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Abstract — The paper reports on the effect of fertilisation on the severity of Sirococcus shoot blight in
a mature Norway spruce stand. Trees with severe symptoms of Sirococcus shoot blight were
characterised by insufficient Mg and Ca supply and enhanced N/Mg and N/Ca-ratios in the current-
year and 3-year-old needles at the start of the project. Application of appropriate fertilisers in 2001
mitigated disease severity of the fertilised trees and promoted tree recovery. Bestwestllts
achieved by fertilisation with water soluble Ca- and Mg-fertiliségypsum + kieserite-variant) which
resulted in an 18.9 % decrease of disease severity in the period 2001 — 2006. While dolomitic liming
also promoted tree recovefygecrease in disease severity was 11.8 %), in the unfertilised control
variant a 3.5 % increase was observed in the same period.

Sirococcus conigenus/ disease severity / liming / application of gypsum and kieserite

Kivonat — Tapanyag-utanpétlas hatasa a Sirococcus hajtaspusztulasra egy érett lucféniPicea

abies [L.] Karst.) dllomanyban. A dolgozat téméja a tdpanyag-utdnpotlds hatasénak vizsgélata a
Sirococcus hajtaspusztulas sulyossagara egy érett lécddiopnanyban. A Sirococsthajtaspusztulas

altal sulyosan érintett fakra a kisérlet kezdetén jellermalt a Mg és Ca elégtelenség és a
megnovekedett N/Mg és N/Ca arany a foly6 évi és a haromiddmnt Megfeld tdpanyagok 2001-ben

tortént kijuttatdsa enyhitette a betegség sulyossagéatoéegiette a fak gydgyulasat. Legjobb
eredményt egy vizben old6d6 Ca és Mg tapszerrel értlink el (gipsz + kieserite valtozat), amely a 2001-
2006 idbszakban a betegség sulyossagat 18,9%-kal csokkentette. A dolomitos mész szintén
elésegitette a gyogyulast (a betegség sulyossaganak csokkenése 11,8% volt). A kezeletlen kontroll
valtozatnal a betegség mértéke ezalatt 3,5%-kal ndvekedett.

Sirococcus conigenus / betegség sulyossaga / meszezés / gipsz és kieserite alkalmazas
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1 INTRODUCTION

Sirococcus conigenu@C.) P. Cannon & Minter (syrs. strobilinusG. PreussAscochyta
piniperdaLindau) is an asexually reproducing fungus causimgpt blight and seedling death
of many conifer hosts throughout much of the nartheemisphere (Smith 1973, Shahin —
Claflin 1978, Sutherland 1987, Sanderson — Worfel%rr et al. 1989, Halmschlager et al.
2000). Although the fungus was described alreadyl186 from cone scales of Norway
spruce P. abies[L.] Karst.) by Persoon (Cannon — Minter, 1983)e tdisease was first
reported in 1890 from Germany on current-year shomft Norway spruce by Hartig.
Sirococcus shoot blight has subsequently been tesp@n a wide range of conifer hosts in
Europe and North America, where it mainly affePisea and Pinus spp. but also attacks
Abies Cedrus Larix, and PseudotsuggPeace 1962, Sutherland 1987, Butin 1995, Danti —
Capretti 1998Bronson et al. 2003, Smith et al. 2003, Sincldiyen 2005). There is also one
report fromPinus halepensiMill. in North Africa (Morelet 1972) and most reauty the
disease also has been foundRicea spinulosdGriff.) Henry in Bhutan (Kirisits et al. 2007).

In Central Europe the pathogen mainly occurs onAdgrspruce (Hartig 1893, Rudolph
1898, Klein 1987, Minerbi 1987, Wulf — Maschning®29 Neumduller 1994, Anglberger 1998,
Anglberger — Halmschlager 2003, Stetter et al. 20B84cording to recent estimates about
6500 ha of spruce forests are affectedSmococcusshoot blight in the county of Upper
Austria (Reisenberger 2007). In two forest disri¢Freyung, Passau) in the neighboring
Eastern Bavaria 850 ha are affected and on 24@dmals decline and need to be harvested
long before they reach the prescribed rotation(&getter al. 2004).

Disease severity was found to be highest in seegndpruce forests on poor and
acidified soils and west exposed upper slopes disaswen hilltops, wher&irococcusshoot
blight has become a major destabilizing factor (lAegger — Halmschlager 2003, Stetter et al.
2004). Furthermore, the study of Anglberger et(2003) revealed insufficient Mg and Ca
supply and enhanced N/Mg and N/Ca ratios in thelleseof severely affected trees, whereas
in healthy trees all needle element contents wbmve the threshold for deficient supply.
Although healthy trees also yielded the fungus,sgmptoms developed, which indicates
latent infections. Thus, a close relation betweeppl/ of base cations, in particular
magnesium, and severity of Sirococafsoot blight of Norway spruce was hypothesized
(Anglberger et al. 2003). To test the hypothes& tmproved nutrient supply will have an
impact upon Sirococcus shoot blight and promot®wexy of diseased trees, a single-tree
fertilisation experiment was established at a alteady investigated by Anglberger et al.
(2003).

2 MATERIAL AND METHODS

2.1 Study site and experimental design

The fertilisation experiment was established iruaut 2000 in a 90-year-old Norway spruce
stand severely affected by Sirococcus shoot bl{dable 1) The stand is situated in the
Kobernausser Wald, Upper Austria (48°04°42"" N, 18319°E) and has already been
investigated prior to fertilisation by Anglbergerad. (2003). A total of 144 dominant or co-
dominant trees, randomly distributed within an B& area in the investigated stand, were
selected. Half of the trees were severely affebte8irococcus shoot blight (“Sirococcus +7),
whereas the other trees were apparently healthyweymilous (“Sirococcus -“). A tree was
counted as ‘healthy’ when less than 5% of the aiityear shoots were affected by Sirococcus
shoot blight.
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A randomised block design with the factors “sloeet®n” (lower slope versus upper
slope) and “Sirococcus shoot blight” (severely etiéel versus healthy trees) was used. Within
these blocks sample trees were randomly assigneddmf the three treatments (dolomitic
liming, application of gypsum and kieserite, unfes¢d control) Table 2, Figure 1 In order
to characterise the current nutritional and healthtus of sample trees and to derive
treatments, soil analyses and needle analysesl|hasien evaluation of disease severity had
been carried out prior to fertilisation. The nuttistatus of diseased and healthy trees prior to
fertilisation has already been assessed on 72faheadl44 sample trees in a previous study
(Anglberger et al. 2003).

Table 1. Site and stand characteristics of the experimesital

Site characteristics

Location 48°04°42° N, 13°14°'19'E
Elevation (m) 600

Aspect W

Bedrock Tertiary gravels

Slope (°) 15

Soil types Dystric cambisols and podzols
Humus type Moder

Soil pH (CaC)) Organic layer: 3.00, A horizon: 2.99
Base saturation (%) Mineral horizons: 4.62 — 14.48

Stand characteristics

Tree age (a) 90
Number of trees per hectare 432
Basal area (fina’) 37.7
Breast height diameter (cm) of the mean basal 33.3
area stem

Volume per hectare(tha®) 463
Stocking degree 0.79

Table 2.  Experimental design

Upper slope (dbk 33cm)*  Lower slope (dbh 30cm)*

Treatments aff?a ?:}[/ee(ﬁlr)ées Healthy trees aﬁii}[/:(ﬁ%es Healthy trees

Dolomitic lime 12 (6) 12 (6) 12 (6) 12 (6) X =48 (24)
Gypsum & kieserite 12 (6) 12 (6) 12 (6) 12 (6) X =48(24)
Unfertilised control 12 (6) 12 (6) 12 (6) 12 (6) X =48 (24)
) 36 (18) 36 (18) 36 (18) 36 (18)

)y 72 (36) 72 (36)

) 144 (72)
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Numbers in parentheses refer to the number of sebgcted to needle analyses in the
previous study of Anglberger et al. (2003); oneetl{r 48) of the sample trees were felled in
June 2004. *) Minimum diameter of trees includedhe study (dominant or co-dominant
trees) — it differed between upper and lower slkbype to the lower number of trees per hectare
on the upper slope which implied a higher meandiameter on this slope section.
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Figure 1.Distribution of sample trees randomly assignedne of the three treatments
(see legend), the dots indicate the area that wdsi$ed or left untreated,;
Upper Slope: Tree Nos. starting with 101; LowempsioTree Nos. starting with 201;
OBF district management Traun- & Innviertel, foresstrict ‘Frauschereck’,
subcompartment 237b

2.2 Treatments

Because results of needle analyses prior to &atibn (Anglberger et al. 2003) revealed
insufficient Mg and Ca supply especially on seveiafected trees, Ca- and Mg-fertilisers
were applied in this study to promote recovery idedsed trees. Two different fertiliser
treatments (dolomitic liming, combined applicatimf gypsum and kieserite) and an
unfertilised control variant were used in this stu&hort term amelioration should be
achieved by fertilisation with a water soluble Gard Mg-fertiliser (gypsum and kieserite
variant: 500 kg ha gypsum, Co. Moldan, Kuchl and 400 kg'hkieserite, Co. Kali & Salz
GmbH via Co. Danufert, Krems). As a medium-term kongtion measure slow-release
dolomitic liming (3000 kg h@ dolomitic lime, Co. Bodenkalk, Graz) was appliaiining at
both improving Ca- and Mg-supply, enhancing soilgtdl accelerating litter turnover.

The granular fertilisers were spread manually iniraular area around the individual
trees (within a horizontal radius of 4 m from tmeet base) before bud break in late April
2001. According to the applied amounts of fertitisthe following quantities (kg F of Ca
and Mg were applied in the two fertiliser treatnsefiiable 3.
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Table 3.  Quantities (kg Fa of Ca and Mg applied in the two fertiliser treants

Ca Mg
Dolomitic liming 974 282
1Application of gypsum and kieserite 90 60

2.3 Disease severity of individual trees

Ratings of disease severity of individual treesengarried out yearly from 2001 until the end of
the project in summer 2006 by estimating the péagenof diseased previous year shoots in April
(before the emergence of new shoots), using agabinoculars. If there was an uniform
distribution of Sirococcusshoot blight in the crown, disease severity (D8} wassessed for the
whole crown, whereas in the case of a patchy bligtan, DS was estimated separately for each
part of the crown (crown halves or crown thirdsjl aatings were afterwardseighted with the
respective crown mantle area to calculatey8s follows Figure 2):

0,32
Total DS calculated from estimates of crown hal&s ‘l
DStotal = 0132 DSpper‘" 0168 D%Wer part of crown
0,68
Total DS calculated from estimates of crown thitals

Dstotal = 0,14 DSpper‘" 0;43 D%iddle + 0,43 D$)Wer part of crown

a) b)

Figure 2. Calculation of disease severity (DS) @e$ with
patchy distribution of Sirococcus shoot blight

2.4 Statistical analyses

The effects of treatment, tree health status aspesposition and the interaction between tree
health status and treatment on disease severayis(gtal significance of the differences
between disease severity of the respective yeatsdaease severity prior to fertilisation)
were tested by univariate analyses of variancaguSiLM procedure of SPSS.

3 RESULTS

3.1 Effects of treatment, tree health status and gbe position

In the period 2001-2002 fertilisation had no effect disease severity yet, whereas in the
2-year period 2001-2003 a significant effect oatmeent occurred for the first tim&dble 4.
This significant effect of fertiliser treatments disease severity was found in all following
periods until the end of the project in 2006.

The affiliation of sample trees to the class of skgerely diseased or that of the healthy
trees (tree health status) was significant in tegopgs 2001-2002, 2001-2003 and again in
2001-2006. In the latter period as well as in 22003 and 2001-2005 there was also a
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significant effect of the interaction between ttealth status and treatment. A significant
effect of slope position only occurred in the pda@001-2003 and 2001-2005.

Table 4.  Effects of treatment, tree health status slope position on disease severity

(univariate ANOVA)
Factors Significant probability
2001-2002.2001-20032001-20042001-200% 2001-2006
Treatment n.s. * * *) *k
Tree health status (healthy / diseased)** ** n.s. n.s. Fxk

Interact.: Tree health statusx
treatment

*) n.s. (*) *%

Slope position n.s. * n.s. *x n.s.

Stars indicate error probability levels obtainedHstests (n.s. = not significant):
(*) 0.10=P>0.05 * 0.0 P >0.01 **  0.0=P>0.001 ***  P<0.001

3.2 Comparison between treatments due to tree hehlstatus prior to fertilisation

Although a significant effect of treatment was atig detected in the period 2001-2003, a
reduction of disease severity could only be aclidwethe gypsum + kieserite -treatment in
this period. In the unfertilised control variansease severity increased between 2001-2003
by 6.3%, and in the liming-treatment by 12.5%. the periods 2001-2004, 2001-2005 and
2001-2006 differences between treatments became pranounced: From 2004 onwards
disease severity was always lower for the fertiliseatments compared to the unfertilised
control variant. Until the end of this investigation 2006, disease severity decreased on the
severely affected trees by 18.9% in the “combingdsgm and kieserite”-treatment and by
11.8% in the ,liming“-treatment, whereas a 3.5%r&ase was observed in the control
variant. In summary, results indicate that the imvement of the nutritional status of single
trees by application of appropriate fertilisengtigated disease severity of the fertilised trees
and promoted tree recovery.

Table 5. Mean decrease (-) or increase (+) of dsseseverity [in %] for the healthy and
the severely affected trees due to treatmentsraedhealth status (in relation to
disease severity prior to fertilisation)

Treatments

Periods Tree health status Dolomitic “mmgGypsum and Unfertilised
kieserite control
Healthy -0.1 -0.8 0.0

2001-2003 Severely affected +12.5 -0.6 +6.3
Healthy -0.3 -0.8 +0.9

2001-2004 Severely affected -1.9 -8.8 +3.5
Healthy -1.3 0.0 0.0

2001-2005 Severely affected +0.4 9.2 +4.0
Healthy -1.0 0.0 -04

2001-2006 Severely affected -11.8 -18.9 +3.5
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3 DISCUSSION

Stands suffering from Sirococcus shoot blight amstiy growing on poor sites with soils
characterized by low base saturation (Klein 1987%umuller 1992, Anglberger —
Halmschlager 2000, Halmschlager et al. 2000, Jatdhl. 2000, Stetter et al. 2004).
Furthermore, the majority of Central European foresosystemswere additionally
impoverished by litter raking in the pd&latzel 1991, Katzensteiner — Glatzel 1997), whiels
also a common form of historic land use in the stigation area (Reinisch 1873, Jenner 1979).

Consequently, affected stands are characterizgubby supply of soil Mg and Ca which
causes poor status of these nutrients in foliaggg® — Katzensteiner (1994) found high
input rates of air pollutants, in particular nitesg in the research area, further deteriorating
base cation supply. The input of nitrogen compoumndatmospheric deposition is most likely
to induce nutritional imbalances (Glatzel et al819Schulze 1989, Katzensteiner et al. 1992)
and is probably the cause for enhanced N/Ca andyNAWos in the foliage. Poor supply of
base cations and nutritional imbalances are sugdést increase susceptibility of Norway
spruce tdSirococcusshoot blight (Anglberger et al. 2003). The nubriil status of the stands
may worsen in the following decades as long as ueasof amelioration are lacking.
However, fertilisation of forest stands remainsoatmversially discussed topic until today,
because amelioration fertilization often causedhange in resistance of trees to fungal
diseases and insect pests (e.g. Dimitri 1977, Niaesc1995, Kyto et al. 1996, Piri 1998).

In the present study, however, site-specific corsptary fertilisation with Ca- and Mg-
fertilisers (dolomitic liming, application of gypsuand kieserite) resulted in a significant
decrease of disease severity of the severely affettees and promoted tree recovery. The
lower level of significance observed in 2005<M.10)may be due to the reduced sample
size, because one-third of sample trees were fellddine 2004 for a growth study. Results
correspond well with the findings of Anglberger albhschlager (2000) and Jandl et al.
(2000) in earlier studies, comparing the severftsioococcus shoot blight on fertilised and
unfertilised plots in degraded Norway spruce stamgpoor podzolic soils over old silicate
bedrock or tertiary gravels. In both studies theliaption of magnesium rich carbonate
fertilisers harmonised tree nutrition and mitigateVverity of Sirococcus shoot blight at the
investigated sites, whereas the application oflifets with relatively high N-contents and
only small portions of Mg did not achieve similasults. However, in contrast to the present
study the health status of trees prior to fertii@a could not be assessed in these earlier
studies. Furthermore, comparison was carried autrées on adjacent plots whereas in the
present study sample trees were randomly assignede of the three treatments within the
given blocks on the study site.

The applied quantities of Ca and Mg in the twoiliser treatments correspond to the
amounts that were used in other vitality fertiisatstudies (Kilian et al. 1995, Kyt6 et al.
1996). Due to the slow release of Ca and Mg froforddic lime, amounts of applied Ca and
Mg were five (Mg) to ten times higher (Ca) in timihg variant compared to the gypsum and
kieserite variant.

In the gypsum and kieserite variant a significefeéa of treatment was already detected
2 years after fertilisation, indicating that shiemm recovery of trees can be achieved with this
water soluble fertiliser. This effect proceedelttie end of the project in 2006, when disease
severity decreased on the severely affected treel819%. The rapid response of fertilised
trees can be explained by the quick plant avaitglof Ca and Mg in this treatment. In the
dolomitic liming slight differences compared to t@ntrol occurred already after 3 years, but
a considerable decrease in disease severity wasonotl until 5 years after fertilisation
(-11.8%). Thus, liming has a medium term effect ttu¢he slow release of Ca and Mg, by
increasing soil pH and by acceleration of littemtover. In the unfertilised control variant
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disease severity of the severely affected treagased by 6.3% in the period 2001-2003 and
then was constant about 3.5 — 4% above the valtaned in 2001. Thus, no recovery of
trees was observed in the control variant. On therchand, disease severity did not further
increase over years.

As it was clearly shown, application of appropritagilisers diminished disease severity
in both fertiliser treatments and promoted treeovecy. It is therefore suggested that
microsite differences and/or genetic variation n@ntribute to differences in disease
incidence and severity of individual trees.

Increased host susceptibility due to nutritiondb@ances has already been reported from
other fungi, causing shoot blight and canker orifeos Ylimartimo (1991) demonstrated that
high N/K and N/Mg ratios reduced resistance of Spie seedlings tG. abietinainfections
and Roelofs et al. (1985) reported that foliar Kl &g levels were lower iRinus nigravar.
maritima trees infected byGremmeniella abietinglLagerb.) Morelet and/o6phaeropsis
sapinea(Fr.) Dyko & Sutton, compared with uninfected treetereas availability of N was
increased in the damaged trees. However, there neestudies up to now to our knowledge
that aimed to reduce disease severity and to pemmee recovery by application of site-
specific compensatory fertilisers.
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