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Abstract | The casing layer material and thickness are so important operational steps in button mushroom
production potentially leading to the variation in yields and nutritional characteristics of mushroom. Four casing
layers comprising commercial casing soil (CCS), spent compost (SC), coco peat (CP) and vermicompost in three
thicknesses (2,4 and 6 cm) were evaluated in this study for production of Agaricus bisporus. The CCS treatment
had the most mushroom yield (27.03 Kg m) whereas CP casing layer showed the minimum yield (4.43 Kg m™).
'The same results were obtained in total yield of compost and biological efficiency. The CCS treatment induced
the first flush to be in advance, however, the CP procrastinated the first flush. Overall, the highest average weight
of mushroom and the mushroom cap diameter were observed in 4 cm depth casing. No significant deference
was observed in the phosphorus and potassium concentration of treated mushrooms but nitrogen concentration
was affected by casing layer soil materials and thickness. The lowest nitrogen concentration was in 4 cm depth of
CP casing layer that was not significantly different with 2 cm depth of CP casing layer. As a general conclusion,
CCS in depth of 4 cm can be the best choice for casing but in case that using SC for its double advantages of
reducing initial costs and waste disposal is preferable, some amount of yield decrease can be ignored.
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Introduction Materials with high water holding capacity can

likely be good alternative of peat especially if be

he casing layer soil is one of the most essential

operationsinbutton mushroom (Agaricus bisporus)
production. Casing layer soil is commonly used for
covering the compost immediately after mycelium
colonialization (spawn run), to promote the mycelium
to be fructified (Pardo-Giménez and Pardo-Giménez,
2008).Based on different studies, peat is the best option
to use for casing layer (Rainey and Cole, 1987), but it

is nonrenewable substance and so expensive in Iran.

cheap and easily available. The perfect material for
casing layer should provide appropriate conditions
for mycelium and facilitate the transformation
vegetative to reproductive stage (Flegg ¢z a/., 1985).
Casing material should have enough porosity for
mycelial respiration, high water retention to insure
mycelium growth, and resistant physical structure
for stabilization following frequent watering (Noble
and Dobrovin-Pennington, 2005).
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Gulser and Peksen (2003) studied the potential of
tea waste as a new casing material and recommended
the mixture of tea waste with peat in 1:1 (viv)
ratio for casing layer. Coconut fibre (coir) is a
good alternative for peat substitution which can be
combined with other materials using as an efficient
casing layer (Pardo-Giménez and Pardo-Giménez,
2008). Pardo-Giménez and Pardo-Giménez (2008)
proposed that the spent mushroom substrate can
be an ingredient of casing material for mushroom
cultivation. Vermicopmost is another casing material
for mushroom cultivation (Pani, 2012). Colauto e al.
(2010) demonstrated that lime schist can be a viable
substrate as a casing layer in Agaricus brasiliensis
production. They claimed this material increases
Agaricus brasiliensis productivity up to 92% compared
to the subsoil with charcoal (as a control).

In an interesting research Nadi ¢ a/. (2015) reused
casing layer in combination with fresh casing at
different ratios and reuse it alone as well. The results
were surprising due to no significant difference among
treatments. Based on these results they suggested
reusing of casing layer without any problem, but pH
and salinity regulation of materials accompany with
disinfecting against pathogens is essential.

'There is still a little information about the best depth
of casing layer and its effect on quantity and quality
of edible mushrooms specially Agaricus bisporus. Pani
(2012) evaluated five casing layer depth including
1,2, 3, and 5 inches in milky mushroom (Calocybe
indica) cultivation and indicated that the depth of 2
inch led to the highest yield. However, Subramanian
and Shanmugasundaram (2015) reported that the
casing layer thickness of 2.5 cm could be the best
for obtaining high yield and bioefficiency of milky
mushroom in comparison with thickness of 1.5 and
3.5 cm.

Due to the importance of sustainable and economical
agriculture, finding an environmental friendly
materials or reuse the commercial casing soil is
vital. Considering the variability of results obtained
by previous studies, this research tried to test the
performance of different materials and thicknesses
of casing layer soil for Agaricus bisporus production.
Moreover, this study was aimed to evaluate
different types of casing layers as an alternative of
nonrenewable and expensive materials.

Materials and Methods

Mushroom cultivation and casing treatment

Packed spawned compost in the plastic bags
(55x35x10 cm?®) was supplied by Javane Tabarestan
Corporation, Mazandran province, Iran. All the
compost bags were placed in a same environmental
condition. Four casing layer comprising commercial
casing soil (CCS), spent compost (SC), coco peat
(CP) and vermicompost in three thicknesses (2, 4
and 6 cm) were evaluated in this study. The important
physical and chemical properties of casing materials
including total nitrogen, phosphorus and potassium
contents, as well as water holding capacity, saturated
moisture percentage, particle density, C/N ratio,
electrical conductivity, and pH were determined and
shown in Table 1.In spawn run phase, the temperature
was kept around 25 °C and the relative humidity was
monitored around 80-85%. After mycelium came out
and covered the surface of compost, casing material
was added to the system in three thicknesses as
treatments.

Determination of parameters

Yield and yield components: All commercial grown
mushrooms were harvested twice in a week and
total yield was determined as kg per m? Number of
mushrooms in each square meter was recorded during
the experiment period. To test the performance of
treatments on the size of the produced mushrooms,
cap diameter was also determined. The average weight
of mushroom was calculated as total yield divided by
total mushroom number in each square meter area.
Exactly 100 g of fresh mushrooms was dried till
stable weight at the 70°C and then weighed again to
calculate the dry matter of mushrooms. The earliness
that is the number of days from casing application
till the first harvest was also evaluated. Total yield
of compost and biological efficiency was calculated

using following formulas (Zied ez a/., 2012):

Total vield of £(06) = Yield of fresh mushroom (g) s 100
otalyieldof compost (%) = fresh weight of the compost (g)

Yield of fresh mushroom (g)
X 100

Biological efficiency (%) = dry weight of the compost (g)

Mineral nutrients: nitrogen (N), phosphorous (P)
and potassium (K).

'The mushroom samples were oven dried at 70 °C and
crushed into the powder form to determine mineral
nutrients including N, P and K. The method of
Chapaman and Pratt (1961) was used for digestion
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Table 1: Physical and chemical properties of used casing materials.

Casing material N@®%) P(%) K (%) Water holding Particle density C:N EC pH
capacity (%) (g em™) (dS m™)

Commercial casing soil 1.40 0.195 0.267 140.27 1.95 14.19 3.56 7.14

Spent Compost 1.31 0.951 0.896 89.27 11.68 11.01 7.52 7.85

Coco peat 2.41 0.061 0.797 533.00 3.94 15.25 2.99 5.85

Vermicompost 5.11 0.383 0.268 70.31 1.88 2.25 1.32 7.83

Table 2: Effect of casing layer on the yield and yield components of button mushroom.

Earliness Dry  Average cap Average weight Numberof Biological efficien- Totalyield of com- Yield Treatments

(days from matter diameter of mushroom  mushrooms cy (kg 100 kg-1 post(kg100kg-1  (Kgm?)

casing) %™  (cm)™ (gn) inonem?  dried compost) fresh compost)

38.78 ¢ 7.56a 4.93a 36.07 a 780.6 a 68.42 a 26.02 a 27.03a Commercial
casing soil

41.56 b 7992 4.86a 3385a 541.7 ab 44.81b 17.04 b 17.71b  Spent compost

49.89a 691a 5.97a 43.04 a 144.4 ¢ 11.22 ¢ 427 c 4.43 ¢ Coco peat

42.12b 6.59a 4.79a 3411a 425.0 be 31.20b 11.86 b 12.33b  Vermicompost

The means followed by different letters within a column are significantly different (P < 0.01).

and total N content was determined using Kjeldhal
method. The P contentwas calorimetricallydetermined
by spectrophotometer (Jackson, 1962). The method
of Knudsen ez a/. (1982) was used for determination
of K in mushrooms by Flame photometer.

Statistical analysis

The experiment was conducted in factorial format
based on a completely randomized design with three
replications. A statistical analysis was performed
using analysis of variance in the SAS 9.1 software,
and means were compared using Duncan’s multiple
range tests at a 1% level.

Results and Discussion

Casing material and thickness effects

As shown in Table 2, all studied parameters were
affected by casing layer except for average weight
of mushroom, average cap diameter and dry matter.
CCS showed the maximum mushroom yield (27.03
Kg m™) whereas CP casing layer had the minimum
yield (4.43 Kg m™). Although difference in yields
between SC and vermicompost casing treatment was
not significant, but both were lower than CCS (Table
2). The same results were obtained for total yield of
compost and biological efficiency that are two most
important criteria for mushroom productivity. In
both parameters, compost efficiency and biological
efficiency, CCS treatment significantly caused the
highest total yield (Table 2).

Number of mushrooms was also significantly aftected
by casing material. In this matter, no significant

difference was observed between CCS and SC (Table 2).

The CCS had the significantly lower -earliness
compared with other casing materials (Table 2). Using
CP as a casing layer delayed the first flush indicating
the unsuitability potential for button mushroom
production.

The highest average weight of mushroom and the
mushroom cap diameter was observed in depth of 4
cm of casing layer, whereas no significant difference
was between depth of 2 and 6 cm (Figures 1 and 2).

Interaction effects of casing material and its applied depth
'The interaction effect of two evaluated factors (casing
material and casing depth) were significant in average
weight of mushroom and mushroom cap diameter.
In both parameters CP casing layer treatment in 4
cm depth led to the highest record but no significant
difference was observed among other treatments

(Figures 3 and 4).

Nosignificant differences were observed in phosphorus
and potassium concentration of treated mushrooms,
but nitrogen concentration was significantly affected
by casing material and its depth. The lowest N
concentration was observed in 4 cm depth of the CP
casing layer that was not significantly different with 2
cm depth of the CP casing layer (Figure 5).
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Figure 1: Effect of casing layer depth on the average weight of mushroom.
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Figure 2: Effect of casing layer depth on the mushroom cap diameter.
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Figure 3: Interactive effect of casing material and depth on the average weight of mushroom.
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Figure 4: Interactive effect of casing material and depth on the mushroom cap diameter.
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Relation of casing soil characteristics and its function

As shown in Table 1, water holding capacity of SC is
less than CCS, so it may negatively affect SC function.
'The correlation between N concentration and the yield
and number of mushrooms is positively significant
(Table 3). But correlation between N concentration
and average weight of mushroom and average cap
diameter were negatively significant (Table 3).

As single effect of casing material showed that CP
treatment can reduce total yield in comparison with

other casing materials so it can be attributed to the
low number of large mushrooms in CP casing layer. To
find the best casing layer, it is important to consider the
water-holding capacity, pH, structure and nutrients of
casing material (Oei, 2003). Although vermicompost
had high N concentration and SC contained high P
and K, however, these casing layers could not aftect
the yield component of mushroom positively. It
shows that mineral elements in casing layer is not
essential even can be considered as the limiting factor
tor growth and yield of button mushroom at least in
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Table 3: Correlation between yield, yield component and nitrogen concentration in button mushroom.

Yield Numberof mush-  Average weightof  Averagecap Nitrogen con-
rooms in one m mushroom diameter centration
Yield 1
Number of mushrooms in one m 0.936" 1
Average weight of mushroom -0.122 -0.330 1
Average cap diameter -0.330 -0.497" 0.904" 1
N concentration 0.518" 0.521" -0.473" -0.577" 1
Table 4: Economic analysis of the casing material used in this project.
Economical items Commercial Spent Coco peat Vermi-
casing soil compost compost
Mean yield kg per m? 27.03 17.71 4.43 12.33
Gross Income (Iranian Rials per m?) 2703000 1771000 443000 1233000
Price per 1 m? in depth of 4 cm (Iranian Rials) 177000 0 300000 530000
Gross Profit: Gross income-Casing price (Iranian Rials per m?) 2526000 1771000 143000 703000
Gross Profit: Gross income-Casing price (US Dollar per m?) 252.6 177.1 14.3 70.3

high concentrations.

The best pH of casing soil for both Agaricus
mycelial differentiation and nutrients availability for
Pseudomonas spp. - the aerobic bacteria that stimulate
mushroom mycelium to produce primordia- is
between 6-7 (Sharma ez a/., 1996). So, pH is a little
low in CP (5.85). The primary problem in SC is
high electrical conductivity (EC=7.52 dS m™). The
threshold level of EC for casing layer was suggested
around 1.6 dS m™ (Pardo e a/., 2004) that exceeded
for SC.'Therefore, it can be suggested that pH and EC
regulation (by adding lime and leaching respectively)
be carried out for optimizing these casing soils.

It has been proved that higher amount of moisture
in the casing layer can provide need of mushroom to
water (Oei, 2003). Water holding capacity of SC can
be increased by adding an appropriate ingredient like
CP which has a remarkable water holding capacity.

There is no scientific evidence about the best casing
layer thickness in button mushroom (Agaricus bisporus)
cultivation. However, in other edible mushrooms,
there is no unanimous idea. Pani (2012) reported that
the 2 cm depth of casing layer for milky mushroom
(Calocybe indica) cultivation is the best but Amin ez a/.
(2010) claimed that 3 cm is suitable casing thickness.
It seems that differences in various researches can be
due to different casing materials. If the casing be so
compact or thick, primordia cannot penetrate through

the casing layer inducing the yield increase (Sassine ez

al., 2005).

The N content of CP was more than CCS and SC
casing layer (Table 1), however the mushrooms
could not absorb N from casing layer. At least two
reasons can be attributed: first, the mushrooms only
absorb the nutrients from compost and second, the N
fixation in CP led to the low availability of N, though
the total nitrogen is high. It can be concluded that
low N availability has a key role in size and weight
of mushrooms, but it causes reduction of mushroom
number and total yield.

Therefore, it can be concluded that high available
N can lead to the high yield through the increasing
mushroom number, not mushroom size. Pardo ez a/.
(2002) reported a strong positive correlation between
the porosity of the casing layer and the number of
button mushrooms, but a negative correlation between
porosity and mushroom size.

Economic analysis

Based on Table 4, there is no payable cost for using
SP as a casing layer but the impact of this material on
the yield is extensive. The price of button mushroom
in Iran is 100000 Iranian Rial, approximately 1 US §,
so using CCS with 27.03 kg.m? yield results in 252.6
US $ after minus the cost of casing soil. In the same
area, SC can just generate 177.1 US § income which
is meaningfully less than CCS but better than CP

and vermicompost.
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Conclusions and Recommendations

Selection of casing soil type and its thickness have
great impact on yields and yield components of
mushroom. Although CCS was the best casing layer
in this research, however the reclamation of CP and
SC in relation to the pH and EC potentially make
them appropriate for button mushroom cultivation as
they are cheap and easily available. In view of initial
cost and environmental friendly materials for usage
in casing soils, SC can be recommended as a casing
layer, but some decrease in yield should be ignored.

The optimum depth for the casing layer was 4 cm
that can be recommended for button mushroom in
comparison with 2 and 6 cm. The N content in casing
materials is more important element than P and K
for the mushroom optimum growth because high N
concentration led to more yield though the size of
mushroom was negatively affected.
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