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Abstract

In this work, the agronomic behaviour of composted vine shoots as casing material in the cultivation of different hybrid strains of mushroom, Agaricus
bisporus (Lange) Imbach, is studied. The aim is to find an alternative to peat, which is normally used as a structural and water holding corrector of mineral
soils used as casing material. According to the main production parameters measured (number of mushrooms produced, unitary weight, yield and earliness),
composted vine shoots performed similarly to peat-based casing materials. However, the possibilities of their use are limited due to the appearance of spots
caused by Trichoderma spp. on the fruit bodies. The scratching technique consists of creating an open structure in the casing layer to make enable uniform
and abundant fructification. In general and for the different casing types used, this technique has a positive effect on fructification. This practice induces a
higher total yield of produced mushrooms, although of smaller size, and it facilitates the apparition and harvest of the first flush.

Key words: Agaricus biporus (Lange) Imbach, cultivated mushroom, casing layer, composted vine shoot, peat alternative.

Introduction
A compost which is completely colonised by mycelium will not
on its own produce mushrooms. It is therefore necessary to modify
the compost to initiate fructification. The casing layer is the ma-
terial used as a top covering of the compost and it is here that the
ecological modification that involves the change from the vegeta-
tive to the reproductive growth phase takes place, and where
fructification occurs. Peat constitutes the most widely used ma-
terial as casing for mushroom cultivation throughout the world.
Its water-holding capacity and structural properties are widely ac-
cepted as ideal for the purposes of casing!. However, problems
associated with its use, especially as regards its availability, the
depletion of reserves and the alteration of ecosystems, have led
to the search for alternative materials?. Any material which is to
be considered as an alternative to peat for use in mushroom cas-
ing should have the following properties: similar performance
characteristics at least equal to peat, competitive cost, stable qual-
ity, continuity of supply, freedom from pests and diseases and ease
of handling®. Of the great variety of materials that, alone or in
combination, have been used as casing in mushroom growing, ei-
ther commercially or experimentally, only very few have proved
to be of practical application in commercial cultivation. Some of
them have only been used at the experimental level to study some
of their characteristics or certain aspects of fructification, while
many others have been discarded for diverse reasons. The yield
and quality of the resulting mushrooms, availability and cost are
the decisive factors in choosing a casing material®. In the mush-
room growing area of Castilla-La Mancha (Spain), between 40,
000 and 45000 t of mushrooms (45-50% of total Spanish pro-
duction) are produced every year. In this zone, the casings used at
the moment are based on mineral soils of different origins as base
material, to which different types of peat are usually added as struc-
tural and water holding correctors*. In Castilla-La Mancha more
than 6°10° ha of vineyard are cultivated (8.1% of the world total),
and the enormous production of vine shoots constitutes a prob-
lem for the farmer, who usually burns them in the field. However,
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the composting of vine shoots could provide a material with high
porosity and water-holding capacity, which are requirements for
mushroom casing®®. The elimination of an agricultural waste to-
gether with the above characteristics should be taken into consid-
eration in the search for peat substitutes for use in casing mix-
tures in mushroom cultivation®. Casing material has to be open-
textured for uniform and abundant fructification to be achieved
and to prevent an excess of carbon dioxide during fructification
and harvesting. In light of this, the 70’s saw the introduction of
deep ‘scratching’ or ‘ruffling’, a practice that can be manually car-
ried out by means of a board with nails’. The process, which is
recommended for dense materials which are compacted during
the vegetative phase, consists of mixing all the casing layer with
the mushroom mycelium, which is growing in it, about a week
after casing. The result of this procedure is a more open struc-
ture, which facilitates the interchange of CO, and ensures that all
the mycelium appearing at the surface is at the same development
stage, giving a much more even spread of the primordia over the
entire bed surface®®. This work evaluates the agronomic behav-
iour of composted vine shoots as an ingredient of the casing layer
for growing mushrooms, as a substitute for the different types of
peat usually used. The effect of scratching on the performance of

casing materials based on peat and vine shoots was also examined.

Experimental

Binary mixtures of mineral soils (80%, v/v) as base material mixed
with each of the studied materials (20%, v/v) were used as cas-
ings. These materials were: German Sphagnum peat (Protorf),
black peat from the coastal formations southeast of Torreblanca
(Castellon, Spain) and a compost of vine shoots®. Three experi-
ments were carried out using three different commercial mush-
room strains: Pla 8.9 (mid-range hybrid strain), Blancochamp BL-
40 (smooth white hybrid strain) and Gurelan 45 (large off-white
hybrid strain). A spawn rate of 12 g kg fresh mushroom compost
was used. Wheat straw based commercial mushroom cultivation
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substrates were used (moisture) 65.9-68.9%; pH 7.24-7.53; N
2.20-2.36% and C/N ratio 18.4-19.6). Tests were carried out in a
20 m? experimental walk-in growth chamber, provided with a hu-
midification system, a heating/cooling system and internal air cir-
culation/outside ventilation. In this way, the temperature, relative
humidity and carbon dioxide level were controlled automatically.
The experimental design used was a 3 x 2 Equilibrated Factorial
Plan, with 4 repetitions (randomised blocks with two factors). The
first factor, with three levels, was the casing type. The second fac-
tor, with two levels, was the application or not of the scratching
technique. Repetitions corresponding to four blocks were placed
in two levels on both sides of the crop chamber. The experimental
trays (16 L in volume, 870 cm? in area) were filled with 6 kg of
pressed compost (450 kg m). The volume of the casing was 2.61
L per tray, giving a depth of 3 cm.Three separate growth cycles
were carried out according to the growth chamber conditions (air
temperature, relative humidity and carbon dioxide concentration)
suggested for each of the selected strains. A spawn run period of
14 days was used, and disinfectant (formaline, 18 mL m), insec-
ticidal (diflubenzuron 25%, 3.6 g m?) and fungicidal (prochloraz
46%, 0.62 g m?) treatments were applied after casing. The casing
was deeply scratched after 7 days of casing run, and ventilation
was carried out 11 days after casing to stimulate primordia for-
mation. The total growth cycle lasted 79-80 days. The casing was
moistened to between 60% and 70% of its water-holding capac-
ity, by regular and uniform watering with between 0.5 L m? and
1.5 L m?, depending on necessity, and according to the usual cul-
tivation technique®. Mushrooms were harvested every day at their
optimal commercial stage of development, corresponding to mor-
phogenetic stages 2, 3 and 4, according to the classification es-
tablished by Hammond and Nichols®. The quantity of mushrooms
produced daily in each tray was weighed with an accuracy of 1g.
The number of mushrooms obtained was counted. The cropped
mushrooms were separated according to size and defects into three
groups: large first quality mushrooms (= 40 mm), medium first
quality mushrooms (15-40 mm), and mushrooms with defects in
size, colour or disease symptoms (non-marketable production).
The size of the mushrooms, expressed as unitary weight (g), was
determined from the yield and the number of harvested mushrooms.
Biological efficiency, expressed in g kg compost dry matter, was
determined from the yield per m?. Earliness was expressed as the
number of days between casing and the harvesting of the first flush,
with the daily relative production being weighted. For the statisti-
cal analysis the software Statgraphics Plus v. 2.1 (Statistical Graph-
ics Corp., Princeton, NJ, USA) was used. To resolve the variabil-
ity of the experimental results into independent components, a
variance analysis was carried out with the “ANOVA Multifactor”
of the Statgraphics option “Analysis of Variance”, based on a sig-
nificance level of 5%. To establish significant differences the
Tukey-HSD test (p=0.05) was used.

Results and Discussion
Tables 1 to 3 show the mean values obtained for the quantitative
production parameters considered in Experiments 1 to 3, respec-
tively, for the three types of casings used. The number of mush-
rooms harvested per m? is an indicator of fructification level. The
casing which included Sphagnum peat showed the lowest values
in all three experiments (Tables 1 to 3). The casing with
composted vine shoots gave values of between 1345 and 1884
mushrooms per m?, which is between the values obtained with the
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two types of peat in Experiments 1 and 3 and the highest value of
Experiment 2. Regardless of scratching, this technique increased
the number of mushrooms harvested in the three experiments, al-
though this increase was only significant in Experiments 1 and 2.
The interaction scratching-type of casing showed that the effect
of scratching is the same, independently of the experiment and
type of casing (Fig. 1). The highest level of fruiting, and conse-
quently the greatest number of mushrooms produced, was achieved
in Experiments 1 and 2 with scratching. These experiments, in
which composted vine shoots were included in the casings, pro-
vided between 1670 and 2121 mushrooms per m?, respectively
(Fig.1).Generally, mushroom yield and mushroom size are in-
versely related. In all three experiments, the heaviest mushrooms
were obtained with the casing containing Sphagnum peat. The
weights varied between 12.56 and 15.46 g, depending on the ex-
periment. The scratching technique produced significantly smaller
in Experiments 1 and 2 (Tables 1 to 3). Scratching diminished
mushroom weight in all three types of casing in the three experi-
ments (Fig. 2). The biggest mushrooms were obtained using the
Gurelan 45 strain (Experiment 3), using the casing with Sphag-
num peat, independently of whether the scratching technique was
applied (15.39 g) or not (15.53 g). However, broadly speaking the
casing containing composted vine shoot provided similar values
to those obtained with the black peat casing (Fig. 2). As regards
the quantitative yield, the best results were obtained with the cas-
ing containing black peat in Experiment 1 (18.26 kg m?) and with
the casing containing composted vine shoots in Experiments 2
and 3 (22.18 and 18.72 kg m?, respectively), although the differ-
ences were not significant at p=0.05 (Tables 1 to 3). Scratching
resulted in an increase in yield of between 2.2 and 6.6%, in the
three experiments, although this increase was significant only in
Experiment 2 (Tables 1 to 3). When the production was divided
into categories, the high proportion of commercially unaccept-
able mushrooms obtained in the casing with composted vine shoots
(more than 20% of the total production in Experiment 2) was of
note (Table 2). These mushrooms had brown spots caused by Tri-
choderma spp., a microparasitary fungus'*. Table 4 shows the
effects of the interaction between scratching and casing type on
yield and commercial category in each experiment. In general,
the scratching technique increased the total commercial produc-
tion, while reducing the quantity of large mushrooms produced,
which is not a disadvantage for mushrooms destined for the pre-
serve industry. In the casing that contained composted vine shoots
(Experiments 1 and 2), similar yields of large mushrooms were
obtained whether or not the scratching technique was applied (5.01
and 4.92 kg m respectively, in Experiment 1; and 5.10 and 5.12
kg m, respectively in Experiment 2). Thus, the increases observed
in the yield of marketable mushrooms as a consequence of scratch-
ing (14.6 and 6.8% for the Experiments 1 and 2) were linked al-
most entirely with an increase in the number of medium-sized
mushrooms (diameters of 15-40 mm). In Experiment 3, a reduc-
tion in the total commercial yield of 8.4% was produced when the
composted vine shoot casing was scratched. However, the quan-
tity of medium-sized mushrooms harvested increased. The quan-
tity of non-marketable mushrooms did not show significant dif-
ferences as a consequence of scratching with any of the types of
casing in any of the experiments (Table 4). Biological efficiency
is established from the yield per m? and the density of the com-
post in the trays. So, all the considerations about the total yield in
the behaviour of the different types of casing and the scratching
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Figure 1. Interaction scratching-casing type on the number of harvested mushrooms per m? in the three experiments.
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Figure 2. Interaction scratching-casing type on the mushroom weight in the three experiments.
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Figure 3. Interaction scratching-casing type on the biological efficiency in the three experiments.
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effect can be applied to it. The best results were obtained in Ex-
periment 1 in the casing with black peat (776.5 g kg™ compost dry
matter), and in the casing with composted vine shoots in Experi-
ments 2 and 3 (1034.1 and 851.1 g kg* compost dry matter, re-
spectively), although there were no significant differences in any
case (Tables 1 to 3). Scratching increased biological efficiency
by between 2.2 and 6.6% in the three experiments, although to a
more significant extent in Experiment 2 (Tables 1 to 3). When
analysing the interaction between scratching and casing type, the
high values obtained for this parameter in the three experiments
are of note. In Experiment 2, particularly, the Blancochamp BL-
40 strain provided values of between 960.8 and 1084.2 g kg'* com-
post dry matter, depending on the casing type and the application
or not of the scratching technique. For this variety, the crop is
favoured by the casing containing composted vine shoots and the
application of scratching (Fig. 3). Finally, the effect of casing type
on earliness depends on the variety in question. In Experiments 1
and 3 (Tables 1 and 3), the use of casing with composted vine
shoots led to an earlier harvest of the first flush (by between 0.1
and 0.8 days). On the contrary, in Experiment 2, delays of between
1.1 and 1.5 days were observed with the composted vine shoots
compared with the casings containing peat. Scratching had a posi-
tive action, significant in all three experiments, decreasing by be-
tween 1.1 and 2.2 days the period between the application of the
casing and the harvest of the first flush (Tables 1 to 3). With
Blancochamp BL-40 strain, used in Experiment 2, harvesting of
the first flush was more than 2 days earlier than with the varieties
used in Experiments 1 and 3 (Tables 1 to 3). As far as earliness is
concerned, the interaction scratching-casing type showed that the
effect of scratching was the same for the three types of casing in
the three experiments, although the level of significance differed.

Conclusions

Composted vine shoots, used to improve structural and water hold-
ing characteristics of the mineral soil casing in mushroom culti-
vation, performed comparably with peat with regard to the quanti-
tative production parameters considered. Regardless of the cas-
ing type used, scratching, in general, had a positive effect on
fructification. It increased the number and yield of mushrooms
produced per m?, although they were of smaller size and individual
weight. It also slightly brought forward the harvesting time of the
first flush. The potential for substituting peat in mushroom casing
with composted vine shoots is limited due to the appearance of
spots caused by Trichoderma spp. on part of the fruit bodies. How-
ever, a controlled composting process and the application of a
thermal and/or chemical treatment before mixing might inhibit
the disease and provide the mushroom sector with a cheap mate-
rial. Environmentally, there is also the advantage of using an abun-
dant organic by-product instead of hon-renewable peat resources.
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