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This study was carried out to determine pin head formation time and mushroom yield of Agaricus
bisporus on some casing materials. Composts were prepared basically from wheat straw and waste tea
leaves using poplar leaves as activator material. In this study, moreover, in order to follow the evolution
of the composting process, daily temperature measurements were taken. According to the results of
the study, in both compost types, maximum temperature values were observed in the second turning
stage. While in the first and second turning stages, inner-pile temperature of the compost was in a
tendency of exhibiting steady increase, they are prone to decrease in the following turning stages. In
both composts, the period of composting has finished in 19 days. While the fastest pin head formation
(13 days) was obtained on wheat straw based compost using peat of Caykara (PC) and forest soil (FS)
(50+50; in volume); waste tea leaves based compost using peat of Bolu (PB) and peat of Caykara (PC)
mixture (50+50; in volume) as casing material gave the fastest pin head formation (13.30 days). While,
a mixture of peat of Agacbasi (PA) and perlite (P) gave the highest yield for wheat straw based compost,
peat of Bolu shows the highest yield for waste tea leaves based compost.
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INTRODUCTION

Agaricus bisporus is the world’s most widely grown cul-
ture mushroom species (Coskuner and Ozdemir, 1997). It
requires two different substrates to form its fruit bodies;
i.e the compost in which it grows vegatively and the poor
nutrient casing soil in which the suitable physical, chem-
ical and biological conditions stimulate the initation proce-
ss and fruit body production (Segula et al., 1987). Comp-
ost for cultivation of A. bisporus is prepared from a mix-
ture of organic materials subjected to a composting proc-
ess for making it selective for growth A. bisporus (Colak,
2004; Holtz and Scheisler, 1986; Lambert, 1941; Kachroo
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et al., 1979).

Due to scarcity of hourse manure, many efforts have
been made by scientists to develop its alternative based
on vegetable origin named as “synthetic compost”.
Synthetic compost formulations remained standard for
several years and scientist have recommended various
formulations from different parts of the world depending
on their availability (Shandilya, 1979; Tewari and Sohi,
1976; Lambert, 1929; Sinden and Hauser, 1953).

The preparation of mushroom compost has for many
years been divided into distinct phases, phase | during
which raw material are mixed, wetted and stacked with
considerable dry matter losses. During phase |, fungal
and bacterial activity produces large quantities of heat.
Temperature ranges between ambient and 80°C in dis-
tinct zones within a cross section of the compost stack.



Table 1. Wheat straw and waste tea leaves based composts.
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Compost Types Fresh weight (kg) | Moisture content (%) | Dry weight (kg) | Nitrogen (%) | Nitrogen (kg)
Wheat straw 460.0 15.0 400.0 0.5 2.00
Poplar leaves 175.0 55.0 113.0 1.3 1.46
Ammonium nitrate 21.0 0.0 21.0 26.0 5.46
Urea 13.0 0.0 13.0 44.0 5.72
Molasses 24.0 50.0 16.0 1.3 0.20
Gypsum 24.0 0.0 24.0 0.0 0.0
TOTAL 587.0 14.84
Waste tea leaves 448.0 12.0 400.0 2.3 9.20
Poplar leaves 175.0 55.0 113.0 1.3 1.46
Ammonium nitrate 6.0 0.0 6.0 26 1.69
Urea 3.0 0.0 3.0 44 1.32
Molasses 24.0 50.0 16.0 1.3 0.20
Gypsum 24.0 0.0 24.0 0.0 0.0
TOTAL 562.0 13.93

Phase Il, which includes pasteurization and conditioning
treatment to produce a selective and pathogen free sub-
strate (Randle and Hayes, 1972; Ross and Harris, 1983;
Bech, 1973).

The casing layer is an essential part of the total subs-
trate in the artificial culture of A. bisporus. Although ma-
ny different materials may adequately function as a cas-
ing layer, peat is commonly used and recommended as a
good casing in mushroom cultivation (Gllser and Pek-
sen, 2003). Because of its unique water holding and stru-
ctural properties, they are widely accepted as ideal for
the purposes of casing. Casting, infact, has a neutral pH
and because of its contention in organic matter and gran-
ular structure, strays porous even after a succession of
watering, holds moisture, allows appropriate gaseous ex-
changes and supports microbial population able to rel-
ease hormone-like substances which are very likely invol-
ved in stimulating the initation of fruit bodies (Eger, 1972;
Hayes, 1981; Hayes et al., 1969).

This study was aimed to determine pin head formation
time and yield values of A. bisporus on using some loca-
lly available peats and their combination with some sec-
ondary casing materials such as perlite, sand, and piece
of mosaic. Composts were prepared from wheat straw
and waste tea leaves based using poplar leaves as acti-
vator material. Also, in order to follow the evolution of the
composting process, daily temperature measurements
were made.

MATERIALS AND METHODS

Two composts based wheat straw and waste tea leaves using popl-
ar leaves as activator material were studied. Composts used in this
study are given in Table 1. The composting of substrates was
processed using method of Shandilya (1982). The total outdoor
composting process (Phase 1) took 19 days for wheat straw and

waste tea leaves based composts. The phase Il was processed in-
door for 7 days. Percentage nitrogen (N) content of the composts
formulas was arranged to 2.5%. Nitrogen contents of compost
formulas were determined following equation:

Nitrogen (kg) x 100
Percentage N at start = =25
Dry weight (kg)

Casing soil

Locally available casing materials such as Peat of Bolu (PB), peat
of Agacbasi (PA), and peat of Caykara (PC) were used as primary
casing materials. Peat of Bolu, peat of Agacbasi, and peat of
Caykara were supplied from Bolu district, Agacbasi district
(Surmene-Trabzon), and Caykara district (Trabzon), in Turkey,
respectively. Forest soil (FS) was used as casing material, supplied
from Meryemana-Trabzon district, in Turkey. Also, some secondary
casing materials such as perlite (P), sand (S), and piece of mosaic
(PM) with mixture of peat (20:80; v: v) in volume were used.

Measuring of inner compost temperatures

Inner compost temperatures were measured as an indicator of
microbial activity within the compost piles. Along the lengthwise, 30
cm from the points of compost pile three heights as 30 cm, 60 cm
and 90 cm were marked as in the Figure 1. Also, three heights were
determined just in the middle of compost alongs the length wise for
temperature measurements which were made everyday at 24 h
intervals. Therefore, totally 432 measures were made for both
compost. Thus, 27 temperature measurement points were selected
in total (Figure 1).

Mushroom cultivation

Composts were spawned with 30 g mycelium (Type Horst U1) per
kg then filled into plastic bags as 7 kg wet weight basis. During
spawn run the temperature of the inlet air is automatically regulated
by a cooling surface in the recirculation canal such that the compost
temperature is maintained at 24 - 25°C with a minimum supply of
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Table 2. Temperature values of wheat straw based compost.

Turning stages Days Daily temperature values (°C) | Temperature values of turning stages (°C)
Mean Sd* HG** Mean Sd HG

1 70.1 3.40 j
2 65.6 2.78 fghij
3 62.6 1.71 defghi 64.2 3.65 d
4 61.4 2.30 defg
5 61.7 1.95 defgh
6 62.9 3.39 efghi
7 67.5 4.02 Ij

Il . 2.04
8 66.7 3.83 hij 659 0 d
9 66.5 3.80 ghij
10 58.8 3.51 de

I 11 61.4 2.02 defg 60.1 183 ¢
12 57.5 3.42 d

v 60.0 3.53 c
13 62.5 2.80 defghi
14 60.7 1.31 def

\ 60.3 0.49
15 | 60.0 | 1.56 de ¢
16 52.9 2.32 c

Vi 17 44.4 2.04 b 48.6 6.01 b
18 42.6 1.13 ab

Vi 19 39.5 0.60 a 41.0 2.19 a

*Standart deviation
**Homogeneity groups

Figure 1. Measuring points of compost temperature.

fresh air. Spawning room arranged to 25°C temperature, and 90%
relative humidity without ventilation (Hayes and Shandilya, 1977).
After mycelia growth, a 3 cm layer casing material covered over the
compost. Before casing, chalk was added to give a pH of 7.5 - 8.
After 7 days, the temperature was lowered to 16 °C, with ventilation,
for pin head production. The data concerning pin head formation of
A. bisporus were recorded as days after casing. Watering after
casing was done as suggested for commercial growth (Randle,

1984; Shandilya, 1986). Fresh mushroom yield was calculated
using the following equation:

Weight of fresh mushroom harvested
Fresh mushroom yield % = x 100
Weight of wet compost used

Evaluation of test results

Test results were evaluated by a computerized statistical program
composed of analysis of variance and following Duncan tests at the
95% confidence level. Statistical evaluations were made on homo-
geneity groups (HG), of which different letters reflected statistical
significance.

RESULTS
Inner compost temperatures

Inner-pile temperature values for the compost which is a
mixture of wheat straw and poplar leaves are given in
Table 2. Inner-pile temperature of the compost reached
its maximum value of 67.5°C on the seventh day of the
composting process. When turning stages are consider-
ed, the highest temperature was obtained in the second
turning stage (65.9°C). This was followed respectively by
[. turning, V turning, lll. turning, IV. turning, and VI. turn-



Table 3. Temperature values of waste tea leaves based compost.
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Turning Daily temperature values Temperatures values of turning
stages Day | Mean | Sd | HG" Mean Sd HG

1 62.3 2.09 de
2 62.7 1.81 de

| 3 65.7 1.87 efg 63.6 1.33 de
4 64.1 2.05 def
5 63.6 2.41 def
6 67.5 1.76 fgh
7 66.8 1.65 fgh

Il 8 68.2 127 oh 68.2 1.51 f
9 70.3 1.56 h
10 64.3 1.92 defg

1] 4. 7
11 | 653 | 146 | defg 64.8 070 ©
12 62.6 1.31 de

v 13 618 131 d 62.1 0.70 d
14 56.2 2.50 c

v 15 | 538 | 241 c %50 169 ¢
16 494 3.13 b

v 17 46.1 2.41 ab 47.0 2.33 b
18 44.3 3.11 a

Vi 19 43.2 518 a 43.7 0.77 a

207

*Standart deviation
**Homogeneity groups
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Figure 2. Temperature values of both composts in
turning stages.

ing stages. No statistically significant difference was
observed between II. turning and I. turning stages. In the
same token, no significant difference was observed amo-
ng lll. turning, IV. turning, and V. turning stages. The hig-
hest temperature was obtained in the second turning

stage is believed to be due to temperature increasing
effect of molasses added to the compost. While the inner-
pile temperature of the compost was in a steady increase
in the I. turning and Il. turning stages, it decreased in the
following turning stages. It can be claimed that this is
because of the fact that activator substances were not
added after the 9" day and no compression was per-
formed during the other turning stages. The composting
process was completed in 19 days, and the temperature
value where the composting was completed was 39.5°C.
Inner-pile temperature values for the compost which is a
mixture of waste tea leaves and poplar leaves are given
in Table 3. Inner-pile temperature of the compost reached
its maximum value of 70.3°C on the 9" day of the com-
posting. When turning stages are considered, the highest
temperature was obtained in the second turning stage
(68.2°C). While the inner-pile temperature of the compost
was in a steady increase in the I. turning and Il. turning
stages, it decreased in the subsequent turning stages.
The composting was completed in 19 days, and the
temperature value where the composting was com-
pleted was 43.2°C. The temperature values of the turning
stages for both composts are given in Figure 2.

Pin head formation time

Time periods of pin head formation on wheat straw based
compost are given in Table 4. Peat of Caykara and forest
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Table 4. Pin head formation time of A. bisporus on wheat straw based compost.

Mixture ratio’ Pin head formation time Pin head formation time
Casing Casing o (days) (days)
groups materials (%) Mean | Sd~ HG™ Mean Sd HG
PB 100 13.75 0.95 abc
PA 100 14.75 0.50 bcde
! PC 100 16.00 0.00 bcd 16.13 2.74 a
FS 100 20.00 0.00 k
PB+PA 50+50 17.00 0.81 a
PB+PC 50+50 15.25 1.25 abc
PB+FS 50+50 19.25 2.62 j
! PA+PC 50+50 1350 | 1.00 bed 16.00 2.50 a
PA+FS 50+50 18.00 0.00 Ij
PC+FS 50+50 13.00 1.73 bcd
PB+P 80+20 15.50 1.00 ab
1] PB+S 80+20 18.25 0.95 1j 15.90 2.61 a
PB+PM 80+20 14.00 0.00 bc
PA+P 80+20 14.75 1.25 defg
\Y PA+S 80+20 16.25 0.50 fgh 15.00 1.45 a
PA+PM 80+20 14.25 0.50 cdef
PC+P 80+20 17.25 0.50 hi
\% PC+S 80+20 16.50 1.91 efgh 16.00 1.56 a
PC+PM 80+20 14.25 0.50 bcd
FS+P 80+20 18.75 0.95 j
Vi FS+S 80+20 20.25 1.50 ghi 19.33 0.80 b
FS+PM 80+20 19.00 0.50 1j
*In volume

*Standart deviation
**Homogeneity groups

soil mixture (50+50; in volume) yielded the most suitable
casing material mixture with average of 13.00 days. This
casing mixture is then followed by peat of Bolu and peat
of Caykara mixture (50+50; in volume) with equal
average. A mixture of forest soil and sand (80+20; in
volume) used in the experiment was the casing material
yielded worst results (20.25 days). Sand adversely
affected the pin head formation time. The reason of this
adverse effect may be due to the high ratio of sand in the
mixture (Baysal, 1999). Although when peats were used
in combination with each other, the period of pin head
formation shortened, but no significant difference was
found between their individual use and their use in
combination. The most suitability of casing materials in
terms of pin head formation are group 1V, group lll, group
I, group V, and group VI, respectively. But, no significant
differences were observed for those casing groups.

Time periods of pin head formation on waste tea leaves
based compost are given in Table 5. Peat of Bolu and
peat of Caykara (50+50) yielded the most suitable casing
material mixture with average 13.00 days. Forest soll
gave the worst results for pin head formation time. No
significant differences were found between their indivi-

dual use of peats and their use in combination with each
other with regards to period of pin head formation. The
worst results with regards to the period of pin head
formation were produced by group VI casing materials.
But, no significant differences were found between group
VI and other casing groups. The pin head formation times
for both composts on casing groups are given in Figure 3.

Mushroom yields

Average mushroom yield of the four flushes from the
wheat straw based compost is given in Table 6. Peat of
Agacbasi and perlite (80+20) mixture showed the highest
yield (22.91%). The lowest yield (8.21%) was obtained by
forest soil. No significant difference was observed in the
yield values when the peats were used in combination
with each other compared to their individual use. Among
the casing groups, the highest yield value (1302 g) was
obtained in the group Il. This group was followed by
group IV and group lll, between which there are no statis-
tically significant differences. Group VI, as in the other
features, with regards to the yield produced the worst
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Table 5. Pin head formation time of A. bisporus on waste tea leaves based compost.

Mixture ratio’ Pin head formation time Pin head formation time
Casing Casipg (%) *(*days) (days)
groups materials ° Mean | Sd HG Mean Sd HG
PB 100 17.00 0.00 efg
PA 100 14.75 0.50 abc
PC 100 15.25 0.50 bcd 17.00 2.83 a
FS 100 21.00 2.06 ki
PB+PA 50+50 13.50 1.29 a
PB+PC 50+50 13.30 1.29 ab
PB+FS 50+50 18.50 1.29 ikl
: PA+PC 50450 15.00 | 1.15 abcd 1875 | 212 a
PA+FS 50+50 17.75 0.95 ghi
PC+FS 50+50 16.25 1.50 def
PB+P 80+20 16.25 1.50 cde
1l PB+S 80+20 16.75 1.25 efg 16.00 0.90 a
PB+PM 80+20 15.00 1.41 abcd
PA+P 80+20 14.50 0.57 abc
\Y) PA+S 80+20 18.00 0.00 hij 15.50 2.18 a
PA+PM 80+20 14.00 1.41 ab
PC+P 80+20 18.50 0.53 ljk
\" PC+S 80+20 18.50 0.53 bcd 16.83 1.63 a
PC+PM 80+20 15.25 0.50 ab
FS+P 80+20 20.50 1.29 kl
VI FS+S 80+20 20.75 2.75 I 19.75 1.52 b
FS+PM 80+20 18.00 1.41 JIN
*In volume

**Standart deviation
***Homogeneity groups

20
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Figure 3. Pin head formation time of A. bisporus on

casing groups.

results. Secondary casing materials such as P and PM

affected the yield values in a positive way.

Average mushroom yields of the four flushes from the
waste tea leaves based compost are given in Table 7.
While peat of Bolu gave the highest yield (20.87%), forest
soil gave the worst results in terms of yield. Secondary
casing materials such as P and PM yielded considerable
improvements in average mushroom yield of mixtures
with forest soil. No significant differences were observed
in the yield values when the peats were used in combina-
tion with each other compared to their individual use.
Among the casing material groups, the highest yield
value (1287 g) was obtained in the group V casing mater-
ials. No significant difference was observed among group
Il, group lll, group, IV group. Group VI as in the other
features, with regards to the yield produced the worst
results. Average mushroom yields for both composts on
casing groups are given in Figure 4.

DISCUSSION

In the present study, two types of composts were
prepared and locally available peats and some secondary
casing materials were used to grow A. bisporus. Results
revealed that all the organic ingredients used in different
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Table 6. Average mushroom yield of A. bisporus on wheat straw based compost.

nol.

Yield (g)

Casin Casin Mixture Yield Yield Yield
groupg materia%s ratio*(%) (ar) Sd (%) HG (gr) Sd HG
PB 100 1121.0 113.5 | 16.01 efg
PA 100 1188.5 106.3 16.97 ghi
! PC 100 1181.0 57.6 17.85 def 1033 310 ab
FS 100 577.5 182.6 8.21 a
PB+PA 50+50 1351.0 61.9 19.30 hij
PB+PC 50+50 1364.5 172.3 | 19.48 Ij
PB+FS 50+50 1128.0 186.8 | 16.11 efg
. PA+PC 50+50 1251.2 162.8 | 17.87 ghij 1302 101 d
PA+FS 50+50 1414.5 116.3 | 20.20 jk
PC+FS 50+50 1306.5 219.6 | 18.65 hij
PB+P 80+20 1245.0 91.2 17.78 ghij
1] PB+S 80+20 952.0 119.9 | 13.60 cde 1128 155 cd
PB+PM 80+20 1088.0 86.3 16.97 Ij
PA+P 80+20 1604.2 94.9 22.91 k
v PA+S 80+20 786.2 99.3 11.22 bc 1159 413 cd
PA+PM 80+20 1074.0 132.9 | 15.54 ef
PC+P 80+20 1242.0 116.1 17.74 ghij
\ PC+S 80+20 947.2 97.6 13.52 cde 1072 152 bc
PC+PM 80+20 1029.5 78.1 14.70 def
FS+P 80+20 966.0 48.0 13.07 cde
VI FS+S 80+20 845.5 97.9 12.07 bcd 834 156 a
FS+PM 80+20 693.0 118.6 9.90 ab
*In volume

**Results reflect observations of four plastic bags and composts were filled into plastic bags as 7kg weights basis

***Standart deviation
****Homogeneity groups
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Figure 4. Average mushroom yield of A.bisporus on

casing groups.

Casing groups

formulations composted well with in 19 days for both
composts. As a result of microbial activities within com-
posts, inner temperatures of all compost formulas
reached to the highest level at the 2nd turning stage. It
might be probably due to addition of molasses at the 6th
day of composting process. Increased temperature at this
stage is an indicator for a rapid and exothermic microbial
activity within compost layers that might be critical stage
for decomposition of carbohydrates for necessary to pro-
duce a selective substrate environment for mushroom
growing. These results are consistent with the previous
findings reported by earlier researchers (Yalinkilic et al.,
1994; Baysal, 1999; Colak, 2004).

When peats were used in combination with each other,
the period of pin head formation shortened. The sand
adversely affected the pin head formation. The reason of
this adverse effect may be due to the high ratio of sand
(20%) in the mixture. Secondary casing materials such as
P and PM affected the yield values in a positive way. This
is in good agreement with previous studies in which
perlite was reported to be a good casing material used
with mixture of peat (Baysal, 1999; Colak, 2004; Yalinkilic
et al., 1994). Colak (2004) reported that a mixture of peat
with perlite in 80:20 (v/v) and 70: 30 (v/v) ratios provided
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Casing Casing Mixture \(ield* Yield Yield
groups materials ratio (%) (ar) Sd (%) HG (ar) Sd HG
PB 100 1461.0 145.3 | 20.87 hi
PA 100 1327.5 711 18.96 efg
I PC 100 1187.0 267.3 | 16.96 de 178 314 ab
FS 100 737.2 48.3 10.53 ab
PB+PA 50+50 1176.5 139.4 | 16.80 de
PB+PC 50+50 865.5 71.3 12.36 bc
PB+FS 50+50 588.5 113.2 8.4 a
! PA+PC 50+50 1024.2 85.2 14.63 cd 945 217 ab
PA+FS 50+50 878.2 118.7 | 12.54 bc
PC+FS 50+50 1114.2 146.9 | 20.57 de
PB+P 80+20 1191.0 161.4 | 17.01 de
1] PB+S 80+20 874.0 82.5 12.48 bc 1103 207 ab
PB+PM 80+20 1245.5 86.7 17.79 ef
PA+P 80+20 1452.7 82.4 20.74 hi
v PA+S 80+20 1008.7 97.6 14.40 cd 1287 243 c
PA+PM 80+20 1403.7 119.1 20.04 gh
PC+P 80+20 1252.7 253.9 | 17.88 I
\Y PC+S 80+20 1200.7 1447 | 17.14 def 1241 37 c
PC+PM 80+20 1272.5 25.4 18.18 efg
FS+P 80+20 883.5 1115 | 12.61 bc
\ FS+S 80+20 668.7 141.2 9.54 a 828 141 a
FS+PM 80+20 934.7 97.2 13.34 bc
*In volume

**Results reflect observations of four plastic bags and composts were filled into plastic bags as 7kg weights basis

***Standart deviation
****Homogeneity groups

higher yield than sole peat using a casing material. Fo-
rest soil gave the worst results in terms of average mush-
room yields for two compost types.
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