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Abstract— Wild edible fungi are a part of diet in various 

regions of the world, and are also known for their medicinal 

value. The scientific studies of wild truffle species in 

Scandinavian countries such as Finland have only started 

recently. The wild truffle species found and reported in Finland 

fall in the white truffle category. The growth and occurrence of 

truffles is affected by various soil parameters, host plants, and 

the environmental conditions. In this review article we discuss 

for the first time the less-reported white truffle species that have 

been found in Finland. The objective of this article is to provide 

an account of the parameters affecting the growth of Finnish 

white truffles such as chemical and physical properties of soil, 

environmental conditions, and the favourable host plant 

cultivar and discuss molecular tools used for their identification. 

The studies on these truffles have been compared with the ones 

from other regions of the world. Finally, we discuss the 

importance of the studies on the wild varieties of Finnish white 

truffles, need of further scientific studies, the possibility of using 

the knowledge for growing the truffle species with high 

economic value in international market, and subsequently it’s 

potential to contribute to the economic growth of rural areas. 

 

 
Index Terms— Finnish wild truffles; white truffles; Tuber 

anniae; T. foetidum.  

 

I. INTRODUCTION 

Truffles are the hypogeous fruiting bodies of the 

mycorrhizal fungi that belong to the genus Tuberaceae. 

Truffles were first recognised in the 18
th
 century, and till date, 

newer species are being identified across the globe [1]. 

Truffles have been bestowed upon with titles such as 

‘underground gold’ and ‘black diamond’ due to their peculiar 

taste and aroma profile, and fluctuations in produce due to the 

period of cultivation and sensitivity to climatic conditions. 

Truffles are very much a part of Mediterranean, European, 

American, and Arabian cuisines. Along with their culinary 

appeal, truffle fruiting bodies have also been researched from 

nutraceutical perspective for their antiviral and antimicrobial 

activities, hepatoprotective activity, antioxidant capacities, 

anticancer and anti-inflammatory potential, and 

antimutagenic effects [2]. This is attributed to the presence of 

various polyphenolic compounds in truffles. Burgundy 

truffle [3] and various desert truffles [4] have been researched 

for this purpose extensively. However, many of the white 

truffle varieties are yet to be explored for their biological 

activities. 

Truffles have been found to grow naturally in various 

climatic conditions ranging from the harsh desert climates 

[4]-[5] to the cold European climate [6] and now in the colder 

Scandinavian climate [7] with systematic scientific 
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cultivation techniques. Many truffle species have been 

discovered in Finland by various researchers and confirmed 

genetically using sophisticated molecular techniques. 

Truffles that have been identified in various regions in 

Finland include T. anniae [8], T. foetidum [9], T. maculatum 

and T. scruposum [10]. Researchers have also reported the 

findings of T. anniae and attributed the occurrence of this 

truffle to the dispersal of Tuber between Europe and North 

America, possibly following the retreat of glaciers and 

reforestation of boreal regions during the Pleistocene [8]. 

Initially, the only truffle species of economic value which 

was naturally found in Finland was probably T. borchii 

(considering its identification is still under investigation). 

Such findings help promote systematic cultivation of truffle 

in newer regions, adding to the richness of culture and 

economics.  

Cultivation of Mediterranean truffle varieties in the 

Scandinavian countries has been tried by many researchers. 

T. aestvium (the burgundy truffle), a highly priced truffle, 

was initially restricted to Southern France and Italy. It is now 

cultivated in Southern Sweden [7], Finland [1], and Poland 

[11]. Shamekh et al. (2014) systematically studied and 

reported successful cultivation of T. aestivum inoculated oak 

seedlings in the boreal Finnish climate. Highly esteemed 

European truffle species (Tuber aestivum Vittad. and T. 

borchii) were grown in a pecan orchard at North America 

which proposed an additional stream of revenue to the pecan 

growers in the region [12]. T. melanosporum naturally occurs 

in France, Spain, and Italy but in recent times its cultivation 

has been practiced in the truffle orchards of Australia [13]. 

This illustrates the possibility of cultivation of European 

truffle varieties outside its native region [1].  

The globalization of cuisines has increased the demand for 

truffle flavours both in natural and artificial forms all over the 

world. This calls for an increased cultivation of truffles in 

both natural and induced forms. Since the popular truffles are 

a seasonal produce, their cultivation in Finland, where their 

season of harvest is different from rest of the Europe, has an 

advantage to provide a continuous supply and can help to 

increase profitability in the truffle business. T. melanosporum 

has a wholesale price of US$ 800 per kg in European market 

which increases up to US$ 1450 per kg when it is produced 

out-of-season in New Zealand and supplied to Europe [14]. 

Development and transfer of truffle cultivation techniques 

can help provide an uninterrupted supply of the popular 

truffles in fresh forms during all seasons, introduce concealed 

truffle varieties to the world, and generate new business 

opportunities. 

Over 100 species of fungi have been taxonomically, 

morphologically or genetically classified as true truffles. 

These fungi are tropically dependent on certain host plant 

roots for the mycorrhizal symbiosis formation, and 

exchanging nutrients and carbon with their hosts. This means 

their incidence is further restricted by the range of their 

(potential) hosts [15]. The trees of choice for symbiosis are 
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pine (Pinus spp.), fir (Abies spp.), birch (Betulaspp.), aspen 

(Populus spp.), oak (Quercus spp.), hazel (Corylusavellana 

L.), and rockrose (Cistus spp.) and also form mycorrhizas 

with orchids [8].  

The truffles identified in the Finnish forests are in 

symbiosis with trees different from those reported for rest of 

Europe. For instance, in Finland, T. foetidum is associated 

with trees in the forests dominated by Norway spruce (Picea 

abies), with scattered birch (Betula spp.) and pine (Pinus 

sylvestris) in Lahti (100 km North of Helsinki) area of 

Finland [9]. Whereas, it grows in association with fagaceous 

trees (Quercus and Fagus) in southern Europe, in British 

Isles with Larix, in Denmark with deciduous forests and 

under hazel in Sweden. Spruce is not a commonly reported 

host tree for Tuber spp. [9].  

Tuber maculatum has been collected in Southern Italy [16]. It 

is commonly found in Southern Europe, North America and 

has also been introduced in Australia, New Zealand by 

induced cultivation [17]. T. maculatum and T. borchii are 

both white truffles that are difficult to differentiate on the 

basis of morphological characteristics. The unambiguous 

differentiation using molecular probes is necessary for both 

economic and regulatory reasons since T. borchii is of value 

in the Italian food market (Mello et al., 2000). T. scruposum 

were also identified in the same environment in Lahti as T. 

maculatum [10].  

The truffle species initially restricted to grow in certain 

regions of the globe, happen to disperse and recently grow in 

different regions due to various reasons. This review focuses 

on the existing few species of white truffle in Finnish forests 

and the parameters that influence their growth such as type 

and composition of soil, and host trees. This will help 

promote further systematic research towards identification 

and induced cultivation of truffle species of cultural as well 

as economic importance. Knowledge of various truffle 

cultivation and sophisticated analysis techniques is required 

in this process. This review paper also focuses on the various 

techniques of morphological and genetic evaluation for 

identification of white truffles. Finally, we shed light on the 

significance of the studies on truffle research, induced 

cultivation, and its possible economic role in rural areas of 

Finland.  

II. FINNISH WILD TRUFFLES AND THE NEED FOR THEIR STUDY 

Worldwide popularity of fresh truffles suggests the need to 

explore local varieties of truffles. The naturally existing 

(wild) white truffles have been discovered in several areas of 

Finland such as Puumala, Joensuu, Kotka, Turku, Lahti, 

Lohja, Espoo, and Lieksa among others (Fig. 1). The 

scientific literature available on Finnish white truffles is 

scant. Tuber anniae [8], T. foetidum [9], T. maculatum and T. 

scruposum [10] are few species among Finnish wild truffles 

which were studied and scientifically identified. Finnish 

truffle collectors are selling their findings to restaurants and 

consumers without proper knowledge of the truffle species. 

Thus, it is important to develop techniques in order to 

differentiate between the species of white truffle groups. 

There is a need for a profound study of the molecular 

characteristics of the different Finnish truffle deposits which 

will help identify the correct market value of truffle species 

of high economic worth such as T. borchii. The confirmed 

species descriptions can be presented in the Catalogue of the 

commercial mushrooms (Kauppasieniluettelo) held by 

EVIRA Finnish Food Safety Authority Evira. 

 

Fig. 1: Sites of wild Finnish truffles located in Finland 

III. BACKGROUND OF RESEARCH ON WHITE TRUFFLES IN 

FINLAND 

The research on the wild truffles occurring in the 

Fenno-Scandinavian region is scarce [10] and is still 

flourishing. Until the last decade, the most records of truffle 

species in this region was held by Denmark (6 white and 3 

black truffle species), and Sweden (5 tuber species including 

2 black truffles) [9]. However, in Finland, truffles were not a 

part of the culinary tradition, and the first records of truffles 

were T. maculatum, T. scruposum, and T. borchii [8,9] 

followed by reports on T. anniae and T. foetidum. T. anniae is 

a white truffle variety that was found in eastern Finland. 

Wang et al. (2013) [8] studied morphological and molecular 

characterization of ectomycorrhizae of T. anniae obtained 

from pine, breach, oak, aspen, and orchid trees and reported 

geographical disjuncts in colonization of T. anniae which 

suggests possibilities of its adaptation in the new habitats. 

There are no other reports available on this truffle variety in 

the scientific literature to the best of our knowledge. This 

calls for further investigation to study biochemical 

characteristics of this truffle and to explore the possibilities 

for plantation of this wild variety to generate new business 

revenue. 

Shamekh et al. [10] investigated soil habitat characteristics 

and forest vegetation of the natural habitats of white truffles 

in Finland and observed colonization of T. maculatum and T. 

scruposum majorly with P. abies. T. borchii was the first 

Finnish truffle variety with gastronomic value [9] which 

obtained place in Italian truffle market. However, many other 

Finnish wild truffles are yet to be explored for their 

commercial potential. There is a huge scope to study other 

Finnish wild white truffle varieties, and to explore their 

commercial value in the international market. 

Wang et al. [8] discovered a substantial spontaneous 

fruiting of white truffles in Puumala, Finland. Phylogenetic 

analyses (using molecular methods) showed that these 

truffles belong to the T.  anniae species complex. Earlier this 

species was considered to be uncommon, and restricted only 

to the Pacific Northwest, USA.Furthermore, there is a 

confusion of the identities due to the differing species 
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concepts. For instance, Mello et al. (2000) [17] has reported 

the close morphological resemblance of T. borchii to T. 

maculatum. In addition to the truffle species discovered and 

identified so far in Finland, several environmental samples 

remain undistinguished since they have been detected only as 

ectomycorrhizae, while ascomata of these species are yet to 

be discovered and described [8]. Researchers have 

hypothesized the significance of other fungal and even 

bacterial communities associated with truffles in their 

occurrence/growth [18]. Therefore, apart from a 

comprehensive understanding of the soil conditions, host 

plant, and morphological properties of truffles, a thorough 

knowledge on the use of molecular tools for the identification 

and distinguishing of true truffles and the associated 

microbial community also becomes necessary.  

The true wild white Finnish truffles found in Finland are 

shown in Figure 2. Various truffle-like fungi received from 

Finnish people were studied at JTC in order to confirm the 

identity and some of the false truffles of genus Hydnotrya¸ 

Rhizopogon, Scleroderma, and Elaphomyces were 

differentiated (Figure 3) [19]. Attempts have been made 

earlier to resolve these truffle-like fungi on genetic basis from 

true truffles [20]. 

 

 
Fig. 2: Finnish wild white truffles received at JTC 

 

 

Fig. 3: Truffle-like fungi (false truffles) received by JTC from Finnish people, differentiated from real truffles as fungi of the 

genus a) Hydnotrya¸ b) Scleroderma and c) Elaphomyces. 

 

IV. A COMPARISON OF SOIL PROPERTIES AND GROWTH OF 

WHITE TRUFFLES 

A. Chemical properties of soil 

 

The pH and composition of soil plays a crucial role in the 

survivability and growth of truffles. As a rule of thumb, soils 

with a pH in slightly basic range make the truffle beds most 

productive. The pH of most truffles beds varies between 

7.0-8.9 (averaging to 7.9 ± 0.4) and the pH of 95% of soils 

showing truffle growth ranges between 7.5 and 8.3 [21]. In 

their ectomycorrhizal form, the substantial environmental 

challenge that white truffles face, is the high soil pH values 

(7-8.5) which is typically observed in their natural habitats 

[22]. 

In a study on finding and identification of wild truffles in 

Finland, Salem et al. (2009) [10] reported the pH of 6.6 of the 

forest soil where the truffles were found, which is higher than 

the pH of typical Finnish forests, which ranges between 

4.3-4.5. The truffles found in this study were later identified 

as T. maculatum and T. scruposum[10]. In another studies 

[8,9], where the earliest (supposedly the first) findings of T. 

anniae and T. foetidum were reported in Finland, the soil pH 

was found out to be 6.5. The authors stated the reasoning for 

higher pH as a former use of the site as a farm field and/or the 

use of lime fertilizers. T. foetidum has been reported to grow 

well in near neutral soil and has shown a unimodal 

relationship with the soil pH, with a pH optima between 

5.5-5.9 [15]. Researchers have also reported the findings of T. 

maculatum along with T. magnatum, in soil with a pH of 8.0 

± 0.2 in Italy [23, 24]. Moreover, a study on the suitability of 

fluvial planes for T. magnatum production has also reported 

an alkaline pH of the soil environment [25]. These reports 

point towards the need of an alkaline soil environment for the 

white truffle T. magnatum. In a study performed by Timonen 

and Kauppinen [26] in forest habitats of Southern Finland, 

the probable findings of ectomycorrhizas of T. maculatum 

Vittad. identified by sequencing techniques, in soil with pH 

of 4.5-4.6 was reported. These results are in contradiction 

with the results of aforementioned study by Bertini et al. 

(2006) which indicated the presence of T. maculatum in a soil 

with an alkaline pH. Amongst the clade of white truffles (of 

the genus Tuber) that show unimodal relationship with pH, T. 

borchii has been reported to show the lowest pH optima, 

which lies between 4.5-4.99 [15]. Again, this is in 

contradiction to a study where T. borchii was reported to 

grow naturally in a soil of pH 7.5 [27]. In conclusion to these 

studies, the major difference between the white truffles found 

in Finland and other parts of Europe is the growth of truffles 

in lower pH soils in case of the former. The occurrence and 

growth of white Truffles would depend not only on pH, but 

also on other chemical as well as physical properties of soil, 

which are influenced greatly by their geographical location. 
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Hence, appropriate techniques need to be developed and used 

to maintain the soil pH in the optimal range and monitor 

physico-chemical properties of soil for truffle growth. 

 

Another important consideration that influences Truffle 

growth/cultivation is the physiochemical composition of the 

soil. Although very few studies have reported on the 

chemical composition of soil, specifically where white 

truffles or their ectomycorrhiza have been found, they still 

add value to understanding the needs of white truffles such as 

T. anniae, T. maculatum, T. magnatum, and T. borchii. Some 

of the results of these studies that have reported the chemical 

composition of the soil for elements such as Calcium (Ca), 

Magnesium (Mg), Potassium (K), Phosphorous (P), and total 

organic carbon have been compared in Table 1. 

 

Table 1: Chemical composition of soil for various truffles under study 

Truffle species 

studied 

Location 

Calcium 

(Ca) 

Magnesiu

m (Mg) 

Potassium 

(K) 

Phosphoro

us (P) 

Total 

organic 

carbon 

Reference 

T. anniae 

Puumala, 

Finland 

3500 mg/L 470 mg/L 360 190 11.5% [8] 

T. maculatum/ 

T.rapaeodorum/ 

T. borchii 

PornainenH

irvisuo, 

Finland 

498 ppm 44.4 ppm 76.3 ppm 4.48 ppm 10.0% [26] 

T. borchii 

Marina di 

Ravenna, 

Ravenna, 

Italy 

8.4% - - 

24 µg/mL 

(extractable

) 

1.3% [27] 

T. magnatum 

Central 

Italy 

16.24 

cmole/kg 

3.14 

cmole/kg 

0.42 

cmole/kg 

- 1.96% [28] 

T. magnatum 

Pesaro-Urbi

no, Italy 

- 

392.7 

mg/kg 

271.6 

mg/kg 

4 mg/kg 27.4 g/kg [23] 

-: not mentioned 

The results from these studies have made the comparison 

of truffle-producing soil and reference soil (where no truffles 

have been found) easier, and has ultimately helped in 

understanding the role of the chemical composition of the soil 

in truffle occurrence/growth. For instance, Wang et al. (2013) 

who studied the occurrence of T. anniae in Puumala, Finland, 

reported a concentration of Ca and Mg that was 12 and 18 

times higher, respectively, in truffle-producing soil than in 

the reference soil. The authors also reported a 6 times higher 

concentration of Potassium, and around 50 time higher 

concentration of Phosphorous in the truffle-producing soil.  

 

The total organic carbon was also high (11.5%) in 

truffle-producing soil than in the reference soil (2.9%). The 

differences in the chemical composition of soil can be seen 

not only with variations in the fields/areas, but also with 

variations in the depth of the soil. For instance, while 

studying the mycorrhizal colonization patterns, Timonen and 

Kauppinen [26] reported the differences in the soil collected 

from the same forest location from Southern Finland, but at 

varying depths. The authors could notice substantial 

differences in soil composition where the content of Ca, Mg, 

P, K, and Fe at a depth of 20-25 cm was 2-3 times less than at 

a 5-10 cm depth. Thus, almost all of the elements tend to 

decrease in proportion, with increasing depths of soil. Similar 

methodology was used by Wang et al. [8] to gain insights in 

the soil composition where T. anniae truffles were found, 

where the authors collected the soil at varying depths (5 and 

10 cm) but mixed it for analysis to understand the 

average/mean range of the elements. 
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B. Physical characteristics of soil 

 

The physical characteristics of soil have been another 

major studied factor in research focusing on truffle 

cultivation.  The nature of soil is studied based on its 

composition of coarse sand (0.2-2.0 mm), fine sand (0.02-0.2 

mm), silt (0.002-0.02 mm), and clay (<0.002 mm) [8]. Wang 

et al. [8] reported the findings of T. anniae in Pumala, 

Finland, where the soil showed an abundance of coarse sand 

(75%). The other soil components were 12% fine sand, 9% 

silt, and 4% clay. The authors also studied a reference soil 

from an adjacent non-truffle producing field, where the 

composition was 45%, 38%, 11%, and 6%, of coarse sand, 

fine sand, silt, and clay, respectively. In another study by 

Bragato et al. [25], the authors studied the soil composition in 

terms of sand, silt, and clay, for T. magnatum producing area 

(ČepićPolje, Croatia).  

 

The authors reported a higher proportion of silt in 

productive soil (65.1%) as well as reference soil (53.3%), in 

comparison to sand and clay. The proportion of sand was 

12.5% and 7.7%, and that of clay was 22.4% and 37.2%, for 

productive and reference soils, respectively. In contradiction 

to this, a higher proportion of sand (55.4%) has been reported 

for T. magnatum soil from Central Italy, as opposed to 24.1% 

and 20.5% of silt and clay, respectively [28]. This is in 

agreement with a report for soil from a T. magnatum truffière, 

from Central Italy, where the average composition of sand, 

mud, and clay was reported 354.0, 470.7, and 175.3 g/kg soil, 

respectively [23]. The dynamics of sedimentation also play a 

crucial role in the occurrence and growth of truffles such as T. 

magnatum. T. magnatum has been reported to grow in the 

present-day flood deposits that run next to the streams where 

moist soil with a loose and weakly organized 

granular/subangular structures are observed [28]. The soil 

belonging to Calcaric Fuvisol type (young alluvial soil) that 

is rich in lime is suitable for the growth of T. magnatum [28]. 

V. TRUFFLES AND THEIR HOST PLANTS 

The formation of ectomycorrhizal association of truffles 

with the roots of the host plant is a well-known fact. The life 

cycle of truffles can be divided into three phases: the 

vegetative growth of mycelium; contact with the roots of the 

host plant and formation of the ectomycorrhiza; and finally 

the development of the hypogeous fruit body [29]. Thus, 

apart from knowing the soil parameters it is also crucial to 

understand the cultivar of host plant to achieve successful 

truffle cultivation.  

 

Truffles have been known to grow in association with 

various tree cultivar. Yet, Oak (Quercus robur) is a 

well-known of the host plants for growing black and 

burgundy truffles. Howbeit, the Finnish truffles reported so 

far have been found in association with other trees such as 

birch, pine and spruce [9]. For instance, Shamekh et al. [10] 

reported the findings of T. maculatum and T. scruposum in 

Finland, where the truffle site was predominantly covered 

with a vegetation of spruce trees (Piceaabies) with a few pine 

trees. Another important occurrence of truffles in Finland 

was reported by Wang et al. [8] for the species T. anniae, 

where the site is dominated by Pinus sylvestris trees (nearly 

20-30 years old) with some Betula pendula Roth scattered 

amongst them. These authors also included T. anniae 

samples found at a site in Alaska, that were found growing 

under Alnus sp. trees intermixed with trees of Picea and 

Betula species. Furthemore, another study by Orczán et al. 

[9] lead to the findings of T. foetidum for the first time in 

Finland. These authors reported the findings of T. foetidum in 

a forest near Lahti, Finland, where the vegetation was 

dominated by Norway spruce (P. abies) with scattered birch 

(Betula sp.) and pine (P. sylvestris).  

 

Outside Finland, the ectomycorrhizal association of T. 

borchii mycelia with Pinus pinea roots has also been reported 

to occur naturally at a site in Ravenna, Italy [27]. These 

findings point at the possibility that the trees such as P. abies, 

B. pendula, P. sylvestris, and P. pinea might be potential 

hosts for truffles such as T. maculatum, T. anniae, T. 

foetidum, and T. borchii. Another study on the occurrence of 

truffle ectomycorrhiza of Tuber species (T. maculatum/T. 

rapaeodorum/T. borchii identified by phylogenetic analysis) 

was reported for their association with Tiliacordata trees in 

southern Finland [26]. T. maculatum has also been reported 

for its association with Populus deltoides trees in ČepićPolje, 

Croatia [25]. T. magnatum has been reported to grow in 

Croatia in areas where common oak, oriental hornbeam 

(Carpinusorientalis Mill.), elm (Ulmus minor Mill.), 

common maple (Acer campestris L.), poplars (Populus spp.) 

and willows (Salix spp.) grow [30]. Considering the 

significant role that the host trees play in the 

occurrence/growth of various truffle species, their knowledge 

is of utmost importance in the cultivation of truffles. 

VI. MORPHOLOGICAL INVESTIGATION 

Ascomata of various truffles species have been known 

worldwide for their gastronomic value. However, the 

ascocarp also serves as an important tool in the 

morphological identification of truffles species. The 

identification of truffles can be carried out at a primary level 

based on their macro and micro morphology. The 

characteristics taken into consideration include the ascomata 

(diameter, color, and patterns), gleba (color, pattern, and 

aroma), peridium (thickness, layers, and color), and asci 

(shape, color, patterns, and number). In some cases, where 

the fruiting body (ascocarp) is yet to develop, the 

ectomycorhizza can be studied for their microscopic 

characteristics, based on which a primary identification may 

be carried out. Truffles can be distinguished easily based on 

the morphology of ascocarp and ectomycorrhiza [29]. The 

macro/micro morphological features of various white truffle 

species are given in Table 2. 
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Table 2: Differentiating characteristics of various parts of white truffle species 

 

Truffle 

species 

Differentiating characteristics References 

T. anniae 

Ascomata: 5-25 mm in diameter, subglobose/irregularly subglobosestereothecia; surface 

pale greyish; orange when young, darker with more brownish tinge when mature 

Peridium: 120-200 mm thick, double layered; pseudoparenchymatous with globose to 

subglobose cells 

Gleba: white when young, brownish when mature, marbled with well-developed paler 

veins 

Odor: faint but pleasant aroma 

[8] 

T. foetidum 

Ascomata: 9 mm in diameter; pale ochraceous, brownish surface 

Peridium: 330–380 μm in thickness; pseudoparenchymatous with polygonal/roundish 

cells 

Gleba: was paler than the surface, and rarely marbled 

Odor: unpleasant 

[9] 

T. magnatum 

Ascomata: hypogeous, irregular, lobed, gibbous, sometimes flattened; pale ochre or 

greenish 

Peridium: pseudoparenchymatous, with subglobose to ovoid cells 

Gleba: soapy texture, pale yellow, reddish brown, with flesh-red spots, marbled with 

numerous, thin, whitish veins 

Odor: strong, with mixture of methane gas, fermented cheese and garlic 

[31] 

T. borchii 

Peridium: 500-600 µm in thickness, outer half pseudoparenchyma with isodiametric cells 

Gleba: merged with the inner layer of peridium, beige, reddish brown, marbled, with 

white, wide, veins arising from periphery 

Odour: garlicky, pleasant when young, strong and unpleasant when mature 

[17,32] 

As a rule of thumb, white truffles might show common 

morphological characteristics such as abundant 

ectomycorrhizal system, densely ramifying, monopodial to 

pyramidal. The main axes could be around 3–4 mm in length, 

either straight or slightly bent [33]. The ends are generally 

unramified, 0.7 mm in length and 0.2–0.3 mm in diameter, 

cylindrical or slightly tapering, with tips lighter than other 

parts. The surface is densely spiny with cystidia, without 

rhizomorphs. Cystidia could be frequent, apical to lateral, and 

colorless or yellow [33]. 

Although morphological studies serve as an important tool 

for identification of truffle species, distinguishing various 

species within the genera Tuber (such as T. magnatum, T. 

borchii, T. maculatum, etc.) can be difficult [29] due to 

morphological similarities. These morphological similarities 

make the differentiation of the white truffles with high 

economic value from the ones with no or low economic 

significance difficult even for the truffle experts. Truffles 

such as T. borchii have excellent market value. Other truffles 

with similar morphology may be sold falsely or unknowingly 

as T. borchii. In such cases, it is crucial to ensure the exact 

species of the truffle to ensure its market safety, purity, and 

high economic value. This can be carried out using molecular 

tools such as DNA analysis, which have been discussed in the 

subsequent section. 

VII. MOLECULAR INVESTIGATION 

The principle generally used for molecular analysis 

involves extracting DNA from samples, amplifying it using 

PCR technique, and characterization by RFLP analysis 

and/or sequencing and comparing with various DNA 

sequence databases. The DNA may be extracted from various 

sources such as ascomata [8], [9], [23], [27] ectomycorrhiza 

[8], [23], [26], [27], or from soil sample as seen in certain 

studies [18].  

The DNA sequence that is primarily focused upon is the 

internal transcribed spacer (ITS) which is roughly 600 base 

pairs long and lies in the ribosomal tandem repeat gene 

cluster of the nuclear genome [34]. The ITS sequence is 
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further divided into 2 regions; ITS1 and ITS2 which are 

separated by 5.8S rRNA gene [34]. In vast majority of fungi, 

the genes for 18S, 5.8S, and 28S rRNA are highly conserved, 

thus allowing the design and use of “universal primers” such 

as ITS primers for fungal DNA bar coding [34]. Several 

researchers have studied the various white truffle species 

using molecular tools with ascocarp or ectomycorrhizal 

samples as the DNA source. For instance species such as T. 

anniae [8], T. foetidum [9], T. borchii, and T. maculatum [17] 

have been studied using sequence analysis of DNA isolated 

from ascocarps. RFLP has also been used to study species 

such as T. anniae [8] and T. borchii [27] using 

ectomycorrhizal samples.  

A hypothesis suggesting the impact of soil-borne 

communities on truffle production has been put forth [18]. 

Apart from their use for the identification/classification of the 

truffle species, molecular methods have also been used to 

study the microbial communities associated with the wild 

white truffles such as T. magnatum [18] and T. borchii [27]. 

Thus, with the promising molecular techniques, the 

possibility of studying the white truffle-associated microbial 

communities, the effect of the truffles on the biodiversity, and 

its utilization for optimal white truffle cultivation in Finland 

could be explored. Furthermore, confirmation of the exact 

species of the fine white truffles such as T. borchii which 

have high market price could be done using molecular tools. 

This could ensure higher economic value of the truffles in 

Finish markets, considering that these fine truffles do not 

have a traditional market place in Finland. This could lead to 

substantial economic growth of rural Finnish areas. 

VIII. OPPORTUNITIES FOR CULTIVATION OF NEW TRUFFLE 

VARIETIES IN FINLAND 

Shamekh et al. [1] successfully cultivated T. aestivum 

inoculated Southern European provenance Quercus robur 

seedlings in the boreal region of Finland. In this study, 

various plant management practices and optimized soil 

conditions, and irrigation methods suitable for the growth of 

oak seedlings were studied. The morphological and 

molecular analysis of root samples collected from these oak 

seedlings confirmed the growth of T. aestivum. This study 

confirmed that successful plantation of new varieties of 

truffles is possible with proper plant management and 

cultivation practices in extreme winter conditions of Finland. 

Various truffles have different fruiting/ harvesting season. 

Harvesting of T. aestivum is carried out during June to 

August; T. melanosporum is harvested during December to 

March, whereas T. uncinatum is harvested between 

September and December [35]. In Finland, the truffle harvest 

season falls during late July and continues until November, 

which is the off season for white truffles in rest of the Europe. 

Thus, the productive season of Finland can be used to grow 

white truffles such as T. borchii which have high economic 

value, while the rest of the European region has an off season 

for white truffle growth. Growing these white truffles in their 

off-season would result in steady supply as well as a high 

market value. Amongst the truffles discovered in Finland so 

far, owing to its culinary value, the finest one seems to be T. 

borchii, which is still under confirmatory studies using 

molecular tools. Considering the significant value of such 

truffles, establishing their cultivation orchards in Finland 

could be of great economic importance. With the knowledge 

of the appropriate soil conditions and host plants species, 

establishing truffle farms for the fine truffles such as T. 

borchii is possible. With this comprehensive knowledge, 

various truffles can be grown off-season by establishing 

truffle orchards in rural Finnish areas, thus generating 

potential business opportunities throughout the year. This 

could also help in ensuring a market position for truffles 

which do not have a traditional market place in Finland. 

Ultimately, this would invite employment opportunities and 

thus help boost the rural economy. 

IX. CONCLUSION 

 Considering the sparse reports, it seems that Finland has 

not been a traditional truffle-producing location, nor were 

truffles a part of Finnish diet. Despite several truffle species 

such as T. maculatum, T. scruposum, and T. foetidum being 

discovered recently, it appears that truffles have had a long 

history of presence in Finland. Truffle species found in 

Finland which have significant economic value such as T. 

borchii, are still under confirmatory investigations. A 

comprehensive knowledge of the soil properties, host plants, 

favourable environmental conditions, as well as the methods 

for identification of truffles seems to be decisive in successful 

truffle cultivation. With this knowledge and appropriate 

orchard-management techniques, it would be possible to 

grow truffles with high economic value such as T. borchii as 

well as non-native black truffle species. This would in turn 

bring various employment opportunities to the rural areas of 

Finland and ultimately contribute to considerable economic 

growth. 
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