Forest Systems

31 (3), eRO1, 11 pages (2022)

eISSN: 2171-9845
https://doi.org/10.5424/fs/2022313-19288
INIA-CSIC

REVIEW ARTICLE OPEN ACCESS

Edible fungi for local and sustainable development in the Patagonian
Andes forests of Argentina: A review
Carolina Barroetavefia'?*" and ® Maria B. Pildain'**"

I'Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Argentina. > Centro Forestal CIEFAP, Esquel,
Chubut, CC14, 9200, Argentina. ? Universidad Nacional de la Patagonia San Juan Bosco, sede Esquel, ruta 259 km 16,24,
Chubut, Argentina.

* Carolina Barroetaveiia and Maria Belén Pildain contributed equally to this work

Abstract

Wild fungi are one of the most characteristic and diverse non-wood forest products from native and planted forest en-
vironments and grasslands in the Patagonian Andes. Through the technological and scientific platform “Patagonia Fungi,
trails and tastes®”, we work to promote mycotourism and mycogastronomy as sustainable identity and inclusive economic
and educational activities that promote local development, taking advantage of the outstanding regional tourist profile. We
also work on the development of functional foods and promote the cultivation of edible and medicinal fungi. The main ob-
jectives of this research were to define novel edible species and evaluate them for sustainable uses, including: environmental
characterizations of their fruiting niches and ‘mycosilvicultural’ managements to increase their productivity; documentation
and analysis of the ancestral uses and their processes of change; determination of the nutritional and nutraceutical profiles;
studies of molecular genetic diversity of various genera; protocols for the domestication of wild species; evaluation and se-
lection of lignocellulosic substrates for cultivation from available residues in Patagonian Andes; economic aspects related to
the marketing and use in local gastronomy; evaluation of postharvest preservation techniques. Most relevant actions include
the design and implementation of mycotourism trails, the promotion of an identity mycogastronomy; the inter-institutional
management of protocols for sustainable harvesting and food safety practices; the incorporation of 21 new species in the
Argentinean Food Code. We also work for food sovereignty through a spawn production laboratory fostering edible and
medicinal fungi cultivation through courses and assistance to producers from family to productive scales.
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Introduction

Patagonia constitutes a huge piece of land, comprising
five provinces with an area of one million square kilom-
eters that represents half of Argentina (https://www.ign.
gob.ar/). It has diverse and abundant natural resources,
although it is the region with the lowest population den-
sity in the country: just two and a half people per square
kilometer (Camara Argentina de Comercio y Servicios,
2019). This situation coexists with the need to support
and strengthen rural populations and generate jobs, to
avoid internal migration to big cities, while preserving
the environmental value and ecological functions of Pa-
tagonia. In this scenario, improving agroforestry systems,
making environmentally sustainable economic use of na-
tive forests and tree plantations, constitutes a promising
opportunity.

The subantarctic forests of Argentine and Chilean Pa-
tagonia have been inhabited since pre-Hispanic times by
native communities, constituting humanized landscapes
with different degrees of domestication as a result of their
particular management logics and relationship with their
constituent elements (Aigo et al., 2020). Most of the rural
population is composed by “criollos” and “mapuches” who
maintain subsistence economies, strongly depending on
the knowledge transmitted from generation to generation
about useful species and their natural rhythms (Molares &
Ladio, 2014). The environmental knowledge that sustains
this type of economy is part of the cultural and cumulative
heritage of native people, conceptually called traditional
ecological knowledge (Laudari, 2010). This physical land-
scape is characterized by being a complex and heteroge-
neous ecosystem matrix, with patches of Nothofagus spp.
primary and secondary, grazing sites, introduced conifer
plantations, fruit, shelter and ornamental plantations, inter-
related through roads, bodies of water and by rural activi-
ties that involve the movement of residents and livestock
throughout the year (Molares et al., 2019). The inhabit-
ants have a profile of small “criancero”, or “smallholder
or subsistence producer”, or “campesinos”, involving the
breeding of cattle and sheep, in many cases, their main
income item. Another traditional activity is the extraction
of firewood from fiire (Nothofagus antarctica) and small
forest exploitation of lenga (Nothofagus pumilio) forests,
through private and state sawmills.

With a narrow although long area of native forest on the
west close to Andes, several tree plantations, wet mead-
ows, and protective forest curtains going east, the native
and planted forests and the grasslands of the Andean Pa-
tagonian region have a great wealth of fungi with enor-
mous scientific and cultural interest and with potential uses
linked to local development. Many of them are unique to
our region, more than 30 species are edible (Barroetavefia
& Toledo 2020), but only Morchella species (morels) are
of commercial relevance at a national and international
level, while “pine boletes”, exotic ectomycorrhizal mush-
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rooms associated with Pinus spp. (mainly Suillus luteus
eventually mixed with Suillus granulatus or Suillus lakei
in less proportion), have regional and national circulation
(Fernandez et al., 2012; Valtriani et al., 2017). The other
species, many of them with records of ancestral consump-
tion (e.g. Molares et al., 2019) are not being used (or only
very marginally) for self-consumption or trading.

The non-wood forest products (NWFPs) of Andean Pata-
gonia have played a crucial role in the indigenous diet since
prehistoric times (Ciampagna & Capparelli, 2012), as well
as in present populations (Molares & Ladio, 2012; Chamor-
ro et al., 2018; Ochoa, 2019). In particular, wild edible fruits
and fungi have gained special interest in recent decades,
due to their value as functional foods and their potential for
the development of local economies (Tacon Clavain et al.,
2004; Barroetaveiia & Toledo, 2016; Chamorro et al., 2018;
Ochoa, 2019). However, to date there is no documented in-
formation on the marketing for these products, nor on the
players involved, nor on their contribution to the domestic
economy (Valtriani ef al., 2017; Ochoa, 2019).

Society in general demands natural foods, with bet-
ter nutritional and nutraceutical quality. Edible fungi are
nutritious and certifiable organic foods given their origin
from pristine ecosystems in Patagonia. Knowing them will
allow to strengthen a mycological culture in the region,
developing an identity and sovereign gastronomy based on
valuing and using natural resources in a sustainable way.
Likewise, the fungal diversity of the region offers the op-
portunity to incorporate them in ecotourism developments,
through the implementation of mycotrails, which also con-
stitute interactive educational spaces for everyone but es-
pecially children and young people. As many populations
in Patagonia are still isolated, and the arrival of fresh food
is difficult and expensive, diversifying the production of
family or community gardens with cultivated edible fungi
is a way to ensure food sovereignty.

Given the growing questioning of the extractivist and
hegemonic productive paradigm, projects that propose the
integration of the traditional ecological knowledge and sci-
entific knowledge are increasingly valued, to build more
successful paths towards solving problems of biocultural
conservation and sustainable socioeconomic development
(Morales et al., 2017).

Wild edible fungi as NWFPs worldwide and in
Patagonia

Edible fungi are a highly appreciated food in different
parts of the world whose consumption has increased in
recent years (Royse & Sanchez, 2017; Pérez-Moreno et
al., 2021a). Also, some species have important ecological
roles associated with natural forests conservation; ecto-
mycorrhizal fungi comprise the most Iucrative wild edible
fungi group in the world and are key players in forest con-
servation related with ecosystem health maintenance and
nutrient cycling (Pérez-Moreno et al., 2021a).
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Their culinary and commercial value is due to the fact
that, in addition to having particular aromas, flavors, colors,
shapes and textures, they contain numerous nutrition-
al compounds and others that can be beneficial to health
(Pérez-Moreno & Martinez-Reyes, 2014; Barroetavena &
Toledo, 2017). However, Argentina is in general a myco-
phobic country; the average consumption of edible fungi
per capita is just 100 g/person/year, 40 times less than in
Europe (Abeya ef al., 2007). Mycophobia or fungophobia,
due to fear of the unknown, is dominant although there is
a long-standing mycological school in the country. Carlos
Spegazzini started the lines of mycological research in the
country after his travels since 1881, and from there several
research groups in universities and science and technolo-
gy institutes have described several new species of fungi
per year, and isolated new antibiotics and other interesting
bioactive principles. However, fungi and their potential re-
main unknown to the vast majority of Argentinian society
(Gamundi et al., 2017). This contradiction, further accentu-
ated by the extensive immigration of citizens from myco-
philic countries such as Spain and Italy (Pérez-Moreno et
al., 2021b), and with a register of ancestral uses of edible
mushrooms by original populations (Molares et al., 2019)
could be explained by different convergent historical pro-
cesses. Immigrants came to a new continent with different
and unknown species, so had to be precocious; moreover,
intensive livestock raising has been a main activity that pro-
vided a rich food source; also, the majority of the current
population is settled in cities (INDEC, 2010), with scarce
contact with wild environment. Regarding Mapuche-Te-
huelche people, after the 16th century, in coincidence with
the conquest and colonization by Europeans and then the
constitution of the states of Chile and Argentina, they were
forced to migrate toward the south and east, restricted to
the driest areas of Argentina (Zabala, 2000), that favors a
process of cultural erosion (Barthel et al., 2013).

The environmental, biological, and recreational role
of forests has increased during the last decades (Latorre
et al., 2021). In this sense, Mycotourism has emerged as
an option to diversify economic activities in rural areas
within the multiple use of forest environments, increasing
its value, creating wealth for their local communities and
potential for future developments (De Frutos et al., 2012;
Moisan-De Serres et al., 2017). Forest environments host
a population with very particular cultural and productive
characteristics that are facing processes of change. New
strategies arise to reinterpret their productive potential in
the contemporary world. Among these new developments,
tourism in rural areas stands out as an activity based on
the biocultural heritage that the forest boasts compared
to the cities. Despite the existing mycodiversity in forests
worldwide, fungi harvesting is associated with marginali-
zation and poverty, which arises from the inability to add
value locally; however, activities such as mycogastrono-
my and mycotourism have proven effective in enhancing
these products in some instances (Thome-Ortiz, 2015;
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Pérez-Moreno et al., 2021a,b). Mycotourism development
started about 20 years ago in Spain, with the Spanish my-
cological program of Castilla and Leon (http:/www.mi-
cocyl.es), and rapidly gained attention in other countries
as Canada, Scotland (Buntgen ef al., 2017), and more re-
cently in central America (Pérez-Moreno et al., 2021a) and
Argentina (Barroetaveiia & Toledo, 2020).

Edible fungi favor food diversification, since they con-
stitute a resource of high nutritional value for family con-
sumption and can also be used in the development of a
Patagonian mycogastronomy as a key axis: they are dif-
ferentiated, and identity products given the great variety
of endemic sub-Antarctic species that allow their incorpo-
ration into the local gastronomic circuit linked to tourism
and the development of higher value-added products (Ta-
ble 1; Fig. 1). Mycotourism with a local development per-
spective also requires ethno-knowledge about wild edible
fungi, which represent a heritage that can be appropriated
by local communities (Molares et al., 2019). Many of these
species are part of the cultural knowledge of the native lo-
cals, since the Mapuche and Creole communities are the
ones who know the timing and sites of good species fruit-
ing, which is strictly seasonal during the fall (April-May)
or spring (October-November) and provide an opportunity
to develop new attractions for the low-season months.

Tourism is one of the activities that has grown the most
in recent years in Patagonia, both for national and inter-
national tourists seeking experiences that allow visitors to
approach and understand the unique natural beauty of the
subantarctic forests. In this sense, rural tourism and ecot-
ourism appear as very interesting alternatives for passing
tourists, which in turn allow the development of new of-
fers linked to activities that keep local people in particular
places. In addition, the area is very significant for fisher-
men, since its rivers are home to Pacific salmon and trout,
attracting fans of this recreational-sport activity in out-of-
date seasons. All this represents a promising scenario to
develop offers of new activities for these audiences (Porto
& Garcia, 2020).

In conclusion, the development of mycotourism inte-
grated with mycogastronomy and product development is
a complex task that requires a multidisciplinary approach
involving social, economic, ecological, cultural, biologi-
cal, technological, and political issues.

Patagonia fungi: research, development and
knowledge transfer - Current achievements

Through the scientific-technological platform “Patago-
nia Fungi, trails and tastes®”, we are working to promote
mycotourism (observation, interpretation, photography,
and controlled collection of edible wild fungi fructifica-
tions), mycogastronomy (gastronomy with edible fungi)
and the development of fungi-based functional foods. Tak-
ing advantage of the existing outstanding tourist profile of
Patagonia and mushroom provenance from these non-pol-
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Table 1. Edible fungi registered in Patagonia Argentina.

Associated Ecology Mushroom species Native/ Edibility Fruiting season Inclusion in the
forest exotic!® Argentinian Food Code
Native Mycorrhizal Cortinarius native cooked autumn In process
forest magellanicus
Cortinarius xiphidipus native cooked autumn In process
Ramaria patagonica native cooked autumn In process
Ramaria botrytis cosmopolitan cooked autumn In process
Parasitic Cyttaria darwinii native Raw or cooked  autumn - spring Included
Cyttaria hariotii native Raw or cooked  autumn - spring Included
Wood rotting  Aleurodiscus vitellinus native cooked autumn In process
Grifola gargal native cooked autumn In process
Hydropus dusenii native cooked autumn In process
Fistulina anctartica native cooked autumn In process
Fistulina endoxantha native cooked autumn In process
Fistulina patagonica native cooked autumn In process
Pleurotus ostreatus exotic cooked autumn Included
Saprophytic Aleuria aurantia exotic Raw or cooked autumn In process
Lepista nuda cosmopolitan Raw or cooked autumn Included
Lycoperdon perlatum  cosmopolitan Raw or cooked autumn In process
Macrolepiota procera  cosmopolitan cooked autumn In process
Morchella eximia cosmopolitan cooked spring Included
Morchella andinensis native cooked spring Included
Morchella tridentina ~ cosmopolitan cooked spring Included
Plantations  Mycorrhizal Lactarius deliciosus exotic with cooking autumn Included
Tuber melanosporum exotic raw autumn Included
Rhizopogon roseolus exotic with cooking autumn - spring In process
Suillus granulatus exotic with cooking autumn Included
Suillus lakei exotic with cooking autumn In process
Suillus luteus exotic with cooking autumn Included
Tuber borchii exotic raw autumn In process
Saprophytic Macrolepiota procera  cosmopolitan  with cooking autumn In process
Meadows Saprophytic Agaricus arvensis cosmopolitan ~ With cooking spring/autumn In process
Agaricus augustus cosmopolitan ~ With cooking spring/autumn In process
Agaricus campestris ~ cosmopolitan ~ With cooking spring/autumn Included
Calvatia gigantea cosmopolitan ~ With cooking spring/autumn In process
Coprinus comatus cosmopolitan ~ With cooking autumn In process

[l Exotic is used to point out those mushroom species that are known to be introduced with their tree partner; instead, species fruiting
in anthropized natural forests and meadows, with broad distributions worldwide but with no available phylogenetic studies for Pata-
gonia, are classified as cosmopolitan. Table sources: Toledo ef al., 2016; Barroetavefia et al., 2020.

luted environments, identity-based, sustainable economic
and cultural activities that lead to local development are
promising (Fig. S1 [suppl]). Likewise, we promote the
cultivation of edible and medicinal mushrooms (main-
ly strains of Pleurotus spp., Lentinula edodes, Hericium
erinaceus, Flammulina velutipes, Ganoderma lucidum,
Grifola frondosa and Agrocybe aegerita). From the insti-
tutional Spawn Production Laboratory belonging to Cen-
tro de Investigacion y Extension Forestal Andino Patago-
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nia (CIEFAP), we provide services, supplies and training
along with the progress of applied research.

We use the name ‘scientific-technological platform’ in
the meaning of an institutional organization, created on the
basis of scientific and traditional knowledge with inno-
vative potential, arising from Research and Development
(R&D) activities that contribute to solving problems (or
taking advantage of opportunities) within a strategy of di-
versification and generation of new products.
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Figure 1. Most prominent endemic and introduced wild edible species from Patagonia
native forests: Ramaria patagonica (Changle), Aleurodiscus vitellinus (Jelly Ear),
Cyttaria hariotii (Llao 11ao), Fistulina antarctica (Cow Tonge), Grifola gargal (Gargal),
Cortinarius magellanicus (Purple Hat Mushroom), Hydropus dusenii (White Trumpet),
Macrolepiota aff procera (Parasol Mushroom), Morchella eximia (Black Morel) and M.
tridentina (Blonde Morel); from plantations: Suillus luteus (Slippery Jack), S. lakei (Matte
Jack), Rhizopogon roseolus sensu Trappe (False Truffle), Lactarius deliciosus (Saffron
Milk Cap), Pleurotus ostreatus (Oyster Mushroom) (Photo: Mario Rajchenberg); and
grasslands: Agaricus campestris (Field Mushroom), Calvatia gigantea (Giant Puftball)
(Photo: Maximiliano Rugolo), Coprinus comatus (Shaggy Mane) (Photo: Giuliana Furci).
Complete list at www.ciefap.org.ar. (Photos from the authors except those indicated).

“Patagonia Fungi, trails and tastes®”, works jointly
throughout the region in applied research, which supports
transfer of knowledge and development of actions. When
we refer to the transfer of knowledge or R&D results, we
mean actions that try to facilitate the use, application and
social and economic innovation of the new knowledge
and technological development derived from research.
Investigations undertaken with wild fungi include the
identification of more than 30 edible species from native
forests, grasslands and forest plantations, describing their
organoleptic properties (Barroetavefia et al., 2016, 2020;
Toledo et al., 2016a; Barroetaveia & Toledo, 2020), ana-
lyzing their taxonomy and phylogeny (Rajchenberg, 2006;
Pildain et al., 2014; Salgado Salomén et al., 2018, 2021;
Pildain et al., 2019; Gonzalez et al., 2021; Rajchenberg et
al., 2021), their phenology, ecology and productivity (Bar-
roetavena et al., 2010; Toledo et al., 2014; Barroetavefia
& Toledo, 2020; Pildain et al., 2021), their nutritional and
nutraceutical values (Toledo et al., 2016b; Barroetaveia &
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Toledo, 2017; Barroetaveia et al., 2020), features related to
the domestication of cultivable species and “mycosilvicul-
tural” management to increase their productivity (Solans
et al., 2010; Toledo & Barroetavena, 2017), the economy
of trading and demand in local gastronomy (Fernandez et
al., 2012, 2020), and finally the sociocultural features of
harvesters and the documentation of ancestral uses con-
sidering the associated processes of change (Valtriani et
al., 2017; Molares et al., 2019). Investigations with cul-
tivated mushrooms included the evaluation and selection
of lignocellulosic substrates from waste available in Ande-
an Patagonia (Roggero Luque et al., 2021, 2022), testing
preservation techniques in order to extend their fresh com-
mercialization window (Ohaco & Barroetavefia, 2018),
and the enriching of the culture collection with strains of
native, wood degraders species (Fistulina antarctica, Fis-
tulina endoxantha, Grifola gargal, Ganoderma australe
and Aleurodiscus vitellinus) to develop their cultivation
protocols.
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Figure 2. Map of the Tierra del Fuego province with
the potential harvest areas (red dots) and protected areas
(green) for Cyttaria darwinii.

The main products for the food industry and gastron-
omy were the design of functional foods with both wild
and cultivated species (soups, rice, noodles, salts) and the
creation of identity recipes with chefs (Barroetavefia et al.,
2021b). While for the policyholders that deal with regu-
lations of natural resources uses, the estimation of areas
suitable for harvesting is outstanding and presented below.

Determination of potential wild fungi
harvesting areas in Patagonia

The collection and use of wild fungi in Patagonia have
been carried out without reliable spatial information or an
inventory of species distribution. The prediction of their
fruiting is linked to the distribution of forest species, forest
site quality and stands characteristics, being Geographic
Information Systems (GIS) the most widely used tools for
that goal (Tsiaras & Domakinis, 2015).

To model the distribution and availability of wild edi-
ble fungi in the five Patagonian provinces, a GIS has been
developed using different layers of information: classifica-
tion of forest types and land cover; map of routes, paths,
and trails; protected areas and reserves (not available for
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harvesting); water bodies; cadastral data; digital elevation
models and climate data. Forest surfaces were calculat-
ed for each fungal species using the following criteria:
1) surface within protected areas and reserves; ii) surface
accessible by roads and lakes; iii) surface accessible by
roads and lakes that are within protected areas; iv) surface
including all previous groups according to slope. Finally,
three final categories of accessibility have been defined:
easy, moderate, and difficult (unpublished). The GIS
makes it possible to analyze by province the area in hec-
tares for each group of fungi (mushroom species defined
by tree host species) and different categories of accessibil-
ity and location. In total, more than 520,000 ha of potential
fungi harvesting areas were determined for the five prov-
inces. Among them, the group of species with the greatest
potential for total accessibility is the Cyttaria group, pres-
ent in native forests and with species associated with all
Nothofagus species within the five Patagonian provinces.
Figure 2 shows potential harvest areas in Tierra del Fuego
for Cyttaria darwinii.

The model was preliminarily validated with species
collection records. Having this tool, which should con-
tinue to be enriched with check-ups in the territory, re-
stricted inventories, and evaluations of productivity by
species, will make it possible to plan the proper use of the
resource, delimit areas subjected to harvest, and estimate
the expected harvest volumes (Kucuker & Baskent, 2015).
Policy makers need this background information when es-
tablishing prices and areas to develop harvesting permits
(De Frutos et al., 2016).

Transfer actions

Since the use of fungi as a tourism and food resource
is new in the region, it is necessary to strengthen their
supply and to encourage consumers to search and request
them. The strategy aims to address both aspects in parallel,
seeking to encourage harmonious and sustainable growth.
For that, target groups to work with have been classified
in two groups: those that “offer” and those that “demand”
products and services related to edible and medicinal fun-
gi. The first group includes the primary providers of prod-
ucts and services: mycologists, harvesters, mycotourism
guides, mushroom producers, and gastronomic service
providers (restaurants, tourism entrepreneurs, Owners
of forested land, greengrocers- dietary food stores). The
second group includes the public, local and international
lovers of gourmet gastronomy, healthy eating enthusiasts,
ecotourism enthusiasts, children, and young people in for-
mal education.

The main actions directed to the offering group include
training in mycogastronomy and mycotourism for collec-
tors and guides, fungi flavor laboratories with chefs from
the region, the preparation of preserves and delicatessen
products with high nutritional value, joint organization of
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Figure 3. Products and tools for knowledge transfer developed by Patagonia Fungi. Freely available (except

the harvest kit) at www.ciefap.org.ar.

innovative fungi tasting dinners with restaurants, the lay-
out and implementation of mycotouristic paths and train-
ing courses for mushroom cultivators. Actions related with
the demand group comprise participation in gastronomic
fairs, fungi identification training, community attendance
to talks and participation in the Media promoting identity
mycogastronomy and the opportunity that wild fungi fruit-
ing offer to novel tourist developments for the low seasons.

The promotion of inter-institutional work and articu-
lation with private and provincial and municipal officials
linked to tourism and food safety has been a key stone to
accomplish several actions: the assembly of an inter-in-
stitutional board to develop regional protocols for good
harvest practices and food safety; the application for in-
clusion of 21 species in the Argentine food code (Table 1);
the elaboration of agreements for the use of mycotourism
paths. The training and transfer actions in the territory were
articulated with technicians from each provincial Forestry
Secretariat, and with family farming agents. Two shared-
use agri-food plants were strengthened in two locations in
Neuquén province, based on national financing requested
from the platform, so that harvesters have this space for
community use for fungi post-harvest tasks, articulating
with the secretary of Production, Employment and Social
Economy of the Municipality. Drying and handling proto-
cols for some species were also worked on, and the activi-
ties continue with product formulations.

Forest Systems

Outreach: manuals, brochures, tools, and
Patagonia Fungi App

We have developed different tools and strategies to
work on this field, such as face-to-face and virtual lectures,
workshops and courses, as well as producing printed and
digital material in the form of brochures, informative leaf-
lets, along with a series of manuals (Barroetavefia et al.,
2016, 2020, 2021a, 2021b; Toledo et al., 2016a) that are
freely available in PDF format on the CIEFAP institutional
web page (www.ciefap.org.ar) (Fig. 3), in order to ensure
that they are accessible to all interested persons. The writ-
ten material, in addition to constituting the support for all
the previously mentioned activities, is promoted through
various channels, such as a radio program and institution-
al social networks, interviews and presentations by the
members in various frameworks. To support transfer ac-
tions related to good harvesting practices, we designed and
co-built a mushroom harvesting kit with designers, entre-
preneurs, and local artisans. The selection of the materials
used in the manufacture of each part of the kit privileged
the use of native Patagonian woods and eco-friendly sup-
plies (Fig. 4).

The incorporation of Information and Communication
Technologies (ICTs) in recent decades constitutes a very us-
able innovation in the fields of education, production, envi-
ronmental management, among others, since they offer sup-
port tools where society is involved with easy, affordable,
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and widely distributed access (Hernandez Nieto & Mufioz
Aguirre, 2012). Therefore, the platform we developed, the
“Patagonia Fungi App” (Fig. 3), that works for Android in
this first stage, contains data on more than 30 species of ed-
ible fungi present in all forest environments of Patagonia.
In addition, it offers information on the Kingdom Fungi,
descriptions of the species, photos, criteria for sustainable
harvesting, and a mycological technical glossary. This tool
provides novice users and harvesters the possibility of inter-
actively identifying edible fungi in nature, alerting of sim-
ilar species that can cause confusion. Also, the App has a
pre-structured form to share findings and make queries that
we answer via email, which allows us to enrich our database
at the same time, to encourage citizen science.

The aim is that all these transfer tools generate changes
in environmental awareness in the face of the inappropri-
ate use of natural resources, and skills to resolve issues that
contribute to conservation (Cabero Almenara & Llorente
Cejudo, 2005). Knowing and valuing wild edible fungi is
a way to promote food safety, protect the health of people
and of the biological systems which we are a part of.

Future perspectives

The lines of work outlined here seek to deepen the un-
derstanding of the taxonomy, ecology, and biology of the
different species of wild edible fungi, and to investigate
the existing forms of use and management, to strengthen
their potential for social economies together with their
conservation.

To achieve these objectives, it is necessary to continue
with training programs for young people, adults, and for
technical staff in different public sectors, rescuing the im-
portance of non-formal education and popular knowledge.
Simultaneously, we suggest strengthening interagency
cooperation with the municipal and provincial admin-
istrations involved in the activities, creating work spaces,
articulated between work actors (harvesters, local guides,
mushroom producers), businessmen (tourism, gastronomy),
scientists and technicians (universities, research centers),
staff of public spaces (bromatology, municipal community
kitchens, tourism references, Forest Directors, Science and
Technology dependencies, and National Parks). Ongoing
tasks for the next two years include: a) consolidating facil-
ities to support the processing of municipal food products,
and the management of mycotourism routes linked to my-
cogastronomy already installed or in the process of being
installed; b) generating a framework for the sustainable har-
vest of wild fungi, which regulates the activity and tends to
ensure the rights of access to the forest and protection of the
resource and the harvesters; c¢) articulating and implement-
ing safe and sustainable harvest protocols that strengthen
food security and environment protection.

The main axes of starting R&D activities for the next
five years focus on:

Forest Systems

a) Investigate the distribution and collection patterns of
wild fungi, the volumes collected, the number of harvest-
ers involved, the accessibility to harvest sites and distances
to towns and roads (collection effort), marketing circuits,
and innovations. We will work with an ethnobiological ap-
proach together with GIS and remote sensing technology,
to achieve a multi-scalar and interdisciplinary approach
that allows us to analyze the processes of landscape use in
qualitative and quantitative terms. Diversify the supply of
food products and improve nutrition in vulnerable rural/
peri-urban populations by incorporating mushroom culti-
vation in the family or community gardens, incorporating
foods rich in protein and nutraceuticals that complement
the fiber and carbohydrates provided by horticultural pro-
duction.

b) Develop functional foods that incorporate wild and
cultivated fungi species from Patagonia. This includes
obtaining ferment protocols using wild fungi species,
enriching products with prebiotics and probiotics formu-
lations with added value and with a longer commerciali-
zation window. Also, the formulation of mycelial flours
in collaboration with regional producers of organic flours
from various cereals, and the formulation of dietetic jams
and preserves that combine the use of regional wild ber-
ries and wild fungi with thickening properties.

Conclusions

The Andean Patagonian forests undergo a decline pro-
cess due to forestry exploitation, ranching and associated
effects of climate change, including wild fires, pests and
drought stress (SAyDS, 2019; Eyring et al., 2021). In this
sense, the work developed by the platform aims to con-
tribute to the understanding of the multiple uses of native
forests and woodlands, focusing on the positive impact of
the sustainable use of wild and cultivated fungi on the di-
versification of the productive matrix. This information is
essential in the construction of a social and solidarity econ-
omy that is presented as an alternative to extractivist prac-
tices (Coraggio, 2018; Moénaco et al., 2020). We believe
that expanding the current variety of harvested species and
their modalities of use, promoting sustainable harvest with
education and outreach actions, will lead local develop-
ment based on products and services. This process must
be accompanied by proposals for public policies and new
legislation for NWFPs that rules public and private models
for action.
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