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Abstract

Scots pine (Pinus sylvestris) seedlings were inoculated with three fungi
(Ambrostella tingens, Ophiostoma canum and O. minus) associated with Tomicus minor
to evaluate their pathogenicity. Ophiostoma minus killed 87-93% of the
two-year-old plants, O. canum killed 33-60% of the seedlings, whereas no control
plants or plants inoculated with A. tingens died. All of the fungi examined, except A.
tingens, caused sapwood blue-stain in the two-year-old seedlings.
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Introduction

Tomicus minor is considered an important secondary forest pest on Scots pine
(Pinus sylvestris) in Poland but is less aggressive than T. piniperda (Kolk and Starzyk
1996). Jankowiak (2008) reported that T. minor attacking Scots pine in Poland car-
ried many sap-stain fungi, particularly Ophiostoma canum and the ambrosia fungus
Ambrosiella tingens. Other identified by Jankowiak ophiostomatoid fungi (Lepto-
graphium lundbergii, L. procerum, O. piceae and O. minus) were considered sporadic as-
sociates of T. minor. This study also indicated that A. tingens played the most
important role in colonization of pine sapwood during early stages of fungal suc-
cession while O. canum acted later as secondary colonizer of sapwood.

The patterns of fungal invasion in the sapwood of trees attacked by bark beetles
may be different. However, generally the most virulent species invaded sapwood
first. Solheim (1992 a, 1992 b) documented that very virulent species, Ceratocystis
polonica, colonized Norway spruce sapwood first after Ips typographus attack while
Jankowiak and Kurek (2006) suggested that pathogenic O. minus was the first in-
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vader of pine sapwood after T. piniperda attack. However, little is known about the
potential pathogenicity major fungal associates of T. minor. The result of one inocu-
lation experiment in Sweden suggests that O. canum is only weakly virulent to P.
sylvestris (Solheim et al. 2001). We have no information about potential pathoge-
nicity of A. tingens which is the first invader of pine sapwood after T. minor attack.

The objective of the present study was to evaluate the pathogenicity of three
sap-stain fungi associated with T. minor by inoculating two-year-old Scots pine
seedlings.

Material and methods

To investigate the impact of the fungal associates of T. minor on Scots pine, in-
fection experiments were conducted on two-year-old containerized P. sylvestris
seedlings obtained from a nursery. Seedlings were growing in containers with a
mixture of peat : perlite (8.5 : 1.5). The plants were maintained outdoor under am-
bient conditions and watered as required. Stem diameters at the inoculation site
ranged from 3.9 to 5.7 mm (mean 4.75 mm).

Two species of sap-stain fungi commonly associated with T. minor, A. tingens
and O. canum were used for the inoculation. Additionally, O. minus a known patho-
gen of P. sylvestris was used as a positive control to estimate fungal virulence. Three
random isolates of each fungus were used. On the 6™ of April 2008, 135 seedlings
were inoculated with selected isolates (15 seedlings for each isolate). Forty five
plants were inoculated with sterile MEA as negative controls. Inoculations were
made by cutting out a bark flap (4 x 8 mm) with a sterile scalpel, placing inoculum
on the exposed sapwood surface and covering it up with the bark flap and a
Parafilm® M strip, as described by Krokene and Solheim (1998 a). The wounds
were made on the first-year shoot of plants, 4 cm above the root collar. The
inoculum consisted of a 3-mm disc of fungus growing on 2% MEA or sterile 2%
MEA (negative control). The inoculum was taken from the margin of 12-day-old
cultures grown at 22°C.

Observations of plant mortality were performed at weekly intervals for 11
weeks. A seedling was considered dead when the stem and needles above the inoc-
ulation site were brown discoloured. After 11 weeks, all plants were harvested, and
the bark was removed around the inoculation site. The length of the necrotic lesion
on the sapwood surface and depth of any sapwood blue-stain was measured. The
differences in lesion dimensions and sapwood blue-stain depth among inoculated
fungi and control were tested with the nonparametric Kruskal-Wallis ANOVA
test. For fungal isolates, 2 X 2 tables and chi-square test were used to determine
differences in plant mortality (STATISTICA® 8.0, StatSoft, Inc., USA).

Re-isolations of the inoculated fungi from each seedlings were attempted by re-
moving two small sapwood pieces (1 x 1 mm) above and below the points of inoc-
ulation at a distance of 0.5-1 cm and placing them onto 2% MEA. In total, 360
plant pieces were used for re-isolations of fungi. Plates were incubated for four
weeks at 22°C and then checked for the presence of the inoculated fungi.
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Results

Ophiostoma minus isolates killed 87-93% of the two-year-old plants within
two—four weeks after inoculation. Ophiostoma canum isolates killed 33-60% of the
seedlings (Table 1). For plants inoculated with O. canum first mortality symptoms
were observed five-six weeks after inoculation. Dying seedlings displayed wilting
of current year shoots and yellow-brownish needles. No control plants or plants in-
oculated with A. tingens died (Table 1). Ophiostoma canum induced significantly
larger necrotic lesions than A. tingens and control. There were no significant differ-
ences between lesions length of the three O. canum isolates with a range of 26.2
mm to 32.2 mm, however, isolate O.c 1226 caused the largest necrotic lesions. All
isolates of A. tingens caused similar mean lesion length (4.2-6.9 mm, Table 1).
Eleven weeks after inoculation the callus tissue closed the wounds of all control
plants while all seedlings inoculated with A. tingens were partially healed (Phot. 1
A-C).

All of the fungi concerned, except A. tingens (isolate 1397 and 1392) caused sap-
wood blue-stain in the two-year-old seedlings (Phot. 1 D-G). Isolates of O. minus
and O. canum caused similar depth of sapwood blue-stain. Among them isolates O.
minus 169 and O. canum 1226 caused more blue-stain than other isolates. One iso-
late of A. tingens — 1382 caused a small amount of blue-stain in sapwood of the
seedlings (Table 1).

Table 1

The results of the inoculation experiments with fungi associated with Tomicus
minor on two-year-old plants. Depth of sapwood blue-stain and lesion length
with the same letter were not significantly different

Mean depth Mean lesion
Speci " of sapwood Dead plants
pecies Isolate . length
blue-stain (%)
(mm)
(mm)
Ambrosiella tingens At 1397 Oc 69a 0d
A.t1392 Oc 6.6a 0d
At 1382 0.03 bc 42a 0d
Ophiostoma canum 0.c 1374 0.11 ab 26.2b 333c¢
0.c 1233 0.16 a 29.1b 46.6 bc
0.c 1226 0.18a 32.2b 60.0 abc
Ophiostoma minus O.m 593 0.13 ab e 86.7 ab
O.m 448 0.12 ab —r 933a
O.m 169 0.29a —r* 933a
Control Oc 39a 0d

*All isolates were collected in Stanistawice, Poland, 2007, except Ophiostoma minus which were col-
lected in Mielec.
**Necrotic lesions length could not be measured since the plants were killed.
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Phot. 1. Lesions on the surface of stem caused by (A) Ophiostoma canum
and (B) Ambrosiella tingens, and (C) control. Cross section through a pine stem
in the inoculations points: (D) O. canum, (E) O. minus, (F) A. tingens and (G) negative control.
The white arrow indicates the killed parenchyma and sapwood blue-stain while yellow arrow
indicates healthy sapwood (photo by R. Jankowiak)

The inoculated fungi were successfully re-isolated from 100% of plants, except
for A. tingens, which was re-isolated from 33-53% of the plants.
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Discussion

All ophiostomatoid species examined, except A. tingens, were capable of suc-
cessful infection and symptoms development in Scots pine seedlings. Lesions were
relatively readily observed in seedlings inoculated with O. minus and O. canum. Cal-
lus tissue was present only in pine seedlings inoculated with A. tingens and control.
Similar lesion morphology have been observed in previous seedling inoculation
studies with the same fungal species (Solheim et al. 2001, Jankowiak 2006).

Among three sap-stain fungi associated with T. minor only O. minus and O. canum
grew and caused serious lesions in the sapwood of Scots pine seedlings. Taking in
consideration seedling mortality in this study, O. minus was much more virulent
than O. canum. The high virulence of O. minus is in accordance with the results of
earlier inoculation studies conducted on large trees (Lieutier et al. 1989, Solheim
and Langstrom 1991, Solheim et al. 2001) and seedlings (Jankowiak 2006). De-
spite the high pathogenicity of O. minus to P. sylvestris its role in the dieback process
of trees after T. minor attack seems not important, because this fungus is rarely iso-
lated from T. minor beetles (Jankowiak 2008).

Consistent with previous studies (Solheim et al. 2001), O. canum was much less
virulent than O. minus. Solheim et al. (2001) suggested that O. canum, similarly as
O. piceae, was only weakly virulent to Scots pine. However, this inoculation experi-
ment showed that O. canum induced more extensive symptoms than those pro-
duced by O. piceae in complementary pathogenicity test (Jankowiak 2006).
Therefore O. canum seemed to have more pathogenic abilities than O. piceae and
acted as a pathogen with medium level of virulence to Scots pine. To fully explain
the virulence level of O. canum, further pathogenicity studies of the same fungal
isolates should be conducted using large Scots pine trees although Krokene and
Solheim (1998 a) give a clear evidence that inoculation of seedlings is a suitable
method for determining the virulence of bark beetle associated blue-stain fungi.
However, results from seedling inoculations must be carefully interpreted because
young trees do not have the well-developed defence system found in older trees
(Sandnes and Solheim 2002). Therefore some authors suggested that fungi appear
to be more pathogenic to seedlings than to larger trees (Basham 1970).

Ambrosiella tingens was not able to kill the plant and penetrate seedling’s sap-
wood. Hence, this species appeared to be non-pathogenic to Scots pine seedlings.
The lack of pathogenicity of A. tingens revealed in this study was unexpected. The
results of a few inoculation studies with a species of the genus Ambrosiella associ-
ated with Polygraphus poligraphus on Picea abies indicated that this fungus was mod-
erately pathogenic (Krokene and Solheim 1997, 1998 b). Although A. tingens
serves as food for the developing larvae (Francke-Grosmann 1952), it is also the
first invader of deeper layers of sapwood after T. minor attack (Jankowiak 2008).
Probably this fungus cannot colonize living trees with very fresh sapwood.
Ambrosiella species are sensitive to changing moisture level, especially to desicca-
tion (Zimmermann and Butin 1973). According to Jankowiak (2008), A. tingens oc-
curred often in deeper layers of sapwood only between four and eight weeks after
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insect attack and could colonize P. sylvestris sapwood only at certain moisture
range. That means that the sapwood should be neither too wet nor too dry.

Results of this study showed that the non-aggressive T. minor was associated
with non-pathogenic or very weakly pathogenic fungi. These results are consistent
with a hypothesis that aggressive bark beetles, e.g. T. piniperda, are associated with
more pathogenic fungi than non-aggressive species (Christiansen et al. 1987, Raffa
1991). It seems that T. minor — lacking phytopathogenic fungi, which are able to in-
vade fresh sapwood — cannot kill healthy trees of P. sylvestris.

Streszczenie

OCENA PATOGENICZNOSCI TRZECH GRZYBOW SINIZNOWYCH
ZWIAZANYCH Z TOMICUS MINOR W STOSUNKU DO SADZONEK
SOSNY ZWYCZAJNEJ

Dwuletnie sosny rosnace w kontenerach z podtozem torfowo-perlitowym byly
inokulowane dwutygodniowsg grzybnig wyrostg na 2-procentowej pozywce agaro-
wo-maltozowej. Kontrole stanowilo 45 sadzonek inokulowanych sterylna pozyw-
ka. Badano dziewie¢ izolatéw reprezentujacych trzy gatunki grzybow zwigzanych z
Tomicus minor. Izolaty Ambrosiella tingens i Ophiostoma canum reprezentowaly gatunki
grzybow najczeéciej towarzyszace cetynnicowi mniejszemu, izolaty za§ Ophiostoma
minus, ktory jest sporadycznie izolowany z chrzgszczy i zerowisk tego owada, zo-
staly uzyte jako kontrola pozytywna. Sadzonki inokulowano przez nacigcie strzatki
pedu i wprowadzenie inokulum w postaci krazka pozywki z grzybnia. Po 11 tygo-
dniach oceniano przezywalno$¢ sadzonek oraz mierzono dtugosé nekrozy i gtebo-
ko$¢ sinizny w punktach inokulacji.

Izolaty O. minus spowodowaly zamarcie 87-93% sadzonek sosny, izolaty za$
grzyba O. canum doprowadzity do zamarcia 33-60% sadzonek. U zadnej sadzonki
kontrolnej ani sadzonki zakazanej grzybem A. tingens nie zaobserwowano objawow
chorobowych. Ophiostoma canum powodowal wyraznie dtuzsze nekrozy niz grzyb A.
tingens i niz te wystepujace na sadzonkach kontrolnych. Wszystkie gatunki grzy-
béw, z wyjatkiem A. tingens (izolaty 1397 i 1392), spowodowaly sinizne drewna
bielastego u inokulowanych sadzonek.
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