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Implications
Truffles are rarely found in Finland, in spite of recent breakthroughs. In 2006, we initiated an effort to explore the possibility, and feasibility of truffle cultivation in Finland. This effort started by establishing the first truffle orchard in Juva. By 2016, we planted roughly 10 000 tree seedlings in 33 orchards. The results of our work indicated that even a boreal Finnish area is suitable for the sustainable organic production of truffles, and it appears that Tuber aestivum is a promising truffle species for future truffle orchards in northern conditions. Our results also show that restrictions caused by the Finnish winter climate and low soil temperatures can be overcome with proper soil and winter protection management. In conclusion, the selection of proper tree species and provenances is needed to obtain positive results from cultivating truffles in Finland as a future, sustainable and organic crop for the benefit of rural Finnish areas’ economy and prosperity.
Background and objectives
Truffles can be defined as hypogeous fungi of the genus Tuber, which grow in symbiosis with several trees. In comparison with the Mediterranean region, truffles are less documented in Fenno-Scandinavia. Interestingly, truffles are considered the most expensive edible fungi in the world. Economically, the two most highly renowned truffle species are Tuber melanosporum Vitt., and T. magnatum Pico. Finland is not a traditional truffle-producing location, nor are truffles a part of the traditional Finnish kitchen. Nonetheless, truffles have a long history in Finland, despite several truffle species (T. maculatum, T. scruposum, T. foetidum and T. anniea excluding) having only been recently identified (Shamekh et al. 2009; Orczán et al. 2010; Wang et al. 2013). Over the last decade, we have established the first truffle orchards in Finland in order to study oak seedling survival, growth, and truffle ectomycorrhiza development in a boreal environment with long winters and low winter soil temperatures. To overcome these environmental restrictions, a combination of different orchard adaptations and management methods were applied and studied (Shamekh et al 2014). Interaction of truffle mycelium with the host plant involves the excretion of extracellular enzymes. The ability of T. maculatum mycelia to produce an extracellular cellulase during submerged fermentation was demonstrated for the first time worldwide (Bedade et al. 2017). Producing chanterelle mycelia was successfully performed in Juva Truffle Center recently for agro-forestry industry applications. The goal of this study was to provide a new and sustainable crop and income for forest and land owners in Finnish rural areas. 
Key results and discussion
The effect of the applied protection methods was noted in examining the soil temperature and survival of the tree seedlings inoculated with truffles. The soil temperature at a depth of 15 cm dropped below 0 °C (−0.25 °C to −8.1 °C) at all measured sites during the winters of the study. The lowest temperatures (below−5 °C) were recorded on the sites where no additional protection was applied, or only a thin layer of sawdust was used during the winter. Morphological and molecular investigations of the root samples taken from the grown oak trees showed that truffle ectomycorrhiza was present in root samples at all studied sites. In October 2012, the first truffle crop was harvested from two orchards which were established in 2006. Since 2012, the truffle crop of the Finnish orchards was harvested yearly. Our experimental results showed that further studies on purification and characterization of extracellular enzymes of truffle mycelia is needed in order to explore their potential for commercial and industrial applications. The optimal enzymes production pH is well in line with the pH of Finnish forests (Sippola & Yli, 2004). This pH level can be applied in establishing orchards for Finnish wild truffles which is lower than the pH of the soil orchard of Italian and French truffle species. It is noteworthy that the Finnish harsh winter is challenging both for truffles and ectomycorrhiza host trees. The results of this work indicated that even a boreal area is suitable for the sustainable production of truffles, and it appears that T. aestivum is a promising truffle species for orchards in northern conditions. Our results show that Southern European oak seedlings and T. aestivum can adapt to the Finnish climate and ecological conditions. Our results also show that restrictions caused by the northern climate and low soil temperatures can be overcome with proper soil and winter protection management. In conclusion, the selection of proper tree species and provenances is needed to obtain positive results.
How work was carried out?

Thirty-three of organic truffle orchards were established over 2006–2014 in Finland. Seedlings were planted in rows with 3–5 m between plants to ensure good future shading with canopies and access to harrowing machines. The soil between the rows was ploughed, harrowed, or weeded mechanically. The soil properties were determined for all truffle orchards prior to the first liming and planting, as well as in the years following planting. The soil temperature was measured by a data logger for each orchard at two differently exposed points of 15 cm depth. Different mulching and winter protection methods were applied to find out which one was suitable for the boreal climate. To assess the survival of truffle ectomycorrhiza on the roots of oak seedlings, root samples were taken randomly from each orchard for morphological and molecular identification. The truffle crop (organic) was picked by the help of trained dogs in every October since 2012.
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