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ABSTRACT 
In this study the production of grain spawn prepared from Agaricus bitorquis (Quél.) Sacc., mycelium germinated at different 
temperatures was investigated. A. bitorquis fructifications collected from nature were grouped as A, B, C, D, and E. Malt extract agar was 
used as the agar media. The basidiospores of all five groups were germinated by a multispore method in malt extract agar in Petri dishes 
and primer mycelium was obtained. The mycelia agar discs were taken from primer mycelium and transferred to malt extract agar in Petri 
dishes and were developed at 30°C, 32°C, 34°C, 36°C, and 38°C separately, and secondary mycelium was obtained. For mycelium 
development the optimal temperature was 30°C and was therefore used as the control group. Grain spawn was prepared from this 
secondary mycelium. The wheat grains used for spawn production were incubated in 85-90% humidity and at 30°C. In the production of 
grain spawn the mycelia began to develop during the first and second shaking period, eventually covering the wheat grains completely. 
The covered mycelium was then incubated in the refrigerator and a grain spawn calendar was prepared. 
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INTRODUCTION 
 
Mushroom seed is generally referred to as spawn. In nature 
mushrooms use spores for generative multiplication. In 
vitro, spores also need time to germinate and a pure culture 
of the desired mycelium is added to an appropriate sub-
strate. The colonization of these substrates by mushroom 
mycelia is known as spawn running and the pure culture is 
called spawn (Stamets and Chilton 1983; Boztok 1987; Oei 
1991; Gunay 1995; Arkan and Guler 1996; Stamets 2000). 
In 1932 (Stamets and Chilton 1983; Elliott 1985) and 1937 
(Elliott 1985), Sinden invented grain spawn and he patented 
a new spawn-making process. Rye grain is the most popular 
substrate and corn, milo, millet, sorghum and wheat are 
also commonly used grains. Many large spawn producers 
prefer millet, a small kernel grain, because it stores well. 
Most small-scale gourmet mushroom growers utilize orga-
nically grown rye or wheat grain (Stamets and Chilton 
1983; Elliott 1985; Erkel 1993). The distinct advantage of 
grain spawn is its vigour (Oei 1993). Spawn production is 
an important process and at spawning and during spawn 
running there are several factors that must be considered if 
yields are to be maximized. One of the factors is the tempe-
rature of the substrates (Stamets and Chilton 1983; Is�k 
1996). 

In this study grain spawn production prepared from 
Agaricus bitorquis at different temperatures was examined. 

 
MATERIALS AND METHODS 
 
In this study, A. bitorquis fructifications as the organism and 2% 
malt extract agar (MEA) as the agar medium were used. The sam-
ples, which were collected from nature (A. bitorquis fructifications 
are found either above or underground singly or in groups (Guler 
1999)), were grouped into five groups, labeled A, B, C, D and E. 
The spores, which were taken from each group (Stamets 2000), 
were inoculated at the agar center by the multispore method (Frit-
sche 1972). At the end of the 20-day incubation period, homoka-
ryon primer mycelium was obtained which was transferred to the 
agar center as a single pellet, resulting in heterokaryon mycelium. 
Spore germination and mycelium development was carried out in 

the dark at 30ºC. The mycelial agar disc was taken from the primer 
mycelium and transferred to MEA in a petri dish, and the main 
culture was obtained. The mycelium of Groups A, B, C, D and E 
were developed at 30ºC, 32ºC, 34ºC, 36ºC and 38ºC, thus second-
ary mycelia were obtained. These heterokaryon mycelia were de-
veloped on wheat grain and spawn of each group was obtained se-
parately. Regarding the use of grain spawn, the preparation was the 
same as for Agaricus bisporus (Fritsche 1978). The spawn was 
obtained from wheat grain because wheat is common in Turkey 
(Gunay 1995; Is�k et al. 1997). In the production of grain spawn, 
mycelia began to develop, and during the first and second shaking 
periods, the mycelia covered the wheat grains completely; these 
were then placed into the refrigerator and the incubation period 
was measured and a grain spawn calendar prepared. The entire 
process is outlined in Fig. 1. 

 
RESULTS 

 
Spawn was developed at different temperatures (30ºC, 32ºC, 
34ºC and 36ºC) for Groups A, B, C and D but at 38ºC 
spawn was not prepared because mycelia did not develop. 
In this study spawn development at 30ºC was used as the 
control group. 30ºC, 32ºC and 34ºC were also used on 
Group E but at 36ºC and 38ºC spawn was not prepared, as 
mycelia did not develop. During spawn development and on 
the first day of mycelium development, first and second 
shaking days and completion day of mycelium were ob-
served. 
 
The development of spawn prepared from mycelia 
in group A 
 
In Group A the fastest spawn development was seen on 
mycelia cultured at 30ºC. In these cultures the first shaking 
was on the 15th day of incubation and on the 8th day of de-
velopment. The second shaking was on the 22nd day of in-
cubation and on the 15th day of development. The wheat 
grains were completed covered by the mycelium on the 29th 
day of incubation. In spawn cultures developed at 32ºC, the 
first shaking was on the 17th day of incubation and on the 
8th day of development. The second shaking was on the 26th 
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day of incubation and on the 17th day of development. The 
mycelium development was completed on the 34th day of 
incubation. The spawn that was cultured at 34ºC saw the 
slowest development in Group A. In these cultures the 
development was completed on the 37th day of incubation 
and the first shaking was on the 19th day of incubation and 
on the 9th day of development. The second shaking was on 
the 28th day of incubation and on the 18th day of 
development. Results from Group A are summarized in 
Table 1. 

 

The development of spawn prepared from mycelia 
in group B 
 
In group B, in spawn cultures improved at 30ºC, the first 
shaking was on the 12th day of incubation and on the 7th day 
of development. The second shaking was on the 19th day of 
incubation and on the 14th day of development. The myce-
lium development was completed on the 25th day of incu-
bation. In the spawn cultures developed at 32ºC and 34ºC, 
the development began on the 7th day of incubation. In the 
spawn cultures improved at 32ºC; the first shaking was on 

 

Collection of A.bitorquis

Group them as A, B, C, D and E

Take spores (termed the spore print) 

Inoculation of spores 

By multispore method 
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Fig. 1 Preparation of calender of spawn from the collection of A.bitorquis to spawn. 
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the 14th day of incubation and on the 8th day of develop-
ment. The second shaking was on the 21st day of incuba-
tion and on the 15th day of development. The mycelium de-
velopment was completed on the 28th day of incubation. 
The slowest development in group B was seen with spawn 
improved at 34ºC. In these cultures development was com-
pleted on the 32nd day of incubation and the first shaking 

was on the 15th day of incubation and on the 9th day of de-
velopment. The second shaking was on the 24th day of incu-
bation and on the 18th day of development. Results of group 
B are summarized in Table 2. 
 
 
 

Table 1 Group A: growth results. 
Temperature (ºC) Condition Day of incubation Day of development Observations 

1st shaking 15 8 
2nd shaking 22 15 

 
30 

Put into refrigerator. 29 22 

The earliest development 

1st shaking 17 8 
2nd shaking 26 17 

 
32 

Put into refrigerator. 34 26 

 

1st shaking 19 9 
2nd shaking 28 18 

 
34 

Put into refrigerator. 37 27 

The latest put into refrigerator 

36 The development of spawn was not seen. 
 

Table 2 Group B: growth results. 
Temperature (ºC) Condition Day of incubation Day of development Observations 

1st shaking 12 7 
2nd shaking 19 14 

 
30 

Put into refrigerator. 25 20 

The earliest development 

1st shaking 14 8 
2nd shaking 21 15 

 
32 

Put into refrigerator. 28 22 

Development of beginning same as 34ºC

1st shaking 15 9 
2nd shaking 24 18 

 
34 

Put into refrigerator. 32 26 

Development of beginning same as 
32ºC. The latest put into refrigerator  

36 The development of spawn was not seen. 
 

Table 3 Group C: growth results. 
Temperature (ºC) Condition Day of incubation Day of development Observations 

1st shaking 17 8 
2nd shaking 25 16 

 
30 

Put into refrigerator. 33 24 

The earliest development 

1st shaking 19 8 
2nd shaking 27 16 

 
32 

Put into refrigerator. 36 25 

 

1st shaking 22 9 
2nd shaking 31 18 

 
34 

Put into refrigerator. 40 27 

The latest put into refrigerator  

36 The development of spawn was not seen. 
 

Table 4 Group D: growth results. 
Temperature (ºC) Condition Day of incubation Day of development Observations 

1st shaking 9 6 
2nd shaking 15 12 

 
30 

Put into refrigerator. 21 18 

The fastest development in this study 

1st shaking 12 7 
2nd shaking 19 14 

 
32 

Put into refrigerator. 25 20 

 

1st shaking 11 6 
2nd shaking 18 13 

 
34 

Put into refrigerator. 26 21 

 
 
 

36 The development of spawn was not seen. 
 

Table 5 Group E: growth results. 
Temperature (ºC) Condition Day of incubation Day of development Observations 

1st shaking 22 10 
2nd shaking 31 19 

 
30 

Put into refrigerator. 40 28 

 

1st shaking 26 11 
2nd shaking 37 22 

 
32 

Put into refrigerator. 45 30 

 

1st shaking 29 12 
2nd shaking 39 22 

 
34 

Put into refrigerator. 47 30 

The latest development in this study  
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The development of spawn prepared from 
mycelium in group C 
 
Spawn development of group C was much slower than 
Groups A and B. In the spawn cultures improved at 30ºC, 
the first shaking was on the 17th day of incubation and on 
the 8th day of development. The second shaking was on the 
25th day of incubation and on the 16th day of development. 
Mycelium development was completed on the 33rd day of 
incubation. In the spawn cultures improved at 32ºC, deve-
lopment began on the 12th day of incubation. In these cul-
tures; the first shaking was on the 19th day of incubation 
and on the 8th day of development. The second shaking 
was on the 27th day of incubation and on the 16th day of de-
velopment. Mycelium development was completed on the 
36th day of incubation. The slowest development in group 
C was seen in spawn that was improved at 34ºC. In these 

cultures; the development was completed on the 40th day of 
incubation and the first shaking was on the 22nd day of in-
cubation and on the 9th day of development. The second 
shaking was on the 31st day of incubation and on the 18th 
day of development. Results of group C are summarized in 
Table 3. 
 
The development of spawn prepared from mycelia 
in group D 
 
The fastest spawn development in this study was obtained 
in group D. Mycelium development began on the 4th day of 
development at 30ºC and on the 6th day of development at 
32ºC and 34ºC. At 30ºC the first shaking was on the 9th day 
of incubation and on the 6th day of development; the second 
shaking was on the 15th day of incubation and 12th day of 
incubation. In this group mycelium development was com-

Table 6 The spawn calendar of all groups. 
    Incubation Period (day) 
Groups Temperature (ºC) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

  30 - - - - - - - + + + + + + + 1S + + + + + + 2S + + + + + + R
  32 - - - - - - - - - + + + + + + + 1S + + + + + + + + 2S + + + +
  34 - - - - - - - - - - + + + + + + + + 1S + + + + + + + + 2S + +
  36 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A   31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47      
  30              
  32 + + + R          
  34 + + + + + + R       
  36 - - - - - - - - - - - - - - - - -      
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
  30 - - - - - + + + + + + 1S + + + + + + 2S + + + + + R  
  32 - - - - - - + + + + + + + 1S + + + + + + 2S + + + + + + R
  34 - - - - - - + + + + + + + + 1S + + + + + + + + 2S + + + + + +
  36 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
B  31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47      
  30              
  32              
  34 + R            
  36 - - - - - - - - - - - - - - - - -      
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
  30 - - - - - - - - - + + + + + + + 1S + + + + + + + 2S + + + + +
  32 - - - - - - - - - - - + + + + + + + 1S + + + + + + + 2S + + +
  34 - - - - - - - - - - - - - + + + + + + + + 1S + + + + + + + +
  36 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C   31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47      
  30 + + R           
  32 + + + + + R        
  34 2S + + + + + + + + R      
  36 - - - - - - - - - - - - - -- - - -      
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
  30 - - - + + + + + 1S + + + + + 2S + + + + + R      
  32 - - - - - + + + + + + 1S + + + + + + 2S + + + + + R  
  34 - - - - - + + + + + 1S + + + + + + 2S + + + + + + + R 
  36 - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -
D   31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47      
  30              
  32              
  34              
  36 - - - - - - - - - - - - - - - - -      
    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
  30 - - - - - - - - - - - - + + + + + + + + + 1S + + + + + + + +
  32 - - - - - - - - - - - - - - - + + + + + + + + + + 1S + + + +
  34 - - - - - - - - - - - - - - - - - + + + + + + + + + + + 1S +
E   31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47      
  30 2S + + + + + + + + R      
  32 + + + + + + 2S + + + + + + + R      
  34 + + + + + + + + 2S + + + + + + + R      

(+) = development; (-) = no development; 1S = first shaking; 2S = second shaking; R = put into refrigerator 
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pleted on the 21st day of incubation. The earliest mycelium 
development occurred at 30ºC. In the spawn cultures im-
proved at 32ºC, the first shaking was on the 12th day of in-
cubation and on the 7th day of development. The second 
shaking was on the 19th day of incubation and on the 14th 
day of development. Mycelium development was comple-
ted on the 25th day of incubation. The slowest development 
in group D was seen in spawn improved at 34ºC. In these 
cultures development was completed on the 26th day of in-
cubation and the first shaking was on the 11th day of incu-
bation and on the 6th day of development. The second sha-
king was on the 18th day of incubation and on the 13th day 
of development. Results of group D are summarized in 
Table 4. 
 
The development of spawn prepared from mycelia 
in group E 
 
The slowest spawn development in this study was deter-
mined in group E, except at 30ºC. In spawn cultures im-
proved at 30ºC, the first shaking was on the 22nd day of 
incubation and on the 10th day of development. The second 
shaking was on the 31st day of incubation and on the 19th 
day of development. Mycelium development was comple-
ted on the 40th day of incubation. In spawn cultures im-
proved at 32ºC, development began on the 16th day of in-
cubation. In these cultures the first shaking was on the 26th 

day of incubation and on the 11th day of development. The 
second shaking was on the 37th day of incubation and on 
the 30thday of development. Mycelium development was 
completed on the 45th day of incubation. The slowest deve-
lopment in group E and in this study was seen in spawn 
improved at 34ºC. In these cultures development was com-
pleted on the 47th day of incubation and the first shaking 
was on the 29th day of incubation and on the 12th day of de-
velopment. The second shaking was on the 39th day of in-
cubation and on the 22nd day of development. In group E 
spawn was not prepared at 36ºC because mycelia did not 
develop at this temperature. Results of group E are sum-
marized in Table 5. 

The spawn calendar for all groups in this study is sum-
marized in Table 6. 
 
DISCUSSION 
 
A model for Agaricus bisporus cultivation was proposed by 
Zadrazil et al. (1973), Vedder (1978), Fritsche (1981), Sta-
mets and Chilton (1983), Boztok (1987), Erkel (1993), Gu-
nay (1995) and Stamets (2000), and was modified for my-
celium development and yield applications for Agaricus bi-
torquis. 30ºC was considered to be the optimum tempera-
ture for mycelium development of A. bitorquis (Zadrazil et 
al. 1973; Vedder 1975; Raper 1978; Vedder 1978) and was 
therefore taken as the control temperature in this study. In 
this paper the culture of mycelium was labeled as Groups A, 
B, C, D and E was developed at different temperatures 
(30ºC, 32ºC, 34ºC, 36ºC and 38ºC) and the spawn of groups 
from these mycelia were prepared at different temperatures. 
The spawn of Groups A, B, C and D were developed at 

30ºC, 32ºC and 34ºC and 36ºC but in these groups spawn 
was not prepared at 38ºC. Similarly, Group E spawn was 
developed at 30ºC, 32ºC and 34ºC but not at 36ºC or 38ºC. 
The thermal lethal point for mycelium of Groups A, B, C 
and D was determined to be 38ºC. Likewise, the thermal le-
thal point for the mycelium of Group E was determined as 
36ºC. 

The spawn of all groups was prepared. As shown in Ta-
ble 6, the fastest mycelium development was observed in 
Group D and the slowest mycelium development was ob-
served in Group E. Guler and Arkan (2000) examined 
spawn development at four different groups of temperatures 
and they found both the best and the slowest growth of the 
spawn to be that of A. bitorquis. 
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