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Indoor composting of vine by-products to produce substrates
for mushroom cultivation
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Abstract

This paper describes a new technique for producing high quality, low cost organic substrates for use in the cultivation
of the most widely consumed edible mushroom, Agaricus bisporus (Lange) Imbach. With production, economic and
environmental concerns in mind, the aim of this work was to provide fresh impetus to the edible fungus industry by
introducing alternative materials to those traditionally used in substrate production: in this case waste products from
grape growing and wine making (vine shoots, grape stalks and grape pomace). These were composted under controlled
conditions. While no more biologically efficient than traditional compost, the agronomic assessment of the alternative
indoor substrates (performed using different proportions of grape stalks and vine shoots as base materials and using
two varieties of Agaricus bisporus) showed them to be economically viable (their use reduces costs) and environmentally
advantageous (their use reduces the emission of volatile compounds).

Additional key words: Agaricus bisporus, alternative raw materials, compost.

Resumen

Compostaje indoor de subproductos de la vid en la produccion de sustratos para cultivo de champifion,
Agaricus bisporus (Lange) Imbach

El presente trabajo se ha llevado a cabo con la finalidad de obtener y definir unas tecnologias de caracter aplicado
que permitan elaborar metodolégicamente, en condiciones controladas, sustratos organicos de cultivo de calidad y ba-
jo coste, para el principal hongo comestible cultivado, Agaricus bisporus (Lange) Imbach. Se pretende con ello apor-
tar una mejora productiva, econémica y medioambiental al sector profesional de la produccién de hongos comesti-
bles y contribuir al relanzamiento de la actividad a partir de la utilizacidon de materiales alternativos a los tradicionales,
concretamente materiales residuales de la viticultura y la vinicultura (sarmientos de vid, raspon de uva y orujo de al-
coholeria), asi como mediante la obtencion de compost en condiciones controladas. La evaluacidon agrondmica de sus-
tratos indoor alternativos, utilizando diferentes proporciones de sarmiento y raspéon como materiales de base, con dos
diferentes variedades de micelio de Agaricus bisporus, ha mostrado como, aunque no se superan los valores de efi-
ciencia bioldgica proporcionados por el compostaje tradicional basado en paja de cereales, si que supone una notable
mejora tanto econdémica, reduciendo los costes de elaboraciéon, como medioambiental, principalmente por la supre-
sién de emisiones de compuestos volatiles.

Palabras clave adicionales: Agaricus bisporus, compost, materias primas alternativas.

Introduction controlled conditions (Gerrits, 1988; Wood and Smith,
1988). The first phase, however, is associated with

The commercial production of mushrooms (Agaricus productive, economic and environmental disadvantages.
spp.) traditionally involves the use of a substrate obtained ~ This led to the introduction of the so-called «indoor
by composting cereal (wheat and barley) straw, the ~ method» of controlled fermentation. Performed in
fermentation of which is activated by a nitrogen source. controlled environment chambers, the aim of this is to
This fermentation process has two phases — one that ~ increase the regularity of production while introducing
takes place in the open air and another that occurs under ~ new materials and limiting the environmentally harmful

effects of the emissions associated with traditional

* Corresponding author: apardo.cies@dipucuenca.es composting (Gerrits, 1996). The main problems asso-
Received: 01-02-07; Accepted: 02-07-07. ciated with compost production, including the influence
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of the weather on phase I in outdoor conditions, the
strong dependence on cereal straw (the price of which
is increasing), and the duration of the process which
leads to high losses of dry matter (Pardo, 1999), are
thus overcome to some extent.

Successful attempts have recently been made to
partially replace straw with vine shoots (Vitis vinifera
L. cv. Bobal) as the base material for composting
(Pardo et al., 2006a), with the best results (from a
biological efficiency standpoint) obtained with a 2:1
(w/w) straw/vine shoot mixture. The present work des-
cribes and agronomically assesses a technique that
provides a substrate for cultivating Agaricus bisporus
(Lange) Imbach. This indoor fermentation process
requires no cereal straw; vine shoots and grape stalks
are used as the base materials. Further, chicken manure
— the normal nitrogen supplement— is substituted by
grape pomace. These waste materials are available in
large quantities near the main mushroom-producing
areas of Spain (La Manchuela in Castilla-La Mancha
and La Rioja/Navarra).

Material and Methods
Composting processes

The composts examined in this work were made at
a pilot indoor plant at the Centro de Investigacion,
Experimentacion y Servicios del Champifion, at Quin-
tanar del Rey in the Province of Cuenca (Central Spain).
Traditional compost made under controlled conditions
and employing conventional materials (cereal straw,
poultry manure and urea as nitrogen supplements, and
gypsum as a structure corrector), was used as a control.
Three alternative substrates were made in which straw
was entirely substituted by different combinations (3:1,
1:1 and 1:3, w/w) of vine shoots and grape stalks. The
chicken manure normally used was substituted by grape
pomace. Gypsum was maintained as a structure corrector
and urea was used to adjust the final nitrogen content;
the adjustments made to all four substrates are recorded
in Tables 1 and 2.

For each of the substrates, composting was performed
in two phases in specially designed chambers that
provided circulating air, and into which steam could
be injected. During phase 1, which lasted 11 days, a
temperature of 45-47°C was maintained until the last
24 h, when it was raised to 70°C. The chamber was then
emptied and the contents mixed with 5% commercial

compost before re-filling for phase II. This conventional
phase lasted 7 days including an 8-10 h pasteurisation
period at 60°C, a 6-8 h period at 53°C, and a gradual
lowering of the temperature to 45°C for 4 days. The
compost was then rapidly cooled to the spawning tem-
perature (27°C).

Physical, chemical and biological analyses

The composts and casing soil were characterised by
recording the following variables: moisture content
(MAPA, 1994), pH and electrical conductivity (Ansorena,
1994), total N content (TECATOR, 1987; MAPA, 1994),
organic matter and ash content (Ansorena, 1994; MAPA,
1994), the C:N ratio, the crude fibre and crude fat con-
tents (MSC, 1985), particle real density (MAPA, 1994),
bulk density, total porosity, water-holding capa-
city (Ansorena, 1994), pathogenic nematode content
(Nombela and Bello, 1983), mite content (Brady, 1969;
Krantz, 1986), and the presence of Trichoderma spp.
(Tello et al., 1991) (see Tables 3 and 4).

Spawn used

The substrates were inoculated (10 g kg'') with one
of two commercial strains of mushroom mycelium:

— Gurelan 45 (Micelios Gurelan, Huarte-Pamplona,
Spain). This strain belongs to the group of large off-
white hybrids. Its spawn is particularly recommended
for winter and spring cultivation. Its optimum growth
conditions include a fructification temperature of 18°C
(although it can fructify at 15°C), a relative humidity
of 87%, medium ventilation, and 1,000-1,500 ppm of
CO,. Under such conditions this strain provides large
white mushrooms which are normally destined for
fresh consumption.

— Portobello (Micelios Fungisem, Autol, La Rioja,
Spain). This strain is recommended for winter spawning.
Its optimum fructification temperature is 16.5-18°C,
and it can withstand up to 2,000 ppm of CO,. It pro-
vides large brown mushrooms also destined for the
fresh market.

Experimental design

The experimental design used was a 4 X2 equili-
brated factorial plan with 4 repetitions. Factor 1, with
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Table 1. Experimental mushroom compost formulations

Fresh . Dry . Total Organic Total
Ingredients weight B;[go::;ll;e weight li;tilgf; nitrogen (gz’;s;l) matter carbon
(® (® (® (gkg™) (®

Formulation 1 (vine shoots-grape stalks 3:1, w/w)!
Vine shoots 750.0 94 679.5 6.2 4.2 39.0 961 378.7
Grape stalks 250.0 135 216.3 13.2 2.9 76.4 923.6 115.8
Urea 13.5 0 13.5 460.0 6.2 0.0 1,000.0 2.7
Grape pomace 450.0 108 401.4 23.5 9.4 76.1 923.9 215.1
Gypsum 5.0 200 4.0 0.0 0.0 1,000.0 0.0 0.0
Total 1,468.5 1,314.7 22.7 712.4
Formulation 2 (vine shoots-grape stalks 1:1, w/w)*
Vine shoots 500.0 94 453.0 6.2 2.8 39.0 961 252.5
Grape stalks 500.0 135 432.5 13.2 5.7 76.4 923.6 231.7
Urea 12.0 0 12.0 460.0 5.5 0.0 1,000.0 2.4
Grape pomace 450.0 108 401.4 23.5 9.4 76.1 923.9 215.1
Gypsum 5.0 200 4.0 0.0 0.0 1,000.0 0.0 0.0
Total 1,467.0 1,302.9 23.5 701.7
Formulation 3 (vine shoots-grape stalks 1:3, w/w)?
Vine shoots 250.0 94 226.5 6.2 1.4 39.0 961 126.2
Grape stalks 750.0 135 648.8 13.2 8.6 76.4 923.6 347.5
Urea 8.5 0 8.5 460.0 3.9 0.0 1,000.0 1.7
Grape pomace 450.0 108 401.4 23.5 9.4 76.1 923.9 215.1
Gypsum 5.0 200 4.0 0.0 0.0 1,000.0 0.0 0.0
Total 1,463.5 1,289.2 233 690.6

' Adjustment: C/N, 31.4; nitrogen, 17.3 g kg™'. 2 Adjustment: C/N, 29.9; nitrogen, 18.0 g kg™'. * Adjustment: C/N, 29.6; nitrogen,
18.1 gkg™.

four levels, corresponded to the type of substrate and Growth cycle management

Factor 2, with two levels, corresponded to the strain of

mycelium used. Each block was composed of four Growth tests were performed in an experimental
20 kg plastic bags filled with spawned compost, overall growth chamber provided with a humidification system,
presenting a total area of 1.2 m?. A total of 128 bags a heating/cooling system, and internal air circulation/
of substrate were used. outside ventilation. This allowed for the automatic

Table 2. Conventional mushroom compost formulation (straw-chicken manure)

Fresh . Dry . Total Organic Total
Ingredients weight B;[go‘lf;;e weight Dig;:??;‘ nitrogen (gA;(Sgl{l) matter carbon
(® (® (® (gkg™ (®
Wheat straw 666.7 121 586.1 7.6 4.5 69.4 930.6 316.33
Barley straw 333.3 131 289.7 3.4 1.0 59.8 940.2 157.96
Chicken manure 450.0 208 356.4 34.6 12.3 176.8 823.2 170.17
Urea 8.5 0 8.5 460.0 3.9 0.0 1,000.0 1.70
Gypsum 5.0 200 4.0 0.0 0.00 1,000.0 0.0 0.00
TOTAL 1,463.5 1,244.6 21.7 646.15

Adjustment: C/N, 29.8.4; nitrogen, 17.4 gkg'.
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Table 3. Compost analysis

VS/GS VS/GS VS/GS Conventional
3:1 (w/w) 1:1 (w/w) 1:3 (w/w)

pH (1:5, p/v) 7.03 7.56 6.82 8.72
Moisture (g kg™) 640 639 559 746
Total nitrogen (g kg™!, dm) 19.9 23.2 22.5 18.0
Ash (g kg!, dm) 78.8 107.5 77.1 148.9
Organic matter (g kg™, dm) 921.2 892.5 922.9 851.1
C/N 26.8 223 23.8 27.4
Crude fibre (g kg™!, dm) 558.3 558.3 502.5 508.8
Crude fat (g kg™!, dm) 10.3 11.1 15.2 5.4
Pathogenic nematodes Absent Absent Absent Absent
Mites Absent Absent Absent Absent
Trichoderma spp. Absent Absent Absent Absent

VS/GS: vine shoots-grape stalks formula. dm: dry matter.

control of temperature, relative humidity and carbon
dioxide.

The growth cycle conditions were those suggested
for the selected strains (CIES, 2005). A spawn run period
of 17 days was allowed, and the usual disinfectant
(formalin, 18 ml m™2), insecticide (diflubenzuro-
ne 25%, 3.6 g m?) and fungicide (prochloraz 46%,
0.62 g m™) treatments applied after casing. The casing
[a binary mixture of loamy mineral subsoil and black
peat (5:1, v/v) (Table 4); thickness 3 cm] was deeply
ruffled after 7 days. Ventilation was performed nine
days after casing to stimulate the formation of primor-
dia. The casing was moistened to between 60%
and 70% of its water-holding capacity by regular and
uniform watering with between 0.5 and 1.5 L m™
(depending on need) according to the usual cultiva-
tion technique (Wuest, 1982). The total growth cycle
lasted 67 days; four flushes of mushrooms were har-
vested.

Table 4. Casing soil analysis

Characteristics Value
Moisture (g kg ™) 88
pH (1:6, v/v) 8.37

Electrical conductivity (1:6, v/v) (uS cm™) 450

Bulk density (fresh) (g cm™) 1.245
Bulk density (dry) (g cm™) 1.135
Particle real density (g cm™) 2.67
Total pore space (ml L) 575
Water holding capacity (kg kg™!) 0.37
Organic matter (g kg™') 452

Harvesting, production and commercial
quality variables

Mushrooms were harvested every day at their optimal
commercial stage of development, corresponding to
morphogenetic stages 2, 3 and 4 according to the classi-
fication established by Hammond and Nichols (1976).

Weight before stipe trimming and the total number
of mushrooms produced were recorded. Yield was
expressed with respect to the cultivated area and the
quantity of compost used (biological efficiency). Total
mushroom production was separated into two groups
according to size: large (=40 mm) and medium (<40 mm).

The unit weight of the mushrooms was obtained
from the yield and number of mushrooms picked. A
second estimate of size, expressed as cap diameter in
mm, was determined from previously established non-
linear regression curves based on the diameter and
weight of the mushrooms of the three first flushes.

On the day when most mushrooms were picked
during each of the first three flushes, the moisture, protein
and ash contents of mushrooms of uniform size and at
the same stage of development were determined. The
weighted means were calculated for the relative yield
of each of the first three flushes.

Moisture levels were measured as the loss of weight
after oven drying at 105°C for 72 h (Lau, 1982).

The protein content of the mushrooms was calcu-
lated by multiplying the total nitrogen content, obtained
by the Kjeldahl method (TECATOR, 1987; MAPA,
1994), by a conversion factor of 4.38 (Delmas, 1989).

For the determination of the ash content, mushrooms
were ashed at 540°C for at least 6 h (MAPA, 1994).
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Statistical analysis

ANOVA was used to analyse the data and the Tukey-
HSD test employed to establish significant differences
between means (p=0.05). All calculations were perfor-
med using Statgraphics Plus v. 4.1 software (Statistical
Graphics Corp., Princeton, NJ, USA).

Results

Among the noteworthy characteristics of the experi-
mental composts at the end of phase II (Table 3) was
the organic matter content of 851.1-922.9 g kg'; this
is quite high compared to the values obtained with the
traditional composting process, and was responsible
for the high C/N ratios seen (between 22.3 and 27.4).
The high pH of the compost made with conventional
materials (8.72), and the low moisture content (559 g
kg!) of the 1:3 (w/w) vine shoot/grape stalk compost,
are also noteworthy.

Table 5 shows that the greatest number of mushrooms
per m? (944) was obtained with the combination of
conventional substrate and Gurelan 45. This same
combination, and the combination of conventional

Table 5. Quantitative production variables (means)!
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substrate plus the Portobello strain, gave the greatest yield
and biological efficiency values. Of the various shoot/
stalk combinations, the best results were obtained with
the 1:1 (w/w) proportion and with the Portobello strain.

When the substrates were considered independently
of the mushroom variety used, the greatest number of
mushrooms was obtained with the conventional indoor
substrate and the 1:1 shoot/stalk combination (766 and
796 mushrooms m respectively). However, the best
yield per unit area and the greatest biological effi-
ciency were obtained with the control indoor substrate
(18.28 kg m? and 90.0 kg 100kg™' compost; this com-
pares well with the values obtained with conventional
outdoor compost) because of its greater production of
large mushrooms. The worst results were obtained with
the 1:3 (w/w) shoot/stalk combination, perhaps due to
its low moisture content (559 g kg™!'), although the more
moist (640 g kg!) 3:1 combination also produced poor
results. In this last case, the structure of the compost
may have been important; a high proportion of shoots
ground to < 3 mm might impart a high apparent density
and low porosity. This could hinder air circulation in
the fermentation chamber. It therefore appears important
to optimise the moisture content and the particle size
of the materials used.

Mushroom yield (kg m2)

Biological

Number of Mushroom . . Earliness
mushrooms weight Large Medium Total efflclenc)il (days since
per m (2) size size mushroom (kg 100kg casing)
(=40 mm) (15-40 mm) yield compost)

VS/GS 3:1-Gurelan 45 280d 24.1 be 471 cd 1.36b 6.07 c 21.1¢ 24.2 be
VS/GS 3:1-Portobello 341 cd 22.8 bc 6.52 ¢ 1.02b 7.55¢ 26.2 ¢ 22.2d
VS/GS 1:1-Gurelan 45 871 ab 159c¢ 6.93 ¢ 6.82 a 13.74 b 47.6b 25.0 ab
VS/GS 1:1-Portobello 721 ab 22.7 be 11.48Db 4.79 a 16.26 ab 56.3b 23.0cd
VS/GS 1:3-Gurelan 45 110d 17.7 be 1.36d 0.60 b 1.95d 5.5d 24.3 be
VS/GS 1:3-Portobello 50d 26.6 ab 1.25d 0.10b 1.35d 3.8d 26.0 a
CONTROL-Gurelan 45 944 a 19.3 bc 11.90b 572 a 17.62 a 86.8 a 25.2 ab
CONTROL-Portobello 589 be 333 a 16.90 a 2.05b 18.95a 93.2a 233 cd
VS/GS 3:1 311D 23.5 5.62 ¢ 1.19b 6.81c 23.6¢c 23.2b
VS/GS 1:1 796 a 19.3 9.20b 5.80 a 15.00b 52.0b 24.0 ab
VS/GS 1:3 80 ¢ 22.1 1.30d 0.36b 1.65d 4.7d 25.1a
CONTROL 766 a 26.3 14.40 a 3.88a 18.28 a 90.0 a 24.2 ab
Gurelan 45 551 19.3b 6.22 3.62 9.84 40.2 24.7 a
Portobello 425 263 a 9.04 1.99 11.03 44.9 23.6b
MEAN 488 22.8 7.63 2.80 10.44 42.6 24.1

! Values followed by a different letter within a column and factor or combination of factors are significantly different at the 5% le-
vel according to the Tukey test. VS/GS 3:1: vine shoot-grape stalk formula (3:1, w/w). VS/GS 1:1: vine shoot-grape stalk formu-

la (1:1, w/w). VS/GS 1:3: vine shoot-grape stalk formula (1:3, w/w).
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The only difference observed in the behaviour of the
mushroom strains was in the unit weight of their carpo-
phores, which was greater in Portobello, and in the
earliness of the latter strain compared to Gurelan 45.

Table 6 shows no differences were found between
the different substrates with respect to carpophore
diameter, dry weight or protein content. The substrate
based on the 1:3 (w/w) shoot/stalk combination, the
least productive of all, produced the mushrooms with
by far the greatest ash content. The Portobello strain
produced larger mushrooms with higher protein and
ash contents.

Discussion

The technique of indoor composting arose from the
need to solve the growing cost problems associated
with traditional composting, as well as concerns over
its related environmental problems. In the new method,
phase I is performed in specially designed controlled
environment chambers. The washing and/or biofil-
tration processes involved avoid the emission of volatile
acids, sulphur compounds, nitrogen compounds, phenols,
ketones and other compounds into the atmosphere;
such emissions are regularly detected during conven-
tional phase I fermentations (Duns and Rinker, 2004).

Table 6. Qualitative production variables (means)!

Apart from this environmental advantage, the indoor
production of substrates using alternative materials
—while not necessarily improving composting in
terms of biological efficiency— reduces costs through
increasing the number of materials that can be used,
its faster processing time, and its smaller losses of dry
matter. This technique also requires less production
space (Pardo et al., 2006b).

Indoor composting normally involves a low tempe-
rature process (Gerrits and Van Griensven, 1990;
Gerrits, 1996) and two high temperature processes
(with and without a gradient) (Gerrits, 1994, 1996). In
the present case it involved two phases. The first phase,
adapted from Laborde et al. (1986) and Gerrits and
van Griensven (1990), consists of two steps: 1) a low
temperature treatment (45-47°C) designed to ensure
the rapid development of thermophilic microflora
(fungi, bacteria and actinomycetes) in fundamentally
aerobic conditions of high humidity; this flora breaks
down the organic matter to release large quantities of
sugars and amino acids, and 2) treatment at 70°C; this
allows chemical reactions to occur that contribute to
the ultimate selectivity of the compost towards the
cultivated mushroom (Laborde et al., 1986). Phase 11
follows the conventional practices of pasteurisation
and subsequent thermophilic conditioning. This proce-
dure has been used successfully with wheat and barley

of thzi:;1)§23hore Dry matter Protein Ash
1 -1 -1

(mm) (g kg™ (g kg™ (g kg™
VS/GS 3:1-Gurelan 45 41.9 abc 88.3 ab 209.8 ¢ 113.0 cd
VS/GS 3:1-Portobello 41.1 be 85.1 abc 227.3 be 117.2 bed
VS/GS 1:1-Gurelan 45 355¢ 85.1 abc 209.9 ¢ 112.1 cd
VS/GS 1:1-Portobello 41.0 be 81.2 be 233.2 be 122.9 abc
VS/GS 1:3-Gurelan 45 37.1¢ 79.3 ¢ 219.6 ¢ 129.5 ab
VS/GS 1:3-Portobello 43.9 ab 88.1 ab 285.4 a 131.9a
CONTROL-Gurelan 45 38.3 be 89.1a 208.4 ¢ 107.3d
CONTROL-Portobello 48.2 a 80.5¢ 254.4 ab 127.6 ab
VS/GS 3:1 41.5 86.7 218.5 115.1b
VS/GS 1:1 38.3 83.1 221.5 117.5b
VS/GS 1:3 40.5 83.7 252.5 130.7 a
CONTROL 433 84.8 231.4 11740
Gurelan 45 38.2b 85.4 2119b 1154b
Portobello 436a 83.7 250.0 a 1249 a
MEAN 40.9 84.6 231.0 120.2

! Values followed by a different letter within a column and factor or combination of factors are significantly different at the 5% le-
vel according to the Tukey test. VS/GS 3:1: vine shoot-grape stalk formula (3:1, w/w). VS/GS 1:1: vine shoot-grape stalk formu-
la (1:1, w/w). VS/GS 1:3: vine shoot-grape stalk formula (1:3, w/w).



Indoor composting for mushrooms 423

straw mixed with other materials (Pardo, 2004; Pardo
etal.,2006a).

The type of processing and materials used condition
the characteristics of the resulting compost. It is therefore
not surprising that indoor composting produces com-
posts that differ from the traditional product in tech-
nical/economic, physiological and microbiological
terms. The shorter processing time and consequently
smaller loss of dry matter condition the physical and
chemical characteristics of the compost obtained.

In general, chicken manure is the nitrogen supple-
ment most widely used in the production of composts
for mushrooms. In the present experiment, the smaller
organic matter content of the chicken manure compared
to the grape pomace led to the conventional compost
having a high ash content (148.9 g kg'') compared to
the experimental composts (77.7-107.5 g kg'). The
high pH of the conventional compost (8.72) suggests
the presence of competitor moulds normally associated
with insufficiently composted substrates (Scopulariopsis
fimicola, Coprinus cinereus, Doratomyces stemonitis,
Chaetomium globosum, Oedocephalum spp., Papu-
laspora byssina etc.). However, the spawn run step
reflected no problems of this type.

Among the materials left over from wine making,
grape stalks and grape pomace were the first to be used
in mushroom cultivation. Pardo and Sanchez (1989),
Pardo and Pardo (1991), Pardo (1994, 1995) and Pardo
et al. (1995) described the use of these materials
(which are widely available in Castilla-La Mancha and
La Rioja/Navarra) for conventional composting. More
recently, Pardo (2004) described the indoor composting
of formulations in which 1:1 (w/w) mixtures of cereal
straw and, among other materials, grape stalks, vine
shoots and grape pomace, were used as base materials.
Biological efficiency values of 70-78 kg of mushrooms
per 100 kg of compost (dry weight) were obtained.
Subsequently, experiments were performed using diffe-
rent proportions of straw and vine shoots, including
grape stalks and chicken manure as a nitrogen supple-
ment (Pardo et al., 2006a). The best results were
obtained with a 2:1 (w/w) mixture of straw and vine
shoots, the biological efficiency reaching 86.7 kg of
mushrooms per 100 kg compost (dry weight). These
results compare favourably with those obtained commer-
cially with traditional compost, and better than those
obtained in the present study [56.3 kg of mushrooms
per 100 kg compost (dry weight)]. Pleurotus ostreatus
(Jacq, ex. Fr.) Kummer has also been successfully
grown using substrates containing, among others,

grape pomace and vine shoots (Pardo et al., 2005a,b).

The most noteworthy aspect of the present work was
the production of specific substrates for the cultivation
of Agaricus spp. without the need for cereal straw or
chicken manure: the only materials required were waste
products from grape growing and wine making.

In summary, the proposed indoor composting
method provides mushroom yields comparable to those
obtained when using traditional compost. The 1:1 (w/w)
shoot/stalk combination, while producing somewhat
more modest results, opens up the possibility of using
these abundantly available materials in different pro-
portions, with different grain sizes, and in combination
with other materials. The indoor production of subs-
trates from alternative materials could lower production
costs by eliminating over-dependence on one particular
base material, accelerate composting, reduce losses of
dry matter, and reduce the space required for compost
production. In addition, the proposed method offers
environmental advantages by avoiding the emission of
volatile sulphurous and ammoniacal compounds etc.
into the atmosphere.

Acknowledgements

The present study was co-financed by the Ministerio
de Ciencia y Tecnologia and FEDER within the Plan
Nacional de Investigacion Cientifica, Desarrollo e Inno-
vacion Tecnologica (Project REN2002-00666/TECNO).

References

ANSORENA J., 1994. Sustratos. Propiedades y caracteriza-
cion. Mundi-Prensa, Madrid, Spain. 172 pp. [In Spanish].

BRADY J., 1969. Some physical gradients set up in Tullgren
funnels during the extraction of mites from poultry litter.
J Appl Ecol 6, 391-402.

CIES, 2005. Relacion de variedades comerciales de micelios
de champifion y setas Pleurotus. In: El champiiion en
Castilla-La Mancha, No. 21. Centro de Investigacion,
Experimentacion y Servicios del Champiiién, Cuenca,
Spain. [In Spanish].

DELMAS J., 1989. Les champignons et leur culture.
Flammarion-La Maison Rustique, Paris, France. 970 pp.
[In French].

DUNS G., RINKER D.L., 2004. Investigation of mushroom
substrate odors by chemical and olfactory methods. Mush-
room Sci 16, 193-202.

GERRITS J.P.G., 1988. Nutrition and compost. In: The
cultivation of mushrooms (Van Griensven L.J.L.D., ed).
Interlingua TTI Ltd. East Grinstead, UK. pp. 29-72.



424 A. Pardo et al. / Span J Agric Res (2007) 5(3), 417-424

GERRITS J.P.G., 1994. Developing indoor composting: a
historical view. Mushroom J 530, 15-19.

GERRITS J.P.G., 1996. Composting for high yield and
quality. Mushroom World 7(3), 33-45.

GERRITS J.P.G., VAN GRIENSVEN L.J.L.D., 1990. New
developments in indoor composting (Tunnel process).
Mushroom J 205, 21-29.

HAMMOND J.B.W., NICHOLS R., 1976. Carbohydrate
metabolism in Agaricus bisporus (Lange) Sing.: changes
in soluble carbohydrates during growth of mycelium and
sporophore. J Gen Microbiol 93, 309-320.

KRANTZ G.W., 1986. A manual of Acarology. 2™ ed.
(emended). Oregon St Univ Book Stores, Inc, Corvallis,
USA. 509 pp.

LABORDE J., OLIVIER J.M., HOUDEAU G., DELPECH
P, 1986. Indoor static composting for mushroom (Agaricus
bisporus Lge Sing) cultivation. In: Developments in crop
science 10: Cultivating edible fungi (Wuest P.J., Royse
D.J., Beelman R.B., eds). The Pennsylvania St Univ, PA,
USA. pp. 91-100.

LAU O., 1982. Methods of chemical analysis of mushrooms.
In: Tropical mushrooms. Biological nature and cultivation
methods (Chang S.T., Quimio T.H., eds). The Chinese
Univ Press, Hong Kong, China. pp. 87-116.

MAPA, 1994. Métodos oficiales de analisis. Tomo III.
Servicio de Publicaciones del Ministerio de Agricultura,
Pesca y Alimentacion, Madrid, Spain. 662 pp. [In Spanish].

MSC, 1985. Analisis de alimentos. Métodos oficiales y
recomendados por el Centro de Investigacion y Control
de la Calidad. Ministerio de Sanidad y Consumo, Madrid,
Spain. 1015 pp. [In Spanish].

NOMBELA G., BELLO A., 1983. Modificaciones al método
de extraccion de nematodos fitoparasitos por centrifugacion
en azucar. Bol San Veg Plagas 9, 183-189. [In Spanish].

PARDO ], 1991. Ensayos de compostaje de champiiién con
utilizacion de orujo de uva agotado de alcoholeria. In:
Serie Convenio Consejeria Agricultura-Diputacion de
Cuenca para Investigacion y Experimentacion Agrarias,
No. 4. Cuenca, Spain. 15 pp. [In Spanish].

PARDO J., 1994. Elaboracidn de sustratos especificos para
el cultivo de champifidon y otros hongos comestibles. In:
Investigacion Agraria en Castilla-la Mancha 4. Consejeria
de Agricultura y Medio Ambiente de la Junta de Comu-
nidades de Castilla-La Mancha, Toledo, Spain. pp. 355-
359. [In Spanish].

PARDO J., 1995. Elaboracion de sustratos especificos para
el cultivo de champifion y otros hongos comestibles. In:
Investigacion Agraria en Castilla-La Mancha 5. Consejeria
de Agricultura y Medio Ambiente de la Junta de Comuni-
dades de Castilla-La Mancha, Toledo, Spain. pp. 589-593.
[In Spanish].

PARDO J., 1999. Compostaje para cultivo de champifion:
una revision de su ambito de variabilidad y su repercusion
en la calidad y costes del compost. In: Avances en la tecno-
logia de la produccion comercial del champifiéon y otros
hongos cultivados. Patronato de Promocion Econdémica-
Diputacioén Provincial de Cuenca, Cuenca, Spain. pp. 49-
99. [In Spanish].

PARDO J., 2004. Compostaje indoor experimental: principa-
les aspectos planteados e infraestructura disponible. In:
Avances en la tecnologia de la produccion comercial del
champifién y otros hongos cultivados 2. Patronato de
Promociéon Econdmica-Diputacion Provincial de Cuenca,
Cuenca, Spain. pp. 117-142. [In Spanish].

PARDO J., SANCHEZ, J., 1989. Elaboracién de sustratos
especificos para cultivos de champifidon y otros hongos
comestibles. In: Investigacién Agraria en Castilla-La
Mancha 2. Consejeria de Agricultura de la Junta de Comu-
nidades de Castilla-La Mancha, Toledo, Spain. pp. 197-
200. [In Spanish].

PARDO J., PARDO A., 1991. Elaboracion de sustratos
especificos para cultivos de champifion y otros hongos co-
mestibles. In: Investigacion Agraria en Castilla-La Mancha
3. Consejeria de Agricultura de la Junta de Comunidades de
Castilla-La Mancha, Toledo, Spain. pp. 249-258. [In Spanish].

PARDO J., GEA E.J., PARDO A., NAVARRO M.J., 1995.
Characterization of some materials derived from the gra-
pevine industry and their use in traditional composting in
Castilla-La-Mancha (Spain). Mushroom Sci 14(1), 213-221.

PARDO A., PERONA M.A., PARDO J.,, 2005a. Evaluacién
de nuevos materiales en la elaboracion de sustratos especi-
ficos para cultivo de Pleurotus ostreatus (Jacq. ex. Fr.)
Kummer. Cuadernos de Fitopatologia 85, 77-83. [In
Spanish].

PARDO A., PERONA M.A., PARDO J., 2005b. Use of
grapewine stem in the elaboration of specific substrates
for Pleurotus ostreatus (Jacq. ex. Fr.) Kummer cultivation.
Informacién Técnica Econdmica Agraria 101(1), 59-69.
[In Spanish].

PARDO A., PERONA M.A., PARDO J., 2006a. El sarmiento
como alternativa a la paja en la elaboracién de compost
para cultivo de Agaricus bisporus (Lange) Imbach. Cua-
dernos de Fitopatologia 88, 41-45. [In Spanish].

PARDO A., PERONA M.A., PARDO J., 2006b. Produccion
de hongos comestibles a partir de subproductos agricolas
y agroindustriales. In: Medioambiente en Iberoamérica.
Vision desde la fisica y la quimica en los albores del siglo
XXI, Vol. III (Gallardo J.F., et al., eds). Sociedad Ibero-
americana de Fisica y Quimica Ambiental-Diputacion de
Badajoz, Badajoz, Spain. pp. 283-291. [In Spanish].

TECATOR, 1987. Determination of Kjeldahl nitrogen
content with the Kjeltec Auto 1030 analyzer. Tecator
Application Note 30/87; Hoganids, Sweden.

TELLO J., VARES F., LACASA A., 1991. Seleccion y trata-
miento de muestras. Andlisis de muestras. Observacion
microscopica. In: Manual de laboratorio. Diagnostico de
hongos, bacterias y nematodos fitopatdgenos. Ministerio
de Agricultura, Pesca y Alimentacion, Direccion General
de Sanidad de la Produccion Agraria, Madrid, Spain. pp.
29-77. [In Spanish].

WOOD D.A., SMITH I.E,, 1988. The cultivation of mushrooms
(Part IT). Mushroom J 188, 665-674.

WUEST P.J., 1982. How to manage the watering of a mush-
room crop. In: Penn St. Handbook for commercial mushroom
growers (Wuest P.J., Bengtson G.D., eds). The Penn St
Univ, PA, USA. pp. 99-101.



