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Abstract : Effect of electric pulse stimulation was tested on the fruit body formation of valuable mushroom Tricholoma 
matsutake in the field of natural habitat of this mushroom. After applying the electric stimulator to the specific area 
of pine forest we found that the treatment especially stimulated the fructification of T. matsutake. And the most valuable 
findings of our study was that only our treatment plots showed fruit body formation whereas the control plots and the 
whole natural habitats of our study area showed zero production of this mushroom during the same time. From the point 
of view of mushroom production, our experiment shows that fruit body production can be upgraded by using pulsed 
power as an electrical stimulation in the field of the natural habitat of this mushroom. These findings from our experiment 
confirm the effectiveness of the significance of pulsed power technology for the improvement of T. matsutake fruit body 
production in the natural habit of this mushroom. 
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I. Introduction

Japan produces the best quality Tricholoma matsutake 

in the whole world. Commonly in Japan T. matsutake 

is known as ‘Matsutake’, this is a mushroom of 

coniferous woodlands and primarily occurs within the 

Japanese red pine (Pinus densiflora Sieb.et Zucc) 

forests (Ito, 2000). Ectomycorrhizal fungi play an 

important role by forming symbiotic associations with 

many woody plant species. Economically T. matsutake 

is an important ectomycorrhizal fungus in Japan where 

it holds its exceptional commercial value as a highly 

sought edible mushroom (Hall et al., 2003) comparing 

to others. This mushroom is more than just a seasonal 

delicacy as being a part of Japanese culture. However, 

over the last few decades the local production of this 

valuable mushroom has severely decreased, and as a 

result Japan is also importing matsutake from other 

countries (Yun et al., 1997). In the year of 1941, the 

annual harvest of T. matsutake showed a sharp rise 

which peaked around 12,000 tones, whereas in 2005 the 

production fall down to only 34 tons in Japan (Kinoko, 

2008). The decline in the production of this valuable 

mushroom is due to several reasons. From the year 1998 

to 2010 in the wholesale mushroom market of Japan, T. 

matsutake price showed a sharp rise from 180 to 439 

US Dollar. Whereas, the market prices of other 

mushroom were below 12 US Dollar (Ministry of 

Agriculture, Forestry and Fisheries of Japan, 2011). 

Hence, enhancement of local production of T. matsutake 

should always be welcome.

While giving an importance on ‘matsutake’ cultivation, 
the natural habitat of T. matsutake cannot be taken 

out of account. The reason is, research attempts to 

establish synthetic ‘musutake’ cultivation on a large 
scale production basis, still remained under scientific 

investigation for nearly a century. Lot of scientific 

attention is required for emphasizing on the natural 
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Fig. 1. Layout of the experimental setup. Plots defined with T 
was treated with the application of electric pulse stimulation, 
and the plots defining with C was the control plots with no 
electric stimulation.

habitat to boost up the production under in situ 

conditions. Utilizing of electric energy has been extended 

for different agricultural crops, particularly in hor-

ticultural areas in Japan. Application of electrical 

stimulation has improved the cultivation technologies 

for green house crops such as strawberry, tomato, 

lettuce and various flowers. In this aspect, promising 

results have been found from research with electric 

power stimulator technology. Experiments under con-

trolled conditions were conducted to improve mushroom 

cultivation at research centers since 1950s, which 

signifies the success of this technology. Recently, 

electrical sources like high voltage waves or pulses 

are being used for the improvement of edible and 

medicinal mushroom culture (Ohga et al., 2001 ; Ohga 

and Iida, 2001 ; Tsukamoto et al., 2005; Ohga, 2012; 

Islam and Ohga, 2012). Hence, we hypothesize that 

by applying pulse stimulation around the the naturally 

occurring T. matsutake areas of pine forests is a way 

to overcome the pitfall of the ‘matsutake’ production 

in Japan. In our research work, we considered the 

specific area for the production of this specific mushroom 

in the pine forest which is strictly restricted by the 

‘matsutake’ growers of Japan. 

II. Materials and Methods

1. Study area 

Our present study was conducted at Uda city, Nara 

Prefecture pine forests having central co-ordinates 34˚
35΄N and 136˚2΄E, on the western part of Japan. The 

forest area which belongs to private property, the natural 

habitat of T. matsutake is highly restricted, for the 

production of this mushroom. A total of 36 m
2
 land was 

rented for the purpose of our study and exclusive 

permission was obtained to enter the cultivation 

premise. The pine forest is located at an altitude 

between 350 and 470 m above sea level. The annual air 

temperature for the year 2012 has been recorded 12.0˚C 

and precipitation 2,009 mm. The soil pH ranges from 5.0 

to 6.0 outside the (shiro) mycelium while inside (shiro) 

the range was from 4.5 to 5.5 during fruit body 

formation. Naturally regenerated P. densiflora it the 

dominated plant species, which are 40 to 60 year old. 

The soil developed from volcanic lava consisting of 

mainly granite and a variety of parent materials, as well 

with scattered patches of bare soil. Nature of the soil 

is sandy loam texture and land topography contributes 

to the well-drained features, generally poor fertile soils 

and acidic in reaction. Mosses and litter layer covering 

in the forest have a thickness between 0.5 and 10 cm. 

The experiment was carried out during late September 

and until the end of October, 2012, to know the effect 

of pulse stimulation on the production of T. matsutake. 

The layout of our experimental setup is represented in 

Fig. 1. Electric pulse stimulation was applied selected 

areas on three plots having a measurement of the plots, 

3 × 2 m which were surrounded by three to five P. 

densiflora trees. Control plots were also included in our 

experiment and they were located in the opposite sides 

(Fig. 1) of each treatment plot. The treatment plots 

were chosen randomly, and situated far distance 

(approximately more than 100 m) from each other.
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Fig. 2. Schematic diagram of the apparatus used for applying electric pulse stimulation.

2. Application of electric pulse stimulation 

treatment

A Pulse power generator (Fig. 2) was used in our 

study built by “Yushin Electrical Technology” Toyota 
Company (Islam and Ohga, 2012). Electric pulse stim-

ulation was applied through the electrode wheels 

which were driven along the ground. It was applied 

on the ground in form of lightning and was a constant 

application. Pulse application was applied for one 

time during the experiment. High pulse voltage of 50 

kV was applied to three different treatment plots of 

T. matsutake. 

3. Mycorrhizal fruit body observation 

Formation of T. matsutake fruit body usually takes 

place from the period of early September to the end 

of October. The fruit body appearances in our study 

were recorded during the whole fruiting season, two 

weeks after electric stimulation treatment. To measure 

the number, weight, length and production of freshly 

harvested mushrooms sampling scheme was followed 

randomly. Fruit bodies were collected and recorded in 

6 plots during flushing. Using the whole plot technique 

number, weight and individual length of fruit bodies 

were recorded in situ. After recording that, T. matsutake 

production was calculated per meter square basis.  

Data were analyzed statistically and their mean 

differences were evaluated with students t-test using 

the SPSS statistical software package (v. 15.0; SPSS 

Inc., Chicago, IL, USA). 

III. Results and Discussion 

Identified fruit bodies of T. matsutake were collected 

from the plots (Fig. 3). Near about 11 fruit bodies were 

collected during the fruiting period. Approximately 

mean number of fruit bodies was 3 to 4 from treatment 

plots, and 0 from the control plots were recorded, 

they were harvested during flushing. Fruit body 

formation was affected significantly (Fig. 4a) by the 

application of electrical stimulation. These revealed 

highly significant differences. The number of fruit 

body formation ratio (yield on treatment plot/ yield 

on control plot ) indicated 111% by the electric pulse 

stimulation treatment. 

Mean weight of (per one) fruit body was approxi-

mately 109 g from the treatment plots which showed 

highly significant effect (Fig. 4b). The mean length 

of (per one) sporocarp was near about 10.77 cm in 

electrical stimulated plots and was also showed highly 
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Fig. 3. Some collected Tricholoma matsutake from the treatment 
plots.

Fig. 4. a. Effect of electrical stimulation on the number of Fruit body formation. b. Effect of electrical stimulation on the weight 
of Fruit body. c. Effect of electrical stimulation on the length of Fruit body. d. Effect of electrical stimulation on the production 
of Tricholoma matsutake. The level of significance was analyzed by ANOVA with pair t-test. Data are expressed as mean ±S.E.M.
(n=3 per group). Asterisk indicates significant differences (*P<0.001) from the control.

significant (Fig. 4c) comparing treated and control 

plots. Our experiment showed excellent qualities of 

the fruit bodies which were 10900% and 1077% for 

weight and length, in the same time there was no fruit 

body formation on the control plots. Production from 

the treatment plots were approximately 18.25 g/m
2
. 

Production was found 1825% on the treatment plots. 

Productions between treatment and control plots 

showed highly significant differences. Judging for the 

significant differences were found (Fig. 4d).

Ectomycorrhizal fungi are very important and 

considered as widespread components of the ecosystem. 

Our present study focused on the fruit body production 

of T. matsutake by applying electrical stimulation in 

the Japanese red pine forest. Researchers found an 
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increase in production mushroom from their research 

through pulsed high voltage and the yield was twice 

as much as those which were not subjected to the 

electrical stimulus (Ferzana and Ohga, 2012; Ohga, 

2012). Our research findings from study confirmed 

that the sporocarp formation of T. matsutake was 

promoted by the application of electrical stimulation. 

This phenomenon might be a reason as a response of 

external application of electric pulse stimulation on 

the mycorrhizal physiology.

We found that fruit body formation only taken place 

in the treatment plots. Most of the plant species can 

generate a significant amount of acetaldehyde and 

ethanol at an ambient level when they are exposed to 

environmental stress such as water deficit, low tem-

perature, thunder storm and ozone exposure (Gooday, 

1975; Kerns et al., 1993) (McGilivray and Gow, 1986; 

Robinson, 1985), which can play an important role on 

the mycorrhizal symbiosis. Among mushroom farmers 

(based on their experiences) it is well known that 

around the hit point of lightening, the mushroom 

grow up extraordinarily, after several days from the 

lightning. The mushroom outbreak mechanism is not 

clear, but there are two possibilities which are suggested 

by some of the researchers. One is the cracks that are 

formed in mycelium hyphae from the result of lightning, 

because hyphae produce fruit bodies from cracks and 

another one is the enzyme activity (Ohga et al., 2001 

; Ohga and Iida, 2001). This is might be one of the 

reasons that the treatment plots only gave fruit body 

formation than the control ones. The T. matsutake 

mycelia may be responded to the applied electric pulse 

stimulator to stimulate the fruiting process.

We have analyzed the influence of electric pulse 

stimulation on the fruit body production per meter 

square basis in Japanese red pine forest. Ectomy-

corrhizal fungi T. matsutake showed rich production of 

fruit body. The fruit body production was obviously 

affected by the electric pulse  stimulation (Islam and 

Ohga, 2012). The improvement of fruiting body formation 

might be the effect derived from some specific 

activation at the enzyme level after the application 

of pulse electricity. Some scientists (Robinson, 1985; 

McGillivray and Gow, 1986) suggested that fungi of 

different kinds shows different behaviors when they 

are stimulated through applied electric field: hyphal 

extension direction, germ tube formation and branching, 

branching frequency and germination all could be 

affected.  The cracking phenomenon of mycelia was 

observed by the pulsed power treatment on some 

mushroom resulted mycelia density incensement which 

concluded the main effect of fructification promotion 

of mushroom (Ohga, 2012). These reasons might be 

a reason to play an important role on the production 

as all as fruit body formation of T. matsutake.

Exogenous energy field might play an important 

role when the mycelia are exposed to it. Still now the 

mechanism of electrical stimulation effects was not 

studied. Hence, it is difficult for us to make gener-

alization. From the point of ecological view, ectomycorrhizae 

are one of the most important groups in forest 

systems which plays essential interfaces between soil 

and trees. The fruit body production mechanisms of T. 

matsutake in Japanese red pine forest were significantly 

influenced by electric pulse stimulation. Probably it is 

the result caused which is caused by a specific 

stimulation on the formation of primordium in T. 

matsutake. It is really difficult to determine the 

mechanisms which were operating in the ectomycorrhizal 

physiology from our research, because only fruit body 

formation was studied. 

IV. Conclusion

As the fruit body formation of T. matsutake under 

artificial condition did not reach any significant 

result till now, so our present study has been made 

in developing methods to maximize the production in 

forests (natural habitats). In this research article, we 

gave evidence that the technology of pulse power 
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stimulation can successfully improve the production 

of T. matsutake. Our study proved that electric 

stimulation had a very important effect on flushing 

of T. matsutake, because besides our treatment plots 

there was no natural T. matsutake fruit body pro-

duction (including our control plots) around the whole 

specific pine forest area of Nara prefecture, during 

the same year (2012) when our study was conducted. 

Techniques of applying electric pulse stimulation on 

natural T. matsutake occurring sites can have a 

bright future for the research work on this valuable 

mushroom. Making continuation of the results we 

hope to do further more studies on T. matsutake as 

it  was limited to one habitat type, in different red 

pine forest habitats in Japan, including other mush-

rooms, host interaction, their physiological and biological 

changes.
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