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CAN WE PREDICT SPHAEROPSIS SAPINEA
OUTBREAK BY MONITORING FUNGAL
DIVERSITY IN AUSTRIAN PINE PLANTATIONS?

MOZEMO LI PREDVIDJETI ZARAZE GLJIVOM
SPHAEROPSIS SAPINEA PRATECI RAZNOLIKOST GLJIVA
U SUMSKIM KULTURAMA CRNOGA BORA?

Zeliko ZGRABLIC™, Hrvoje MARJANOVIC?, Danko DIMINIC?

Summary

Fungal diversity plays an important role in forest ecosystems stability as well in the health status of mycorrhizal
forest trees. At research area in Istria, Croatia, pathogenic fungus Sphaeropsis tip blight (Sphaeropsis sapinea (Fr.)
Dyko et Sutton) caused substantial damage in Austrian pine (Pinus nigra J. E Arnold) plantations during the last
decades. This research continues on previous done in Austrian pine plantations on predisposition to S. sapinea
infections, where site and stress conditions were determined as key factors, but also, the ectomycorrhizal (ECM)
fungi were confirmed as biological indicators of the health status in selected plantations. We analyzed fungal di-
versity of Austrian pine plantations to determine the dependence of species richness and its diversity index, both
for total and ECM species only, in relation to S. sapinea infection rate and crown transparency of selected trees.
Fungal samples were collected during 2013 at nine permanent research plots in autumn season. Their total and
ECM species richness and diversity index were correlated to Sphaeropsis tip blight infection level and crown trans-
parency. Our results did not confirm the hypothesis that Austrian pine plantations with higher total species rich-
ness and its diversity index are more resistant to S. sapinea infection nor to crown transparency. Oppositely, ec-
tomycorrhizal species richness and its diversity index might be used as good biological indicators of S. sapinea
presence and crown transparency of studied plantations.

KEY WORDS: Pinus nigra, Sphaeropsis sapinea, crown transparency, integrated forest protection, species richness,
Shannon index, ectomycorrhizal fungi

INTRODUCTION strian pine (Pinus nigra J. E Arnold) plantations in Istria
uvoD region, Croatia, through the last three decades. The dieback

caused ecological and economical loses, e.g. loss of biodi-
Sphaeropsis tip blight (Sphaeropsis sapinea (Fr.) Dyko et versity, change in soil microclimate, increased erosion pro-
Sutton) caused a substantial damage and dieback of Au-  cesses and loss of timber. Although the pathogen itself was
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studied and described in details (Dimini¢ 1997) it was un-
clear which abiotic and biotic factors are detrimental for
disease outbreak. Results of Diminic¢ et al. (2003; 2012) re-
vealed the predisposition of Austrian pine to Sphaeropsis
tip blight infection depending on bedrock, soil type and
water availability. Draught was also highlighted as a crucial
stress factor in north Dalmatia, Croatia, which predispose
pines for different pathogen attack (Pernek et al. 2012). Af-
terwards, Austrian pine plantations with higher ratio of ec-
tomycorrhizal (ECM) fungal species in the total number of
recorded species were confirmed as more resistant to S. sa-
pinea infection (Zgrabli¢ et al. 2015). Although fungi play
a crucial role in forest ecosystem stability acting as sapro-
trophs, symbionts or parasites (Zgrabli¢ et al. 2014), they
still represent a large group of organisms that lack funda-
mental knowledge of their diversity on global scale (Kuyper
1994; Tkalcec et al. 2008). Fungal diversity on Earth is esti-
mated to 1.5 up to 7 million species, with many species still
waiting to be described (Blackwell 2011; Kuyper & Giller
2011). This confirms that biodiversity as a global concept
of variety of life, is crucial for sustainable functioning and
survival of ecosystems on Earth (Perini & Lagana 2004).
According to various authors, a healthy forest ecosystem
contains 40-60% of mycorrhizal species and fruit bodies in
the total count of present species and their fruit bodies
(both mycorrhizal and saprobic) (Arnolds 1991; Fellner
1989, 1993; Fellner & Peskova 1995; Egli 2011). It is well
known that mycorrhizal plants are more resistant to biotic
and abiotic stress, transplantation stress, soil pathogens,
high temperatures, salinity and extreme pH soil conditions
(Kendrick 2000; Palermo et al. 2003; Perotto et al. 2013).

Subsequently, many studies were conducted to describe the
performance of inoculated seedlings and mycorrhizal com-
munities of forests damaged by air pollution. Resistance of
Norway spruce seedlings roots with different mycorrhizal
inoculums were tested to prevent the attack of honey fungus
(Armillaria (Fr.) Staude) in the Czech Republic. Treated
seedlings showed significantly higher dimensions than the
control sample even in the areas of honey fungus high infec-
tion rate (Holus$a et al. 2009). Different authors described the
decline of mycorrhizal fungal communities caused by air
pollutants (Termorshuizen & Schaffers 1987, 1989; Arnolds
1991; Fellner 1993; Fellner & Peskova 1995; Matocec et al.
2000; Peskova 2005, 2007; Kraigher et al. 2007). Deciduous
and coniferous forests were studied in Czech Republic where
stands were grouped in three classes according to their he-
alth status (latent, acute and lethal). The results clearly indi-
cated the connection of trees crown transparency and the
number of mycorrhizal species and their fruit bodies. Furt-
hermore, it was determined that percentage of active and
non-active mycorrhiza on root tips strongly depends on host
plant health condition, same as on health condition of entire
forest (Fellner 1993; Fellner and Peskova 1995). Studies of
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Quercus ilex L. forests from Italy, where selected trees were
grouped in three different health classes, showed only 25%
of common fungal species between the classes. This indica-
ted that altered health conditions influence the ECM com-
munity, meaning that a healthy tree can choose its mycorr-
hizal partner less demanding in terms of nutrients, while the
infected tree loses this possibility (Druebert et al. 2009; Mon-
tecchio et al. 2009). Mycorrhizal communities of sweet che-
stnut (Castanea sativa Mill.) forests in Italy affected by ink
disease (Phytophthora cambivora (Petri) Buism.) were stu-
died, where selected trees were classified according to ink
disease symptoms in three classes. Oppositely than expected,
number of mycorrhizal morphotypes on chestnut roots was
not significantly different between the classes. However, clu-
ster analyses revealed that with increasing symptoms of ink
disease, the ECM community was more similar, whereas
asymptomatic trees differed significantly from symptomatic
classes and inside the group (Scattolin et al., 2012).

Despite to all above mentioned results, there is a substantial
gap of knowledge on interaction between fungal diversity as
a potential indicator of Austrian pine plantations resistance
towards disease outbreak and S. sapinea infection rate. S. sa-
pinea is a very specific pathogen that causes the damage or
a dieback of Austrian pine in natural habitats or plantations
all over the world (Swart & Wingfield 1991; Dimini¢ 1997).
Its principal characteristic is the possibility to attack all parts
of the tree that had suffered abiotic stress, mainly draught
(Dimini¢ et al. 2012). The pathogen can live as an endophyte
in the healthy pine needles without causing any damage for
years, but abiotic stress can act as a trigger to activate its pa-
rasitic stage of life (Stanosz et al. 2001; Deriu 2010).

Among Austrian pine plantations in Istria, we observed di-
fferences in species composition and richness. Considering
the principles of integrated forest protection as more susta-
inable and environmentally less harmful method in relation
to conventional use of pesticides in forest protection (Fel-
dmann et al. 2003), in this research, for the first time, we
studied macrofungal diversity as a potential indicator of tree
health status and S. sapinea infection rate, respectively.
From the present knowledge and observations, we draw our
hypotheses that plantations with higher diversity of fungal
species (species richness), are more resistant to S. sapinea
infection outbreak. More precisely, we tested the total and
ECM species richness, and Shannon diversity index for the
total count of species and for ECM species only, in relation
towards an average number of S. sapinea pycnidia on need-
les and an average crown transparency of Austrian pines.

MATERIALS AND METHODS
MATERIJALI | METODE RADA

Fungal samples were collected in Istria region (Croatia),
Forest administration Buzet, at nine permanent research
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Table 1: Characteristics of nine study plots according to bedrock, soil type, age, slope, aspect and altitude.
Tablica 1: Karakteristike devet istrazivanih ploha s obzirom na mati¢nu podlogu, tip tla, starost, nagib, ekspoziciju i nadmorsku visinu.

Bedrock Soil type

Tip tla

Maticna podloga

Eutric Cambisol

Previz o
Eutricno smede
Lesi&éina Flysch Eutric Cambisol
Flis Eutricno smede
Eutric Cambisol
Paz .
Eutricno smede
- Terra rossa
Mali Golji .
Crvenica
. Calcocambisol
Trstenik s
Smede na vap.-do.
. Calcocambisol
Ripenda

Limestone-Dolomite
Vapnenac-dolomit

Smede na vap.-do.
Calcocambisol
Smede na vap.-do.
Terra rossa
Crvenica
Calcocambisol
Smede na vap.-do.

Lovranska Draga
Trosti

Kurbino brdo

plots. The research area is characterized by two different
bedrock types, limestone and flysch, with various soil types
(Table 1). The main vegetation type of pine plantations di-
ffers among the plots, showing mixtures between eumedi-
terranean - submediterranean and submediterranean -
mountain vegetation regions, with Quercus pubescens Willd.
as a dominant autochthonous species. Average annual ra-
infall and temperatures across Istria region varies between
842 - 1571 mm, and 11.6 - 14.5 °C, respectively. Plots were
approximately at the same locations as were the plots of Di-
mini¢ etal. (2012) in the previous research. They were squ-
are shaped (20 x 20 m), measuring 400 m? each, at different
slopes, aspects, elevation and bedrocks. In the center of
every plot GPS coordinates were recorded with Ashtech
MobileMapper 10. All plots were located in state owned fo-
rests at the area of following Forest offices (FO): FO Pazin,
Management unit (MU) Motovun (2 plots), MU Planik (3
plots); FO Labin, MU Smokovica (2 plots), FO Opatija-Ma-
tulji, MU Liburnija (1 plot), FO Buzet, MU Kras (1 plot).

Macrofungi samples were collected during 2013, from week
36 to week 50, every fortnight. To minimize the effect of
mushroom pickers, sampling was conducted on Wednes-
day and Thursday whenever possible (according to Mar-
tinez de Aragon et al. 2007), regardless the weather condi-
tions. By macrofungi we assumed all fungi that form fruit
bodies larger than 1 mm, or visible by naked eye, respecti-
vely (Arnolds 1992). All samples were recorded with digital
camera. Each fungal species with all its sporocarps on the
plot represented one sample. They were collected in a wax
paper bags, assigned and processed in laboratory on the
same day. Sporocarps were counted, measured, described

Age (year) Slope (°) Aspect Altitude (m)
Starost Nagib (°) Ekspozicija Nadmorska visina (m)
30 20-32 E-SE 338
20 10-24 S-SE 269
30 10-18 S-SW 248
60 2-5 S-SE 309
70 11-23 N-NE 772
18 15-22 W-SW 347
90 3-35 E 518
60 5-10 0 388
40 10-18 S-SE 347

and dried for 48 hours at 35-40 °C. Afterwards, they were
packed in plastic bags and deposited to Croatian National
Fungarium (CNF) for further identification. Samples that
could not be identified only by their macroscopic charac-
teristics, were identified by standard microscopy methods
on dry material (Mesi¢ & Tkal¢ec 2009), using light micros-
cope Olympus BX51, with magnification up to 1500x and
novel taxonomic literature (Breitenbach & Kranzlin 1986,
2000; Kuyper 1986; Kytovuori 1989; Bas et al. 1990, 1995,
1999; Sarnari 1998, 2005; Antonin & Noordeloos 2004,
2010; Knudsen & Vesterholt 2012). Trophic status of collec-
ted fungal species was determined according to Brundrett
(2008), Rinaldi et al. (2008) and Comandini et al. (2012).
Names of identified species and author abbreviations follow
MycoBank (www.mycobank.org 2016).

From each plot one tree with an average crown transpa-
rency level was selected to confirm the fungus Spheropsis
sapinea presence and to reveal the number of present pycni-
dia as well. Each tree was represented with five branches
and 20 needles (100 needles per plot). Analyzes of Sphae-
ropsis tip blight infection were conducted in the Laboratory
of trees pathology, Faculty of Forestry, University of Zagreb.
Needles were kept moistened in Petri dishes for 48 h. Total
number of developed pycnidia on needles was counted un-
der a stereo microscope (Leica Leitz MZ8). To confirm the
presence of S. sapinea, five needles were randomly selected
from each sample and analyzed under a light microscope
Olympus BX53, with magnification up to 400%, equipped
with digital camera Motic MoticamPro 252A. Shape and
size of pycnidia and spores were controlled in the cross sec-
tion (according to Dimini¢ 1997). Crown transparency was



Table 2: Description of an average number of S. sapinea pycnidia (P,,), average crown transparency (CT,,), species richness (S), ectomycorrhizal
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(ECM) species richness (S’), Shannon index (H) and ectomycorrhizal (ECM) species Shannon index (H') at all research plots.

Tablica 2: Prikaz prosjecnog broja piknida S. sapinea na iglici (P,,), prosjecne osutosti kroSanja (CT,,), ukupnog broja vrsta (S), ukupnog broja ektomikoriznih

(ECM) vrsta (S’), Shannon indeksa (H) i Shannon indeksa ektomikoriznih (ECM) vrsta (H') za sve istrazivane plohe.

Plot — Ploha P., CT,,
Previz 0.00 8.46
Lesis¢ina 0.00 6.86
Paz 1.15 20.48
Mali Golji 17.73 27.50
Trstenik 1.82 20.92
Ripenda 13.84 17.38
Lovranska Draga 7.1 37.60
Trosti 24.46 4417
Kurbino brdo 22.21 21.31

assessed for all trees on plots according to ICP Forest met-
hodology (Eichhorn 2010; Potoci¢ & Seletkovi¢ 2011).

Fungal diversity was evaluated using Shannon diversity in-
dex (H) (Heip et al. 1998; Molles 1999; Martin-Pinto et al.
2006), defined as:

()=~ P(nP)

where P; stands as a proportion (#/N) of individuals in a

single species (1), divided by the total number (N) of indi-

viduals in the sample, while S represents the total number

of recorded species (species richness) at the plot.

Shannon index was calculated with PAST 3.06 software (Pa-
leontological Statistics, Natural History Museum, Univer-

sity of Oslo, Norway), based on the total number of species
(H) and number of ectomycorrhizal species (H’) separately

for every plot. Species richness (S) and Shannon index (H)
were used as independent variables, while the number of S.
sapinea pycnidia and crown transparency were used as de-
pendent variables to calculate linear regression and corre-

lation analyzes to compare the values between the plots. All

analyzes were performed with Statistica 10 software (Stat-
Soft, Inc., Tulsa, OK, USA). To test statistical significance,
in all analyzes a 95% confidence level was used (p < 0.05).

Statistical results were interpreted according to Horvat &

Ivezié (2005).

RESULTS
REZULTATI

Results from data obtained on nine plots during 2013

showed different species richness, crown transparency and
diversity index distribution. In total, 3377 sporocarps were

recorded, belonging to 124 fungal species and 48 genera,
with 51 ectomycorrhizal (ECM) species. Plot Trosti was the

most rich in fungi species (35), and was followed by plots

Trstenik (34) and Lesi$¢ina (33) (Table 2). At plots Lovran-
ska Draga and Paz richness accounted for only 15 species.

S
26
33
15
18
34
25
15
35
31

S’ H H

19 1.38 1.28
22 2.54 2.14
1 2.17 1.30
8 1.79 1.51
14 3.04 1.98
9 1.96 1.35
5 2.42 1.49
9 2.84 1.33
1 2.35 0.60

The highest number of ECM species was recorded on plots
Lesi$¢ina (22), and Previz (19), while the plot Lovranska
Draga was the most poor in ECM species (5). The highest
value of Shannon index (H) was recorded on plot Trstenik
(3.04), while the lowest one was at plot Previz (1.38) (Table
2). For ECM species, the highest value of Shannon index
(H’) was at plot Lesis¢ina (2.14), while the lowest one was
at plot Kurbino brdo (0.60). Sphaeropsis sapinea pycnidia
were not found at plots Previz and Lesis¢ina, while they
were abundant at plots Trosti, Kurbino brdo and Mali Go-
lji. On analyzed needles, together with S. sapinea, Trunca-
tella hartigii (Tubeuf) Steyaert was present. Plot Tro$ti was
the most infected by S. sapinea with an average number of
24.46 pycnidia/needle (Table 2), and had the highest ave-
rage crown transparency (44.17%), while the lowest one was
recorded on plot Lesi$¢ina (6.86%) (Table 2).

According to the linear regression model, there is an indi-
cation of weak positive correlation (r = 0.273), between spe-
cies richness and an average number of S. sapinea pycnidia,
but it is not statistically significant (p = 0.477) (Figure 1).
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Figure 1: Correlation of an average number of S. sapinea pycnidia on
needle towards species richness (S) with 95% confidence interval.
Slika 1: Odnos prosjecnog broja piknida S. sapinea na iglici prema ukupnom
broju vrsta (S) s 95% intervalom pouzdanosti.
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Figure 2: Correlation of an average crown transparency (%) towards
species richness (S) with 95% confidence interval.

Slika 2: Odnos prosjecne osutosti krosanja (%) prema ukupnom broju vrsta
(S) s 95% intervalom pouzdanosti.
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Figure 3: Correlation of an average number of S. sapinea pycnidia on
needle towards ECM species richness (S’) with 95% confidence interval.

Slika 3: Odnos prosjecnog broja piknida S. sapinea na iglici prema ukupnom
broju ECM vrsta (S') s 95% intervalom pouzdanosti.

Species richness does not correlate with crown transparency
(r =-0.100) (Figure 2). ECM species richness seemingly
negatively correlates (r = —0.564) with an average number
of pycnidia on needle, but it is also not statisticaly signifi-
cant (p = 0.114) (Figure 3). ECM species richness showed
statisticaly significant (p = 0.018), and very strong negative
correlation (r = —0.756) in respect to an average crown tran-
sparency (Figure 4). Between Shannon index and an ave-
rage number of pycnidia on needle (Figure 5), there is an
indication of very weak positive correlation (r = 0.241), al-
beit again not statistically significant (p = 0.532). Similar
results were obtained for correlation between Shannon in-
dex and an average crown transparency which is positive
(r = 0.425), but not statistically significant (p = 0.254) (Fi-
gure 6). On the other hand, ECM species Shannon index
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Figure 4: Correlation of an average crown transparency (%) towards
ECM species richness (S’) with 95% confidence interval.

Slika 4: Odnos prosjecne osutosti krosanja (%) prema ukupnom broju ECM
vrsta (S') s 95% intervalom pouzdanosti.
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Figure 5: Correlation of an average number of S. sapinea pycnidia on
needle towards Shannon index (H) with 95% confidence interval.

Slika 5: Odnos prosjecnog broja piknida S. sapinea na iglici prema Shannon
indeksu (H) s 95% intervalom pouzdanosti.

indicated strong negative correlation (r =-0.511; p = 0.160)
with respect to an average number of pycnidia, but also not
statistically significant (Figure 7). Even weaker correlation,
and again not statistically significant (r = -0.325; p = 0.393),
was found between ECM species Shannon index and an
average crown transparency (Figure 8).

DISCUSSION AND CONCLUSION
RASPRAVA | ZAKLJUCAK

Ecological and economical losses in Austrian pine planta-
tions caused by Sphaeropsis sapinea keeps preoccupying fo-
rest managers and scientists attempting to prevent and mi-
nimize its damage. Our study was based on sporocarp
sampling which is a very complex method, time consuming
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Figure 6: Correlation of an average crown transparency (%) towards
Shannon index (H) with 95% confidence interval.

Slika 6: Odnos prosjecne osutosti kroSanja (%) prema Shannon indeksu (H)
s 95% intervalom pouzdanosti.
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Figure 7: Correlation of an average number of S. sapinea pycnidia on
needle towards ECM species Shannon index (H') with 95% confidence
interval.

Slika 7: Odnos prosjecnog broja piknida S. sapinea na iglici prema Shannon
indeksu ECM vrsta (H') s 95% intervalom pouzdanosti.

and a topic of many debates (Zotti et al. 2013). At the same
time, it is cheaper than molecular methods, with epigeous
fungal sporocarps easily accessible in favorable conditions
(Schmit & Lodge 2005). Macrofungi emphasize a vast ma-
jority of ectomycorrhizal and saprobic species which
showed repeated positive correlation with mycelial activity
(Kuyper 1994), which justifies the selected methodology.
Described results in this paper are a part of the research
process that continues on previous studies of the same Au-
strian pine plots where predisposition to S. sapinea infecti-
ons caused by draught was determined as a key factor (Di-
mini¢ 1997; Dimini¢ et al. 2003, 2012). Furthermore,
Zgrabli¢ et al. (2015) confirmed the importance of ecto-
mycorrhizal (ECM) fungi ratio in the total count of species.
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Figure 8: Correlation of an average crown transparency (%) towards
ECM species Shannon index (H’) with 95% confidence interval.

Slika 8: Odnos prosjecne osutosti kroSanja (%) prema Shannon indeksu
ECM vrsta (H') s 95% intervalom pouzdanosti.

Plantation with a ratio of EMC fungal species higher than
60% was free from S. sapinea pycnidia on needles and had
a negligible crown transparency. It is difficult to compare
our results with other studies because there is a gap of
knowledge considering the research of fungi in Austrian
pine forests and plantations in general, especially in relation
to health conditions. Recorded 124 fungal species, of which
51 were ECM in our study, represent higher species rich-
ness than has been recorded in Austrian pine plantations
on serpentine bedrock in Liguria, Italy (Zotti et al. 2013).
There were 94 species recorded of which 47 ECM. Shannon
diversity index ranged from 1.84-3.34 for total species ri-
chness, and 1.05-2.26 for ECM species group, reflecting hi-
gher values than in our study. However, it is difficult to com-
pare these studies because of different methodology.
Experiment in Liguria consisted of 11 plots which were lar-
ger (32 x 32 m) and surveyed through four years for epige-
ous and hypogeous fungi, but without considering the he-
alth status of Austrian pine trees. Research of Austrian pine
macrofungi in Istria at previous study (Zgrabli¢ et al. 2015)
revealed a total of 88 epigeous fungal species of which 47
were ECM. Luoma & Eberhart (2006) conducted a research
of the below-ground ECM diversity in the Pacific Nort-
hwest, USA, on Douglas fir affected by Swiss needle cast
disease (SNC) (Phaeocryptopus gaeumannii (T. Rohde)
Petr.). According to their preliminary results, it is evident
that stands with stronger SNC severity had a significantly
less ECM types/soil core than stands with low infection rate
and the control site outside the SNC disease symptoms
zone. They conclude that below-ground ECM community
could be used as a forest health indicator for early detection
of Swiss needle cast (SNC) susceptibility.

Many studies clearly indicated the effect of air pollution on
forest ecosystems, consequently showing a decline in num-
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ber of ECM fungal species, their sporocarps and mycorr-
hizal root tips (Termorshuizen & Schaffers 1987, 1989; Ar-
nolds 1991; Fellner 1993; Fellner & Peskova 1995; Matocec
et al. 2000; Peskova 2005, 2007; Kraigher et al. 2007). To-
gether with loss of mycorrhizal diversity, symptoms of di-
sturbance were visible on many forest tree species, especi-
ally conifers. Even though it is believed that fungi play an
important role in stability of forest ecosystems and help
protect their plant host from physiological stress and pat-
hogen, published results until now did not clearly prove it
(Egli 2011). From this point of view, saprobic and ECM
macrofungi cannot be generalized as indicators of forest
trees health status. To consider them as forest health indi-
cators it is necessary to study more in detail the specific
group of macrofungi and their relation towards the diffe-
rent abiotic and biotic factors.

Based on the results of this study, we partly rejected our
hypothesis. We concluded that total species richness (S)
cannot be used as an indicator of forest susceptibility to
S. sapinea disease outbreak due to week or nonexistent
correlation with pycnidia and crown transparency (Figure
1 & 2). The same statement can be applied for Shannon
index (H) as an indicator of S. sapinea pycnidia (Figure
5). ECM species richness (§’) showed an opposite trend.
With its increase to 22 species/plot the number of S. sapi-
nea pycnidia decreases to zero, which is confirmed by the
regression model, although not statistically significant (Fi-
gure 3). Even more, there is a strong negative and statisti-
cally significant correlation between S’ and crown tran-
sparency (Figure 4). With 20 species/plot, we can expect
the crown transparency to be below 10%. In this case, we
can assume the ECM species diversity as a good indicator
of Austrian pine plantations health status. Nevertheless,
the crown transparency itself does not indicate the pre-
sence of S. sapinea and can be used only in the case when
the pathogen is confirmed. According to linear regression
model, we can expect crown transparency higher than
25% when H is 2.4, and higher than 30% when H is above
3.0 (Figure 6). The correlation between H and crown tran-
sparency is week and consequently rejected our hypothe-
sis, but there is a strong correlation between H” and the
number of S. sapinea pycnidia. In the case when H’ sur-
passes 2.4 we can expect the healthy needles without S.
sapinea pycnidia presence, which in a part, confirms our
assumption. To gain more reliable and precise results, it is
recommended to survey additional plots through longer
period and to include in research analyses of stand factors
like altitude, aspect, precipitations, bedrock and soil type,
pH, plant nutrition status and phytocoenological survey.
That would enable the development of new methods and
models of integrated forest protection in accordance with
pronounced changes of ecological conditions of the Au-
strian pine habitats.
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Patogena gljiva Sphaeropsis sapinea (Fr.) Dyko et Sutton uzrokovala je znacajna susenja kultura crnoga bora
(Pinus nigra J. F. Arnold) u Istri tijekom posljednja tri desetljeca. Iako je sam patogen detaljno istrazivan u
Hrvatskoj, ali i mnogim drugim zemljama, jo$ uvijek nisu poznati svi ¢imbenici koju sudjeluju u izbijanju i
$irenju zaraza. Stres uzrokovan nedostatkom vode opisan je kao jedan od najvaznijih ¢imbenika koji stvara
predispoziciju borova na zarazu sa S. sapinea. No, novija istrazivanja pokazuju da znac¢ajnu ulogu u osjetljivosti
crnoga bora na zarazu imaju i ektomikorizne (ECM) gljive. Gljive su vrlo znacajan ¢imbenik stabilnosti
$umskih ekosustava, bez obzira kojoj trofickoj grupi pripadaju. S obzirom na op¢u slabu istrazenost makro-
gljiva, posebno njihove bioraznolikosti i funkcionalne vaznosti pojedinih vrsta u ekosustavima, cilj ovoga
istrazivanja bio je utvrditi bogatstvo vrsta gljiva i indeks njihove raznolikosti. Postavljena je hipoteza da kul-
ture crnoga bora s ve¢im bogatstvom vrsta i ve¢im indeksom raznolikosti pokazuju manju osjetljivost prema
napadu S. sapinea. Hipoteza je nadalje razdijeljena izmedu ukupnog bogatstva vrsta i Shannon indeksa razno-
likosti te bogatstva ECM vrsta i pripadajuc¢eg Shannon indeksa.

Istrazivanje se baziralo na sakupljanju nadzemnih plodista makrogljiva (ve¢ih od 1 mm). Uzorci gljiva saku-
pljani su tijekom 2013. godine na devet trajnih ploha od 36. do 50. tjedna u godini. Sve plohe nalazile su se
drzavnim $umama na podru&ju USP Buzet (Tablica 1). Svi uzorci pohranjeni su u Hrvatski nacionalni fun-
garij (CNF). Vrste su odredivane standardnim metodama mikroskopiranja. Osutost krosanja svih stabala na
plohama odredena je prema ICP Forest metodi. Na svakoj je plohi analizirano po jedno stablo crnoga bora s
prosjecnom osuto$¢u krosnje, kako bi se utvrdila prisutnost i brojnost piknida S. sapinea na iglicama. Za
statisticku analizu podataka koristeni su programi Statistica 10 (StatSoft, Inc., Tulsa, OK, USA) i PAST 3.06
(Paleontological Statistics, Natural History Museum, University of Oslo, Norway).

Istrazivanjem je obradeno ukupno 3377 plodista makrogljiva. Odredene su 124 vrste, od kojih je 51 bila ek-
tomikorizna (ECM). Najvise vrsta (S) zabiljeZeno je na plohi Trosti (35), a najmanje na plohama Paz i Lovran-
ska Draga (15) (Tablica 2). Najvece bogatstvo ECM vrsta (') zabiljeZeno je na plohi Lesis¢ina (22), dok ih je
najmanje bilo na plohi Lovranska Draga (5). Najvisa vrijednost Shannon indeksa (H) zabiljezena je na plohi
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Trstenik (3,04), a najmanja na plohi Previz (1,38) (Tablica 2). Najvisi Shannon indeks ECM vrsta (H’) zabiljezen
je na plohi Lesi$¢ina (2,14), a najnizi na plohi Kurbino brdo (0,60). Na plohi trosti utvrden je najvedi prosje¢an
broj piknida S. sapinea po iglici (24,46) te najviSa prosjecna osutost krosanja (44,17 %) (Tablica 2). Na plo-
hama Previz i Lesi$¢ina nije utvrdena prisutnost piknida S. sapinea na iglicama, a ploha Lesi$¢ina imala je i
najmanju prosje¢nu osutost krosanja (6,86 %). Koeficijent korelacije pokazuje slabu i statisticki nezna¢ajnu
povezanost bogatstva vrsta s brojem piknida S. sapinea na iglici (r = 0,273) (Slika 1), dok s prosje¢nom osutos¢u
krosanja nema povezanosti (r = 0,100) (Slika 2). Povezanost bogatstva ECM vrsta pokazuje jaku negativou
korelaciju s brojem piknida (r = -0,564) (Slika 3), te vrlo jaku negativnu korelaciju (r = -0,756) s osuto$¢u
krosanja (Slika 4). Shannon indeks pokazuje statisticki neznac¢ajnu i jako slabu korelaciju s prosje¢nim bro-
jem piknida (r = 0,241) (Slika 5) te srednje jaku povezanost s osuto$¢u krosanja (r = 0,425) (Slika 6). Shannon
indeks ECM vrsta pokazuje jaku negativnu povezanost s brojem piknida (r = -0,511) (Slika 7) te slabu nega-
tivou povezanost s osutos¢u krosanja (r = -0,325) (Slika 8).

Ovaj rad dio je kontinuiranog procesa istrazivanja $teta koje pric¢injava S. sapinea i nastavak je prijasnjih
istrazivanja predispozicije crnoga bora na zarazu ovim patogenom u Istri, prilikom kojih je utvrden utjecaj
stanista, stresa i ektomikoriznih gljiva na zarazu. S obzirom na dobivene rezultate, odbacujemo hipotezu da
ukupno bogatstvo vrsta moze posluziti kao pouzdan bioloski pokazatelj osjetljivosti crnoga bora na zarazu sa
S. sapinea i osutosti krosanja zbog vrlo slabe ili nepostojece veze izmedu promatranih varijabli. Pripadajuci
Shannon indeks raznolikosti vrlo je slabo povezan s brojem piknida na iglici, pa je stoga takoder odbacen
kako pouzdan indikator zaraze. Shannon indeks ECM vrsta slabo je povezan s osuto$c¢u te takoder ne moze
posluziti kao pouzdan pokazatelj zdravstvenoga stanja istrazivanih kultura crnoga bora. Nasuprot tomu,
bogatstvo ECM vrsta moze posluziti kao dobar pokazatelj prisutnosti piknida i osutosti krosanja. Prema do-
bivenom regresijskom modelu, u slu¢aju kada imamo 22 ECM vrste po plohi piknide se ne razvijaju na igli-
cama crnoga bora, a u slu¢aju kada imamo 20 ECM vrsta po plohi osutost se smanjuje ispod 10%. Linearni
regresijski model pokazuje da ukoliko Shannon indeks za ukupan broj vrsta prelazi 2,4, osutost krosanja raste
iznad 25 %, a ukoliko on iznosi iznad 3,0, osutost se moze povecati iznad 30 %. Promatrajudi linearni regres-
ijski model povezanosti Shannon indeksa ECM vrsta i piknida S. sapinea, mozemo zaklju¢iti kako povecanjem
vrijednosti indeksa iznad 2,4 piknide izostaju s iglica te isti mozZe posluziti kako dobar pokazatelj zdravstvenog
stanja istrazivanih kultura crnoga bora. Na temelju dobivenih rezultata zaklju¢ujemo kako je potrebno provesti
daljnja istrazivanja opisanih odnosa na ve¢em broju ploha i tijekom duzeg razdoblja. Na taj bi nacin bilo
moguce dobiti pouzdanije podatke koji bi mogli posluziti za razvijanje novih metoda i modela integrirane
zastite Suma u sve izrazenijim ekoloskim promjenama u stanistima crnoga bora.

KLJUCNE RIJECI: Pinus nigra, Sphaeropsis sapinea, osutost kro$anja, integrirana zastita Suma, bogatstvo vrsta,
Shannon indeks, ektomikorizne gljive



