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Abstract — Wet olive pomace is an organic lignocellulosic material, a by-product of the olive milling process, a typical and traditional activity
in many Mediterranean countries. Wet olive pomace has difficult commercialization due to its high moisture content of 55-65%, that causes a
noticeable increase in oil extraction costs. However, it could be conveniently reused in agriculture as a valid soil amendment to improve soil
fertility and structure. Here, we studied the effects of the application of increasing amounts of non-fermented wet pomace on the fertility of a
silty-clay soil, grown with 3 crops in succession: sunflower-wheat-wheat. The experiments were conducted at the Agricultural Faculty of Bari,
Italy, on a Pachic Hoploxeroll soil characterized by illite and kaolinite and large amounts of Fe and Al sesquioxides. We compared the effect
of wet pomace applied at amounts ranging from 0 to 210 Mg ha™!, incorporated 60 days prior to sunflower sowing. In the wheat late season of
the second year, average samples from the 0-0.60 m layer were taken and tested for structural stability, organic matter, total nitrogen, available
phosphorus, exchangeable potassium, pH and saturation extract electrical conductivity. The results indicate that the application of wet pomace
induces a general improvement in soil fertility. In particular, the incorporation of increasing amounts of wet pomace improved nutrient content.
For instance, an application of 210 Mgha™!' of wet pomace increased soil organic matter by +84%, total N by +0.90 gkg~', available P by
+79.40 mgkg™! and exchangeable K by +80 mgkg™'. We also observed an improvement in soil structure, which is of particular importance in

hot, arid environments and in sustainable agricultural systems.

wet pomace / soil structural stability / organic matter

1. INTRODUCTION

The application of organic conditioners to the soil is one
of the oldest cropping techniques increasingly used to bal-
ance the constant loss of soil organic matter content (Spaccini
et al., 2002; Zena et al., 2002; Hachicha et al., 2006; Saha
et al., 2007). The disposal of olive oil extraction process
waste is a problem for all the Mediterranean countries (Bonari
and Ceccarini, 2000), traditionally related to vegetable water
(Paris, 1998; Montemurro et al., 2004), which is currently sub-
stituted by the disposal of wet pomace (Casa et al., 2001).
This agro-industrial waste could instead represent a strate-
gic resource in the integrated management of the agricultural
system, as it would meet the twofold objective of evacuating
olive oil waste and using it beneficially to improve soil fertility
(Ceccon, 2001).

Wet olive pomace is an organic lignocellulosic material, a
by-product of the olive milling process, a typical and tradi-
tional activity in many Mediterranean countries. At present,
the product has difficult commercial collocation due to its
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high moisture content (55-65%), which causes a noticeable
increase in oil extraction costs, but it could be conveniently
reused in agriculture as a valid soil amendment (L. 574/96).
The maximum amount of wet pomace that farmers may ap-
ply over a 3 year period is 210 Mg ha~'. Therefore, farm-
ers have three possible alternative solutions: the application
of 210 Mgha™! of waste once every 3 years; the application of
2/3 of the maximum amount (140 Mg ha™!) in the first year and
1/3 (70 Mgha™!) in the second year; or the application of 1/3
of the maximum amount every year. In Italy, where the soil or-
ganic matter content is on average low and the Mediterranean
climate contributes to its fast mineralization, the spreading of
wet pomace on agricultural soil could increase its fertility;
moreover, crops could also benefit from the dissolved water
and nutrients without toxic effects or yield reductions (Bonari
and Ceccarini, 1993; Papini et al., 2000). Nevertheless, the
same as vegetable water, wet pomace has some inconveniences
when it is used in agriculture. The first is the difficulty to uni-
formly incorporate it into the soil. The second is its toxicity
to plants due to the presence of high amounts of polyphenols
(Rice, 1979; Lynch, 1980; Marambe and Ando, 1992) which
have, however, a fast decay (Riffaldi et al., 1990; Camacho
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et al., 2000), and of oil residues that induce a slowing of the
metabolism and of zymogene soil microflora multiplication
(Oliver, 1993), attenuated for some physiological groups after
about 30 days, but continuing until 300 days for other groups
such as autotrophic nitrifiers (Bedini et al., 1998). The spread-
ing of olive-processing wet pomace on the soil seems, how-
ever, to improve the soil physical fertility. In particular, it in-
duces an increase in the storage and transmission pores with
beneficial effects on water retention, water flow in the soil and
the structural stability, with the subsequent prevention of sur-
face crusting (Bonari et al., 2001). The reductions of macro-
porosity and water infiltration in the soil just after treatments
are temporary unless applications are very high and/or take
place in periods in which the biological activity is low, like
in winter. It is known that the soil structural quality mostly
depends on its interaction with organic matter, in the sense
that the accumulation of the latter contributes to the formation
and subsequent stabilization of aggregates against the dispers-
ing action of water (Angers and giroux, 1996; Piccolo, 1996;
Spaccini et al., 2001; Cavazza et al., 2002). Moreover, the soil
salinization risk needs further studies, although it might pre-
sumably become a problem only if wet pomace is applied on
soils that are already saline. However, both the increase in
salinity and alterations in the soil pH are temporary and, in
general, are not detectable after a maximum period of three
months from the application of olive waste. More lasting vari-
ations concern instead the content of organic matter, phospho-
rus and potassium, and the immobilization of nitrogen in the
soil, so that olive residues are considered as slow-acting fertil-
izers (Bonari et al., 2001). The indications reported in the liter-
ature on the modifications of the physico-chemical character-
istics of soils conditioned by olive residues are still incomplete
and only allow a partial assessment of the problem. To provide
an additional contribution to the subject, this research was un-
dertaken with the purpose of assessing the effects of the incor-
poration of increasing amounts of non-fermented wet pomace
on some fertility parameters of a Southern Italian silty-clay
soil grown with three crops in rotation.

2. MATERIALS AND METHODS

The research was carried out in the period 2002-2004 in
the experimental field next to the Faculty of Agriculture of
Bari University, Italy, within a long-term trial aiming to as-
sess the cumulative effect of the incorporation of increasing
amounts of wet pomace on soil fertility and on crops in ro-
tation: sunflower-wheat-wheat. Crops were grown in pots of
0.72 and 0.60 m in width and height, located outdoors and
filled with about 293 kg of silty-clay textured soil rich in iron
and aluminium sesquioxides, whose main chemical and phys-
ical characteristics at the beginning of the experiment are re-
ported in Table 1.

Using a randomized block experimental design with 6 repli-
cates, the trial involved the comparison of the application
of 8 amounts of wet pomace with 55.8% moisture (0-0.7-
1.4-2.9-4.3-5.7-7.2-8.6 Kg pot~! corresponding, respectively,
to 0-17.5-35-70-105-140-175-210 Mgha™!), taken from an

Table I. Main properties of the soils treated by wet pomace. ECe:
electrical conductivity of the saturation extract; ESP: Exchangeable
Sodium Percentage; CEC: Cation Exchange Capacity.

Chemical properties:

Total Nitrogen ( Kjeldahl meth.) (g kg™") 1.65
Available phosphorus (Olsen meth.) (mg kg™!) 32.50
Exchang. Potassium (barium clor. meth.) (mg kg™!) 240.00
Organic matter (Walkley Black meth.) (g 100 g™!) 2.06
Total limestone (g 100 g™!) 2.58
Active limestone (g 100 g™1) 1.40
pH (pH in H,0) 7.18
ECe (dSm™) 0.78
ESP 0.80
CEC (BaCl, meth) (meq/100 g of dry soil) 31.61
Particle-size analysis (mm):

Total sand (g 100 g™") 2> @ > 0.02 20.94
Silt (g 100 g71) 0.02 > @ > 0.002 44.00
Clay (g 100 g1) 2 < 0.002 35.06
Hydrological properties:

Field capacity (field determ.) (% dry weight) 35.80
Wilting point (1.5 MPa) (% dry weight) 18.40
Bulk density (kg dm™) 1.20

Table II. Physico-chemical properties of applied wet pomace.
(Values on dry weight)

pH 5.15
Moisture (g 100 g71) 55.80
Organic C. (g 100 g71) 51.77
Phenols (mg g™') 12.37
Fats (g 100 g1) 10.93
Total N (g 100 g™1) 1.18
Total P (2 100 g ) 0.15
Total K (g 100 g™1) 1.03
Zn (mg kg™1) 20.00
Mn (mg kg™") 10.00
Cu (mg kg ™) 1000
Cr, Ni, Co, Pb, Cd Absent

oil-mill and applied to a soil in the winter season preceding
the planting of sunflower. The main physico-chemical proper-
ties of wet pomace are reported in Table II.

Once spread, the waste was immediately incorporated into
the soil; about two months after its application, the seedbed
was prepared for sunflower sowing. During the wet pomace
incorporation, the soil was mixed several times in order to
obtain a uniform distribution of the product. This confirmed
some inconveniences, also reported by other authors (Rice,
1979; Lynch, 1980; Marambe and Ando, 1992), and the ap-
plied waste did not mix easily into the soil; indeed, pomace
particles were still evident on the surface of treated pots for
a long time. Sunflower, cv. HS, characterized by a high oleic
content, was sown at the end of April 2002, whereas the two
subsequent crops of durum wheat were sown, using, respec-
tively, cv. Simeto in the first year and cv. Colosseo in the sec-
ond year, on January and November 2003.

Just after seeding, to favor seed germination and plantlet
emergence, crops were irrigated with tap water, bringing only
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Figure 1. Variation in electrical conductivity (ECe) and pH in the soil conditioned by increasing amounts of wet pomace. For each effect
considered, the values followed by the same letter are not significantly different, according to the SNK test at P < 0.05.

the shallow soil layer (0.20 m) to field capacity. From plantlet
emergence until the end of the irrigation season, irrigation was
applied whenever 30% and 50% of the maximum available
water were lost by evapotranspiration, respectively, for sun-
flower and wheat crops, applying the volume required to bring
the whole soil mass contained in each pot to field capacity. All
local farming practices were applied. At the end of the three-
year rotation, a mean soil sample was taken from each pot,
along the 0-0.60 m profile, and tested, following the method-
ologies (Violante, 2000), for the electrical conductivity and pH
of the saturated paste, the organic matter (OM), total nitrogen
(N), available phosphorus (P), exchangeable potassium (K),
structural stability and hydrological constants. All data were
then submitted to analysis of variance using the SAS software
(S.A.S. INSTITUTE INC.-USA), and the differences between
the means were assessed by the Student-Newman-Keuls test.
The most significant results are reported in Figures 1 to 5.

3. RESULTS AND DISCUSSION

Based on the results of the analyses of the soil, sampled
three years after the application of increasing amounts of wet
pomace, just after the harvest of the second year wheat, some
positive effects of this conditioner were observed on the soil’s
physico-chemical properties.

3.1. pH and the conductivity of the saturation extract

It may be stated that the application of increasing amounts
of wet pomace, whose reaction is definitely acid (pH 5.5),
seems to induce a moderate lowering of the soil pH, especially
at the highest rate (pH 8.14 of the control and 7.87 with the ap-
plication of the highest residue amount), presumably due to the
high buffer power of the soil, in accordance with Cucci et al.
(2003). The electrical conductivity of the saturation extract,
which reflects the soil solution salinity, although low, increases
with the growing amounts of applied residues (Fig. 1). For in-
stance, electrical conductivity increases from 0.68 dSm™! for
the untreated soil to 0.97 dSm™! for the soil amended with
210 Mgha™! of wet pomace.

3.2. Organic matter and total nitrogen

Three years after the application of wet pomace on the
soil, a significant positive difference was observed, both for
the amount of cumulated organic matter and the total nitro-
gen content, which mostly reflected the organic matter val-
ues. The higher content of both is related to the amount of
residue applied; comparing the control (0 Mgha™! of wet po-
mace) with the soil conditioned by 210 Mgha™! of waste, OM
increased from 1.9 to 3.5 g 100 g~! and total nitrogen from
1.17 to 2.07 gkg™', in accordance with Bonari et al. (2001).
(Fig. 2).

3.3. Available phosphorus and exchangeable potassium

Based on the results achieved it seems that the applica-
tion of increasing amounts of wet pomace on the soil shows
a positive effect on phosphorus and potassium, in terms of
fertilizing value. Both elements were shown to increase with
higher amounts of applied conditioner. In particular, compar-
ing the control (0 Mgha™! of wet pomace) with the soil con-
ditioned by the highest amount of olive waste (210 Mgha™'
of wet pomace), available phosphorus increased from 33.6 to
113 mgkg™!, whereas exchangeable potassium increased from
273 to 353 mgkg™! (Fig. 3).

3.4. Structural stability and hydrological constants

The organic matter build-up in the soil due to the appli-
cation of increasing amounts of wet pomace contributed to
the formation and subsequent stabilization of the aggregates
against the dispersing action of water. The soil structural sta-
bility measured on 1-2 mm aggregates following the water
sieving criterion with or without alcohol pre-treatment (ac-
cording to Hénin and Monnier, 1956) showed a progressive
increase in the structural stability index of the aggregates
through the mean soil profile, as the applied wet pomace
amount was increased. The structural stability indices in-
creased - comparing the soil not conditioned by olive residue
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Figure 2. Variation in organic matter and total nitrogen in the soil conditioned by increasing amounts of wet pomace. OM: organic matter. For
each effect considered, the values followed by the same letter are not significantly different, according to the SNK test at P < 0.05.
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Figure 3. Variation in available phosphorus and exchangeable potassium in the soil conditioned by increasing amounts of wet pomace. For
each effect considered, the values followed by the same letter are not significantly different, according to the SNK test at P < 0.05.

with the soil submitted to the highest amount (210 Mgha™")
— respectively, from 38.6 to 50.6% without pre-treatment and
from 55.7 to 71% with alcohol pre-treatment (Fig. 4).

Low structural stability in non-pre-treated samples is
associated with a good stability after alcohol pre-treatment: the
former result represents the soil surface status (beating rainfall
effect), whereas the latter expresses the effect under the soil
surface (Cavazza et al., 2002). Comparing the soil not condi-
tioned by wet pomace with the soil treated by 210 Mgha™!
of waste, the percent moisture on dry soil at field capacity
(—0.3 bar) and at the wilting point (-15 bar) changed, respec-
tively, from 26.1 to 28.7% and from 18.4 to 20.5%, whereas
the available water increased from 7.7 to 8.2 (Fig. 5).

The increase in organic matter caused by the application
of increasing amounts of wet pomace was shown to have a
beneficial effect on the structural stability, especially on red
soils, although the organic matter’s ability to bind with iron
and aluminium sesquioxides could produce a harmful effect,
presumably because it reduces the free fractions of iron and
aluminium. An excess of calcium and magnesium carbonates
has a depressing effect on the structural stability; illite and
kaolinite have instead a major role in stabilizing the structure,
notably in soils rich in sesquioxides (Cavazza et al., 2002). The
application of increasing amounts of wet pomace to the soil,
in accordance with Casa et al. (2001), also induced an increase

in the percent moisture of dry soil corresponding to field ca-
pacity and wilting point, without significant statistical differ-
ences in terms of available water as compared with the control.
Even in a volcanic soil of the Upper Latium region (Italy),
Casa et al. (2001) did not find any change in the available wa-
ter as influenced by a variation in the applied olive waste. An
ample experimental literature has confirmed that the applica-
tion of organic matter to the soil improves its water-holding
ability at field capacity and wilting point (Carter and Steward,
1996; Haynes and Naidu, 1998). This effect might be related to
the increase in the soil microporosity that could have induced
higher water-holding capacity (Loveland and Webb, 2003).
Moreover, a satisfactory soil organic matter supply ensures
a better plant nutrition, and influences in particular the nutri-
ent availability thanks to its chelating action that allows nutri-
ents to be retained in the cultivated layer in the available form.
Hence the modifications induced by olive waste on some soil
chemical properties, as compared with the starting conditions,
have been shown to be positively significant. Total N, avail-
able P and exchangeable K were found in greater amounts, as
influenced by the incorporation of wet pomace, that did not,
however, jeopardize the original chemical and physical soil
properties. These effects of soil conditioner spreading play a
significant role in improving water storage capacity and re-
ducing the risk of nutrient leaching. The use of wet pomace
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Figure 4. Variation in the structural stability index in the soil conditioned by increasing amounts of wet pomace. For each effect considered,
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Figure 5. Variation in percent moisture of dry soil at field capacity and at the wilting point, available water in the soil conditioned by increasing
amounts of wet pomace. d.s.: dry soil; Mpa: Mega Pascal; AW: available water. For each effect considered, the values followed by the same
letter are not significantly different, according to the SNK test at P < 0.05.

might contribute to increasing water and fertilizer-use effi-
ciency, which is extremely important in hot, dry environments
and in sustainable farming systems.

4. CONCLUSION

Soil application of wet pomace, a lignocellulosic organic
material, a by-product of the olive milling process, allows an
overall fertility improvement. Soil organic matter and nutri-
ent content increased without altering pH and salinity; more-
over, soil structure improved significantly. In comparison with
the control treatment, with the application of 210 Mgha™! of
wet pomace an increment in organic matter (84%), total N
(0.90 gkg™"), available P (79.4 mgkg™') and exchangeable
K (80 mgkg™') was recorded. Moreover, the application of
wet pomace to the soil increased the structural stability in-
dex of the aggregates, favoring soil particle aggregation, that
is extremely important for our soils, characterized on average
by low organic carbon contents. The highest waste applica-
tions also induced an increase in the percent moisture at field
capacity and at the wilting point, showing a trend towards

an increase in the available water. Therefore, the experimen-
tal results highlight the opportunity of the agronomic use of
this agro-industrial by-product, because it can be considered a
strategic resource for integrated agricultural management, in-
cluding agro-industrial waste disposal and the agronomic val-
orization of the organic materials.
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