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ABSTRACT

Supplementation to increase the quality and yield of white button mushrooms (Agaricus
bisporus) consists of the addition of nutrients, particularly proteins, to the compost. In this
study, the effect of mushroom cultivation on applying a delayed-release nutrient
supplement to Phase Il composts was evaluated. Two application dosages and composts
with high nitrogen contents were used. Depending on the compost and supplement dosage
used, increases in biological efficiency ranging between 6.2 and 22.3% were obtained. An
excellent response to supplementation can be obtained even when using composts with
high nitrogen contents (in our case, 2.45 and 2.61% sms) during spawning. It is
additionally conceivable that the application of supplements to composts with lower N
contents or the application to spawned compost would provide an even better yield,
without adversely affecting the quality of the harvested mushrooms. This practice is of
considerable interest because of the economic benefit.
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INTRODUCTION

The yield obtained from the cultivation of
Agaricus bisporus (Lange) Imbach depends
on many factors, the most important of
which is the quality of the compost, the base
substrate used for cultivation (Sharma and
Kilpatrick, 2000). The availability of
nutrients is one of the factors directly related
to the productivity of compost (Saharan and
Guleria, 1993). Improving the nutritional
quality of the compost is therefore of great
importance to increase profit (Sanchez and
Royse, 2001).

Supplements are materials that are added
to the compost after the composting process
for direct use by the mushroom and are not
intended, unlike compost activators, to be

integrated into the substrate by the activity
of other organisms (Randle, 1985).

Most modern supplements based on
vegetable materials and agricultural wastes,
such as soybean meal, are rich in protein,
which is the most important ingredient
(Carroll and  Schisler, 1976). These
supplements require a chemical or heat
treatment to create a slow-release effect and
limit temperature increases after their
application (Peeters, 2008).

The practice of nutritionally
supplementing compost for mushroom
cultivation at the time of spawning or casing
to maximize crop yield is widely recognized
and accepted but is in limited use
worldwide. The correct application of this
technique is an essential condition for
obtaining the expected results, with several
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important culture aspects, such as the
preparation of the compost, the control of
temperature for mycelial growth, hygiene
measures, the choice of supplement and its
application time and, especially, the uniform
distribution of the product used (Desrumaux
etal., 1999).

When the characteristics of the facilities
and growing rooms permit (such as air-
conditioned and mechanized shelves for the
crop), supplements are added to the
colonized compost just before applying the
casing layer; thus, excessive compost
temperatures are avoided during spawning,
and the incidence of fungal competitors is
minimized (Bano et al., 1993). However,
cropping in bags, the primary system used in
many parts of the world, requires
supplementation during spawning primarily
because of mechanical restrictions.

The aim of this study was to determine the
effect of the application during spawning of
a commercial delayed-release nutrient
supplement on crop yield and quality for
mushroom cultivation (A. bisporus) which is
performed using commercial composts with
high nitrogen contents.

MATERIALS AND METHODS

Physical, Chemical and Biological
Analyses

To determine the physical, chemical and
biological characteristics of composts and
casing, the following measurements were
taken: moisture (Mapa, 1994), organic
matter and ash (Ansorena, 1994; Mapa,
1994), pH (Ansorena, 1994; Aenor, 2001a),
electrical conductivity (Aenor, 2001b), total
N content (Foss, 2003), C/N ratio and crude
fiber (Msc, 1985a; Ankom, 2008), crude fat
(Msc, 1985b; Ankom, 2009), nitrogen-free
extract (Gonzalez et al., 1987), particle real
density (Aenor, 2001c), bulk density, total
porosity and  water-holding  capacity
(Ansorena, 1994; Aenor, 2001c), mushroom
pathogenic nematodes (Nombela and Bello,
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1983), mites (Brady, 1969) and competitor
molds (Krantz, 1986).

Supplement Use and Application Rate

A commercial delayed-action product
based on soybean meal with a protein
content of 48% (Promycel®480, Amycel
Europe, Venddme, France) was evaluated as
a nutritional supplement for mushroom
cultivation. Two independent experiments
were conducted, both using supplement
doses of 0.6 and 0.8% by weight, calculated
using the fresh weight of compost. These
doses correspond to the extremes of the
range recommended by the supplement
manufacturer.

Compost

Two commercial composts, whose main
characteristics are presented in Table 1, were
used as cereal straw for growing the
mushrooms. All the observed values were
adjusted to the range considered optimal for
cultivating mushrooms (Zied et al., 2011a).
The nitrogen contents of these composts
were 2.45 and 2.61% on a dry matter basis.

Casing Layer

A mixture widely used in the production
area of Castilla-La Mancha (Spain) of
mineral soil and coconut fiber (4:1, v/v) was
used as the casing layer (Pardo-Giménez et
al., 2010). The analytical characteristics of
this layer are given in Table 2. The casing
was applied at a thickness of 3 cm in both
experiments.

Spawn

The commercial strain of mycelium used
was Fungisem H-25 (Micelios Fungisem
SA, Calahorra, La Rioja). This strain
belongs to the white hybrid "halftime,”
which is especially recommended for spring,
autumn and winter “spawn". Its optimal
culture conditions include a fruiting
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Table 1. Analytical properties of the commercial composts used.

Experiment 1

Experiment 2

pH (1:5, p/v) 7.81
Moisture (%) 72.4
Total N (%, sms) 2.45
Ash (%, sms) 25.18
Organic matter (%, sms) 74.82
C/N ratio 17.7
Crude fiber (%, sms) 38.34
Crude fat (%, sms) 0.57
N-Free extract (%, sms) 20.60
Nematodes Absent
Mites Absent
Competitor molds Absent

7.87
72.1
2.61
26.35
73.65
16.4
36.65
0.27
20.42
Absent
Absent

Absent
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temperature of 15-20°C, relative humidity of
85-90%, and average ventilation, providing
medium-sized, thick mushrooms for both the
fresh market and cannot (Pardo-Giménez et
al., 2011a; Pardo-Giménez et al., 2012). The
spawning rate was 10 g kg* of fresh
compost.

Experimental Design

Two cropping trials, in which two
supplement doses were applied, were
evaluated relative to unsupplemented
compost. A completely randomized design
with six replicates was used in both cases
(Experiments 1 and 2). Experimental trays

Table 2. Analytical properties of the casing
layer.

Characteristic Value
pH (1:6, v/v) 8.03
Electrical conductivity (1:6, v/v)

-1 191
(uS cm™)
Bulk density (g cm™®) 0.626
Particle real density (g cm™) 2.710
Total porosity (%) 745
Percent saturation 54
Organic matter (%) 2.02
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(plastic boxes) were each filled with 6 kg of
Phase Il compost, which was compacted at a
rate of 450 kg m™ and presented a surface of
870 cm’ to be covered (69.0 kg filling
weight m?). The same variety of mycelium
(Fungisem H-25) was used in both
experiments. A total of 18 trays were used in
each experiment, corresponding to the two
doses applied (0.6 and 0.8% by weight) and
the control without supplement, with six
replicates per treatment. Trays were placed
randomly at two levels on both sides of the
growth chamber.

Cultivation Facilities

The crop cycles were performed in an
IBERCEX chamber with dimensions of
3.70x2.10x2.60 m (20.2 m®). The chamber
was provided with humidification,
heating/cooling and recirculating/outside
ventilation systems to allow automatic
control of the relative humidity, temperature
and carbon dioxide concentration.

Crop Cycles

The crop cycles were conducted according
to the conditions recommended for the strain
used (Pardo-Giménez et al., 2011b), with the
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same schedule of operations in both
experiments. The casing layer was applied
14 days after compost inoculation, after
which the insecticide and fungicide
treatments were applied as usual (3.6 g m™
of 25% diflubenzuron and 0.62 g m? of
prochloraz 46%, respectively). The casing
was raked 7 days after application, inducing
fruiting two days later. Harvesting began 34
days after the compost inoculation. During
the harvest period, the casing was kept wet
at a level between 60 and 70% of its
maximum  water-holding  capacity by
regular, uniform watering with between 0.5
and 1.5 L m?, as needed in accordance with
the usual practice of cultivation. The total
duration of the crop cycle was 62 days in
both experiments, and the crop was
harvested in four flushes.

Harvesting and Production Parameters

Mushroom harvesting was performed
daily at the commercially optimal stage of
development,  corresponding to  the
morphogenetic states 2, 3 and 4 as defined
by Hammond and Nichols (1976).

For calculating the yield per unit area, the
weight and number of mushrooms produced
daily by each experimental unit was
determined. In addition, the mushrooms
were separated into two groups according to
size: large (= 40 mm) and medium (15-40
mm). The biological efficiency, expressed in
kg dt' of compost (dry matter), was
established from the yield per unit area,
considering the density of the compost and
its moisture content. The unit weight of the
mushrooms, in grams, was determined from
the total weight yield obtained and the
number of harvested mushrooms (Zied et
al., 2013).

A second estimate of size, expressed as
cap diameter in mm, was determined from
the unit weight of the mushrooms, using a
previously established, nonlinear regression
curve. This curve is given by Equation (1),
which provided the highest R* values as a
result of adjusting the regression equation to
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fit the various data patterns obtained for the
calculation.

d= 6.84525+7.1942 p * (1)

In this equation, d is the diameter of the
cap (mm), and p is the unit weight of the
mushrooms (g).

Earliness, or days to first harvest, was
expressed as the number of days between
casing and harvesting the first flush. On the
day of maximum harvest for each of the four
flushes, mushrooms of uniform size and
maturity were chosen for quality assessment.
The color of the mushrooms and their dry
matter content was determined.

The surface color of the mushrooms was
measured by reflection using a colorimeter
that had been previously calibrated with a
D65 illuminant and CR-A43 calibration
plate [With the Lightness (L*)= 96.12, The
red-green component (a*)= -0.11 and The
yellow-blue component (b*)= +2.66).

A total of twenty measurements were
taken on uniformly sized, disease-free
mushrooms in each of the three flushes for
each  experimental unit, with four
measurements performed on each of five
mushroom pilei: one in the center of the
pilei and three at distances between 1 and 2
cm off their centers, depending on the size
of the fruit bodies.

For the description of the color values of
L*, b* and AE*, a parameter that measures
the degree of deviation in comparison with
the values of an ideal sporophore, the
following values are used: L*= 97, a*= -2
and b*= 0 (Roy et al., 1995). Because the
red-green tones are practically uninvolved in
the final color of the mushroom, a* was not
taken into account. AE* was obtained from
Equation (2).

AE* = [{L* - 971 + {a* - (-2)(? + {b*|?
]1/2 (2)

Dry matter levels were determined by
measuring weight loss after oven drying at
105°C for 72 hours. For determination, a
universal stove with forced air circulation
was used.
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Statistical Analysis

Statistical analysis was performed with
statistical package program (Statistical
Graphics Corp., Princeton, NJ, USA).
Technical analysis of variance was used to
evaluate the data. For the establishment of
significant differences between the means,
the Tukey HSD test (P= 0.05) was applied.
Multiple-variable analysis was used to
establish the Pearson product moment
correlations coefficients between production
parameters and the P-values which tests the
statistical significance of the estimated
correlations.

RESULTS AND DISCUSSION

The results obtained for the quantitative
production  parameters  recorded in
Experiment 1 are shown in Table 3. The
supplementation produced no significant
differences in the precocity or the number or
size of the harvested mushrooms. However,
differences in the yield per unit area and
biological efficiency were registered. The
best results occurred when the highest dose
of supplement (0.8%) was used, with a yield
of 27.95 kg m™ and a biological efficiency
of 146.8 kg dt™, significantly higher than the
values provided by the unsupplemented
compost (25.31 kg m? and 133.0 kg dt™).
The values for the low-dose supplementation
(0.6%) fell between those for the high-dose-
supplemented and unsupplemented
composts. No significant differences were
observed for any of the qualitative
production  parameters  evaluated in
Experiment 1 (Table 4).

Experiment 2 presented a quite similar
situation (Table 5), with no significant
differences in earliness, the number of
fruiting bodies harvested or size. The best
yields were again provided by the compost
supplemented at the highest dose, with a
yield of 28.14 kg m? and biological
efficiency of 146.3 kg dt™, significantly
higher than the values obtained with the
other treatments. In this case, however, the
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low-dose-supplemented compost produced a
yield of 25.30 kg m? and a biological
efficiency of 131.5 kg dt™, values that
proved significantly greater than the yield of
23.01 kg m? and biological efficiency of
119.6 kg dt* produced by the
unsupplemented compost. In this case, the
main differences were due to different
behavior in the 1% and 3™ flushes. For the
qualitative production parameters evaluated
in Experiment 2, significant differences
were observed only for the color difference,
with the lowest value (9.09) associated with
the mushrooms harvested from compost
supplemented at the high dose (Table 6).

The results obtained for the Pearson
product moment correlation coefficients
between the main production parameters
recorded in Experiments 1 and 2 are shown
in Tables 7 and 8, respectively. In both
experiments, similar results were obtained in
general for the correlation coefficients.
Thus, obtaining a high number of
mushrooms per unit area is associated with
higher productivity (higher yield and
biological efficiency) and to a smaller size
of harvested fruiting bodies (unit weight and
diameter). High values of the coefficients
have been logically recorded between the
total yield and the biological efficiency on
the one hand, and between the unit weight
and the diameter of fruiting bodies on the
other. The parameters defining the color are
significantly correlated with each other, but
only the Lightness (L*) (Experiment 1) and
AE* (Experiment 2) are correlated with
productivity  parameters  (yield and
biological efficiency). The dry matter
content of harvested mushrooms only shows
significant correlation with vyield and
biological efficiency in Experiment 2.

The expected increase in biological
efficiency with this type of supplementation
is between 5 and 20% (Zied et al., 2011b).
In our case, a comparison of the
supplementation at the lower dose with the
unsupplemented compost showed that the
biological efficiency increased 6.2% in
Experiment 1 and 9.9% in Experiment 2,
whereas the higher dose increased the
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efficiency up to 10.4% in Experiment 1 and
22.3% in Experiment 2.

Gerrits and Amsing (1996) demonstrated
that the increased yield obtained with
supplementation depends on the nitrogen
content of the unsupplemented compost;
thus, the positive effect of supplementation
was greater using compost poor in nitrogen.
According to these authors, a positive effect
of supplementation is still observed with
high-nitrogen composts, but the extra yield
is much lower. In addition, the mycelium in
compost supplemented with high nitrogen
levels may be too active, hindering
temperature control.

In an evaluation of different types of
supplements, Desrumaux et al. (1999) also
verified that supplementation produces
minor increases in performance (7.5 to
15.1%, depending on the type of
supplement) in compost with high nitrogen
content. The claim that high nitrogen content
can decrease the effect of supplementation
cannot  be generalized, especially
considering the results of our present
experiments, which demonstrated major
increases in performance in composts with
high nitrogen content (2.61% in experiment
2 and 2.45% in Experiment 1) and certain
contradictions found in other studies
(Desrumaux et al., 1999).

Another parameter to consider regarding
the compost used for the cultivation of A.
bisporus, related to the nitrogen content of
the compost, is the C/N ratio, whose
recommended range in Phase Il compost is
between 16/1 and 22/1, with an optimum of
19/1 (Zied et al., 2011a). Composts with
high nitrogen contents generally have low
C/N ratios, which in our case were found to
be 17.7 and 16.4.

The additional nitrogen provided by the
supplement implies an added decrease in the
C/N ratio, placing the ratio below the
recommended range given its low initial
value, but this decrease did not appear to
influence the effectiveness of
supplementation. Other aspects related to the
preparation of compost, such as its
formulation, the type of activators used and
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the microbial biomass and selectivity may
condition the response to supplementation
(Randle, 1985).

On the economic side, Randle and Smith
(1986) established that an increase in the
performance level of 1.5 kg m? is required
to offset the cost of supplementation. This
increase was exceeded in both of our
experiments with both doses used, which
demonstrates the potential of this practice
even when mushrooms are grown on
compost with high nitrogen contents.

In our experiments, the supplement was
applied at the time of spawning. This is the
only practical time of application for the
culture system using bags (compost blocks)
in Phase Il compost. However, according to
Gerrits (1988), the addition of supplements
to well-colonized compost immediately
before applying the casing layer is the best
method of supplementation. When Phase 111
compost is used, this operation can be
performed either at the time of packaging or
in the bulk-filling growth room (chamber of
cultivation).

Given the need for a good system to
control the substrate temperature during
mushroom cultivation, the application of
supplements is a technique to consider in
temperature-controlled rooms to improve
mushroom  yields and increase the
commercial profitability of the crop.

The results obtained in our study
demonstrate that an excellent response to
supplementation can be obtained even when
using composts with high nitrogen contents
(in our case, 2.45 and 2.61% sms) during
spawning. It is additionally conceivable that
the application of supplements to composts
with lower N contents or the application to
spawned compost would provide an even
better yield, without adversely affecting the
quality of the harvested mushrooms.
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