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INTRODUCTION

Abstract

Anatomical features of four Pilosella Vaill. taxa (P. officinarum Vaill., P. piloselloides (Vill.) Sojak subsp.
bauhini (Schult.) S. Braut. & Greuter, P.x hypeurya (Peter) Sojak, P. densiflora (Tausch) Sojak) collected
from Black Sea Region of Turkey were investigated. Anatomical studies include transverse sections of
root, stem and leaf with their illustrations. Although the anatomical properties are similar to the
typical anatomy of dicotyledons, some differences were observed among them. While root anatomy
of P. officinarum, P. piloselloides subsp. bauhini and P. densiflora consist of a single layer exodermis,
there is 2-3 layer exodermis in the natural hybrid P. x hypeurya. Additionaly the root pith of this
hybrid taxa completely composed of schlerenchyma cells in contrast to other investigated taxa. The
stem anatomy of the investigated taxa is similar to each other except the number of the tracheidal
elements. The numbers of the stomata per um? disticltly differ in P. piloselloides subsp. bauhini from
the rest examined taxa.

Ozet

Bu galismada Turkiye’nin Dogu Karadeniz bolgesinden toplanan 4 Pilosella Vaill. taksonunun (P.
officinarum Vaill., P. piloselloides (Vill.) Sojak subsp. bauhini (Schult.) S. Braut. & Greuter, P. x hypeurya
(Peter) Sojak, P. densiflora (Tausch) Sojak) anatomik yapilari incelenmistir. Anatomik veriler kok,
godvde, yaprak enine kesit ve yaprak yiizeysel kesitleri gizimleri ile birlikte verilmistir. incelenen tiirlerin
anatomik yapilari tipik dikotiledon yapisina benzerlik géstermekle birlikte aralarinda bazi farkliliklar
tespit edilmistir. P. officinarum, P. piloselloides subsp. bauhini ve P. densiflora’nin kok anatomilerinde
tek sira ekzodermis bulunurken, melez bir takson olan P. x hypeurya kok anatomisinde 2-3 sira
ekzodermise rastlanmstir. Melez taksonun kok 6z bolgesi diger incelenen taksonlardanfarkl olarak
sadece sklerankima hiicrelerinden olusmaktadir. Trake sayilari disinda gévde anatomilerinin benzer
oldugu gorilmisir. P. piloselloides subsp. bauhini’de stoma sayilari belirgin sekilde diger tiirlerden
fazladir.

Hieracium in its achene structure, stoloniferous habit and
much higher capacity for sexual reproduction than

According to the monograph of Zahn (1921-1923), the
genus Hieracium L. is divided into four subgenera and two
of these, Hieracium L., Pilosella Vaill. are present in
Turkey but Sell and West (1974) who prepared the
account of Pilosella for the Flora of Turkey recognised
these subgenera as a distinct genera. Phytochemical
(Petrovic et al. 1999) and molecular (Shi et al. 1996)
studies on the genus Hieracium s.l. strongly support the
morphologically based classifications, however now
Pilosellais generally treated as a distinct genus, based on
a whole range of morphological, biochemical, cytological
and genetical characteristics (Braltigam and Greuter
2007). Pilosella
complexity and sufficiently different from the genus

is well known for its taxonomic

Hieracium to merit elevation to generic status (Sell and
West 1974; Sell 1987). The genus Pilosella  was
13 hybrids
between most species that grow together in Turkey

represented with 35 species including

(Coskuncelebi 2012). Pilosella species are important for
their medical value. It is reported that it is used for the
treatments of bronchitis, bronchitic asthma and
whooping caugh (Grieve 1995).

In recent years, the genus Pilosella has been the subject
of caryological (Bishop and Davy 1994; Gadella 1987),
taxonomical (Sell 1987) and ecological (William et al.
1987) studies which improved our understanding of the
systematics of this genus. There are also studies
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undertaken in order to understand the ecology and
evolution of this species, and to implement effective
biological control (e.g. Jenkins and Jong 1997, Chapman
et al. 2000).

The anatomical properties are generally useful for the
classification and delimitation of taxa. However there are
few anatomical studies reports on the genus Hieracium
sensu lato (Qureshi et al. 2009; Talukdar 2015; Tavakkoli
et al. 2017) and Pilosella sensu stricto (Sepet 2017; Umdu
(2000), but only
lasiochaetum (Bornm. & Zahn) Sell & West and Pilosella

of them including  Hieracium
hoppeana subsp. lydia (Bornm.& Zahn) Sell & West
(=Pilosella hoppeana subsp. testimonialis (Naegli ex
Peter) P.D.Sell & C.West) distributed in Turkey. Thus the
main objective of this study is to determine the
anatomical properties of Pilosella species distributed in
Black Sea Region of Turkey. Also we can discuss all
findings in a systematic aspects within the the genus.

Table 1. Locality information of the examined taxa in the present study

MATERIALS AND METHODS

Plant materials used in this study were collected from
Black Sea Region of Turkey (Table 1). Some of the plant
materials were dried according to the herbarium
techniques and kept in the Herbarium of Biology,
Karadeniz Technical University (KTUB). Some of the plant
materials were preserved in FAA (Formalin-Glacial Acetic
Acid-Ethyl Alcohol) at 24h and stored in ethyl alcohol
(70%) for anatomical studies. Anatomical studies consist
of several sections (cross, superfacial) from root, stem,
and leaf of Pilosella species identified according to the
Flora of Turkey (Davis 1972). Sections were waited in
sodium hypochloride at 5-10 minutes so as to loose their
colour. Afterwards, these sections were stained with
safranin-fastgreen (Algan 1981) and permanent slides
were made by using entellene. All drawings (both
morphological and anatomical) were made by using a
lucida camera attached to a Olympus light microscope.

Pilosella densiflora (Tausch) Sojak

A7: Trabzon, Hidirnebi Yaylasi, 1400-1500m, Coskungelebi 164, 01 vii 1999, KTUB

Pilosella officinarum Vaill.

A7: Trabzon, Hagka Yaylasi, 1400m, Coskuncelebi 191, 22 vii 1999, KTUB

Pilosella x hypeurya (Peter) Sojak

A7: Trabzon, Hidirnebi Yaylasi, 1400-1500m, Coskungelebi 163, 01 vii 1999, KTUB
Pilosella piloselloides (Vill.) Sojak subsp. bauhini (Schult.) S. Braut. & Greuter
A8: Glimushane, Vavuk Dagi, 1800m, Coskuncelebi 168, 09 vii 1999, KTUB

RESULTS

The anatomical properties determined by the
microscopic examinations of root, stem and leafsections

in alphabetical order are in the following.

Pilosella densiflora (Tausch) Sojak

Root: Epidermis, exodermis, cortex and vascular cylinder
take place from out side to the inner, respectively (Figure
1- A). Epidermis cells are quadrilateral or polygonal with
smooth walls and have no intercellular space. The
exodermis cells are polygonal and have smooth walls and
no intercellular space. The cortex consists of
parenchymatic cells. Diameters of parenchymatic cells
are almost same and they have numerous intercellular
spaces. The cells which are close to vascular cylinder are
arranged concentric. Endodermis cells are visible and
have no intercellular space. Pericyle cells have variable

diameters with thin walls. The root is tetraarch. The
phloem arranged among the xylem poles and have thin
walls. Cambium, located between xylem and phloem, are
not visible. Xylem poles are closely in pith but not
connected. The pith consists of parenchymatic cells.

Stem: Vascular bundles are placed in one line (Figure 1-
B). The epidermis consists of one row cells. They are
usually quadrilateral and the diameters are variable. A
thin cuticle covers the epidermis. The paranchymatic
cortex cells are located under the epidermis and have
prominent intercellular spaces. The cortex consists of 6-7
rows cells and some of them which are close to epidermis
have chloroplasts. Vascular bundles are located in one
ring and they are very closely to each other. There are
some schlerencymatic cells outside the phloem. Xylem
takes 4 times larger place than phloem. Cambium,
between xylem and phloem, is not visible. Trachea are in
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radial rows and there are 5 tracheas in each row. There
are some schlerenchymatic cells outside the xylem which
faces to the pith. The pith of the stem consists of
parenchymatic cells which are usually oval and have
numerous intercellular spaces. Diameters of the
parenchyma cells increase in the pith.

Leaf: The epidermis cells are quadrilateral and have no
intercellular space (Figure 2- A). In mesophyll tissue,
palisade parenchyma consist of one row cells (usually
quadrilateral) and have numerous chloroplasts. Spongy
parenchyma cells cover three fourth of mesophyll. Among
them intercellular spaces are widespread and they are in

variable shapes and diameters. The midrib is developed,
3 times wider than the leaf lamina. There is only one
vascular bundle. Xylem takes more place and there are 5-
6 tracheas in each radial row. Phloem covers one third of
vascular bundles. Around the vascular bundle there is thin
starch sheath consist of 2-3 rows cells. The vascular
bundle is in the parenchyma tissue. Both sides of the leaf
have anomocytic stomata. The size of the stomata placed
on upper epidermis are about 22x30 um, the others are
24x34 um. There are about 100 stomata on upper

epidermis and 80 stomata on lower epidermis per/mm?
(Figure 2- B, C).

Figure 1. Pilosella densiflora. A- Cross section of root. B- Cross section of stem (c- cuticle, e- epidermis, ex- exodermis, cp- cortex parenchyma, is-
intercellular space, en- endodermis, pe- pericycle, tr- trachea, trc- tracheid, ph- phloem, sc- sclerenchyma, pip- pith parenchyma. Scale bar: 100 um)

Figure 2. Pilosella densiflora. A- Cross section of leaf, B-The stomata from upper epidermal leaf, C- The stomata from lower epidermal leaf. (c- cuticle,
e- epidermis, ue- upper epidermis, le- lower epidermis, pa- parenchyma, pp- palisade parenchyma, sp- spongy parenchyma, ph- phloem, tr- trachea,

sc- stoma cell. Scale bar: 100 pm)
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Pilosella x hypeurya (Peter) Sojak (P. hoppeana x P.
officinarum)

Root: Exodermis, located under the endodermis, consists
of 2-3 rows polygonal cells (Figure 3- A). There are
parenchymatic cortex consists of 14-16 rows cells under
the exodermis. The parenchyma cells have variable
shapes, diameters and numerous intercellular spaces
Endodermis cells are almost similar to parenchyma cells
but the endodermis cells have little diameters and no
intercellular space. Pericyle, outer layer of the stele, is
unistratose. It has variable diameters and thin walls. In
vascular bundles xylem poles are close to each other in
the pith but not connected. The pith consists of
schlerenchymatic cells. Phloem is located as a narrow
band.

Stem: Epidermis consists of quadrilateral cells and cortex
consists of 7-8 rows parenchymatic cells (Figure 3- B). The
shape and the diameters of the parenchymatic cells are
variable. They are oval, polygonal or quadrilateral and
some are long with numerous intercellular spaces.
Diameters of the cells increase from the epidermis to
vascular cylinder. Vascular bundles are located in one ring
and there is a schlerencyma ring around them. The
schlerenchyma ring consists of 4-5 rows cells. In vascular
bundles, xylem takes more place than phloem and
consists of 5-6 radial rows cells and there are 5-7 tracheas
in each row. Among the vascular bundles, there are
parenchymatic cells. The pith parenchymatic cells are
usually oval and diameters of them increase to the pith.
Among them intercellular spaces are widespread.

Figure 3. Pilosella x hypeurya. A- Cross section of root, B- Cross section of stem. (c- cuticle, e- epidermis, ex- exodermis, cp- cortex parenchyma, is-
intercellular space, en- endodermis, pe- pericycle, tr- trachea, trc- tracheid, ph- phloem, sc- sclerenchyma, pip- pith parenchyma, pis- pith

sclerenchyma. Scale bar: 100 pm

Leaf: Epidermis is uniseriate and have quadrilateral cells
(Figure 4- A). Upper epidermis cells are similar to the
lower epidermis cells in shapes but the upper epidermis
cells are bigger than the others. Palisade parenchyma
cells, under the upper epidermis, have numerous
chloroplasts and under them there are spongy
parenchyma cells consist of 3-4 rows variable shaped
cells. They have less chloroplasts than palisade
parenchyma cells and numerous intercellular spaces. The
midrib are about 3 times wider than the lateral sides. In
the middle there is a developed collateral bundle. Xylem
faces towards upper epidermis and phloem faces towards

lower epidermis. In xylem, tracheas are in radial rows and
there are 3-5 tracheas in each row. Phloem takes less
place than xylem. Vascular bundles are among
paranchymatic tissue. Parenchymatic cells that are close
to vascular bundles have numerous chloroplasts and the
others that are close to epidermis have less chloroplasts
than the others. Among them intercellular spaces are
widespread. Anomocytic stomata that placed on upper
epidermis are of the size of 22x26 um, the others placed
on lower epidermis are of the size of 22x30 um. The
number of the stomata placed on upper epidermis are 30,
the others are 80 per/ mm? (Figure 4- B, C).
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Figure 4. Pilosella x hypeurya. A- Cross section of leaf, B-The stomata from upper epidermal leaf, C- The stomata from lower epidermal leaf. (c-
cuticle, e- epidermis, ue- upper epidermis, le- lower epidermis, pp- palisade parenchyma, sp- spongy parenchyma, ph- phloem, tr- trachea, sc- stoma

cell. Scale bar: 100 um)

Pilosella officinarum Vaill.

Root: One row epidermis, 1-2 rows exodermis and 14-15
rows parenchymatic cortex are present. Parenchymatic
cortex cells varies in shape but mostly oval or polygonal
(Figure 5- A) and consist of numerous intercellular
spaces. The endodermis does not separate from the
parenchymatic cortex simply but the endodermis cells
have little diameters and no intercellular space. Pericyle,
placed under the endodermis, consist of 1-2 rows cells.
Tetraarch root and the xylem poles are attached in the
pith. Phloem takes less place than xylem. The pith consists
of parenchymatic cells.

Stem: The cuticle covers all parts of the stem epidermal
surface. The epidermis consists of one row cells with
wavy periferal walls. Cortex consists of 5-7 rows of
parenchymatic cells. The cells located inside of the cortex
are bigger andvariable in shapes. Cortex parenchymatic
cells are commonly quadrilateral or oval with numerous
intercellular spaces. The parenchymatic cells close to
endodermis have prominent chloroplasts. There are
discrete vascular bundles and among them there are
schlerenchymatic cells in 2-3 rows. Schlerenchymatic

cells cover outside the phloem. Xylem is arranged in radial
rows and tracheids placed among them. There are
schlerenchymatic cells outside xylem towards central
part. Among the vascular bundles, there are
parenchymatic cells increasing from the vascular bundles
to the pith. They are usually oval or polygonal in shape
and consist of numerous intercellular spaces (Figure 5- B).

Leaf: Palisade tissue is not visible. Mesophyll, places near
the leaf lamina, wusually consist of 4-5 rows
parenchymatic cells. These are oval, cylinder or
sometimes long in shape with several intercellular
spaces. Epidermal cells except the cells close to
mesophyll are usually quadrilateral in shape. Leaf lamina
is twice thicker than the lateral sides (Figure 6- A). In leaf
lamina, there is only one vascular bundle. In xylem,
tracheas are arranged in radial rows and among them
there are tracheas. Phloem located as a thin band. The
vascular bundle arranged in parenchymatic tissue.
Anomocytic stomata are placed on upper epidermis and
its size is 22x28 um, and the others on lower epidermis
are 22x26 pm. The number of them is about 160 per/mm?

(Figure 6- B,C).
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Figure 5. Pilosella officinarum. A- Cross section of root, B- Cross section of stem. (e- epidermis, ex- exodermis, cp- cortex parenchyma, is- intercellular
space, en- endodermis, pe- pericyle, tr- trachea, trc- tracheid, ph- phloem, sc- sclerenchyma, pip- pith parenchyma. Scale bar: 100 um)

Figure 6. Pilosella officinarum. A- Cross section of leaf, B- The stomata from upper epidermal leaf, C- The stomata from lower epidermal of leaf. (c-
cuticle, e- epidermis, ue- upper epidermis, le- lower epidermis, pp- palisade parenchyma, sp- spongy parenchyma, ph- phloem, tr- trachea, sc- stoma

cell. Scale bar: 100 um

Pilosella piloselloides (Vill.) Sojak
(Schult.) S. Braut. & Greuter
Root: Epidermis and exodermis consist of 1 row cells, but

subsp. bauhini

the exodermis cells are bigger than the endodermis cells
(Figure 7- A). Parenchymatic cortex consists of 12-13 rows
cells with numerous intercellular spaces. Endodermis,
unistratose cylinder of cells line the inner boundary of

cortex, is clearly different with small cells. There are no
intercellular space between endodermal cells and they
have smooth walls. Pericycle is unistratose, pericyle cells
are with thin walls and variable diameters. Phloem is
located among the xylem poles. Xylem poles are placed
closely to each other, but not connected. The pith is
parenchymatic.
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Stem: Epidermis cells are quadrilateral and the
centrifugal walls are wavy (Figure 7- B). The cortex
parenchyma, placed under the epidermis, consist of 5-6
rows oval or polygonal shaped cells. The cells close to
epidermis have little diameters and numerous
chloroplasts, the others close to vascular bundles have
large diameters and have no chloroplast. Intercellular
spaces are widespread among them. In this taxa vascular
bundles are located in one ring. Outside the phloem there

“A- &
Figure 7. Pilosella pilloseloides. A- Cross section of root, B- Cross section of stem. (c-cuticle, e- epidermis, ex- exodermis, cp- cortex parenchyma, is-
intercellular space, en- endodermis, pe- pericycle, tr- trachea, trc- tracheid, ph- phloem, sc- sclerenchyma, pip- pith parenchyma. Scale bar: 100 um)

Leaf: Epidermis consist of one row cells and the cells are
usually quadrilateral (Figure 8- A). In the leaf mesophyll,
palisade and spongy parenchyma cells can not be
separate simply as P. officinarum. But it is seen that there
is a palisade parenchyma consists of one row cells that
have numerous chloroplasts and no intercellular space.
Spongy parenchymatic cells have variable diameters and
numerous intercellular spaces. The midrib is about twice
thicker than the other sides of the leaf. There are 3
vascular bundles. The biggest one is in the middle. Above
the vascular tissue is a mass of fibres, below that is xylem,
in xylem tracheas arranged in radial rows and there are 3-

are some schlerenchyma cells. Phloem has a thick cap of
phloem fibers; the conducting phloem is quite abundant.
Xylem arranged in radial rows (5) and each row consist of
4-5 tracheas. Among the vascular bundles there are
schlerenchyma consisting of 2-3 rows cells. The pith is
parenchymatic. The pith parenchymatic cells are usually
oval or polygonal and have numerous intercellular

spaces.

4 tracheas in each row. The vascular bundles are among
the parenchyma tissue. Parenchyma cells that are close to
vascular bundles have chloroplast while the others that
are close to epidermis have not. Stomata are anomocytic
as the other taxa and the stomata that placed on upper
epidermis are of the size of 16x18 um and the others
placed on lower epidermis are 18x20 um. The number of
stomata placed on upper epidermis are about 280, the
others are about 220 per/mm? (Figure 8- B, C).

Number of stomata in per/mm? from examined taxa are
in Table 2 below.
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Figure 8. Pilosella piloseloides subsp. bauhini. A- Cross section of leaf, B-The stomata from upper epidermal leaf, C- The stomata from lower epidermal
leaf. (c-cuticle, e- epidermis, ue- upper epidermis, le- lower epidermis, pa- parenchyma, pp- palisade parenchyma, sp- spongy parenchyma, ph-

phloem, tr- trachea, sc- stoma cell. Scale bar: 100 um

Table 2. Number of stomata in per/mm? from examined taxa.

Taxa Number of stomata (per/mm?2) from upper Number of stomata (per/mm?2) from lower
epidermis epidermis
Pilosella densiflora (Tausch) Sojak 100 80
Pilosella x hypeurya (Peter) Sojak 30 80
Pilosella officinarum Vaill. 160 160
Pilosella piloselloides (Vill.) S 280 220
Sojak subsp. bauhini (Schult.) S. Braut. &
Greuter
DISCUSSION exodermis. In addition to this, the root pith of P. x

In this study, 4 Pilosella taxa (P. officinarum, P.
piloselloides subsp. bauhini, P. x hypeurya, P. densiflora)
collected from different localities in Northeast Anatolia
were investigated in term of anatomy.

It is well known that general root anatomy does not vary
much, and the taxonomic value of roots is very limited in
many plant genera (Fahn 1990). It was found some
differences among the root anatomy of the investigated
taxa. For example; in P. officinarum, P. piloselloides subsp.
bauhini and P. densiflora consist of a single layer
exodermis, while P. x hypeurya is consist of 2-3 layer

hypeuryum is completely composed of sclerenchyma cells
in contrast to other investigated Pilosella taxa. Our results
are generally congruent with the findings of Sepet (2017)
however root characters are not useful at the specific
level within the examined taxa.

Metcalfe and Chalk (1972) indicated that sclerenchyma
patterns in stem can be used as a taxonomic feature in
grouping different plant taxa. The stem anatomy of the
investigated taxa is generaly similar to each other,
however distribution of phloem sclerenchyma vary
among taxa.
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The leaf anatomy are almost similar but there are some
differences among them. In P. pilloseloides, there are 3
vascular bundles while the others have just one. In P. x
hypeurya and P. densiflora, the palisade parenchyma is
composed of a single layer and they are almost
quadrilateral, however in P. pilloseloides and P.
officinarum to separate palisade parenchyma cells and
spongy parenchyma cells is very difficult.

Tavakkoli et al. (2017) indicated that presence or absence
of lateral vascular bundles; main midrib shape; the
thickness of epidermis, the number of lateral vascular
bundles and stomata size are generally in accordance
with the phenetic differences in the genus Hieracium s. 1.
Our observations based on leaf anatomical characteristics
partly support the findings of Qureshi et al
(2009),Tavakkoli et al. (2017) and Sepet (2017).

The leaves are amphystomatic. The stomata are in type of
anomocytic like the other members of Compositae as
described by Metcalfe and Chalk (1972). In P.
pilloseloides, the numbers of the stomata are noticeable
more than the other examined taxa (Table 1).

P. x hypeurya is a natural between P. officinarum and P.
hoppeana (Coskuncelebi, 2012). The anatomical
properties of hybrid taxon is generaly similar with the one
of the ancestor taxa (P. officinarum), but differs from it by
having 2-3 layer of exodermis (not 1-2 layer) and unilayer
of pericycle not 1-2 layer) and number of stomata on the
lower epidermis.

In conclusion, the anatomical properties of the four
Pilosella taxa investigated here are similar to the
description of typical anatomy of dicotyledons except of
some differences described above.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This

15 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
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Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and



Influence of some ecological variables on wild mushroom (Boletus edulis) productivity

surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.



Influence of some ecological variables on wild mushroom (Boletus edulis) productivity

Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.

11 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698

14 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
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1600 - 1800
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Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount

13 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.

11 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This

12 | D. Mumcu Kiiciiker/ ACU Orman Fak Derg 20(1):10-17 (2019)

study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
Kilometers

1000 - 1200
2000 - 2200 [l 1400 - 1600 800 - 1000 200 - 400

1800 - 2000 - 1200 - 1400 -_eoo - 800 0 - 200

1600 - 1800

©  Sample Plots]

Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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Ozet

Bambu tropikal iklim etkisi altinda bulunan alanlarda en 6nemli dogal kaynaklardan birisidir. Diger
lignoseliilozik kaynaklarla karsilagtirildiginda yiksek verim ve diisiik maliyete sahiptir. Nanoseliilozun
yiksek mekanik kuvveti, biyouyumlulugu, yiiksek ylizey alanina sahip olmasi kompozit, gida ve
eczacilik gibi alanlarda kullanilma potansiyelini ortaya ¢ikarmis, ucuz kaynaklardan dogru metotlarla
Uretilmesi 6nem kazanmistir. Bu calismada, llkemizde de bulunabilen Forgesia nitida bambu
tirinden silfurik asit yontemiyle gériinen ortalama 200 nm caplarinda selliloz nanofibrilleri elde
edilmistir. Oncelikle bambu seliiloz liflerini izole etmek igin sokslet ekstraksiyon yéntemiyle yags
maddeler ve karisimda ¢oziinen safsizliklar sikloheksan (2:1) etanol kullanilarak 12 saatte ayrilmistir.
Alkali islem igin %8'lik potasyum hidroksit kullanilarak lignin ve hemisellloz uzaklastirilmistir. Kati
madde %10’luk asetik asit ¢dzeltisiyle ndtralize edilmistir. Daha sonra TAPPI metoduna goére sodyum
klorit ile tekrar agartma islemi uygulanmstir. Selliloz nanofibrilleri 6,5M silfirik asit ¢ozeltisiyle 2
saatte 60°C'de reflaks yapilarak Gretilmistir. Nanofibrillerin kimyasal 6zellikleri FTIR spektroskopisi,
termal 6zellikleri TGA-DTG analizi, morfolojik 6zellikleri de 1sik mikroskobu ile incelenmistir.

Abstract

Bamboo is one the important bioresources under the tropical climate. It has high growth efficiency
with a low cost between other lignocellulosic resources. It has become important to produce
nanocelulose with the right methods and from economical sources that reveal its potential with its
high mechanical strength, biocompatibility in the areas such as composites or pharmaceuticals.
Cellulose nanofibers were obtained at an observable minimal of 200 nm by the sulfuric acid method
of Forgesia nitida bamboo. First, bamboo was soxlet extrated with cyclohexane (2:1) ethanol for 12
hours to dissolve and remove the leachate and waxy materials. Then 8% of potassium hydroxide was
used for alkaline treatment. The solid was neutralized with 10% acetic acid solution. Then, re-
bleaching with sodium chloride was applied according to TAPPI method. Cellulose nanofibrils were
produced by refluxing at 60°C for 2 hours with 6.5 M sulfuric acid solution. Chemical properties of
nanofibrils were investigated by FTIR spectroscopy, thermal properties TGA-DTG analysis, light
microscopy with morphological characteristics.

polilamellar duvar yapisina sahiptir (Sekil 1) (Imadi ve ark.
2014).

Bambu, seliiloz liflerinin lignin matris icine gom{ili oldugu
dogal bir lignoselililozik kompozittir. Bambu liflerinin
ortalama uzunlugu 2 mm ve ortalama ¢api 10-20 um’dir.
Bambunun kimyasal icerigi temelde sellloz, hemiseliiloz
ve ligninden olusmaktadir. Bu temel bilesenler hiicre
¢eperinin %90-98’ini olusturmaktadir. Diger kalan %2-
10’luk kisim ise diisiik molekil agirliktaki ekstraktiflerdir.
Bambu sapinda %60-70 holosellloz, %20-25 pentosanlar,
ayri ayri 20-30% oranlarinda lignin ve hemiseliiloz
bulunmakla birlikte, eser miktarlarda rezinler, tanenler,
yaglar ve inorganik tuzlar mevcuttur (Razak ve ark. 2013).
Seliloz liflerinin mikrofibril acisi ¢cok kiicliktiir ve bambu
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Lumen

-Narrow lamellae

Broad lamelilae

Sekil 1 Bir bambu lifinin polilamellar ¢eper yapisi modeli
(Parameswaran and Liese 1981)
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Bu faktorlerden dolayi fiber yoninde bambunun darbe,
cekme ve egilme dayanimi yiiksektir (Jain ve ark. 1999).
Bambu hizli bliyliyen ve ylksek verimle yenilenebilir bir
kaynaktir. Bambunun hizl biylimesi kullanimi icin 6nemli
bir tesvik edici Ozelliktir. Bambu gilinde 15-18 cm
bliyiimeyle 4-6 ayda maksimum yuksekligine ulasabilir.
Kalin ceperleri ve uzun sapindan dolayi bambu, un, lif, pul,
cips gibi bircok partikil haline dondsturilebilir.
Bambunun yogunlugu 0.4-0.9 g/cm? arasinda anatomik
yapisina gore degisiklik gosterir. Agaca benzeyen bambu,
heterojen ve anizotropik bir malzemedir. Bundan dolayi
mekanik ozellikleri mikroyapi 6zellikleri, sap uzunlugu,
sap lokasyonu, yogunluk ve nem icerigiyle ilgili olarak son
derece diizensizdir. Kopma direnci 50-120 MPa arasinda
1700-6300 MPa
araligindadir. Liflere paralel kesme direnci 4-14 MPa
olabilirken, liflere paralel baski direnci 24-70 MPa

degerlerini gosterebilir (Pannipa 2013).

degisebilirken, elastik moddli

Nanoseliiloz, bitkilerden veya bakterilerden elde nano

boyutlu dogal seliiloz olarak tanimlanmaktadir.
Genellikle, nanoseliilozlar 3 tiir olarak ayrilirlar, seliiloz
nanokristaller (CNC), sellloz nanofibriller (CNF) ve
bakteriyel nanoseliiloz (BNC) (Tozluoglu ve ark. 2015).

CNC ve CNF cikarma kaynaklari ahsap, pamuk, kenevir,
Fiber

Moon et al, Chem Soc Rev, 2011

Parallel stack of

cellulose chains amorphous
/regions\
adl-=a-4)- 4 el i
T QLT Q@

Canocrystal >

Adapted from Nutrition Resources, 2006

keten, bugday samani, seker pancari, patates yumrugu,
dut kabugu, rami, vb.dir. Asit hidrolizi gibi kimyasal olarak
olusturulmus yikim stratejisi, dogal selilozdan CNC'nin
cikarilmasi, amorf bolgelerin uzaklastiriimasi ve yiksek
kristalin yapinin korunmasi yoluyla yaygin olarak
gerceklestirilir. Yayllmis nanopartikiiller (CNC) 5-30 nm
100-500 nm (bitkisel
seliilozundan) veya 100 nm uzunluga kadar birkag

capinda ve uzunlugunda
mikrometre (tunik ve yosun seliilozlarindan) uzunluklarda
elde edilebilmektedir (Ning ve Dufresne 2014). Asit
hidrolizi yaninda, oksidasyon yéntemleri 6zellikle TEMPO
oksidasyonu adi verilen yontem CNF (lretiminde yaygin
olarak kullanilmakta ve mekanik parcalanma islemlerinin
suresini azaltarak homojenizasyonu saglamak
amaclanmaktadir (Poyraz ve ark. 2018). Nanoseliiloz,
gida, kagit, ambalaj, farmasotik, aerojel olarak bir ¢ok
farkhi kullanim alani bulabilecek o6zelliklere sahiptir

(Bardak ve ark. 2016).

Mevcut calismada llkemizde peyzaj amaciyla kullanilan
Forgesia nitida bambu tiiriinden ilk defa nanofibril seliiloz
Uretimi sdlfarik  asit metoduyla gergeklestirilmis,
karakterizasyonu icin de FTIR, TGA ve isikk mikroskobu

kullanilmistir.

Microfibril
matrix

Microfibril

AVAP CNF

AVAP CNC

Sekil 2 Nanoseliilozun hiyerarsik yapisi (Ning ve Dufresne 2014; Nelson ve ark. 2016)
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MATERYAL ve YONTEM

Bambu odun 6glitme makinasiyla (Fritsch pulverisette 19)
ogutulmus (Sekil 3), ogitilen bambulardan sokslet
ekstraksiyon yontemiyle sikloheksan (2:1) etanol karisimi
kullanilarak ¢Ozlinebilen safsizliklar
uzaklastiriimistir. %8'lik potasyum hidroksit ile alkali islem

uygulanmis ve daha sonrasinda lifler %10’luk asetik asit

Sekil 3. Fotograf (a) islem gérmemis bambu (b) 6gttilmius bambu

Sokslet Ekstraksiyonu
Bambu seliiloz liflerinden yagsi maddeler ve ¢6ziilebilen

¢Ozeltisiyle notralize edilmistir. Daha sonra sodyum klorit
kullanilarak TAPPI metoduyla agartma islemi yapilmistir.
Agartma islemi yapilan selllozlara 6.5 M siilfurik asit
¢Ozeltisi 60°C’'de 2 saat boyunca uygulanarak seliiloz
nanokristaller elde edilmistir. Karakterizasyon icin TGA
analizi ve FTIR spektroskopisi, optik mikroskop
kullanilmigtir.

ekstraksiyonu uygulanmistir. Sokslet ekstraksiyonunda
sikloheksan (2:1) etanol karisimi kullaniimistir (Sekil 4).

Sekil 4. Sokslet ekstraksiyonu

Potasyum Hidroksit ile Alkali islem

Alkali islemde %8’lik potasyum hidroksit 1 L saf suda
¢ozinmesi saglanmistir. Sokslet ekstraksiyon islemi
gormis toz haldeki bambu %8 KOH ¢6zeltisine eklenerek
90 °C’'de manyetik karistiricida 12 saat bekletilmistir.
Daha sonra %10’luk asetik asit ¢Ozeltisiyle sizme islemi
yapilmistir ve 100 °C’'de etlivde bekletilmistir.
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Sekil 5. Alkali islem sonucu lifler
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Sodyum Klorit ile Agartma

Agartma islemi TAPPI metodu esas alinarak yapilmistir. Bu
metotta toplam agirigi 27,5 g olan bambu ikiye
ayrilmistir. 14,2 gislem gérmis bambu liflerine 500 mL saf
su ilave edilerek homojenizator yardimiyla kiiclik
parcalara ayrilmistir. Daha sonra manyetik karistiricida
70°C’de 1000 rpm karistirilirken saat basi 2,8 mL asetik
asit ve 14,56 mL sodyum klorit eklenmistir. Buislem 3 saat
boyunca uygulanmistir. Sonrasinda karisim oda sicakligina
duslrtldikten sonra sirasiyla saf su ve aseton ile siizme
islemi gerceklestirilmistir.

[

Sekil 6. Agartma islemi sonunda lifler

Nanokristal Uretimi

Agartma islemi yapilmis olan 7,4 g bambu seliilozu 187,5
mL silflrik asit ¢ozeltisi (122,6 mL saf su- 64,9 mL sulfirik
asit) icerisinde 60°C'de 1000 rpm manyetik karistiricida
bekletilmistir. Uygulama sonunda oda sicakligina
inildikten sonra karisimin 10 kati kadar soguk saf su ilave
edilmistir. Analizler icin kullaniimak Gzere bu karisimdan
36 mL alinarak santrifiij cihazinda (Sigma 1-14 Mikro
Santrifiij) 1,5 ml'lik 24 parcaya ayrilmistir. Santrif(j
cihazinda 12.000 rpm 3 dk’lik periyotlarla 15 defa yikama
islemi vyapilarak pH degeri 5-6 arasina getirilmistir.
Karisimin santrifiijde kullanilmayan biyik kismi ise filtre
kagidi kullanarak kurutmadan siizme islemi yapilmis ve pH
5-6 degerine getirilmistir (Sekil 7). Slizme islemi biten
nanoseliilozlar dolapta 4°C’de tutulmustur.

i

Sekil 7. Nanokristal seliiloz elde edilmesi
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TGA Olgiimii

Bambu nanosellilozun termal kararliigi TGA analizi ile
belirlenmis ve islem goérmemis bambuyla
karsilastirilmistir. TGA analizi 30-800 °C sicakliklarinda
10°C / dk isitma hizinda gergeklestirilmistir.

FTIR Analizi

Bambu ve bambudan elde edilen CNC'un kimyasal yapisi
ve degisimleri FTIR spektroskopisiyle arastiriimistir. FT-IR
spektrumlari icin universal ATR aksesuari olan Brooker
marka cihaz kullanilmistir. Olgiimler 4000 - 400 cm™ dalga
boylari arasinda 4 cm™ ¢éziiniirliikte yapilmistir.

BULGULAR ve TARTISMA

TGA-DTG ait Bulgular
Sekil 8'de islem gormemis bambu ve bambudan elde
edilen nanokristalin seliilozun termal bozunma sonucu
agirhk kaybi-sicaklik grafigi gésterilmistir. 100°C’ye kadar
olan agirlik kayiplarinin yapiya bagh olmayan suyun
uzaklasmasi olarak yorumlanmaktadir. Bundan sonraki
agirlik kayiplari ise piroliz sonucu gerceklesmektedir.
Bambu 250°C-350°C bolgesinde bozunurken, seliiloz
200°C-400°C gibi genis bir
bozunmakta olup, degradasyonun iki

nanolifleri bolgede
basamakta
gerceklestigi goriilmektedir. Nanoselillozlarin  distk
kiguk lif
boyutlarindaki genis spesifik ylizey alani olarak

bozunma sicakhigi  bambuya kiyasla
yorumlanabilir (Sofla ve ark. 2016). Silfirik asit ile
Uretilen CNF’in termal analizde onset sicakligi 200°C’lerde
olup bambuya goére ve diger asit ve yontemlerle iretilen
CNF'lere gore disuktir (Sofla ve ark. 2016). Bunun
sebebinin silfirik asit ile muamele esnasinda yapiya
baglanan silfat gruplarinin, sicaklikla birlikte kopmasi ve
genel yapinin termal stabilitesini dlsirmesi olarak
actklamak mimkindir (Roman ve Winter 2004).
Sicaklikla yapidan ayrilan siilfat gruplari, ortamdaki asitligi
ve reaktiviteyi arttirarak seliilozun depolymerizasyonunu
hem bazi hidroksil gruplarini bozmasiyla ya da katalizor

etkisiyle hizlandirmakta oldugu distnilmektedir.
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Sekil 8. islem gérmemis bambu ve CNC'un TGA ve DTG grafikleri

FTIR Spektroskopisine ait Bulgular

Sekil 9'da islem goérmemis bambu ve seliiloz
nanofibrillerin FTIR spektrasi gdsterilmistir. iki 6rnek de
3200-3500 c¢cm? band araliginda cogunlukla seliiloz
molekdldeki hidroksil gruplarina ait O-H gerilim titresimi
goérilmektedir. 2850-2950 cm™ band araligi da C-H ve C-
H, gerilim titresimleri olarak bilinmektedir. islem
gérmemis bambu temel olarak 1600 cm™ ve 1730-1740
cm? bolgelerinde hemiseliiloz ve lignin
komponentlerinden kaynaklanan titresimlere sahiptir.
islem gérmemis bambudaki 1728 cm™ bandini olusturan
C-O titresimi, hemiseliiloz ve pektindeki asetil ve (ironik
ester gruplarindan ve lignindeki p-kiimerik asitlerideki

ester baglantilarinda gérilmektedir (Li ve ark. 2014). Bu

800 = DTG Bambu ug/min
—— DTG Nanoseliloz ug/min

600
400

200
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30

94
181
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775

bandin CNF'de tamamen kayboldugu ortaya ¢cikmaktadir.
Ayrica islem gdrmemis bambudaki 1604 cm™ lignin
aromatik gruplarindaki C-C diizlem igin simetrik gerilme
titresimi  olarak bilinmekte olup, CNF 06rneginde
kaybolmustur (Kumar ve ark. 2012). Bu bandlarin CNF'de
kaybolmalari lignin ve hemiseliilozun 6zellikle kimyasal
ekstraksiyon siirecinde uzaklasmasi sebebiyle olmustur.

Seliloz miktarinin yizde olarak arttigini da band
yogunluklarindan anlamak mimkindiir, 6zellikle 897 cm”
! bandinin yogunlugunun arttig1 gdzlenmektedir. Bu band
seliiloz molekilinde glikoz birimleri arasindaki glikozidik
baga ait titresimden kaynaklanmaktadir.

Absorbans (a.u.)

islem gérmemis bambu
Bambu nanokristali

—— 896.97

T T T
3500 3000 2500

T T T
2000 1500 1000

Wavenumber cm-1
Sekil 9. islem gérmemis bambu ve bambu nanofiberlerin FTIR spektroskopisi
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Isik Mikroskobuna ait Bulgular

Sekil 10’da seliiloz nanofibrillerin 151k mikroskobu altinda
gorintlsl verilmektedir. 1 um olcekle verilen resimde
goruntl alinabilen birgok lifin ¢apinin ortalama 200 nm
oldugu, boylarinin ise farklilik gostermekle birlikte 3

um’den fazla oldugu anlasilmaktadir. Ancak farkh

bolgelerde baska bolgelerde 2-3 um capinda 20-30 um
uzunlugunda makrofibrillerin de oldugu gorilmuistar.
Parcacik boyutlarini kesin olarak belirlemek ve dagilimini
ortaya cikarmak icin parcacik boyutu analizi yaptirmak
gerektigi gortlmistir.

SONUGLAR

Bu galismayla literatiirde ilk defa Forgesia nitida bambu
tiriinden salfarik asitle hidroliz yontemiyle seliiloz
nanofibrillerin iretilmistir. Uretilen nanofibril seliiloz
termal olarak, kimyasal olarak ve vyapisal olarak
incelenmigstir. Yapilan analizler sonucunda termal ve
kimyasal bulgularin literatilirle uyumlu bir sekilde oldugu.
Termal c¢iktilara bakildiginda, nanoselliloz hazirlama
strecinde kullanilan siilfiirik asit sebebiyle, seliiloza
baglanan silfat gruplarinin termal bozunmayi bir miktar
hizlandirdigi anlasilmaktadir. FTIR sonuglarina gore lignin
yapisindan
uzaklastigi gorilmistir. Morfolojik analizlere gore de

ve hemisellilozun, seliiloz tamamen
nanofibril c¢apinin stk mikroskobuyla fark edilebilen
Olcekte 190 nm’lere kadar disttgla gorilmustir. Ancak
bircok makrofiberinde gézlemlendigi seliiloz ortaminda,
sonu¢ olarak yontemde homojenizasyonu artiracak
sekilde iyilestirmeler yapilmasi gerektigi, ilave olarak asit
hidroliz oldugu

anlasiimigtir.

suresinin  arttirlmasinin  gerekli
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INTRODUCTION

Abstract

Wild mushrooms, Boletus edulis in particular are among the most important non-wood forest
products (NWFPs) all over the world due to their nutritional, medicinal, ecological and recreational
importance. Increasing socioeconomic value of wild mushrooms is made consider these products as
an alternative for timber. Integrating mushroom-based ecosystem services into sustainable forest
management plans requires understanding of the relationships between mushroom yields and its
ecological drivers. This study evaluated the influence of some ecological variables such as slope,
aspect and altitude on the productivity of wild mushroom, Boletus edulis. Mushroom data was
collected from 75 permanent plots in Bicik planning unit covered by mixed even aged forest.
Significant differences were found among aspect and slope classes whereas there were no
differences among elevation classes with one-way ANOVA analysis. According to the results lower
mushroom productivity was found in the areas of north aspects or slopes between 20-30% with 6.5
kg/ha-116.7unit/ha and 33 kg/ha-333.3unit/ha respectively than the other aspect and slope groups.
This study showed that to obtain general knowledge relating to the effects of more ecological
factors on mushroom productivity further research efforts is needed for all valued wild mushrooms,
in the different ecosystems.

Ozet

Yabani mantarlar, 6zellikle de ayi mantari (Boletus edulis) yiyecek ve ilag sanayiinde kullanilmalarinin
yani sira ekolojik ve rekreasyonel onemlerinden otirii en kiymetli odun disi orman drinleri
arasindadir. Yabani mantarlarin giderek artan sosyoekonomik degerleri, bu triinlerin odun (retimine
bir alternatif olarak distinilmesine neden olmaktadir. Mantar {Uriinlerine dayali ekosistem
hizmetlerinin sirdirilebilir orman amenajman planlarina entegrasyonu, mantar verimliligi ile
ekolojik degiskenler arasindaki iliskilerin sayisal olarak anlagiimasi ile mimkindir. Bu arastirmada,
egim, baki ve yikseklik gibi bazi ekolojik degiskenlerin ayi mantari (Boletus edulis) verimliligi
Gzerindeki etkisi degerlendirilmistir. Calismada kullanilan mantar envanter verileri Bicik Planlama
birimi sinirlari igerisindeki 75 adet devamli 6rnekleme alanindan elde edilmistir. Tek yonli varyans
analizi sonuglarina gore ilgili mantar verimliligi ile mescere egim ve bakisi arasinda anlamli bir farkhhk
gozlemlenirken, mescere yikseltisi ile anlamli bir farkllik tespit edilememistir. Buna gore, kuzey
bakil alanlar ile egimin %20-30 arasinda oldugu mescereler sirasiyla 6.5 kg/ha-116.7adet/ha ve 33
kg/ha-333.3adet/ha degerleri ile diger egim ve baki gruplarina gére daha dusiik miktarda mantar
verimliligine sahip olmaktadir. Elde edilen bu sonuglar mantar verimliligi ile farkli ekolojik
degiskenler arasindaki iliskilerin net olarak belirlenebilmesi i¢in mevcut analizlerin farkh
ekosistemlerdeki degerli tim dogal mantar tirleri igin yayginlastiriimasi gerektigini géstermektedir.

nutrient and carbon cycles (Mohan et al. 2014; Stokland
et al. 2012). Mycological tourism attracts many people

Wild mushrooms are valuable non-wood forest products
(NWFPs) worldwide. Mushrooms are important food
source with their nutritional value comparing many
vegetables. Due to their medicinal properties, they are
used traditional medicine in many country (Boa 2004;
Lelley 2005). Furthermore, they contribute to ecosystem
functions such as leisure, biodiversity conservation and
tourism (Boa 2004; Martinez de Aragdén et al. 2011;
Buntgen et al. 2017) as well as their contribution to
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willing mushroom picking for leisure activity liked to
nature every season in some country such as Spain,
Canada, and Finland.

Turkey wild mushroom industry is valued at about 25-45
million dollars with an estimated harvest of 250-400 tons
annually (TUIK 2016). This value would be higher if the
recreational value of this product were considered
(Latorre 2016). Therefore, mushrooms become strategic
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in the conservation and management of forest
ecosystems. Over the last decade, because the market
value and consumer demand have increased, the
socioeconomic value of wild forest mushroom may be
higher than the economic value of timber in a managing
forest (Palahi et al. 2009; Kucuker 2014; Kucuker and
Baskent 2017a). The increase in the socioeconomic
values of wild mushrooms caused forest owners and
forest managers to consider these products as an
alternative to timber products.

Sustainability of mushroom products cannot be ensured
without a detailed knowledge about mushroom.
Identifying the habitat of mushrooms is one of the most
important steps for the sustainable planning. Thus, the
integration of mushroom production into forest
management plans requires quantitative knowledge of
the mushroom vyields and its environmental drivers.
These relationships are basis of predictive models,
decision support systems using to select optimal forest
management alternatives and joint production of
mushroom and timber (Palahi et al. 2009; Tahvanainen
et al. 2016; Tahvanainen et al. 2018; Kucuker 2014;
Kucuker and Baskent 2017a;b).

Recently mushroom occurrence and productivity have
been focused of many studies and wide ranges of
variables have been indicated as effective factors on
mushroom yield. These variables can be grouped in main
three points, which are: stand characteristics (e.g. stand
age, crown closure), topographic characteristics (e.g.
elevation, slope and aspect) and climatic characteristics
(e.g. temperature, precipitation). The existence of a
number of variables related to mushroom emergence
and their interactions with each other make it difficult to
understanding of mushroom productivity.

Factors influencing mushroom production such as genes
and environmental conditions are not clear (Murat et al.
2008) because the literature on interdependence
between mushroom emergence and these
characteristics is quite rare. Because of the ecology of
mushrooms is changeable even for the same genus, it is

not easy to make a general judgment for these products.
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It is known that weather conditions have an impact on
mushroom occurrence and productivity. Because water
availability in the soil or weather is main reactor for
sporacarp formation, mean monthly rainfall, mean
temperature, mean monthly evapotranspiration and soil
temperature and moisture are strongly important
variables for mushroom production (Bonet et al. 2010;
Bonet et al. 2012; Martinez-Pefia et al. 2012a; De La
Varga et al. 2013; Kucuker and Baskent 2015; Taye et al.
2016; Karavani et al. 2018; Castafio et al. 2017).

Since most mushrooms have a mycorrhizal relationship
with trees, stand characteristics such as stand age, stand
density, canopy closure and tree species influence
mushroom emergence. The growth rate and average
weight of picked Boletus edulis sporocarps is the highest
in the first age class (Ortega-Martinez et al. 2011). A
number of studies detected that maximal productivity of
Lactarius can be changed under different tree species
and forest condition (Fernandez-Toirdn et al. 2006;
Smith et al. 2002). Although the light entering the stand
based on canopy cover is not direct effective factor for
mushroom occurrence and productivity, it affects
temperatures, moisture, physical and chemical
properties of soil (Egli et al. 2010). The occurrence
probability and the productivity of mushrooms show an
increasing range with decreasing canopy closure

(Kucuker and Baskent 2015; Kucuker and Baskent 2018).

Also, topographic characteristics affect mushroom
dynamics. Slope, aspect and altitude are important
ecological factors affecting the productivity of
mushrooms. Martinez de Aragon et al (2007) observed
that total mushroom production probably because of
more rapid loss of surface water on these areas.
Similarly, Bonet et al (2010) Kucuker and Baskent (2018)
obtained that elevation and aspect on the contrary to
slope have a positive effect on mushroom productivity.
They evaluated the effects of these topographic
variables as a reflection of water availability of soil and
soil quality. The effect of related variables may be
changed based on mushroom species and forest
condition. For example, it is explained that while
Lactarius deliciosus is emergence on dry southwest
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slopes, Tricholoma terreum can be found on north facing
slopes in Pyrenees, Spain (Bonet et al. 2004).

Boletus sp. mushroom is considered to be one of the
commercially most important wild mushroom species in
the Europe. This species is an ectomycorrhizal
mushroom that is symbiotically associated with a large
number of host trees and scrubs. It has many names in
the different regions such as king, cep, porcini and penny
ban. To date several studies have tried to analyze the
effects of some environmental variables such as climate,
stand and topographic factors on productivity and
spatial distribution of some mushroom species with
various statistical analysis and modeling techniques.
However, very limited studies have been reported for
Boletus mushrooms. These studies demonstrated that
sporocarp production of king bolete are related to not
only climatic variables but also stand and site
characteristics. Though Hernandez-Rodriguez et al.
(2015) have described mean temperature is key driver
for sporocarp production of B. edulis, Parladé at al.
(2017) have detected no linear correlation between B.
edulis mycelium biomass and monthly mean
temperature. However, the same study showed that
mean precipitation is significantly correlated with
sporocarp productivity. Similarly, de la Varga et al.
(2013) found no correlation between B. edulis sporocarp
production and weather parameters. Martinez-Pefia et
al. (2012a; b) obtained significant effects stand and local
site characteristics such as stand age, dominant height
and basal area on B. edulis productivity. According to
Tahvanainen et al. (2016), B. edulis needs warm weather
before fruiting and wet conditions during the main
fruiting season as well as the young stand age with 25-30
years a stand basal area near to 25 m?/ha. Similarly,
Martinez-Pefia et al. (2012a) reported that wet and
warm autumns and stands with basal area around 40
m?/ha are more predictive for king bolete production.

This study seeks to improve lack of knowledge about
habitat of Boletus mushroom that is serve integrated
forest management plans. From this purpose,
permanent sample plots were established randomly
throughout the forested areas representing a range of
different topographic and stand characteristics. This
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study aims to identify and compare the influence of
some ecological variables such as slope, aspect and
altitude on wild king bolete productivity.

MATERIAL AND METHODS

Study area

The study site is located in Bicik Planning Unit in Giresun,
North-west Turkey. The area is approximately 11,554 ha
in size, 76% of which is forested. Picea orientalis and
Fagus orientalis, are the dominant trees in the area. The
altitude ranges between 330 and 2375 m. a.s.l. and the
average slope is about 44% (Figure 1). Average annual
rainfalls changes from 1400 mm to 2400 mm and mean
annual temperature change from 13°C to 3°C based on
long-term measurements from 1975 to 2005 taken at
the Giresun meteorology station (TSMS 2006).

4
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Figure 1. The spatial layout of the study area

Sampling design

Seventy-five permanent sample plots were established
based on random sampling design. The sampling plots
covered an area of 100 m? with a square shape were
distributed throughout the forested areas representing a
range of different topographic and stand characteristics.
To prevent any possible effects of rural pickers, the plots
were located at least 10 meters from roads and
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surrounded with a tape. Field survey was performed
from August to November with about ten days interval
in 2013. When the plots were visited, all Boletus edulis
sporocarps were collected and fresh weight (gram) and
the numbers of collected Boletus species were recorded.
Some ecological variables such as slope, elevation and
aspect in each plot were obtained with Digital Elevation
Model (DEM) by using GIS.

Statistical analysis

The effects of some ecological variables on Boletus yield
using ANOVA.
of each

and amount were analyzed by
different

ecological variable were carried out by one-way anova

Comparisons between groups
analysis. In case the normal distribution was not
provided, significances of ecological variables were
tested by using Kruskal-Wallis test. In event of
homogeneity hypothesis was not ensured, Welch test
was used instead of Anova test. In order to ensure
normality assumption of fresh weight and number of
Boletus, dependent variable was transformed as log
(weight) and square root (weight). Differences between
the ecological groups were detected by Tukey HSD or
Dunn-Bonferroni test (p<=0.05) for parametric or non-
parametric tests respectively. Shapiro-Wilk test statistic

was used to determine of normality of variables. All data
analyses were carried out with SPSS statistical package
version 23.0 (SPSS 2014).

RESULTS AND DISCUSSIONS

King bolete yield productivity varied among sample plots
and by sampling period. King bolete was presented in
only twenty-four sample plots of all plots. A total of 609
king bolete sporocarps corresponding to 71.8 kg were
collected per hectare. One-way anova and Kruscal Wallis
analysis showed precise results on the infect of
elevation, slope and aspect in king bolete productivity as
number and weight.

Effect of Elevation

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for elevation
groups are shown in Table 1. The mean maximum
productivity both of weight and number were detected
in the second elevation class between 1450-1650 meter
(144.0 kg/ha and 775.0 sporocarps/ha) and the mean
minimum productivity were detected in the first
elevation class under 1450 meter (25.8 kg/ha and 375
sporocarps/ha) (Table 1).

Table 1. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by elevation groups

Elevation groups n Mean Std deviation Min Max Range Coefficient of variation (%)
Weight (kg/ha) <1450 4 25.8 15.0 5 39 34.0 58.1
1450-1650 4 144 194.5 3 425 422.0 135.1
1650-1750 11 52.4 38.1 3 109 106.0 72.7
>1800 5 79.4 77.9 7 180 173.0 98.1
Number (unit/ha) <1450 4 375 359.4 100 900 800.0 95.8
1450-1650 4 775 623.8 100 1400  1300.0 80.5
1650-1750 11 4455 294.5 100 1000 900.0 66.1
>1800 5 900 744.9 200 1700  1500.0 82.8
Because the king bolete data as fresh weight (kg/ha™) (F(3,6.614)=0.825, p=0.523) (Table 2). Although
and sporocarp amount within each elevation group have elevation an important factor for sporocarp

normal distribution (p>0.05), but homogeneity of
variances based on levene’s test was not ensured
(p=0.002 and p=0.001 respectively), robust test equality
of means, Welch test was used to investigate differences
between the means of each elevation group. The results
showed that there is no significant differences between
four elevation groups in terms of Boletus edulis yield
(F(3, 7.683)=1.895, p=0.212) and sporocarp amount
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production, in the present work there is no significant

differences between elevation groups in terms of king

bolete productivity. When the results of present study
about influence of ecological variables on mushroom
productivity were compared with previous studies,
similarly Martinez-Pefia et al. (2012a) detected that
elevation did not explained differences in B. edulis yield
in the pure even aged Pinus sylvestris stands.
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Table 2. Welch test results for variations of king bolete weight (kg/ha) and number (unit/ha) among elevation groups

Elevation Weight (kg) Number/ha Homogenous groups
Median Statistic df2 p Median Statistic df2 p
<1450 29.5 1,895 7,683 0,212 250 0.825 6,614 0.523 a
1450-1650 74.0 800
1650-1750 65.0 500
>1800 44.0 600
Effect of aspect Significant differences of the mean fresh weight (kg/ha™)

General basic statistics of king bolete weight (kg/ha) and
sporocarp number (unit/ha) for aspect classes are shown
in Table 3. The mean maximum and minimum vyields
were detected from East and North aspects with 147.8
kg/ha? and 6.5 kg/ha™ respectively (Table 3). Since fresh
weight (kg/ha?) of mushroom vyield within different
aspect groups did not show normal distribution (p<0.05),
the vyield data was transformed as log (kg/ha?).

of Boletus edulis within different aspects were analyzed
by ANOVA tests. ANOVA test showed that the
differenceof mean mushroom vyield is significant for
aspect groups (F(3, 20)=13.451, p=0.00). Tukey’s post-
hoc test divided the samples two homogeneous groups:
North aspect (3.698) and east (5.005), west (4.596) and
south (4.7778) aspects (Table 4).

Table 3. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by aspect groups

Aspect n Mean Std deviation Min Max Range Coefficient of
classes variation (%)
Weight (kg/ha) East 5 147.8 159.8 44 425 381 108.1
South 7 77.9 57.9 21 180 159 74.3
West 6 54.8 39.5 7 109 102 72.1
North 6 6.5 6.3 3 19 16 96.9
Number (unit/ha) East 5 980.0 531.0 600 1700 1100 54.2
South 7 771.4 521.9 300 1700 1400 67.7
West 6 500.0 3225 200 1000 800 64.5
North 6 116.7 40.8 100 200 100 34.9

On the other hand, because normality assumption was
not provided (p<0.05) despite all transformations,
Kruscal-Wallis test was used to analyze the significant
differences between medians within aspect groups for
sporocarp amount (F(3)=14.410 p=0.002). Similarly, the
mean maximum and minimum sporocarp amount were
detected from east and north aspects with 980.0 and
116.7 sporocarps per hectare respectively (Table 3). Post
hoc test divided aspects into two groups as north aspect
and the other aspects (Table 5).

Table 4. Anova and Tukey post hock test results for king bolete
weight (kg/ha) among aspect classes

Table 5. Kruscal-Wallis test results for variations of king bolete
sporocarp number (unit/ha) among aspect classes

Class n df Mean X2 Prob>F Homogen
rank groups
East 5 3 18.400 14.410 0.002 a
South 7 15.571 a
West 6 12.833 a
North 6 3.667 b

Aspect n dfl df2 Mean F Prob>F
classes

East 5 3 20 5.005 13.451 0.000
South 7 4.778

West 6 4.596

North 6 3.698
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Boletus edulis productivity is highly influenced by aspect
in the mixed forest. The higher and lower production of
B. edulis is in the east and north aspect respectively. The
average productivity of B. edulis are clearly different in
the north aspect and north-facing slopes are not favored
for production. Although aspect may be significant factor
for mushroom fruiting, what aspect favored is
changeable for each individual mushroom species and
different ecosystems. For example, while north slopes
are convenient for T. magnivelare in Cascade Range of
USA, southwest slopes are better in Japan and Korea

(Amaranthus et al. 1998).
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Effect of Slope

General descriptive statistics of king bolete weight
(kg/ha) and sporocarp number (unit/ha) for slope groups
are shown in Table 6. While the mean maximum
mushroom vyield and amount (197.0 kg/ha and 1133.3
sporocarps/ha respectively) were produced from the
areas under 20% slope, the mean lowest mushroom
yield and amount (33.0 kg and 333.3 sporocarps
respectively) were produced from the areas between 20-
30% slope (Table 6). Significance influence of slope were
analyzed using the Kruskal-Wallis test for comparing
medians because of the normal distribution (p<0.05) and

homogeneity hypothesis were not provided although
logarithmic and square root transformations were
implemented. Boletus edulis sporocarp productivity as
the number and weight are significantly different
between each slope groups (p=0.028 and p=0.049
respectively) (Table 7). Post hoc test separate the slope
groups into two groups. While the first group is included
second slope class between 20-30% slope, the other
group is included the other slope classes based on mean
ranks of each group for both mushroom fresh weight
(18.0 and 7.6) and the number (18.3 and 7.1).

Table 6. Descriptive statistics for king bolete weight (kg/ha) and number (unit/ha) by slope classes

Slope classes n Mean Std deviation Min Max Range Coefficient of
variation (%)
Weight (kg/ha) <20% 3 197 206.9 21 425 404 105.0
20-30% 9 33 59.3 3 180 177 179.7
30-40% 6 72 35.0 25 123 98 48.6
>40% 6 55.3 30.5 25 109 84 55.2
Number (unit/ha) <20% 3 1133.3 737.1 300 1700 1400 65.0
20-30% 9 3333 522.0 100 1700 1600 156.6
30-40% 6 666.7 280.5 400 1200 800 42.1
>40% 6 600 316.2 200 1000 800 52.7

The results of our study showed that the productivity of
B. edulis is significantly different for four slope classes
considered. The maximum production is observed in the
first slope class under 20% slope, 197.0 kg/ha, and
decreases for the other slope classes 33, 72, 55.3 kg/ha
respectively. The average productivity of B. edulis is
significantly different in the second slope class between

20-30% slope. Although our study obtained significantly
differences among aspect and slope classes for king
bolete productivity, Martinez-Pefia et al. (2012a)
reported no significant differences between king bolete
productivity and site variables such as slope, aspect and
elevation.

Table 7. Kruskal-Wallis test results for variations of king bolete weight (kg/ha) and number (unit/ha) among slope classes

Class n df Weight Amount Homogenous
Mean Rank X2 Prob>F Mean Rank X2 Prob>F groups
<20 3 3 18.00 7.869 .049 18.33 9.124 .028 a
20-30 9 7.56 7.11 b
30-40 6 16.00 15.75 a
>40 6 13.67 14.42 a
CONCLUSION study is the known first research analyzing the

Given the growing demand on mushroom products
regarding their socioeconomic value, identifying the
relationships between king bolete productivity and
climatic, environmental and site characteristics is
essential for multiple-use forest management planning.
In this study, identify and compare the influence of some
ecological variables such as slope, aspect and altitude on
wild king bolete productivity were investigated. This
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relationships between king bolete productivity and site
variables in the mixed forests. It is important that this
study was obtained only for king bolete in homogeneous
even-aged stands and a restricted region. According to
the results the higher production of B. edulis was
obtained by the second elevation class between 1450-
1650 meters, east aspects and slope under 20%.
However significant differences were not found among
elevation classes in terms of king bolete productivity for
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bodies and yield. On the other hand, differences among
aspect and slope classes for king bolete productivity
were significant. Although a previous study did not
detect any significant differences between king bolete
productivity and site variables, this study figured out
significantly differences among aspect and slope classes
except elevation classes for king bolete productivity.

The present study was conducted in the permanent
sample plots to analyze king bolete productivity in the
mixed forest. The effects of some ecological factors on
king bolete productivity can be detected with reliable
datasets delivered from long term observation, thus
these longer observations over two years would be
better to confirm these patterns.

Analyzing of some relationships between mushroom
productivity and ecological characteristics can be very
useful for understanding mushroom habitats and fungal
dynamics for forest managers and mushroom pickers.
Also, such research provides valuable knowledge for
integration of non-wood forest products into forest
management plans and facilitate complex decision-
making process.

Further research is needed for a better understanding of
combined effects of different drivers on mushroom
productivity due to the fact that single factors rarely
explain ecosystem response. Additional research should
focus on annual dynamics of important wild mushrooms
in different forest ecosystems by modifying the other
ecological factors such as climatic and edaphic factors.
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