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SUMMARY

Japan is a mycophilic country where hundreds of species of wild edible
fungi are consumed, including ectomycorrhizal species. Worldwide, the
cultivation of ectomycorrhizal edible fungi represents a challenge of great
economic, ecological and cultural relevance. This paper presents a review
of the advances in the cultivation of edible ectomycorrhizal fungi developed
in Japan. The greatest achievements have been carried out in some species
of shimeji (Lyophyllum spp.), matsutake (Tricholoma matsutake) and the
hypogeous fungus called shoro (Rhizopogon roseolus). In addition, some
advances have been made in species of the genera Astraeus, Cantharellus,
Sarcodon, Suillus and Tuber. Some of these latter species have received only
interest in Japan, because they have culinary value exclusively in Eastern Asia.
The cultivation of L. shimeji, a mushroom highly valued in the Japanese culture,
has been achieved in the absence of host plants. The cultivation of matsutake,
an iconic fungus of Japanese culture, has received great attention due to its
dramatic decline of natural production in Pinus densiflora forests from the
1940s to the present, in Japan. The studies have been developed in laboratory,
greenhouse and field conditions and have focused on the application of forest
management techniques, the establishment of mycorrhizal tree plantations
and the inoculation of trees with mycelium and spores. The key to the
successful cultivation of these fungi requires a better understanding of the
physiological, ecological, biochemical and genetic mechanisms involved in
the mycorrhizal symbiotic relationship between trees and fungi, as well as in
the understanding of the biotic and abiotic factors involved in the formation of
basidiomata in field conditions. The methodological advances in these areas
may allow the successful establishment of commercial plantations inoculated
with fungi native to Japan. One of the main challenges is the enormous native
diversity of species of ectomycorrhizal fungi that exist naturally in Japan,
which represents a competitive factor for the success of plantations aimed to
produce specific fungal species. However, given the great interest that exists
in the country, this area of research looks very promising in the following
decades.

Index words: Lyophyllum shimeji, Tricholoma matsutake, Rhizopogon
roseolus, mycophilia, Japan, cultivation of edible ectomycorrhizal
fungi.

RESUMEN

Japén es un pais micofilico en donde se consumen centenares de especies
de hongos comestibles silvestres, incluyendo especies ectomicorrizicas.
A nivel mundial, el cultivo de los hongos comestibles ectomicorrizicos
representa un reto de gran relevancia econdmica, ecoldgica y cultural. En el
presente trabajo se presenta una revision de los avances del cultivo de los
hongos comestibles ectomicorrizicos desarrollados en Japén. Los mayores
logros se han tenido en algunas especies de shimeji (Lyophyllum spp.), del
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matsutake (Tricholoma matsutake) y del hongo hipogeo denominado shoro
(Rhizopogon roseolus). Ademas se han logrado algunos avances en especies
de los géneros Astraeus, Cantharellus, Sarcodon, Suillus y Tuber. Algunas de
estas Ultimas especies han recibido solo interés en Japdn, porque poseen
valor culinario exclusivamente en Asia oriental. El cultivo de L. shimeji, un
hongo altamente valorado en la cultura japonesa ha sido posible en ausencia
de plantas hospederas. El cultivo de matsutake, un hongo iconico de la cultura
japonesa, ha recibido una gran atencién debido a la dramatica declinacion de
su produccion natural en los bosques de Pinus densiflora a partir de la década
de 1940 a la fecha en Japon. Los estudios han sido desarrollados tanto en
condiciones de laboratorio, invernadero y campo y se han centrado en la
aplicacion de técnicas de manejo forestal, del establecimiento de plantaciones
de arboles micorrizados y de la inoculacion de arboles con micelio y con
esporas. La clave para el cultivo exitoso de dichos hongos requiere de una
mejor comprension de los mecanismos fisioldgicos, ecoldgicos, bioquimicos
y genéticos involucrados en la relacién simbidtica entre arboles y hongos, asi
como en el entendimiento de los factores biéticos y abidticos involucrados
en la formacion de basidiomas en condiciones de campo. Los avances
metodoldgicos en estas areas podran permitir el establecimiento exitoso de
plantaciones comerciales inoculadas con hongos nativos de Japon. Uno de
los principales retos es la enorme diversidad nativa de especies de hongos
ectomicorrizicos que existen de manera natural en dicho pais, lo cual
representa un factor de competencia para el éxito de plantaciones destinadas
a producir hongos especificos. Sin embargo, dado el gran interés que existe en
el pais, esta area de investigacion luce prometedora en las proximas décadas.

Palabras clave: Lyophyllum shimeji, Tricholoma matsutake,
Rhizopogon roseolus, micofilia, Japén, cultivo de hongos comestibles
ectomicorrizicos.

INTRODUCTION

The Japanese love collecting and eating wild forest
mushrooms (Bertelsen, 2013; Imazeki, 1988; Neda, 2003;
Ogawa, 1978; Ogawa, 1983; Tsing, 2015), and their ancient
mycophilic culture embraces several hundred of such ec-
tomycorrhizal mushroom species (Imazeki and Hongo,
1987, 1989; Yamada, 2002). This interest has led many
studies of these edible mushrooms. Examples include Lyo-
phyllum shimeji (Kawam.) Hongo, Tricholoma matsutake
(S. Ito & S. Imai) Singer, T. bakamatsutake Hongo, T. por-
tentosum (Fr.) Quél.,, Rhizopogon roseolus (Corda) Th. Fr.,
Suillus grevillei (Klotzsch) Singer, Boletus edulis Bull., Ama-
nita caesareoides Lj. N. Vassiljeva, Entoloma sepium (Nou-
let & Dass.) Richon & Roze, Cantharellus cibarius Fr., and
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Tuber indicum Cooke & Massee. Documents dating back a
century describe the deep appreciation that people in wes-
tern Japan have for collecting two particular mushrooms:
L. shimeji (called "shimeji” or "hon"-shimeji, which means
“true" shimeji) and T. matsutake (simply called “matsutake”)
(Yamada et al,, 2012). A modern Japanese proverb trans-
lates as: "Matsutake smells best, but shimeji tastes best.”

L. shimeji is one of the few ectomycorrhizal mushrooms
that have been commercially cultivated without its host
plant. Advanced cultivation techniques allow them to be
sold in Japanese markets year-around. By contrast, the
highly-valued T. matsutake is not as available because
efforts to cultivate it, with or without its mycorrhizal host,
have not yet been successful (Suzuki, 2005; Yamada, 2015).

The special aroma and firm texture of matsutake fas-
cinates people who love the traditional Japanese dietary
culture of "Washoku" which is celebrated at New VYear.
Matsutake is served at various ceremonial occasions and
enjoyed as a seasonal food harvested from nature (http://
www.unesco.org/culture/ich/en/lists; Figure 1). Therefore,
many Japanese also are eager to see matsutake commer-
cially cultivated to increase supplies and reduce costs.

In the early 1990s, Japan's economy was a global leader
that some called an "Economic Animal." Since then, Japan
has shifted to a more stable state economy, and its agricul-
tural and forestry sectors increasingly embrace the need
for sustainable use of biological resources and emphasize
nature conservation. Additionally, the Fukushima nuclear
accident in March 2011 affected a wide geographic area
of natural forests in the eastern part of Honshu Island. Fo-
rest mushroom researchers were initially disheartened by
the disaster. However, the economic slowdown, changing
forest management priorities, and nuclear contamination
of some mushroom habitat soon motivated them to shift
their research foci to new and better techniques for ino-
culating, transplanting and establishing mycorrhized tree
seedlings more widely, especially planting them in areas
with safe levels of radionuclides. The hope is that these
techniques will provide new sources of these valued mus-
hrooms.

In this paper, we review recent studies in the cultivation
of the edible ectomycorrhizal mushrooms, especially L.
shimeji, T. matsutake and R. roseolus. Then we propose
future research topics and activities.

Cultivation of Lyophyllum Shimeji and related species
Growing L. shimeji on artificial nutrient substrates,

without host plants, has been studied since the 1970s. A
basic cultivation system was developed in the early 1990s

380

Rev. Fitotec. Mex. Vol. 40 (4) 2017

(Ohta, 19944, 1994b; Watanabe et al., 1994; Figure 2). A
starch-based nutrient substrate enables the selection
of dikaryotic fungal strains that would fruit within seve-
ral months of inoculation onto the experimental medium.
Although most ectomycorrhizal mushroom species show
poor growth on nutrient media without glucose, L. shimeji
readily catabolizes starch and can use it as a sole carbon
source. Because starch, unlike glucose, does not increase
osmotic pressure when it is present at high concentrations
in the nutrient medium, starch-based solid media provide
a sufficient and constant supply of carbon for the prolon-
ged growth period of L. shimeji mycelium. As a result, such
media can support, in pot cultivation, both the growth and
fruiting of L. shimeji (Kawai, 1998; Ohta, 1998a).

This cultivation system was technically refined for large
scale commercial production and has supplied markets
since 2004 (Figure 3). Although several mushroom com-
panies now grow the mushroom commercially, only one
company has recently produced large commercial quan-
tities (https://agribio.takara-bio.co.jp/kinoko/kinoko.html).
The market price of shimeji is about 200-300 yen/100 g
(8-12 USD/Ib), which is one to three times higher than
the price of other cultivated mushrooms such as shiitake
(Lentinula edodes (Berk.) Pegler), enokitake (Flammulina
velutipes (Curtis) Singer), oyster mushrooms (Pleurotus
ostreatus (Jacq.) P Kumm.), or button mushrooms (Aga-
ricus bisporus (J. E. Lange) Imbach).

Since the mid-1980s, researchers also tried to inoculate
trees in the forest with L. shimeji mycelium, but although
some fruiting occurred, mycorrhizae formation and growth
of the mycelium were inadequately recorded. By the mid-
1990s, techniques for soil inoculation were improved and
ectomycorrhizal colonization was confirmed by Kawai
(1997). The method entailed co-culture of mycelium and
non-mycorrhizal pine trees in pot culture in a greenhouse.
The soil was enhanced with starch as a carbon source and
the mycelium was layered with the roots. The L. shimeji
mycelium colonized the pine roots, produced ectomycorr-
hizae, and fruited from the pots (Figure 4).

This inoculation technique was then applied in natural fo-
rests with pine and oak trees (Hasegawa and Kawai, 2000;
Kawai, 1999). Inoculated L. shimeji mycelia became esta-
blished and annual fruiting started one to two years later.
Subsequently, this inoculation technique has been widely
applied in Japan and several provinces have reported suc-
cess with establishing fruiting in new locations (e.g. Mizuta-
ni, 2005; Todo, 2012). Because this soil inoculation techni-
que is easy to apply and works with both pines and oaks, L.
shimeji cultivation in such forest sites (Figure 5) has beco-
me quite valuable. This approach might also be applicable
to L. fumosum, a related ectomycorrhizal species, because
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Figure 1. Matsutake-zukushi (“full-of-matsutake dishes"). The matsutake dishes illustrated here were served in a
traditional Japanese hotel which is in the pine forests of Gifu Prefecture where they were harvested.
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Figure 2. In vitro fruiting of L. shimeji without a host. These cultivated mushrooms of L. shimeji produced basidiospores
(right) that show germination tubes. The images are reproduced from Ohta (1994b).

culture characteristics for growing this mushroom on nu-
trient media are quite like those of L. shimeji.

Fortunately, mating tests on cultivated L. shimeji basi-
diomata can be used to refine breeding procedures (Kawai,
2000; Maeta et al., 2008a; Ohta, 1998a). For instance, arti-
ficial mass production methods might be improved by bre-
eding for higher starch catabolic activity. Selection might
also be used to discover more effective or more productive
strains for the field inoculation of forest sites.

However, mating trials have shown that L. shimeji con-
sists of at least two incompatible groups, that is, two di-

Figure 3. Commercially cultivated L. shimeji fruit bodies fferent biological species within the Japanese population
packaged for sale. The image is downloaded from: https:// (Murakami et al., 2006). Because the sexually incompatible
agribio.takara-bio.co.jp/kinoko/product/daikoku/index. groups can be clearly distinguished with DNA markers
html. (Maeta et al., 2008b), taxonomic revisions are needed for
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Figure 4. Fruiting of L. shimeji with pine host under greenhouse condition. Left photograph: saprotrophic fruiting. Right
photograph: symbiotic fruiting with pine host in the clay pot (Kawai, 1997).
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Figure 5. Fruiting of L. shimeji after field inoculation and establishment of a mycorrhizal association with forest oak trees.
This soil inoculation technique was applied by local foresters in Nagano Prefecture, Japan.

this morphological species (Larsson and Sundberg, 20171,
Visnovsky et al.,, 2014, Yamada et al., 2012,).

CULTIVATION OF TRICHOLOMA MATSUTAKE

Unlike L. shimeji, T matsutake has not yet been suc-
cessfully cultivated. Natural matsutake production in Ja-
pan occurs exclusively in Pinus densiflora forests. Such
forests, in various regions of the country, have been mana-
ged for the sustainable harvest of T. matsutake for over a
century (Fujiwara, 2011; Hamada, 1953, 1964, 1974; Mimu-
ra, 1909; Masui, 1927; Ogawa, 1978). However, during the
1940 - 1950s, drastic social change altered the condition of
pine forests in ways that were unfavorable for T. matsutake
production. As the forests aged, litter accumulated on the
forest floor, resulting in eutrophication and higher soil hu-

midity. Additionally, pine wilt disease killed pines in much
of the western part of Honshu Island where T. matsutake
was originally quite productive (Suzuki, 2005; Yamada and
Kobayashi, 2008; Yamada, 2015). As a result, . matsuake
production declined sharply in the 1960 - 1970s, a trend
that has continued, for Japan, until the present.

Nagano prefecture appears to be an exception to this
decline. The prefecture is in the central region of Honshu
Island, in a high elevation area that is surrounded by alpi-
ne mountains. T. matsutake populations persisted in pine
forest growing on the steep mountains in the region, and
they occupy most of the suitable forest habitat (Figure 6).
For example, several local foresters still gain all their in-
come from the harvest of T. matsutake (Fujiwara 2011).
One experimental forest site has accumulated 36 years
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of T matsutake harvests data (Figure 7). These data allow
analyses of environmental factors affecting fruit-body pro-
ductivity.

Wang et al. (1997) inspired Japanese research groups
to reconsider previous concepts of T. matsutake ecology
and appropriate management of T. matsutake-P densiflo-
ra associations. The paper sparked new research which
contributed to a better understanding of the physiological,
morphological and ultrastructural nature of T. matsutake
ectomycorrhizae and the uniquely dense extramatrical
mycelium or “shiro” that the fungus produces (Gill et al.,
2000; Guerin-Laguette et al., 2000, 2004; Vaario et al., 2000,
2002; Yamada et al., 19993, 1999b).

Considering the distinctive ectomycorrhizae that T. mat-
sutake forms and applying that understanding to further
improvements of in vitro inoculation techniques, Japanese
researchers have succeeded in propagating pine seedlings
with many clustered T. matsutake mycorrhizae imbedded
in a large mass of "shiro"-like mycelium in 1 L pots. This
combination of the dense masses of ectomycorrhizae and
mycelia are like what the fungus produces in vivo (Koba-
yashi et al., 2007, Yamada et al., 2006,). A recently star-
ted national T. matsuake cultivation project (2015 - 2019)
aims to further improve the efficiency and reliability of in
vitro mycorrhization technigues, so that high numbers of T.
matsutake seedlings can be transplanted into the field to
establish the first cultivation trials with this species (Figure
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Figure 6. Production of T. matsuake in Japan and
Nagano Prefecture. The original data is derived from
the databases of the Ministry of Agriculture, Forestry
and Fisheries (MAFF) and Nagano Prefectural Forestry
Center. The share of total Japanese production of T.
matsuake that is harvested in Nagano Prefecture is
illustrated by the dotted line.
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8; Yamada, 2015; Yamanaka, 2016).

In @ manner similar to the successful efforts with L. shi-
meyji, researchers would like to develop an in vitro system
to study the fruiting of matsutake, with and without a host
plant. Only one example has been reported (Ogawa and
Hamada, 1964, 1975), where T. matsutake developed pri-
mordia on a nutrient substrate in the absence of a host.
There are no reports, so far, of basidioma maturation
without a host plant. Clémengon (2004) and Moore et al.
(2017) provide current interpretations of Agaric primordia
which might pertain to these previous efforts. Although the
matsutake genome has been described (JGI web site and
others), we still lack the means to interpret this information
as it applies to the life-cycle, symbiotic relations, nutritional
needs, and reproductive biology of the organism in situ. If
we develop a greater understanding of the relevant factors
in the matsutake life cycle, we might yet be able to induce
fruiting under controlled conditions.

CULTIVATION OF RHIZOPOGON ROSEOLUS

The Japanese call the truffle Rhizopogon roseolus (=
R. rubescens) "shou-ro,” which means “raindrops from
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Figure 7. Harvest of T. matsuake at the Toyooka
Experimental Forest site in Nagano Prefecture. The solid
line indicates matsutake harvest levels sampled in the
forest plots (about 0.5 ha) located in forests managed for
enhanced matsutake production by removing shrubs and
reducing the litter layer every few years. The dotted line
shows harvest levels from neighboring plots that were
not managed. The graph was created from the original
data of Furukawa et al. (2016).
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Figure 8. In vitro T. matsutake shiros formed on host pine seedlings in four liters of potting soil. This shows the largest T.
matsutake—P. densiflora "shiros” (a dense mass of ectomycorrhizae and extramatrical mycelia) that have been produced

under laboratory and green house conditions.

pine leaves". The name describes its habitat, namely, pine
stands that develop on coastal sand dunes. P thunbergii
(Japanese black pine) and P, densiflora (Japanese red pine)
are the host pine species. The pretty shape, unique texture,
and mild fragrance of shou-ro is appreciated in the sim-
ple Japanese soup called "Osuimono” (Neda, 2003; Ogawa,
1983). Supplies of the truffle have become limited, however,
because most of its coastal habitat has been converted
to other human uses, especially in urban areas. The pro-
blem of decreased supplies can be somewhat ameliora-
ted through habitat management such as the removal of
shrubs and the litter layer. Amending the soil with charcoal
also improves the growth of R. roseolus and subsequent
fruiting (Ogawa, 1992). In combination with the conser-
vation of pine stands in urban areas, these management
practices have been applied in various locations (Ogawa,
2007). The recovery of R. roseolus production is occasio-
nally reported in scientific papers and in newspapers.

Intending to develop propagation protocols, Yamada
et al. (2007) reported that R. roseolus fruited in a small
plot within a year of inoculating a P densiflora seedling in
a laboratory (Figure 9). With the goal of mass producing
mycorrhized seedlings for plantation establishment, it also
might be possible to scale-up the process with P, thinbergii.
Kawai et al. (2008) reported that R. roseolus has a bipolar
incompatibility mating system. Therefore, breeding trials
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similar to those with L. shimeji would improve the efficacy
of strain selection. More recently, Shimomura (2013) and
Shimomura et al. (2012) reported using spores and cultu-
red mycelia to prepare effective inoculant for use in com-
bination with elegant techniques of inducing mycorrhizal
syntheses in field trials (Figure 10).

CULTIVATION TRIALS WITH OTHER MUSHROOMS

Japanese researchers have also conducted research on
the cultivation of a variety of other edible ectomycorrhizal
mushroom species (Table 1). Some of these species, such
as T. bakamatsutake, E. sepium, Suillus spp., Astraeus hy-
grometricus (Pers.) Morgan, and Sarcodon aspratus (Berk.)
S. Ito have never been targeted for cultivation efforts in
western countries because their use is unique to Japane-
se, and in some cases other Asian cuisines (Fangfuk et al,,
2010a; Kobayashi, 2005; Masuno et al,, 2016; Murakami,
2004; Obana and Yamada, 2012; Ogawa, 1992; Yamanaka
et al., 2074). For example, S. aspratus is also quite popular
in Korea and China (Marcotullio, 2011) and Astraeus spp. in
Thailand (Fangfuk et al., 2010a; Phosri et al., 2013).

By contrast, A. caesareoides (the Asian relative of A. cae-
sarea (Scop.) Pers.), B. edulis, C. cibarius and T. indicum (the
Asian relatives of T. melanosporum Vittad.) have recently
become the subject of cultivation trials (Endo et al., 2013,
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Figure 9. Fruiting of R. roseolus on the open pot soil under laboratory condition. Photographs were reproduced from

Yamada et al. (2001).
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Figure 10. Fruiting of R. roseolus under field condition. Photographs were reproduced from Shimomura (2013).

2014, Ogawa et al, 2014, Yamada and Endo, 2011; Ya-
manaka, 2016) because data are available from research
conducted on closely related species in western countries.
So far, Japanese researchers have only succeeded with C.
cibarius, producing fruit-bodies using in vitro mycorrhiza
synthesis and greenhouse pot trials (Figure 11). Given the
large global market for chanterelles, field trials with inocu-
lated seedlings are expected soon.

FUTURE PERSPECTIVES

For decades, Japan has been a global leader in the de-
velopment of superior strains of wood-decay mushrooms
for cultivation. Species include: shiitake, enokitake, na-
meko (Pholiota microspora (Berk.) Sacc.), maitake (Grifo-
la frondosa (Dicks.) Gray) and buna-shimeji (Hypsizygus
marmoreus (Peck) H. E. Bigelow). This research founda-
tion contributed to the successful commercial cultivation
of the ectomycorrhizal fungus L. shimeji. These advances
were achieved because the Japanese research community
has developed innovative ideas for the controlled fruiting
of mycorrhizal mushrooms, regardless of their autecolo-

gy in nature. These ideas derive from knowledge about the
physiology and genetics of the fungi, as well as the bio-
chemistry of their mycelial grown on various nutrient me-
dia (Fukuda et al., 2003; Hasebe et al., 1998, Kawagishi et
al., 2004; Kikuchi et al., 2009; Miyazaki et al., 2005; Ohta,
1998b: Yamanaka et al., 2000).

A better understanding of the genetic determinants of
primordia and basidioma morphogenesis, such as the
"Hox gene system"” in animals or "ABC system"” in flowering
plants, likely will be central to further advancements in the
cultivation of ectomycorrhizal mushroom species. Even if
host-free cultivation methods are developed, chances are
good that scientists specializing in mycorrhizal symbioses
will remain essential to the application of such knowled-
ge in a cost-effective manner. Several additional conside-
rations apply when the intent is to establish mycorrhized
seedlings in plantations or forest settings to sustainably
produce edible mushrooms in more natural settings.

First, to obtain reliable fruiting a better understanding of
mushroom synecology will be needed when such seedlings



EDIBLE ECTOMYCORRHIZAL MUSHROOMS IN JAPAN Rev. Fitotec. Mex. Vol. 40 (4) 2017

Table 1. Ectomycorrhizal mushroom species recently studied in Japan for cultivation.

Field studies Laboratory studies
: Plantation of Inoculation In vit_ro . Spore
Mushroom species Forest . of cultured mycorrhization . ;
management mycorrhlzal mycelium or with cultured Inoculatpn gnd
seedlings . mycorrhization
spores mycelium
Tricholoma o R o o
bakamatsutake
T. portentosum o o
Amanita caesareoides o
Entoloma sepium o )
Suillus bovinus o o o o
Suillus luteus ) o
Suillus grevillei o o o o o
Boletus edulis o
Boletus reticulatus o
Astraeus hygrometricus o o o o
Lactarius hatsudake o o
L. akahatsu o
L. volemus o
Sarcodon aspratus ) o
Cantharellus cibarius o o
Ramaria botrytis ) o
Tuber indicum o o o

Figure 11. Japanese C. cibarius fruitig in pot culte with pine hosts under laboratory conditions. Shown here three (4 L)
pots where C. cibarius fruited from inoculated pine seedlings.
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are introduced into native or managed forests. This will be
a complex undertaking because Japan is a global hot spot
for biodiversity and thousands of mycorrhizal fungi grow
in the country's diverse forest ecosystems (Imazeki and
Hongo, 1987; 1989; Miyamoto et al., 2015; Tedersoo and
Nara, 2010). Because of the high level of species diversity
among the native ectomycorrhizal fungi, extensive compe-
tition among them is very probable.

By extrapolation, introduced fungal species or strains
likely also will encounter substantial competition from al-
ready established native fungi. Advanced establishment
techniques will be needed to sustain desired species or
strains of introduced fungi in this context. This situation
contrasts with the elegant and successful case of Lacta-
rius deliciosus cultivation in New Zealand (Guerin-Laguet-
te et al.,, 2014), where competing ectomycorrhizal fungal
populations are comparatively sparse. In addition, as bio-
diversity correlates with climatic and geological diversity in
Japan, in situ cultivation efforts may need to be specifically
tailored to local forest communities.

Second, as with L. shimeji, some of the species selec-
ted for cultivation might consist of several cryptic species,
each with their own ecological adaptations. For instance,
Japanese A. hygrometiricus, B. reticulatus, C. cibarius and
T. indicum are defined as the taxa sensu lato, and might
very well need more detailed taxonomic analyses, inclu-
ding new species descriptions as required (Endo et al,
2014, Fangfuk et al., 2010b; Kinoshita et al., 2011; Ogawa
et al., 2014, Phosri et al., 2013). Valid species identification
is not only fundamental to effective research, but is also
important for marketing the selected mushrooms as safe
or superior foods.

Third, it is possible that native species diversity could
be undesirably altered by the spread of non-native fungi
growing in nearby plantations or by the introduction of se-
lected fungal cultivars in native forests.

So, to compete among international efforts to cultiva-
te edible ectomycorrhizal mushroom species, Japanese
mycorrhizologists will need to build on their previous in-
vestigations and focus on research topics that are unique,
scientifically intriguing, and commercially valuable. For
instance, because T. matsutake is such a quintessentia-
lly Japanese mushroom, it would be a great honor for our
scientists to be the first to develop reliable techniques for
its artificial cultivation: in vitro, in situ or both. Advances
in growing ectomycorrhizal mushrooms without their host
plants will improve our understanding of their nutritional
needs and might have enormous potential to broaden
commercially-viable means of inoculation and production.
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If advances such as those made with L. shimeji, R. ro-
seolus, C. cibarius and T. matsutake are also applied to the
other species in Table 1, the future looks bright for pro-
viding the large Japanese and global markets for edible
mushrooms with increased supply, extended seasons of
production, and a greater variety of culinary opportunities.
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