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Abstract

The composting of winery waste is an alternative to the traditional disposal of residues, and also involves a commitment to
reducing the production of waste products. We studied two residues (sludge and grape stalks), mixed in two proportions (1:1 and 1:2
sludge and grape stalks (v/v)), and we also examined the effects of grinding the grape stalks. Our results showed that composting the
assayed materials was possible. Best results were obtained in the compost heap in which the residues were mixed in the proportion
1:2, and where the grape stalks had been previously ground. Optimum results required a moisture around 55% and a maximum
temperature around 65 °C and an oxygen concentration not lower than 5-10%. The resulting compost had a high agronomic value
and is particularly suitable for the soils of the vineyards which have a very low organic matter content. The compost can be
reintroduced into the production system, thereby closing the residual material cycle.
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1. Introduction

Composting is defined as the aerobic biological
decomposition and stabilization of organic substrates,
under conditions that allow development of thermophilic
temperatures as a result of biologically produced heat, to
obtain a final product that is stable, free of pathogens
and plant seeds, and can be beneficially applied to land
(Golueke, 1982; Haug, 1993). The turned pile system
requires periodic turning of these organic materials to
increases the oxygen supply to microorganisms and to
homogenizes the materials and reduces particle size, at
the same time as it redistributes microorganisms, mois-
ture and nutrients. Since microbial activity generates
heat and evaporates water, optimal moisture levels need
to be established for different composting materials.
Optimal moisture levels are usually between 40% and
60% (Poincelot, 1975; Tiquia et al., 1996). Temperature
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should also be regulated to ensure both the proper oxi-
dation of organic matter into CO, and H,O, and hy-
gienization (Grundy et al., 1998; Hoitink and Keener,
1993). Once the more easily degradable materials have
decomposed, the compost temperature falls to that of the
environment temperature and the process is stabilized
(Nogueira et al., 1999). The pH has a marked effect on
the microbial population. In the early stages of compo-
sting pH is slightly acidic because of the production of
organic acids, but later the pH increases because of
protein decomposition that liberates ammonium. The
end product has a neutral-alkaline pH (Soliva, 2001). An
optimum carbon-to-nitrogen (C:N) ratio should be
maintained as microorganisms require C for growth and
N for protein synthesis. Low ratios cause the loss of N as
ammonia and give rise to odor problems, whereas higher
ratios lengthen the composting process (Fraser and
Lau, 2000).

Wineries produce a number of biological wastes
including: grape stalks and sludge from organic waste-
water treatment plants (Diaz et al., 2002; Ranalli et al.,
2001; Trillas et al., 2002). The composting of these resi-
dues allows them to be reapplied to the soil (Ferrer
et al., 2001). The use of compost in vineyards is of
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growing interest due to the general poverty of soils,
typified by low levels of humus and their exposure to
erosion (Balanya et al., 1994; De Bertoldi et al., 1986).
The application of compost increases the percentages of
organic matter, nutrient levels (providing a slow ferti-
lization action over a long period of time), microbial
biomass and improves the soils’ physical proper-
ties (aeration, water holding capacity, etc.) (Ribereau-
Gayon and Peybaud, 1982). The low extractions of
nitrogen on the vineyard (30-50 kg N/Ha) and the great
sensitivity of the young vineyard to excess nitrogen
determine the characteristics of the organic matter that
is needed (Delas, 2000; Vez, 1993), that is it should be
mature, correctly stabilized and with an available N
fraction in the medium and long term. With these
characteristics it is possible to apply relatively high doses
of compost (30-50 t/Ha) as a physical amendment to aid
soil structuring before planting. Later, according to soil
and leaf analysis results, low or moderate applications
of compost can be made. Greater applications however
can be made to poor soils located on slopes, or soils
exposed to high risks of erosion. Vineyards occupying
such sites should consider a superficial compost appli-
cation as a mulch protector of the soil surface.

The objective of this study was to develop the sim-
plest and least expensive composting program using
winery sludge and grape stalks so as to obtain a high
quality compost for application in the vineyard.

2. Methods
2.1. Vineyard waste products

Grape stalks, that is the grape skeleton, were ob-
tained from grape stripping operations. This waste
product has a high degree of fibers (lignin and cellu-
lose) and a high percentage of nutritive mineral ele-
ments, especially nitrogen and potassium. In the
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Mediterranean areas, stalks are obtained from the end
of August to mid-October. The stalks were separated
from the fruit by being fed into a de-stemmer and they
were then used in the composting process (Diaz et al.,
2002; Mustin, 1987). A part of this waste was ground
using a Gandini Chipper 05TPS. The sludge was sup-
plied from the wastewater treatment plant, the semi-
solid material consisting of the residue from the
biological reactor, obtained when troughs, filters and
pipes in wineries are cleaned. The sludge used for
composting was digested aerobically and centrifuged.
Sludge is produced all year round, albeit in greater
quantities during the vintage. The characteristics of the
materials used in the composting process are shown in
detail in Table 1 and the metal composition of the
sludge is shown in Table 2. All values were below the
limits established by European Guidelines (Working
document on sludge, 2000). The sludge used in the first
experiment described below had lower levels of volatile
solids and nitrogen, but higher levels of Ca and Cu
than that used in the second experiment as it had been
allowed to accumulate over a longer period of time
and was hence, more stable.

2.2. Composting design

The project was carried out on an uncovered plot
exposed to the elements. The compost piles were built
following the same protocol and comprised a layer of
stalks followed by a layer of sludge, and according to the
design of the experiment. The piles were: 2.5 m diame-
ter x 1.5 m height (De Bertoldi et al., 1986; Haug, 1993;
Hoitink and Keener, 1993). The piles were prepared by
mixing the two components with mechanical mixing
equipment. Turning was also performed using the same
equipment in order to promote aeration. Prior studies
suggested that the most appropriate piles proportion
was 1:1 and 1:2 for the best integration of materials and
C:N ratio.

Table 1

Chemical characteristics of waste materials
Materials % Moisture pH 1:5 EC pS/em 1:5 % N Kjeldahl % VS C:N % P % K
Sludge—experiment 1~ 81.6 8.3 2060 34 45.4 54 1.0 0.6
Sludge—experiment 2 86.7 8.3 1031 5.8 68.0 5.2 1.0 0.7
Grape stalk 20-70° 9.58 1365 1.1 87.3 38.6 0.1 4.2

All results except moisture, pH and EC are expressed as % DW (dry weight).
@ Around 20% for plant material used in experiment 1 and 70% for material used in experiment 2.

Table 2

Metal composition of sludge
Material Ca Mg Fe Cr Ni Pb Cu Zn Hg Cd
Experiment 1 9.7 0.4 0.9 41 24 48 1342 321 0.0 <l.5
Experiment 2 2.5 0.4 0.5 60 41 39 783 724 1.1 <l.5

Ca, Mg and Fe % DW (dry weight).
Cr, Ni, Pb, Cu, Zn, Hg, Cd mg/kg DW (dry weight).
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The initial experiment was performed for 115 days
during spring-summer, with waste taken from the last
vintage. Grape stalk moisture was 20% (Table 1). Pile
one was built in the proportion 1:1 (sludge:stalk, v/v),
where the high doses of sludge were used to integrate
the materials that had not been previously ground. The
second pile was built using ground grape stalks in the
proportion 1:2 (sludge:stalk, v/v), thereby eliminating
greater quantities of stalk wastes.

To optimize water and oxygen levels and to evaluate
the effects of using fresh, dry plant wastes, a second set
of experiments was conducted over an 80-day period
during fall-winter. Grape stalk moisture was increased
to 70% (Table 1). Thus, the third pile was built in the
proportion 1:1 (sludge:stalk, v/v), as was the fourth but
the grape stalks were previously ground (to evaluate the
grinding effect), while the fifth pile was built in the
proportion 1:2, again using ground stalk.

2.3. Analytical tests

A number of analytical tests were run on the mate-
rials both during the composting process and at the end.
Temperature and oxygen were measured at two different
depths: 30 and 70 cm and moisture at 50 cm. Also
measured was: pH, electrical conductivity (EC), volatile
solids (VS, %), nitrogen (N, %), ratio carbon/nitrogen
(C:N) and germination and self-heating tests were con-
ducted (Brinton et al., 2001; Jorba and Trillas, 1983;
Ministerio de Agricultura, Pesca y Alimentacion, 1993;
Soliva, 2001). The temperature was measured using a
portable thermometer with a probe 8x 1000 mm. The
oxygen was measured with a portable oximeter con-
nected to a 1.5 m probe. The moisture was calculated by
sample weight loss at 105 °C for a period of 24 h. The
pH and the EC were measured from an aqueous extract
(1/5 wiv). VS was calculated by sample weight loss at
560 °C for 3—4 h. The organic nitrogen was evaluated
using the Kjeldahl method from 0.3 to 0.5 g from a
ground dry sample. The C:N ratio was calculated from
VS values and Kjeldahl nitrogen values (Soliva, 2001).
The germination test was performed using the germi-
nation index (48 h at 25 °C in the dark) of 25 seeds of
Lepidium sativum, in a 9 mm Petri dish with 4 ml of
compost extract (1/5 wt) (De Bertoldi et al., 1986; Jorba
and Trillas, 1983). The self-heating test was conducted
using a Dewar vessel and 500 g of wet sample. The
difference between the maximum temperature attained
and environment temperature was correlated with the
level of maturity (Brinton et al., 2001).

3. Results and discussion

In pile 1 (Fig. 1) a slow increase in temperature was
recorded. The first maximum was measured after 21
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Fig. 1. Pile I—changes in temperature (average of readings taken at
depths of 30 and 70 cm) and moisture (measured at a depth of 50 cm).
Full arrows indicate turnings and empty arrows indicate watering.

days, while the maximum value (74 °C) was recorded on
day 54, following turning and watering. Moisture was
recorded initially at 80% and remained at around 55%
with watering. After 80 days, the temperature fell to that
of the environment. In pile 2 (Fig. 2) a rapid increase in
temperature was recorded so that on day 6 a figure of 60
°C was reached. The temperature fluctuated at and
around 60 °C until day 80, at which point the temper-
ature stabilized gets lower values. Moisture was initially
around 50% and remained between 50% and 60% with
watering throughout composting. On day 26 marked
drops in temperature (17 °C) and moisture (40%) were
recorded. Turning on its own was insufficient to raise the
temperature, which only increased following watering.
This indicates that for the assayed materials and in these
composting conditions, moisture levels must not fall
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Fig. 2. Pile 2—changes in temperature (average of readings taken at
depths of 30 and 70 cm) and moisture (measured at a depth of 50 cm).
Full arrows indicate turnings and empty arrows indicate watering.
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Fig. 3. Experiment 2—changes in temperature (average of readings
taken at depths of 30 and 70 cm). Full arrows indicate turnings.

below 55% otherwise adequate microbial activity and
the consequent high rate of degradation cannot be
maintained.

In the second set of experiments (Fig. 3), the tem-
perature of pile 3 recorded three maxima: 54 °C on day
22,51 °C on day 31 through to day 36 and 39 °C on day
50. Following turning on day 58, the temperature fell
and stabilized at the environment temperature. Pile 4
reached 46 °C in seven days, the maximum (59 °C) was
recorded on day 15, while between days 24 and 38 the
temperature fluctuated around 35 °C because of low
values of moisture and oxygen concentration. From day
50 to day 57, the temperature increased and fluctuated
around 55 °C and after day 58, following the turning of
the pile, the temperature stabilized. In pile 5 the tem-
perature rose rapidly in just seven days to values above
60 °C and two more maxima were recorded around
60 °C later on in the process. Between days 46 and
57 the temperature fluctuated around 40 °C, and then
temperature stabilized. Watering was unnecessary
throughout the experiment as the stalks were still wet.
Moreover, the winter weather conditions ensured that
the moisture of the three piles was kept above 55% (data
not shown). This rainfall, together with the lack of
turning, meant that the oxygen levels fell (until day 31)
reaching a minimum value of 5%. This condition was
particularly significant in the cases of piles 3 and 4, but
after turning on day 37, the oxygen levels rose to around
18% in all three piles (data not shown). The decrease in
oxygen concentration caused the micro-organisms to
reduce their activity as reflected in a stabilization tem-
perature between 30 and 40 °C (Fig. 3) (Hoitink and
Keener, 1993; Poincelot, 1975).

The slower increases in temperature in piles 1 and 3
compared to those in piles 2, 4 and 5 could be attributed
to the fact that the grape stalks had not been ground
meaning that the materials were only integrated after
several turnings. The piles with the higher ratio of grape

stalk (2 and 5) recorded the highest temperatures and
provided the best hygienization of materials (Golueke,
1982). A seasonal effect was noted on the composting
process, so that higher temperatures were obtained in
the thermophilic and stabilization stages of composting
in piles 1 and 2 that were built during spring—summer
and whose grape stalks at the beginning of the process
were drier (20% moisture) (Tiquia et al., 2000).

In both experiments, the pH values tended to
diminish to a neutral pH during composting. The initial
pH value was higher for piles mixed in the proportion
1:2 due to the higher stalk ratio (Table 1), while after
composting these piles recorded higher EC values due to
the mineralisation of the materials. The generally lower
EC values recorded in composts obtained in experiment
2 can be attributed to the washing effect of rainfall and
also to the lower initial EC value of the sludge (Table 1).
The importance of grinding was also evident in the
conservation of organic nitrogen. Thus, piles with
ground stalks tended to minimize any losses of N (Table
3). The percentage of volatile solids fell during compo-
sting because of mineralisation. The C:N ratio tended to
fall during the process, though in pile 1 the C:N ratio
increased because of the greater N losses (Table 3). The
high percentage of germination (Table 3) in all piles
showed that the composts were not phytotoxic (Jorba
and Trillas, 1983; Ranalli et al., 2001). These values
(above 70%) were also confirmed by the V degree ob-
tained on the self-heating test (I =raw material, II =not
mature active compost, IV =moderately stable, and
V = sstable compost) (Brinton et al., 2001). In the second
experiment, by controlling the levels of moisture and
temperature, and by turning more frequently in the first
few days, it was possible to accelerate the composting
process with respect to the first experiment. Thus in
three months it was possible to obtain an adequate
compost for application to the soil (Table 3) that ad-
hered to European Guidelines (Working document:
Biological treatment of biowaste, 2001).

A comparison of the best compost obtained (pile 5)
with those from other organic wastes showed that its
chemical values fell within the same range in most in-
stances, with the exception of a high calcium value
owing to the nature of the wine making process (Table
4) (Soliva and Felipd, 2002). The compost obtained just
from grape stalks would be similar to that of vegetal
wastes (VW), however the incorporation of sludge al-
lows the elimination of two waste materials and ensures
that a better product is obtained.

The compost obtained is particularly recommended
for application to the vineyard because: (i) the humidi-
fied nature of the organic matter would facilitate its
incorporation and improve the water holding capacity
of the soil, an important factor for the quality and
specificity of wine production, (ii) nitrogen is released
only gradually which is particularly appropriate for the
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Physico-chemical and chemical characteristics of mixed materials (onset) and compost obtained (end)

207

Piles % Moisture  pH 1:5 ECuS/em 1:5 % N Kjeldahl DW % VS CN % Germination
Experiment 1

Pile I (1:ING) onset 80 8.5 1500 33 55 8.3 -
Pile 1 (1:ING) end 54 7.5 3260 22 51 11.4 91
Pile 2 (1:2G) onset 50 9.0 1500 2.7 76 14.2 -
Pile 2 (1:2G) end 47 7.9 4155 2.2 51 11.9 87
Experiment 2

Pile 3 (1:ING) onset 73 8.3 951 2.73 55.3 10.1 -
Pile 3 (1:1NG) end 60 7.0 2160 2.14 41.5 9.7 84
Pile 4 (1:1G) onset 74 8.5 1005 2.57 59.8 11.6 -
Pile 4 (1:1G) end 62 7.9 1699 1.95 40.5 104 71
Pile 5 (1:2G) onset 74 9.1 1194 2.23 67.5 15.1 -
Pile 5 (1:2G) end 66 8.3 1585 2.29 54.5 11.9 78

NG (not ground), G (ground), % DW (dry weight).

Table 4

Average chemical composition and characteristics of S+ GS: sludge + grape stalks (pile 5) and several organic wastes: VW: vegetable wastes,
SC (MW): separate collection of municipal wastes, SS+ VW: sewage sludge + vegetable wastes, CM: cow manure (Soliva and Felip6, 2002)

VW SC (MW) SS+VW CM S+GS (1:2)
pH 7.85 7.40 7.53 8.65 8.3
EC 0.61 3.64 4.10 5.10 1.58
C:N 25.65 9.8 12.27 12 11.9
%
M 62.47 55.95 16.96 65.28 66
\S 53.35 46.29 62.14 56.66 54.5
Nk;j 1.04 2.37 2.53 2.42 2.29
P 0.15 0.37 2.33 0.86 0.4
K 0.42 1.58 0.42 2.05 1.3
Ca 3.97 7.61 5.96 4.11 14.3
Mg 0.85 1.62 0.96 0.58 0.3
Fe 0.94 1.03 1.12 0.57 0.5
mglkg
Zn 76 173 1087 204 187
Mn 185 243 143 ND ND
Cu 42 64 338 60 156.9
Ni 47 52 54 47 17.6
Cr 16 25 95 56 23.4
Pb 38 107 110 12 8
Cd 0.17 0.33 1.5 0.36 0.2

vineyard that suffers from high nitrogen levels and (iii) it
contains high to moderate values of potassium which is
considered a quality factor in wines (acidity control). In
short, the compost obtained from the two waste pro-
ducts matches the requirements of a fertilizer to ensure
the production of quality wines (Delas, 2000; Ribereau-
Gayon and Peybaud, 1982; Vez, 1993).

4. Conclusions

It was possible to carry out the co-composting of
winery wastes (sludge mixed with grape stalks) satis-
factorily, while recovering organic matter and potassium
from the system. The evolution of the process, the

temperatures attained and the analytic values obtained
would ensure a proper hygienization, and the transfor-
mation of all the materials for their further application
in the vineyard. The optimum ratio for mixing the
wastes was 1:2 as this ensured that piles reached higher
temperatures more quickly. When mixing in these pro-
portions the VS percentage was more readily stabilized
with low mineralisation, more nitrogen was retained,
and the C:N ratio was similar to that found in soils.
Furthermore, it was possible to eliminate more grape
stalks. Ground grape stalks gave better results as they
integrated more easily with sludge and were also found
to improved the C:N ratio and attain higher tempera-
tures. These piles using ground stalks did not need to be
turned so frequently. Our results, however, demonstrate
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the importance of turning the pile every other day for
the first 10 days so as to homogenize the materials, while
during the composting process turning is needed after a
decrease in temperature or when oxygen levels fall below
5% to ensure the continuation of the composting pro-
cess. The moisture levels for the assayed materials
should not be lower than 55% so as to promote micro-
bial activity. The degree of moisture of the grape stalks
at the onset of the second experiment (fresh material)
and the season (winter) meant watering was not required
in this uncovered composting process.
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