anyway gives a COD release under the
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Fig. 4. Copper isotherms oblained under different operating condi-
tions of pre-treatments and equilibtium pH; experimenlal data and
Langmuir isctherms. ' )

legal limits: 500 mg/l is the maximum allowable COD
conceniration for wastocwaters discharge into a sewer
system,

In Fig. 4 the experimental isotherms obtained at two
different equilibrium pH (4 and 5) using the solid sor-
bent material washed by water show the strong eflect of
pH on the adsorplion properties due not only to the
competilion between copper and hydrogen ions for the
active sites in the jon exchange mechanism, but espe-
cially to the complexation properties of the dissociated
forms of hydroxyl and carboxylic groups,

Experimental data were represented using the Lang-
muir (i918}) isotherm which is the empirical model (4}
generally used for the representation of biesorption
data obtained under constant operating conditions:

_ Qmax'b'ceq
4 = b Cn @
where:

Geq I8 the adsorptioo capacity at the equilibrium solute
concentration C, (mg of solute adsorbed per g of
adsorbent or mol/g);

Ceq is the concentration of adsorbate in solution (mg/1
or minol/l};

gmax 15 the maximum adsorption capacity corre-
sponding to complele monelayer coverage (mg of solute
adsorbed per g of adsorbent or mmol/g);

5 iz a Langmuir constant related to the energy of
adsorplion {l/mg or l{mmol).

In this study a non linear least square regression was
performed using the Scientist package (Anon., 1994} in
which the least squares fitting is perfonned using a mogd-
ified Powel] algorithm to find a local minimum, possibiy
the global minimum, of the sum of squared deviations
() between observed data and model calculations (5).

N
¢ = Z('?ml - '?-‘exp)z (%)

=1

In Table 1 the Langmuir coefficients were reported
along with the relative standard deviations, the regres-
sion coefficients and the model residual vanances
(Himmelblau, 1978).

These experimental results are very interesting show-
ing a copper maximum upiake ranging from 5.0 to 13.5
mg/g in the different operating conditions. In the litera-
ture there are some recent papers about the possible use
of this waste as adsorbent after a preliminary thermo- or
electro-activation (Gharaibeh et al, 1998; Abu-El-Sha’s
and Gharaibeh, 1999) to produce granular activated
carbon. In particular Gharaibeh ¢t al. (1998) tested a
granular activated carbon obtained by solid wastes of an
oil plapt to remove Zn and Pb obtaining maximal
uptake of 5.4 and 2156 respectively at pH 5.6-5.7.
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Table 1

Langmuir adjustable parameters (gu,.. and b), relative standard
deviations (o}, model residual variances (5%) and regression cocffi-
cients (R?)

Langmur Isothérm

Qperating conditions MNomn linear fitting parameters

Pre-teatment pH g Fo0qme St Sk IR’
(g ~  (Limg) (me/e)

Water 4 50403 0.033£0.008 00750 0.9%2

Water ] 13.5+0.4 0.6840.01 0.2703 .9973

n-Hexanc 5 2410.2 0.043 40,002 0.0073 D.9998

The results obtained in this paper acquire importance
by this comparison considering that they are obtaiped
working with not activated materials without a pre-
liminary thermo- or electro-activation that requires high
energy consumplion. Moreover the results reported in
Gharaibeh et al. (1998) were obtained at higher pH
values and pH is one of the most influeneing factors
affecting biosorption phenomenon: increasing the equi-
librium pH, the metal uptake rises also for the simulta-
neous metal hydroxide precipitation.

A Scatchard linearized form (6) of the Langmuir
equation is used here neot lo cstimale the adjustable
parameters (qma; and &), but to have a preliminary
analysis about the number of site types and their rela-
tive affinity for copper.

g

E_:b-q..,n—b-q (6)

When the Scatchard plot is a straight line it means
that there is no change in the affinity of the binding sites
for the metal over the range of concentration used.
Otherwise if a curved plot is observed it indicates that
binding sites are present with a melal affinity dependent
by the metal concentration (generally stronger affinity
sites for low metal concentration and lower affinity sites
for equilibrium metal concentration exceeding a certain
adsorbing capacity) (Scatchard, 1949).

The Scatchard plots for the isotherms obtained by
using water washed biomass (Fig. 5) present double lin-
ear profiles probably due to the presence of two main
kinds of operating mechanisms for copper as already
deduced ‘looking at the correlation between metal
uptake and hydrelytic metal properties (Fig. 3). It could
be possible that at low metal equilibrninm concentrations
(below about 20 mg/l) copper ions were probably
removed by a first kind of mechanism such as a specific
complexation. For larger equilibrium melal concentra-
tions a second mechanism (such as ionic exchange)
should occur with a minor ion affinity as it’s possible to
see by the slope decrease. The theoretical development
of Langmuir isothermn is based on the combination of
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Fig. 5. Scatchard plot analysis of copper bicsorption data obtained
under diflerent pre-treatment conditions: n-hexane washed biomass
presents a linear trend (Scatchard E) over all the tested range of metal
conceniration, while water washed biomass presents a double huear
profile depending on the equilibrium metal concentration value
{Scatchard Wa for low metal concentration and Scatchard Wb for
high metal concentralions).

equilibrium constant (8) of the reaction among active
site (S) and metal {M) (7) and mass site (3):

S+M — SM (N
- [SM] !
~ [STM] ®

[Shro= [S] + [SM] = [SM](K‘[%&] + 1) )

Comparing this last equation with the previous
reported Langmuir isotherm gmax =[Sk, &#=K. The
adjustable parameter & is then related to the equilibrium
formation constant of the metal-site complex. When the
Langmuir isotherm is linearised (6) and a non linear
trend is observed, the model assumptions fall because of
the heterogeneity of the adsorbent and the possible pre-
sence of multiple sites on the adsorbent matrix and dif-
ferent operating mechanisms. In this case the value of
the adjustable parameter b obtained by using a non lin-
ear regression method (Anon., 1994) can be considered
as the average value of different metal-site complex
formation constants for each site and/or mechanism.

On the other hand the Scaichard plot obtained for
n-hexane washed biomass (Fig. 5) presents a linear
monotonic profile indicating that onc predominant
active site is present acting accerding to one mechanism
of metal uptake. It is possible that this pre-treatment
eliminates the organic fraction responsible for specific
copper complexation, while the non specific uptake by
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ion exchange still occurs. The slope of the a-hexane
washed biomass is very near to the slope of the linear
trend at high copper concentration obtained by using
water washed biomass, confirming the previous
hypothesis about the nature and number of uptake
mechanisms (Tabie 2).

3.3. Regeneration tesis

The exhausted biomass can be burned and the metal
reduced in leachable ashes, otherwise it could be regen-
erated giving concentrated effluents and reused in dif-
ferent cycles. According to the second opportunity ionic
and acid extracting agenis were tested using different
concentration ratios (CR, volume of extracting agent
used for the regeneration of exhausted pomace/volume
of treated synthetic solution). The preliminary tests here
reported were carried oul in order to outline the possi-
bility of regenerate the exhausted biomass wsing mild
reagents not affecting pomace structure stability. In
Fig. 6 the experimental results obtained in the different
experimental conditions were reported as% of regen-
eration (maximal regenerahle metal concentration/
actual released metal conceniration-100, where the

Table 2
Scatchard bpear regressons (¥ = ¢/c, x = ¢} at pH 5; () for low and (b)
for high mewal concentration using water washed biomass

Scatchard plot
Operting conditions Equatiops R
Water pH=5(a) y=—0.2668x + 2.2277 0.957
Water pH=5(b) y==0.0569x + 0.79%0 0.9963
n-Hexane pH=5 ym=0.0408x + 0.18%4 0.9934
100
QOCcR 04
40 41 WCR=0.8
&
50U 1
'g', !
=40
&
20 4
U - T T
CaCl2  HNO3  HNOS HCl HCl
M 0.1M BOIlM 0 M QOIM

Fig. 5 Regeneration tests under different operating conditions using
jonic and acid regenerators at two concentration ratios (CR =regen-
erating volume/initial centaminated treated volume),

maximal regenerable metal concentration is calculated
for each sample from the metal uptake (g) determined
during previous adsorption test and the volume of
regenerant used). The acidic solutions resulted the most
effective in ripenerating pomace; in particular hydro-
chloric acid resulted better than nilric one probably for
the additional complexing properties of the anion CI™.
These preliminary fests were carried oul using con-
centration ratios (CR = regenerating volume/initial con-
taminated treated volume) not very low, because baich
tests require a minimum liquid level to ensure suspen-
sion mixing and final solid-liquid separation. Successive
tests in column reactors could be performed also using
lower regenerating volumes.

The adsorptien capacity of olive pomace after regen-
eration tests (HC] IN) was tested comparing the iso-
thermal data at pH=4 for lead and cadmium obtained
before and after one regeneration (Fig. 7). Experimental
data confirm the major affinity of the biomass for lead
with respect to cadminm and show a partial diminution
of pomace adsorbent capacity after the regeneration.
Cadmium maximum uptake capacity [gmas calculated
according te Langmuir isotherm (Anon., 1994)] after
regeneration is 56% of the initial value, while for lead is
81%. Further experimental work is required to opti-
mised the regeneration conditions in terms of choice
and concentration of the regenerator and CR, paying
altention alse to the decrease of adsorplion perfor-
iances after the regeneration phase. A final economical
analysis could also consider a depuration process with-
out regeneration because of the low economical value of
the adsorbent: in this case the exhausted adsorbent
could be burned at the end of each cycle of adsorption
and the metals leached from the residual ashes.

(.06 : e
| @Pb ]
0.05 ® & @ OPb(afier eg) |
acd

0.04 ® o 0 O Cd (afier reg) .
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E 003{ © -
= 0
o

002 14 o o v
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Fig. 7. Lead and cadmium biosorption at pH 4 onto olive pomace
before and after regencration {in the legend aller reg.) with HCH 0N,
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Recycling of Olive Oil By-Products: Possibilities
of Utilization in Animal Nutrition
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*Depariment of Animal Nutrition, Estacién Experimental del Zaidin { CSIC ), Profesor Albareda !. 18008 Granada. Spain
*Laboratory of Animal Nutrition, INRA, Tunisia. Rue Hédi Karray. 2049 Ariana. Tunisia

Olive tree culture is especially important in the Mediterranean area, Spain being
first as regards total culture surface (2121 181 ha) and number of productive trees
([ 80000). Both olive tree culture and olive oil industry produce large amounts of
by-products. It has been estimated that pruning produces 25kg of by-products
(twigs and leaves) per tree per year. Leaves represent 5% of the weight of olives
in oil extraction. On the other hand, the clive oil indusiry produces 35kg of solid
waste {crude olive cake) and 1001 of liquid waste (oil mill wastewaters) per 100kg
of treated olives. Such substantial amounts of by-products may have harmful
elTects on the environment. Consequently, many alternative utilizations of by-
products have been considered. One important alternative from the quantitative
point of view is their utilization as a source of nutrients for animals. Information
concerning chemical and nutritional characteristics of the various types of olive
tree culture by-products and, particularly, of thase by-produets resulting from
the new industrial procedures applied to clive oil exiraction must be generated in
order to achieve elficient uses of such by-products in animal feeding. The possi-
bilities of different chemical and biological methods for the nutritive evaluation
of olive tree culture and olive oil industry by-products have also to be investi-
gatéd. Olive tree culture and olive oil industry by-producis could play a crucial
role as sources of local feeds for small ruminants, They may also contribute to
the development of efficient and environmentally conservative extensive ammal
production systerns within Mediterrancan semi-and ecosystems. & 1997 Elsevier
Science Limited. All rights reserved

INTRODUCTION

There are presently 600million productive olive trees
on the planet, which occupy a surface area of
7 million ha. The worldwide productions of edible
olives and olive oil have been calculated at 8 and
1.6million metric tonnes, respectively. The
Mediterranean area alone provides area 98% of the
total surface for olive tree culture and total
productive trees, and. 97% of the total olive
production. Olive tree culture is especially important
in Spain, Italy, Greece and Tunisia, Spain being first
as regards total culture surface (2121 181ha) and
number of productive trees (180000) (Nefzaoui,
19835, 1987; Delgado Pertitiiez, 1994).

Both, olive tree culture and the olive oil industry,
produce large amounts of by-products. It has been
estimated that pruning alone produces 25kg of by-
products (twigs and leaves) per tree annually. It
nmust also be considered that leaves represent 5%
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of the weight of ohives in o1l extraction. On the
ather hand, the olive oil industry produces 35kg
of solid waste (crude olive cake) and 4401 of liquid
waste (oil mill wastewaters) per 100kg of treated
olives.

It has been thought that such substantial
amounts of by-products may have harmful effects
on the envireonment. Consequently, many
alternative utilizations of by-products have been
considered. One important alternative from the
quantitative point of view is the utilization of by-
products from olive tree culture and olive oil
industry as sources of nutrients for animals. The
appropriate utilization of by-products in animal
nutrition can improve the economy and the
efficiency of agricultural, industrial and animal
production. Furthermore, it has social and
environmental benefits, especially important in the
very fragile Mediterranean semi-arid ecosystems
where availuble pastures and forages are scarce.
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DEFINITION OF THE MAIN OLIVE TREE
CULTURE AND OLIVE OIL INDUSTRY BY-
PRODUCTS (FIG. 1)

Leaves and twigs whose diameter are less than 3cm

Obtained by tree pruning and separation of big
branches. Leaves are also obtained after the
washing and cleaning of olive fruits in the factory.

Liquid residues

Obtained by centrifugation or by sedimentation
after pressing of olive tree fruits in the oil factory.
Different names have been applied to the liquid
residues: vegetation waters; olive mill wastewaters;
alpechins: etc. '

Solid residues

Obtamned from olive oil industral production: olive
cakes.

Crude alive cakes

Obtained by pressure extraction of oil from the
entire olive fruit. Their water and oil contents are
relatively high (24 and 9%, respectively).

Solvent extracted olive cakes
Obtained after removing the oil from the crude
olive cake with a solvent, generally hexane.

Solvent extracted screened olive cakes
Result from the partial removal of stone crumbs by
screening or ventilntion,

Olive pulp

Paste obtained when the stone is removed before
oil cxtraction. It is rich in water (60%) and
difficult to conserve.

CHEMICAL AND NUTRITIONAL
CHARACTERISTICS OF OLIVE TREE
CULTURE AND OLIVE OIL INDUSTRY BY-
PRODUCTS

There is little information concerning the chemical
and nuiritional characteristics of by-products from
olive tree pruning (Boza & Guerrero, 1981; Nigh,
1981; Alibés et al., 1982; Gomez Cabrera et qi,,
1982, 1992; Delgado Pertifiez, 1994). Information
concerning olive cakes is much more a2bundant

(Boza et al, 1970, Theriez & Boule, 1970,
Nefzaoui, 1985, 1987; Aguilera & Molina, 1986:
Molina & Aguilera, 1988; Aguilera ei al., 1992).
whereas there is less on the characteristics of oil
mill wastewater as animal feed (Martilloti, 1983;
Aguilera et al., 1992).

Chemical composition

Twigs and leaves

The chemical composition of leaves and twigs
varies according to many factors such as olive
variety, climate conditions, pruning pertod, wood
proportion, tree age, etc. (Tabie 1),

Dry matter (DM) and crude protein {CP)
contents are highly variable. The content of
fibrous components (neutral detergent fibre,
NDF) is moderate (33-56g/100g DM) but the
lignin content (ADL) is generally high (i6-21g/
100g DM).

Information on the content of phenolic
compounds is scarce {Delgado Pertifiez, 1994).
Even so, its phenolic compound content appears
to be very varable (1.4-6.4g/100g DM).

Olive cakes

The chemical composition of olive cakes varies
within very large limits (Table 1) according to the
industrial procedures of oil extraction. Crude fal
(CF) and NDF are the most variable components.
Lignin content is particularly high. Crude protein
content is generally low, and a substantial part is
linked to ccll wall components. Aminoacid
composition is similar to that of barley grain with
a deficit in glutamic acid, proline and lysine
(Nefzaow, 1985).

il mill wastewaters

The main components of oil mill wastewater are
water, organic substances and minerals (Table 1).
Although the content of phenolic compounds is
very variable, it can be very high.

Nutritional characteristics

Twigs and leaves

Intake and digestibility of twigs and leaves are
considerably variable, depending on wood
proportion, preservation procedure, the method
for its determination, the animal species used etc.
(Table 2). Crude protein digestibility is especially
variable, although very low values have been
reported (Boza & Guerrero, 1981; Alibés e al.,
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Fig. 1. By-producls of the olive tree cullure and olive oil indusiry.

1982). There is mot much information on the
digestibility of cell wall components.

Olive cakes

There are not many data concerning the voluntary
intake of nutrients from olive cakes. Reported
values are high and variable. Values for nutrient
digestibility are also variable, depending on the
type of olive cake evaluated, the amount of olive
cake present in the experimental diets, the
expenmental procedure for determining the
digestibility, etc.

The available information seems to indicate a
generally low nutritive value for ohive cakes (Boza
et al., 1970; Nefzaoui & Vanbelie, 1983; Nefzaoui,
1985, 1987; Aguilera & Molina, 1986; Molina &
Aguilera, 1988). Various reasons have been
explored to explain such results. The high CF
content has been considered to limit the nutritive

utilization of olive cakes, but high intakes of crude
olive cakes and other results obtained in vitre
seem (o indicate the absemce ol a harmiul effect
due to high CF content (Nefzaoui. |985). The
presence of phenolic compounds has also been
associated with the low nutritive value of olive
cakes. However, neither high amounts of phenolic
compounds (Nefzaoui, 1987) nor toxic effects
have been found either in ewes fed diets
containing olive cakes or in lambs at birth
(Nefzaoui & Koaiser, 1981; Aguilera et al., 1992).
Consequently, it does not seem (hat the presence
of phenolics m ohve cakes can be considered as an
explanation of the low nutritive vaiue. However,
the absence of a toxic effect when the animals are
fed diets including olive cakes could also indicate
that phenols are highly polymerized or an integral
part of parietal components and, consequently,
not very reactive (Nefzaoui, 1987).



Table 1. Composition (g per 100g dry matter) of By-Products from Olive Tree Pruning and Olive Oil Industry

DM, g per 100g (reth Organic Crude CF NDF Acid detergent fibre ADL Crude energy Phenolic
matter maiter protein (MJIxg ! DM) compounds
Wood, Iwigs, kaves 45.7-96.4 89.1-94% 6.1-13.} 33-11.2 325857 18.6-43.6 16.0-21.0 48511 1.42-6 37
Olive cakes 63.0-50.0 91.0-91.5 315119 20360 S5L7-11B 30.9-59.6 24.0-33.0 19-21 <1.00
il millwaxc water 16.8 148 — — — - 0.13-6.5"

“g per 100g MO. Gomez Cabrera er o, (1982, 1992); Aguilera and Molina (1986): Nefzaoui {1985, |987); Ramos-Cormenzana (1986); Motlina and Aguilera (1988); Aguilera ef al
{1992); Delgado Pertificz (1994)
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Table 2. Intake (g DM per kg” ™) and Nutrients Digestibility (g per 100g ingested) of some Olive Oil By-Products

By-product  Animal Intake DMD aMD CPD ADFD Refercnce

Fresh leaves  Sheep 55 54-60 3143 28 Alibés r1 al. (1982);
Gomez Cabrera e wl
(1992)

Dry leaves Sheep 23-70 2448 <-4 2-20 Alibés er al. (1982):
Gomez Cabrera er al
(1982, 1992)

Fresh twigs  Goats 80 57 50 32 — Boza and Guerrero
(1981)

Dry Iwigs Gouats 7 24-52 614 — Boza and Guerrero
(1981} Nigh (1981)

Ensilaged Sheep = 40-46 <0-17 Alibés et al. (1982)

leaves

Crude olive  Sheep . BS-128 33 [0-29 Boza et al, (1970),

cake Thertez and Boule
{1970}, Nefzaom
{198T)

Screened olive Sheep -~ 42 16-33 — Maymone ¢r of

cake (1961)

Screened Sheep — 19-37 3-32 9 Nefzaoui (1985),

extracted alive Aguilera and Molina

cake {1986). Molina and
Aguilera (1988)

Olive pulp Shecp — 48-57 44-58 10 67 - Theriez and Boule
(197G)

Extracied olive Sheep — 70 28 — Theriez and Boule

pulp (1970}

DMD, dry matter digestibility: OMD, organic matter digestibility; CDP, crude protein digestibihty: ADFD. acd detergent nibre

digestibility.

EFFICIENT USE OF PLANT BY-PRODUCTS
IN ANIMAL FEEDING

Cell walls are protective plant structures, but they
are also resistant 1o degradation (van Socst, 1982).
Herbivores have developed different adaptations
in order to degrade cell walls and, as a4
consequence, obtain nutrients from plants.
Ruminants are probably the most eflicient
herbivores in terms of their utilization of materials
which are rich in cell walls, as is the case for by-
products. One part of the ruminant digestive tract
(the reticulum-rumen) has increased in size. A
symbiosis with  microorganisms  (bacteria,
protozoa, fungi) which produce enzymes
(cellulases, hemicellulases) that can degrade cell
walls, has also been established in the reticulum-
rumen, thus providing the ruminant with the
ability to efficiently use lignocellulosic plant by-
products. As a consequence of the increased size
of the reticulum-rumen, feed is longer avatable
for the action of degradative enzymes in the
digestive tract. The main end-products of the
ruminal degradation of cell wall components are
microbial protein and volatile fatty acids (VFA)
from which ruminants can meet their protein and

cnergy requirements. The fact that reticulum-
rumen is pregastrically  placed increases the
cfliciency of the  microorganism-ruminant
symbiosis (van Soest, 1982).

NUTRITIVE EVALUATION
Chemical methods

They provide information about the quantity of
nutrients present in a by-product. When
lignocellulosic by-products, such as olive by-
products, are concerned, the most important
chemical information is related to the cell wall
components. Several methods can be used, but the
one developed by van Soest (1967) 15 the most
generally applied.

The van Soest (1967) method is based on the use of
neutral and acid detergents for breaking up the plant
cell components and it allows the different cell wall
components to be quantified. Despite its generalized
utilization, at present it has conceptual and
analytical limitations and many modifications have
been attempted for vanous by-products (Mika,
1981; Nefzaou, 1985; Molina Alcaide, 1991).
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Physicochemical methods

They provide information on quantity and

structural  organization of the cell wall
components. The most presently applied
technology is near infrared reflectance

spectroscopy, which opened new perspectives for
an accurate, fast and cheap quantitative and
qualitative nutritive evaluation of diverse
materials: : g

Biological methods

The nutrient intake and digestibility are the most
important determinant factors for the nutritive
vailue of the by-products. Their accurate
determination have to be carried out in vive using
an appropriate number of animals. These in vive
determinations are difficult as by-products cannot
be fed to the animals alone but must be added to
other feeds {making part of a diet) which are able
to meet the nutrient requirements cof the rumen
microorganisms and of the animal.

The difficulties involved in the in vwvivo
determination of intake and digestibility of the
nutrients from by-products make necessary a rigid
standardization of the experimental conditions
concerning both the diet and the animal.

Indirect methods

The difficulty associated with the in vive nutritive
evaluation of by-products has led 1o a greater
focus on direct and simple, rapid, accurate
methods.

In situ methods

Based on the incubation of the experimental by-
product in the rumen of fistulated animals. The
most frequently used method involves incubation
of the experimental samples in small bags of
porous materials like nylon. This type of method
has to be standardized (Madsen & Hvelplund,
1994).

In vitro methods

Many of the applied in vitro methods are based on
the incubation of samples in buffered solutions of
rumen liquor. Variations which do or do not
involve either preincubation or postincubation
treatments have been applied. The most generally
used method has been the one developed by Tilley
and Terry (1963).

Both in situ and in vitro (Tilley & Terry, 1963)
methods require rumen cannulated animals. There
has, thus, been a strong focus on methods which
use solutions of commercial enzymes, mainly
cellulases (Aufrére, 1982).

In general, indirect methods are less time-
consuming, require fewer animals and allow the
nutritional evaluation of a large number of
samples in comparison with in vive methods.

There are also several specific equations which
make possible predictions regarding the nutritive
value of by-products from olive tree pruning and
the olive oil industry. These equations relate data
obtained by applying indirect chemical and
biclogical methods with data obtained by
applying in vive methods (Table 3).

The use of continuous culture systems appears to
be promising for the future nutritive evaluation of

Table 3. Linear Regressions (y =a + bx) for Prediction of /n Five Digestibility and Energy Yalue of Different Olive Oil By-Products

from Dala Oblained with Laboratory Methods

By-product (V)= a+ bx n r RSD Reference
Leaves DMD in vive 101.75 —1.A8 NDF 14 091 4.32 Delgado Pertificz (1994)
DMD in vive —12.40 1.6 DMD i 16 0.69 1.61 Delgado Pertifiez (1994}
vitro
DMD in viva —11.50 0.98 DMD 16 0.91 425 Delgade Pertifiez (1994}
cellulases
Screened extracted DMD in vieg  93.35 —1.03 NDF H] 0.88 1.46 Aguilerz and Molina (1986)
olive cake
DMD in vivo .93 114 DMD in 12 0.89 3.26 Agwlera and Molina (1986)
vitrg
DMD in vivo 1.73 0.35 DMD 12 09l 294 Aguilera and Molina (1986)
cellulases
DMD in vive  23.01 0.551 0D g 0.99 0.591 Molina and Aguilera (1988)
DE in vive 3.2 096 DMD i 12 0.87 1.89 Molina and Apuilera (1588)

vitro

n, Sample number; r, regression cocfficient; RSD, residual standard deviation.
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by-products, although very litlle information is
available at present.

IMPROYEMENT OF THE NUTRITIVE
VALUE OF OLIVE OIL BY-PRODUCTS

Many different treatments (grinding, crushing,
sicving and chemical trcatments) have been
applied to both prunmg by-products and olive
cakes in order to improve their nutritive value. As
has also been done with other lignocellulosic
materials, chemical treatmenis, mainly with
sodium hydroxide and ammonia, have been those
most frequently applied to olive oil by-products
(Alibés er al. 1982; Manilloti, 1983; Nefzaoui,
1985, Apguilera & Molina, 1986; Molina &
Aguilera, 1988)

Chemical treatments have been shown 1o affect
the chemical compositian, mainly cell wall
components, of olive oil by-products {Table 4).
The effect of chemical treatments on the nutritive
value of such by-products secms to be variable
(Table 5).

The resuits obtained cencerning the effect of
NaOH and ammonia on the nutritive value of
olive oil. by-products are not conclusive. As.a
consequence, many other alternatives are being
tricd. separation of branches and leaves in pruning
by-products; separation of the stones before oil
extraction, and supplementation in olive cakes.
More information is needed in this respect,
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POTENTIAL OF OLIVE OIL BY-PRODUCTS
AS AN ENERGY SOURCE FOR SMALL
RUMINANTS

Olive oil by-producls represent a global production
of 135billion MJ of energy. The production in
Andalucia alone represents 308Imillion MJ per
year. Taking into account the energy requirements
of sheep (Aguilera et af, 1986) and of goats (Preto
el al., 1990}, these by-products could potentially
meet the requirements of small ruminants
(225t million heads of sheep and 1077million heads
of goats) dunng 117 days of the year.

ROLE OF OLIVE OIL BY-PRODUCTS IN THE
PRESENT SITUATION OF ANIMAL
PRODUCTION

Anmimal production, in  general, must be
economicatly efficient and environmentally
conservative, Moreover, Mediterrancan countries
arc in great need of developing extensive animal
production systems with a sharp production in
semi-arid lands and based on local sources of
feeds and local breeds of animals (Le Houerou,
1993). Olive culture is especially 1mportant in
Mediterranean countries (Nelzaoui, {985). Thus,
olive oil by-products could play a very important
role as sources of local feeds in the present and
future development of extensive Mediterranean
animal production systems.

Tsable 4. Effect of Different Treatments on the Chemical Composition (% of dry matter) of Otive Oul By-Products

By-product +0% +4.7% +5.2% +1.5% +2.5% Reference
alkals NaQH NaQH ~H; NH,
Wood, twigs, leaves DM 62.7 59.5 60.2 61.5 Martillat (1983)
P 587 6.50 14.06 169
NDF 58.) 527 d7.6 559
ADL i6.0 138 144 158
Dry leaves Ensilaged Ensilaged leaves +MH,
leaves + H,0 + 4% NaOH
Leaves DM B7.0 45.7 44 .8 B33 Alibes et of. (1982)
CPp 770 7.70 6.21 16.8
NI F 478 - _
ADL 19.1 18.6 16.7 158
r 0% + 5% +7.5% +10% Level of Aguilera and
NaOH NaOH NaOH NaOH signifcance Motina (1986)
Screeped-extracied 3% | 68.2 614 66.0 688 N5
olive cake
cP 11.3 12.1 12.0 1.8 NS
NDF 68.19 65.5" 63.9" 586 F <0001
ADL 9.7 28.6 28.4 b4 NS

A vilues in the same row withoul 2 common superscript differ significantty {£< 0.001).
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Tabie 5. Effect of Dhfferent Treatments on the Nutsitive Value of Olive Oil By-Preducts

By-product t 0% vAT% +52% s 1.5% +25% Reference
atkali NaOH NaOH NH. NH,
Wood, twigs, DMD (%) 3153 0.6 d49.5 47.% Martilloti
kaves (1933)
OMD (%) 36.7 442 52.3 48.7
ME (MIkg™! 5.1 60 7.2 6.7
DM)
Dry leaves Ensilaged Engilaged leaves +NH,
leaves + H,Q +4%NaOH
Dry leaves DMD (%) 452 40.0 431.0 47.8 Alibés et al.
. . . {1982}
OMD (%) 0.6 295 385 42,1
ME (MJkg ' 56 4.0 5 5.8
DM)
Intake (g DM 417 48.5 477 48.9
kg " day™")
+0% + 5% +7.5% - 10% Levet of Reference
NaOH NaQH NaOH NaOH significance
Screened- DMD (%) 26.3° 38.8° 8 427 P <0001 A guilera and
exiracted olive Molina (1986)
cake
CPD {%) 41° 13.8¢ 16.07 148 P <00l Aguilera and
Molinz (1986
NDFD (%} 15.5° 34.7° R 1.4 P <0.001 Molina and
Aguilera
11988)
ADLD (%) §.6° 27.8" 2510 79 P <000 Molina and
Agullera
{1988)
ME {MJkg ™' 319 4.5 45 4.6
DM

ME, Metabolizable energy; NDFD, neutral detergent fibre digestibility.
22-*yplues in the sam¢ row without a common superscripe differ significantly (P < 0.0 or P <0.01),

FUTURE RESEARCH TOWARDS AN
EFFICIENT USE OF OLIVE OIL BY-
PRODUCTS IN RUMINANT FEEDING

Further research concerning both the by-product
and the snimal is needed in order to optimize the
use of olive oil by-products as nutrient sources for
ruminants.

As regards by-products, it is necessary to
characterize their chemcal and nutrient
composition by means of the new industnal
procedures which are being applied in olive oil
extraction. The characterization and
quantification of compounds like phenols are of
special interest because they can limit the digestive
and metabolic utilization of the by-products.

There should also be a stronger emphasis put on
the research into methods for the preservation of
pruning by-products, especially as well as cheap
and non-polluting methods for improving
nultritive value.

As regards further animal research on those

factors which determine the efliciency of rumen
activity, particularly the synthesis of microbial
protein could help to optimize fermentation and,
consequently, nutrient utilization of clive oil by-
products.

ECONOMICAL AND ENVIRONMENTAL
IMPLICATIONS OF AN EFFICIENT USE OF
OLIVE OIL BY-PRODUCTS IN ANIMAL
FEEDING

The utilization of olive ol by-products as
nuirient sources for animals couwld play an
important role in the recycling of such by-
products and could also contnbute to the
integrated use of available resources. There is,
thus, an environmental gain. Furthermore,
such a utilization may also Iocrease the
efficiency of vegetal, industrial and animal
production and, consequently, their respective
profitabilities.



Recycling of olive oil by-products 235

REFERENCES

Aguifera, J. F. and Molina, E. (/986) Yalorisation nutritive
d'un grignon d'clive traité and 3 la soude. Amn. Zootec.,
X 105218,

Aguilera, J. F., Molina. E.. Pricto, C. and Boza, J. (1986)
Esimacion de las. necesidades  energeticas - de
mantenimiento en ganado ovino de raza Segureiia. Arch.
Zootec,, 35, 89 96,

Aguilera. J. F., Garcia, M. A, and Molina, E. (1992} The
performanet of ewes offered concentrates containing olive
by-products in laie pregnancy and lactalion. Anin. Prod.,
58, 219-226.

Alibés, X, Musoz. F.. Fad, R.. Perez-Lanzac, J. and
Gonzilez Carbajo, A. (1982 Valor alimenticio para
rwnigntes de la hoja de olive. p. 10. XX Reunion Cientifica
de la SINA, Zaragoza.

Aujrére, J. (1982] Etwde de Ja prévision de la digestibilité des
fourrages par une méthode enzymalique Amn Zooiech.,
3, 11-{30.

Boza. J. and Guerrero, 1. E. {1981} Valeur alimeniaire de
quelques sous-prodwits agricoles pour la chevre. In
Nutrition et Systemes d'Alimentation de la Chevre, vd. P.
Morand Fehr, A. Bourhouze & M. de Simiane. Vol. II,
pp. 635-642. ITOVIC-ENRA Tours, France.

Boza, J.. Fonolld, J. and Aguilera, J. F. {1970)
Aprovechamiento de subproducws agricolas-industriales
en la alimentacion de} ganado ovine. 1. Estudic de Iz
digestibilidad de dietas a base de orujo de accituna y
melazas de remolacha. Rev. Nutrit. Anirm., 8, 13.

Delgado Pertiiez. M. (1994} Valoracion nutritive de la hoja de
alive. Efecto de su origen y de los {ratamientos de
manipulacion. Tesis Doctoral. Universidad de Cardoba,
Espafia.

Gamez Cabwera, A, Parellada, J., Garrido. A. and Ocafia, F.
{1982} Utilizacion del ramdén de olivo en alimentacién
animal. 11. Valor alimenticie. Avances en Atimentacion y
Mejora Animal. 22(11), 75-77.

Gomez Cabrera, A, Garrido, A.. Guerrero, J. E. and Ortiz, V.
{1992) Nutritive value of the olive fesf: effects of cultivar,
wasoen ol harvesting and system of drying. J. Agric. Sci.,
Camb., 119, 205 210

Le Houerou, H. N. (1993} Grazing lands of the Meditcrranean
Basin. In Notwral Grassiond Eastern Hemisphere and
Résurne. Vol. 8B: Fcosystems of the World. pp. 171-196.
Elsgvier Science Publisher, Amsterdam,

Madzen, } and Hvelplund, T. (1994) Prediction of in sit
protgin degradability in the rumen. Results of a European
rngtest. Lfvesr, FProd. Sei.. 39, 201-212.

Martilloti. F. {1983) Use of olive by-products in arumal
feeding in Ilaly Division de la Production et de la Santé
Animale. FAQ, Rome. . .

Maymone, B., Batiaglini, A. and Tiberio, M. {19461} Ricerche
sul valore nutritive della sensa di olive. Alimentazione
Anim., %, 1219,

Mika, ¥. (1981) Some remarks on the detcrmination ol acid
detergeni fibre in feeds with cetyltrimethylammonium
bramide versus determination of detergent fibre with
atkylaryisulfonic ucid. Anim. Feed. Sci. Techmol., 6, 91
94,

Molina, E. and Aguilera, J. F. [1088) Valorisation mutritive
d'un grignon d'olive traité & la soude. Utilisation digestive
des constituants des parois cellulaies. 4mn. Zooter., 17,
63-72.

Molina Alcaide, E. {1991} Valoravion de  recursos
lignocelulasicos. In Nuericion de Runmtigntes en Zonas
Aridas y de Montaria, ed. F. Fernindez Bermidez. pp. 71-
92. CSIC, Madrid, Spain.

Nefzaout, A. (1983) Valorisation des résidus lignocelulosiques
dans I'alimentation des ruminants par les traiterments aux
alcalis. Application aux grignons d'olive Ph.D. Thesis.
Université  Catholiqgue de Louvain, Louvain-la-Neuve.
Belgium.

Welzaoui, A, (1987) Contribucién a la rentabilidad de la
ofeicultura  por la  valorzacién optima de  los
subproductos. Ofivae, 19, 17-28.

Nefzaoui, A. and Ksaier, H. (1981) Utilisation de la pulpe
d’olive comme aliment de sauvegarde. In Sémingire
International sur le Valorisation des Sous Produits de
' Qlivier. pp. 65 66. FAQ;PNUD, Monastir. Tunisie.

Nefzaoui, A. and Vanbelle, M. (1983) Valorisation des sous-
produits de I'olivier ¢n alimenlation animale en Tunisie.
In Réunfon du Comité and Techmigue-Vaiorisation des
Sous - Produits de {'Olivier, Novembre. pp. 37-47. FAQ,
Madrid.

Nigh, H. {19§]) Drytand dairing with the ofive: five years and
bcyond FAO Document. FAQ, Rome.

Prieto, C.. Aguilera, Y. F., Lara, L. and Fonolld, J. (199
Protein and energy requirements for maintenance of
indigenous Granadina goats. 8. /. Nutrir., 63, 155-163.

Ramos-Cormenzana, A, (1986} Physical, chemical,
microbiclogical  and  biochemical  characlenstics  of
vegetation water. In lnternational Symposiwn en Olive By-
produrts Valorization. pp. 19-40. FAQ, Madrid.

van Soest, P. 1 (1967) Development of a comprehensive
system of feed analysis and its applicatton to forages. f.
Anim. Sci., 26, 119,

van Scest, P, J. (1982) Nutritional Ecology of the Reminant, O
and B Books. Corvallis. OR, U.S. A,

Theriez, M. and Boule, G. (1970} Valeur alimentaire du
tourteau d'clive. 4nr. Zoowech., 19, 143

Tilley. J. M. A. and Terry, R. A, (1963) A two-siage wehnique
for in vitre digestion of {orage crops. J Br. Grassiand Soc |
18, 104111,



