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Abstract This report shows notable improvements of soil
physical, chemical, and biological properties after long-term
soil application of olive mill pomace compost. About four
million tons of olive mill pomace is produced annually in
Andalusia, Spain. Olive mill pomace is a main by-product
of the olive oil extraction industry. Composting is a prom-
ising strategy to manage the huge volume of this potentially
environmentally harmful pomace. Converting olive mill
pomace into a useful soil amendment in semiarid Mediterra-
nean areas of olive oil farms, characterized by low organic
matter content and subjected to progressive degradation,
would be valuable. There is actually no data on the long-
term effects of composted olive mill pomace application on
soil physicochemical and biochemical properties. However,
this information is needed to encourage the composting of this
pomace. Here, a field study evaluated soil fertility and soil
capacity to degrade organic compounds after the application
of composted olive mill pomace. Olive groves received com-
post annually for 3,4, 9, and 16 years. Soils were sampled and
compared to olive groves without compost application. Soil
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physico-chemical properties and soil enzyme activities such
as acid phosphatase, (3-glucosidase, protease, invertase, and
dehydrogenase, were analyzed. Our results show that soil
organic matter, nitrogen, available phosphorus, cation
exchange capacity, aggregate stability, and exchangeable
potassium were between 1.4 and 3.3 times higher in the
compost-treated farms. Soil enzyme activities in soils
treated with compost was between 180% and 420%
higher than in untreated soils. Moreover, there was a clear
trend of increasing soil fertility and enzyme activities with
years of compost application. Here, we conclude that the
addition of composted olive mill pomace to olive groves
markedly improved soil quality.

Keywords Composted olive mill pomace - Soil fertility - Soil
enzyme - Olive oil farm - Olive oil industry - By-products

1 Introduction

There is a global trend towards developing sustainable agri-
cultural production systems. This involves the more efficient
utilization of inputs and the reduction of waste products,
which is in line with current trends in the European waste
policy aim of reutilization of biodegradable wastes from agro-
industries (Council Directive 1999/31/EC). Ideally, organic
by-products should be transformed into useful products by
processes such as nutrient recycling, replenishment of soil
organic matter, or generation of energy (Parr et al. 1986). In
this context, the cost of waste disposal would be avoided and
environmental pollution reduced. This has led to a widespread
increase in value of agricultural waste products such as olive
mill pomace.

The Andalusian (Southern Spain) olive oil industry
generates annually about four million tons of an organic—
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pasty—slurry called olive mill pomace. This large amount of
pomace produced over such a short period of time (between
November and March), presents important management and
disposal problems. The direct disposal of olive mill pomace to
the land is not allowed since it might cause serious environ-
mental problems due to the phytotoxic and antimicrobial
properties of the pomace (Perez et al. 1992).

Since most of the harvested nutrients remain in the
olive mill pomace after oil extraction, it can be used as a
soil fertilizer and organic matter amendment after com-
posting. The process of composting olive mill pomace
consists essentially of mixing it with a blend of natural
organic residues, then maintaining it in aerated piles for
7 to 9 months. Figure 1 shows a visual aspect of the
compost of olive mill pomace.

Low organic matter content is a common feature of
Mediterranean soils, limiting their workability, long-term
fertility, and productivity (Albaladejo et al. 1994). Therefore,
agricultural practices based on periodic inputs of organic
amendments are strongly recommended for Mediterranean
agro-ecosystems. Traditional organic soil amendments, such
as farmyard manure, are locally scarce (Saviozzi et al. 1999);
however, composted olive mill pomace contains a large
amount of organic matter, and thus, might be useful as
an amendment to agricultural soils, potentially lowering
the need for inputs of nitrogen, phosphorus and potassi-
um fertilizer, and improving a range of soil properties.
This strategy could be of special importance for the
maintenance of the olive grove ecosystem in which the

Fig. 1 Visual aspect of
composted olive mill pomace
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return of the organic matter to the soil, apart from its
positive effect of storing carbon in the soil, would help
to prevent problems associated with erosion (Pleguezuelo
et al. 2009).

There is a paucity of knowledge on the use of composted
olive mill pomace as a soil amendment. Cabrera et al. (2005)
assessed the potential mineralization of organic N of com-
post applied to two calcareous soils in a short-term pilot
experiment, and more recently, Gomez-Muiioz et al. (2011)
described the major properties of 7 out of the 11 composted
olive mill pomace currently produced in Andalusia, and
found that this compost was very rich in organic matter.
They also found very low CO, respiration rates derived
from this compost indicating the recalcitrant nature of the
carbon. However, studies on the effects of compost applica-
tion on indicators of soil fertility under field conditions are
lacking.

We hypothesized that the application of organic matter-
rich composted olive mill pomace will increase soil organic
matter and soil fertility, and thus, the use of this transformed
agro-industrial waste might represent a promising solution
to overcome both the soil degradation in olive oil groves and
a sustainable disposal of olive mill pomace, increasing the
sustainability of the olive groves.

The objective of this field study was to evaluate the
cumulative effects (from 3 to 16 years) of repeated applica-
tions of composted olive mill pomace on the soil physico-
chemical properties and the soil’s potential capacity to
degrade organic compounds (i.c., soil enzyme activities).
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2 Material and methods
2.1 Experimental design and soil sampling

Four olive oil farms, which annually receive applications of
composted olive mill pomace, were selected according to
the number of years since this compost was first applied.
These are not experimental farms and are managed using
common management practices. The annual application of
compost to the olive oil farm at Olvera, Reja, Tobazo, and
Andtjar has been made during the last 3, 4, 9, and 16 years,
respectively. Each of the farms which received compost was
paired with a nearby and comparable olive oil farm (in terms
of climate, orientation, slope, soil type, and farm character-
istics such as tree density and age), which received no
compost. Thus, differences between pairs of olive oil farms
within each site were attributed primarily to the application
of composted olive mill pomace. All olive oil farms had a
tree density of 90—110 trees per hectare, aged 35 to 45 years,
and distributed in a regular arrangement with a canopy cover
typically of about 30% of the farm area. The application of
the compost consisted of the annual application of between
4.0 and 6.0 tha ' (wet weight, water content typically
around 20%) during October and November. The variability
in the period and rate of application was due to the decision
of each farmer, mainly depending on compost availability,
climate conditions, and expected production during the fol-
lowing year. In each of the farms which received compost,
the compost was always evenly spread on the soil in the
intercanopy (approximately 70% of the farm area). Table 1
shows some properties of composted olive mill pomace.
Fertilization on the farms which did not received compost
consisted of the application of 50-70 kg Nha ' as urea or
ammonium sulfate in the early spring and always under the
tree canopy, never in the intercanopy.

Soil samples (top 10 cm) were collected in April. All
farms were sampled over a period of 10 days. Each pair of
comparable compost and non-compost farms was sampled
in the same day. Sampling consisted of a random selection
of five locations of the intercanopy per site, and in each
location, a soil sample composed of four subsamples. Soil
samples were transported to the laboratory in the same day,
field moist sieved (<2 mm) within 8 h, and stored at 4°C for
2-3 weeks until further analysis.

2.2 Soil analyses

Soil pH was determined in a slurry with 0.01 M CaCl, (1:1;
soil/CaCl,). Water content was estimated by gravimetry.
Particle size distribution was determined by the pipette method
(Gee and Bauder 1986). Soil water-holding capacity (WHC)
at —33 kPa was analyzed in a Richard’s membrane—plate
extractor (Klute 1986). Air-dried subsamples were used to

Table 1 Some properties of composted olive mill pomace

Properties Mean+standard deviation
Organic matter (%)* 50.1+7.2

Total carbon (%)° 27.7+4.0

Total nitrogen (%)° 1.66+0.18
Carbon-to-nitrogen ratio 18.3+4.5
Potential mineralized nitrogen 1.31+0.3

(% of total nitrogen)®

Water-soluble carbon (ug Cg")* 6.43+2.1
Polyphenols (%)° 14.5+2.1

Lignin (%)° 21.6£5.9

Compost of olive mill pomace has high organic matter and carbon,
medium levels of total nitrogen, and a relatively low carbon-to-
nitrogen ratio. Polyphenol contents are low and values for lignin were
medium

#Loss on ignition (550°C for 5 h)

° CNH autoanalyzer (Carbon Erba NA 200, Milan Italy)

¢ Analyzed in fresh samples following Lober and Reeder (1993)
9 Determined after Ghani et al. (2003)

¢ Total extractable polyphenol contents were determined using Folin—
Ciocalteu reagent (Anderson and Ingram 1993)

fAcid detergent lignin were measured following Van Soest (1963)

analyze exchangeable potassium, according to Grant (1982),
and soil available phosphorus content following the meth-
od proposed by Olsen and Sommers (1982). Soil organic
matter content was estimated according to Nelson and
Sommers (1982). An aliquot of the dried soil was ground
to a fine powder (<1 mm), and soil total nitrogen was
analyzed using a Leco CNH-932 analyzer. Soil organic
carbon was determined after digesting the soil samples with
dichromate and sulfuric acid following the method of
Anderson and Ingram (1993). The pool of easily mineralized
nitrogen in soil was analyzed according to Kandeler (1995).
Cation exchange capacity was analyzed according to Rhoades
(1982). The percentage of soil-water aggregate stability was
determined by the method described by Lax et al. (1994).

Soil enzyme activities were measured using 1 g air-dried soils.
Acid phosphatase (EC 3.1.3.2, orthophosphoric-monoester
phosphohydrolase, acid optimum) and {3-glucosidase (EC
3.2.1.21, 3-D-glucosidase glucohydrolase) activities were deter-
mined according to Tabatabai (1982) and reported as
microgram p-nitrophenol (pNP) per gram per hour. Invertase
activity was assayed following the method described by Mersi
and Schinner (1995), using sucrose as a substrate and mea-
suring the equivalents of glucose after an incubation period of
3 h at 50°C. Protease activity was determined on 1 g of soil
following Kandeler (1995) using casein as a substrate and
measuring the equivalents of tyrosine after 2 h at 50°C.
Dehydrogenase was determined as described by Casida et al.
(1964). The potential rate of soil nitrification was determined
on 3.5 g soil following Kandeler (1995).
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Values of enzyme activities and the potential nitrifi-
cation rate are reported on an oven-dry soil weight
basis. Since soil enzymes differ in origin, function,
and location within the soil matrix, and respond to
different key environmental signals, it would be useful
to condense the information that they provide into a
single numerical value. We used the geometric mean

of the assayed soil enzyme activities and potential nitri-
fication rate for this purpose. This index has been used
to determine the soil quality in soils subjected to dif-
ferent agricultural management practices (Garcia-Ruiz et
al. 2008). For each soil sample, the geometric mean of
the assayed enzyme activities and potential nitrification
rate was calculated as:

6 . . e
\/ phosphatase x invertase x glucosidase x protease x dehydrogenase x potential nitrification

2.3 Statistical analyses

The effects of compost application, site, and the interaction
between both on individual physico-chemical and biological
soil properties were tested by a two-way factorial analysis of
variance (ANOVA). Differences among levels of treatments
were tested using the Fisher’s least significant difference test.
Assumptions of ANOVA (homoscedasticity and normality)
were tested and assured by using transformed datasets [log
(dependent variable value +1)] when necessary. Significance
was accepted at P<0.05 in all cases. Statistical analyses were
performed using STATISTICA 6.0 scientific software.

3 Results and discussion

3.1 Effects of composted olive mill pomace application on
physico-chemical properties of soils

Texture was not significantly different between each pair of
olive oil farms (with compost versus without compost of

olive mill pomace), except at the Andujar site, where soil
sand content was higher in the farm treated with compost
(Table 2). Thus, main differences in soil properties between
each pair of farms were attributed to compost application,
except for the Andujar site. In general, soil pH was signifi-
cantly lower in the soils which received compost although it
depended on the number of years of application (Table 2). The
soil pH value of the 4-, 9-, and 16-years compost-treated soils
were 0.31, 0.23, and 1.47 units lower than in the comparable
untreated soils, respectively, whereas no differences were
found in the soil treated for 3 years with compost. This result
is consistent with those found by Lopez-Pifieiro et al. (2008),
who found that soil pH decreased between 0.12 and 0.17 units
after 5 years of olive mill pomace application. Piotrowska et
al. (2006) also showed a temporarily decline in soil pH after
application of olive mill pomace. The decrease in pH in soils
receiving this compost may be due to the phenolic and car-
boxylic groups resulting from organic matter decomposition
of compost, which act as weak acids.

Overall, composted olive mill pomace application signifi-
cantly increased soil organic matter compared to the soils

Table 2 Physico-chemical properties of soil which received or not composted olive mill pomace at Olvera, Reja, Tobazo and Andtjar

Site Years of Soil pH Water-holding ~ Sand Clay Silt Soil organic  Soil organic  Soil organic
compost capacity (%) content (%)  content (%)  content (%)  matter (%) carbon (%) nitrogen (%)
application

Olvera 3 7.74* (0.05) 26.3 (0.8) 14.8" (1.2) 42.17 (0.8) 43.17 (0.5) 3.95*(0.95)  2.297(0.39)  0.25% (0.04)

0 7.80% (0.05) 22.3%(0.3) 173%(1.1)  404°(1.1)  423*(2.1)  3.45°(0.85)  2.00°(0.49)  0.27° (0.03)

Reja 4 7.83% (0.20) 21.8% (1.3) 39.3*(0.9) 30.9% (1.7) 29.8% (2.5) 8.34% (3.67)  4.84*(1.90)  0.29" (0.03)

0 8.14° (0.05) 20.5° (1.7) 30.6" (1.3) 30.6" (1.0) 332°(1.0)  3.96°(1.09)  2.30°(0.57)  0.23%(0.02)
Tobazo 9 7.67" (0.03) 23.6 (0.5) 30.5% (4.3) 40.6" (5.1) 28.8" (2.1) 631" (2.22)  3.66" (1.15)  0.25" (0.08)
0 7.90° (0.08) 20.5° (0.8) 36.3" (1.3) 32.7* (6.1) 31.0°(6.6)  2.39°(0.62)  1.39°(0.32)  0.10° (0.02)
Andujar 16 6.62% (0.26) 30.2% (0.5) 76.9 * (1.0) 12.2* (1.8) 10.9% (1.3) 16.1* (3.49)  8.49% (2.11) 0.74* (0.33)
0 8.09° (0.07) 28.7% (1.3) 434°(5.9)  244°0.1)  322°(5.8)  1.88°(0.41)  1.09° (0.21)  0.05° (0.02)

Data are the mean of five replicates and standard deviation is shown between brackets. Different superscript letters for each site means significant
differences between compost-treated and untreated soils (one-way ANOVA; P<0.05). For most of the analyzed properties, differences between
treated and untreated were significant, especially after 4 years of compost application. Magnitude of differences for soil organic matter, carbon, and
nitrogen tended to increase along the number of years since compost was applied
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which did not received compost (Table 2), except at the Olvera
site which received compost for only 3 years. Indeed, soil
organic matter in soils treated for 4, 9, and 16 years with
compost (i.e., Reja, Tobazo, and Andujar sites) was 2.1 to
8.5 times greater than that of the respective untreated soil.
Given the high organic matter content of this compost
(Table 1), the increase of soil organic matter after continuous
application is not surprising. This increase is important in
semiarid conditions where agricultural soils are poor in
organic matter and are subject to intense degradation, as is
the case in many areas of olive oil farms. Our data confirm
previous results, which indicated that soil organic matter
increased after the amendment with olive mill waste during
the first weeks after application (Piotrowska et al. 2006) or
after several years (Lopez-Pifieiro et al. 2008). Soil organic
carbon was higher in the soils treated with composted olive
mill pomace (Table 2), indicating that the decomposition rates
of organic carbon of this compost were relatively low, lower
than the rates of annual application of compost carbon.
Brunetti et al. (2004) has shown that during the composting
of olive mill pomace, there was an increase in the content of
condensed aromatic compounds, and more recently, Plaza et
al. (2007) found that in the final steps of composting of olive
mill pomace, the COOH, phenolic OH contents, and aroma-
ticity increases. These recalcitrant compounds might contrib-
ute to the reduced rate of carbon decomposition of this
compost at field conditions. This low decomposition rate
indicates that the application of this compost to soils of olive
oil groves is an appropriate strategy to sequester organic
carbon into the soil that should be further evaluated.

Other soil properties directly or indirectly linked to soil
organic matter content also increased with the compost
treatment, although it depended on the number of years of
compost application. Thus, soil organic nitrogen in the

compost-treated soil was higher than untreated soil when
compost was consecutively applied for more than 9 years
(Tobazo and Andujar sites) (Table 2), and is in agreement
with the findings of Lopez-Piiieiro et al. (2008) and Cabrera
et al. (2005), who found a significant increase in the soil
organic nitrogen after application of olive mill pomace. This
result suggests that organic nitrogen in the composted olive
mill pomace is very resistant to mineralization, and therefore
is retained in the soil. Indeed, Gomez-Mufioz et al. (2011)
showed for seven types of composted olive mill pomace that
organic nitrogen of the compost was not released in avail-
able forms during decomposition, although the C-to-N ratio
of the compost ranged from 10 to 33. These results indicate
that after continuous application of composted olive mill
pomace, the overall microbial demand for ammonium to be
immobilized is higher than that which is nitrified. Therefore,
the application of this compost may result in a short-term
reduction of N availability in olive grove soils, suggesting
that the initial application of composted olive mill pomace
to the soils should be accompanied by another source of
available nitrogen.

The higher soil water holding capacity in the soils treated
with compost (Table 2), due to the relatively higher level of
soil organic matter, reflect the effect of organic matter on the
increased potential for a soil to retain water which was
previously described by Hollis et al. (1977) for 77 soil
profiles. Soil-water aggregate stability was also significant-
ly higher after the application of composted olive mill
pomace, with values between 1.5 and 2.5 times greater than
for untreated soils, except for the soil which received com-
post for 16 years (Andujar site) where no significant differ-
ence was detected (Table 3). However, when soil aggregate
stability was normalized by soil sand content (i.e., soil
aggregate stability on a sand-free basis), the value for the

Table 3 Soil cation exchange capacity, water aggregate stability, available phosphorus, exchangeable potassium, and potential mineralized N in
soils of olive oil farms which received or not composted olive mill pomace at Olvera, Reja, Tobazo and Andujar

Site Years of compost Soil cation Soil aggregate Available Exchangeable Potential mineralized
application exchange capacity stability (%) phosphorus potassium N (ug Ng
(meq 100 g™ (ug Pg™h) (meq 100 g™

Olvera 3 22.2%(1.22) 51.8% (2.0) 10.6% (0.04) 1.33* (0.01) 40.7* (9.9)
0 20.8° (0.21) 34.0° (1.6) 9.3% (0.03) 1.02° (0.01) 9.6" (14.9)

Reja 4 25.3% (3.83) 57.9° (1.8) 30.3% (0.03) 0.99 (0.3) 46.8" (20.8)
0 18.6° (0.27) 37.1° (0.9) 11.5° (0.02) 0.44° (0.04) 17.4° (5.4)

Tobazo 9 21.1% (3.46) 56.7° (0.2) 6.9% (0.01) 1.44% (0.22) 75.2% (31.5)
0 15.4° (2.06) 22.6° (0.6) 7.6" (0.02) 0.85° (0.1) 13.8" (9.3)

Andujar 16 23.3%(6.9) 23.9% (1.0) 57.4% (0.33) 1.32% (0.4) 132.1° (40.0)
0 10.6° (1.2) 23.7% (1.5) 3.57° (0.02) 0.18° (0.07) 12.5° (27.0)

Data are the mean of five replicates. Standard deviation is shown between brackets. Different superscript letters for each site means significant
differences between treated and untreated soils (one-way ANOVA; P<0.05). Differences between treated and untreated soils for the analyzed soil
properties were significant. Magnitude of differences for soil cation exchange capacity, exchangeable potassium, and potential mineralized N

tended to increase along the number of years since compost was applied
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Table 4 Soil enzyme activities and potential nitrification rate in soils of olive oil farming treated and untreated with composted olive mill pomace

at Olvera, Reja, Tobazo and Andujar

Site Years of Phosphatase B-glucosidase Protease Invertase Dehydrogenase Potential
compost (ugpNP g 'h™hy  (ugpNP g'h™)  (ugtyrosine g '2h™')  (ug glucose g ' h™'24h™")  (ug TPF g ' h™") nitrification
application (ugNg'h™h

Olvera 3 193.5* (28.3) 377.5% (26.2) 13.0* (4.5) 219.6" (19.6) 136.8% (25.9) 0.56 (0.15)

0 123.5% (30.0) 282.9° (72.3) 8.0° (4.5) 130.8° (30.3) 82.0° (8.8) 0.63% (0.18)

Reja 4 231.5% (16.4) 272.8%(20.9) 26.2% (6.2) 212.3% (27.7) 160.8 (76.8) 0.41* (0.11)

0 140.3° (32.5) 179.6" (27.2) 11.4° (2.9) 100.4° (18.7) 92.6° (14.3) 0.49° (0.15)
Tobazo 9 236.7% (76.4) 380.6" (77.3) 13.0* (2.3) 324.3% (106) 342.3% (94.3) 0.96* (0.37)
0 69.0° (20.1) 149.0° (61.6) 0.0° (0.0) 47.9° (17.4) 62.9° (8.4) 0.33°(0.13)
Andtjar 16 626.0* (182) 406.2* (63.8) 25.7% (15.8) 369.1* (90.7) 501.5% (81.0) 0.61* (0.25)
0 50.6° (9.7) 186.1% (129) 1.24° (1.27) 47.9° (17.4) 42.4° (5.2) 0.10° (0.08)

Data are the mean of five replicates and standard deviation is shown between brackets. Different superscript letters for each site means significant
differences between treated and untreated soils at each site (one-way ANOVA; P<0.05). Overall, application of compost increased the analyzed soil
enzyme activities. Magnitude of differences tended to increase along the number of years since compost was applied for phosphatase, (3-glucosidase,

protease, invertase, and dehydrogenase activities

compost soil at the Andujar site was three times higher than
that of the unamended soil. This result agrees with the
findings of Lopez-Pifieiro et al. (2008) who showed that
the application of olive mill pomace increased soil stable
aggregates from 64% to 73% after 5 years. The direct
contribution of organic matter on soil-water aggregate sta-
bility has been widely described (Molope et al. 1985). Thus,
in our study, soil aggregate stability was highly positively
correlated with soil organic matter (»=0.85; P<0.01). The
increase of soil-water aggregate stability after compost ap-
plication might contribute to the reduction of soil erosion in
a region with typically high slope aspects.

Soil cation exchange capacity and potential mineralized
nitrogen were all significantly higher in the compost-treated
soil, even those that received this compost for 3 years
(Table 3). Overall, soil available phosphorus in the
compost-amended soil was higher than that of the unamended
soil (Table 3). In the Olvera, Reja, and Andujar sites, soil
available phosphorus in the compost-amended soils was
13.9%, 260.3%, and 1,607% higher than that of untreated
soils, whereas no significant difference was found at the
Tobazo site. The overall increase in the soil content of avail-
able phosphorus attributable to compost application is also
consistent with the results of other studies with other types of
organic wastes. Paredes et al. (2005) reported that available
phosphorus content tended to increase with the total phospho-
rus added to soil through composted materials (olive mill
wastewater, cotton gin waste, and sewage sludge), and
Lépez-Pifieiro et al. (2008) observed a 100% increase in
available phosphorus content in soil treated with olive mill
pomace after 5 years.

At all sites, soil exchangeable potassium was significant-
ly higher in the compost-treated soils than in the unamended
soils (Table 3). This result is consistent also with the results
of other studies using treated and untreated residues from

@ Springer

olive mill pomace (Lopez-Pifieiro et al. 2008). Thus, the
application of composted olive mill pomace to the soil could
be used as an alternative supply to potassium poor soils.

3.2 Effects of composted olive mill pomace application on
soil enzyme activity

Soil enzyme activities have been proposed as a tool to assess
soil quality and health (Dick 1994). Acid phosphatase,
[3-glucosidase, protease, invertase, and dehydrogenase activi-
ties were all significantly higher in soils amended with compost
(Table 4). Phosphatase, [3-glucosidase, dehydrogenase,

Geometric mean of
soil enzyme (relative values)

soils treated

with compost
40 - ¥
30 1
20 1
10 1

untreated soils

0 r . .

2 4 6 8 10 12 14 16 18
Time since compost application (years)

Fig. 2 Geometric mean of assayed soil enzyme for soils which re-
ceived compost of olive mill pomace for different number of years and
for non-compost soils. The geometric mean was higher in the compost-
treated soils and differences between treated and untreated increased
along the number of years compost was applied



Improved soil quality after 16-years olive mill pomace application

809

protease, and invertase were on average 3.3, 1.8, 4.0, 3.6, and
3.2 times higher in the soils treated with composted olive mill
pomace, respectively. The higher values of dehydrogenase,
which is considered to be a measure of a soil’s microbiological
activity, can be attributed to greater microbial biomass due to
the addition of available organic carbon within the compost.
The higher (3-glucosidase and invertase in the soils treated with
compost could indicate that compost-amended soils have
gained a capability to utilized carbohydrate material added with
the compost. The significant increase in soil phosphatase,
which plays an essential role in the mineralization of organic
phosphorus, and protease activities after compost application
can be explained by the fact that compost stimulates bacterial
growth and enzyme production, including those involved in
phosphorus and protein turnover.

Potential soil nitrogen nitrification was significantly higher
(between 2.8 and 5.7 times) in the soils of Tobazo and Andujar,
which received compost annually for the last 9 and 16 years,
whereas similar values were recorded for the compost and non-
compost soils of the Olvera and Reja sites (i.e., 3 and 4 years of
compost amendments) (Table 4). Thus, nitrifying bacteria was
only stimulated after long-term application of composted olive
mill pomace.

In this study, soil values of the geometric mean of the
assayed enzymes under compost were significantly higher
than in untreated soils (Fig. 2), and thus, the overall capacity
of soil to recycle organic carbon, phosphorus, and nitrogen
was increased after the addition of compost of olive mill
pomace. Moreover, there was a clear tendency of increasing
differences between treated and untreated soils along the
number of years since compost was applied (Fig. 2).

3.3 Effects of compost application period on soil variables

Generally, soil enzyme activities were more sensitive to
compost application than other variables. Indeed, soil inver-
tase, [3-glucosidase, and the geometric mean of assayed
enzymes were significantly higher in the farms which re-
ceived compost for at least 3 years, whereas soil organic
carbon, cation exchange capacity, soil organic nitrogen, the
soil pool of potential mineralized nitrogen, potential nitrifi-
cation, phosphatase, and dehydrogenase were significantly
higher in compost-treated soils after 4 or 9 years of appli-
cation. The fact that the geometric mean of enzymes, a
combined index of soil enzyme activities and potential
nitrification rate, were higher in the compost-treated soils
after 3 years of applications indicates that compost im-
proved the capacity of soil to cleave organic compounds in
the short term. Moreover, differences between treated and
untreated soils in most of the soil physico-chemical proper-
ties tended to increase along the number of years since
compost was applied. These increases in differences are
not surprising taking into account that Mediterranean soils

are generally poor in organic matter; thus, it is expected that
continuous application of compost causes rapid and pro-
nounced changes in variables directly or indirectly linked to
organic matter. These results also indicate that the improve-
ment of soil quality following compost application was not
asymptotic at least for the first 16 years and, therefore, the
potential for further soil quality progress exists.

4 Conclusion

Short- and long-term application of composted olive mill
pomace to olive grove soils had positive effects on its
physical, chemical, and biochemical properties due to the
high organic matter content of this compost. The soil capac-
ity to retain water, the water aggregate stability, soil organic
carbon and nitrogen, and phosphorus and potassium avail-
ability were higher in the soil treated with compost. In
addition, the soil capacity to cleave organic compounds
(i.e., soil enzyme activities related to the recycling of car-
bon, nitrogen, and phosphorus) increased after application
of this compost. Moreover, there was a clear tendency for
increasing soil fertility and quality indicators according to
the number of years since the first annual application of this
compost. Therefore, use of composted olive mill pomace as an
organic amendment in olive groves should be considered as a
viable option for the safe disposal of the main waste of the
olive oil industry and for the restoration of frequently degraded
olive grove soils. Nevertheless, these results suggest that after
the application of composted olive mill pomace, soil pH
should be controlled, as after 4 years, a significant decrease
in soil pH was observed.
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