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Development of beech necrotic disease in the growing
phase of maturing stand under air pollution stress

A. CICAK, I. MIHAL

Institute of Forest Ecology of the Slovak Academy of Sciences, Zvolen, Slovak Republic

ABSTRACT: The paper compares the state of the necrotic disease of beech stem bark on three research plots in 2004
with 1995. The investigated objects were three research plots of beech in the growing phase of maturing stand in Central
Slovakia subjected to different air pollution stress. Larger negative changes in the beech necrotic disease were recorded
on a plot situated in the close vicinity (1.5 km) of the aluminium plant. We consider the permanent negative influence
of pollutants from the aluminium plant on the vitality of trees as the main cause of the negative changes. The health
state of beech (defoliation) on this research plot was also permanently significantly worse than on the two other plots
situated at a larger distance from the pollutant source (7 and 18 km respectively). The state of necrotic disease on the
plot situated at the distance of 7 km was significantly better in 2004 than in 1995. This difference could result from the
age of beech trees being lower by 15 years than on the plot distant 18 km from the pollutant source where the state of
necrotic disease has not changed. On none of the studied plots was the tree defoliation influenced by the current state
of the necrotic disease of beech stems.
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Since the 1960ies, an increased occurrence of the
necrotic disease of beech (Fagus sylvatica L.) bark
has been observed in Europe. The disease is caused
by several phytopathogenic species of fungi and the
problems resulting from it continue to be significant
in whole Europe (EISENBARTH et al. 2001). The dis-
ease is often of epiphytotic nature and becomes a
serious problem of the care of the affected stands. In
literature we can find evaluations of the current state
or of the influence on silvicultural measures in the
affected stands as well as explanations of the causes
of beech bark necrotic disease, for example in Bo-
GENSCHUTZ (1983), BurNs and HousToN (1987),
CicAxk etal. (1998), GAvIN and PEART (1993), GOVE
and HousToN (1996), HousToN (1994), KuNnca et
al. (2000), MIHAL et al. (1998), STEFANCIK (1978),
STEFANCIK and STEFANCIK (1999). However, papers
that would evaluate changes in the necrotic disease
after several years are missing in Slovak and foreign

literature. In this context the only exception is the
paper of CicAK et al. (2003), who reported that the
necrotic disease showed different parameters after
some time.

This contribution continues the paper of CicAk
and MIHAL (1997), in which the first results of evalu-
ation of beech bark necrotic disease in 1995 on three
research plots under different pollutant stress were
presented. The aim of this paper is to evaluate the
development of necrotic disease and health state of
beech after nine years that have elapsed since the
first evaluation in 1995.

MATERIAL AND METHODS

The investigations were carried out in beech stands
in the ecological experimental area (EEA) Kovacova
— Kremnické vrchy Mts., on the permanent research
plot (PRP) Jalnd and research monitoring plot (RMP)
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Table 1. Basic characteristics of the experimental plots

Experimental plot

Characteristics -

EEA Kovéacova PRP Jalna RMP Ziar nad Hronom
Locality Kremnické vrchy Stiavnické vrchy Stiavnické vrchy
Exposition W W NNW
Altitude (m a.s.l.) 470-490 610 470
Age (years) 96 81 70
Parent rock dark pyroxenic andesites, andesites rhyolite agglomerates

tuffs, sandstones

Fagetum pauper

Forest type group in feriora
Average annual temperature

. 6.8

Q)
Average annual precipitation

857

(mm/year)

Distance from emission 18

source (km)

Querceto-Fagetum Fagetum pauper
6.2 7.6
850 750
7 15

EEA - Ecological experimental area, PRP — Permanent research plot, RMP — Research monitoring plot

Ziar nad Hronom — Stiavnické vrchy Mts. The beech
stands on these plots are in the growing stage of
mature stands. The basic characteristics of research
plots are given in Table 1.

The beech stand on these research plots developed
in comparable ecological conditions. A great change
took place in the 1950ies, when aluminium produc-
tion started in the town of Ziar nad Hronom. Accord-
ing to the results of analyses of the level of noxious
agents in assimilative tissues of woody plants in the
stands of Ziarska kotlina basin (MANKOVSKA 1991),
RMP Ziar nad Hronom is situated in the high pollu-
tion hazard zone (zone A) while PRP Jalnd in the low
pollution hazard zone (zone C). In Kovacova EEA no
stronger influence of pollutants from the aluminium
plant in Ziar nad Hronom is expected. The clas-
sification of RMP Ziar nad Hronom into the zone
of high pollution hazard is also confirmed by the
health state of beech (STEFANCiK, CICAK 1996). In
the period 1988—1998 the authors recorded defolia-
tion of 33.1-47.4% on this RMP. In the same period,
defoliation on more distant research plots (EEA and
PRP) was in the range of 5.9-28.2%.

The necrotic disease of beech stems in 1995 and
2004 was evaluated by a 5-degree classification scale
(CicAk, MIHAL 1997). We evaluated trees of the
15—3 tree class (according to Kraft). We evaluated
the results by means of the index of stem necrotisa-
tion (/) and, at the same time, we also expressed
the results by the frequency of stem necrotisation.
Index of stem necrotisation is an average degree cal-
culated as weighted arithmetic mean of the number
of trees classified according to the above scale into
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individual degrees of necrotisation. The reasoning
and advantages of [,, use were published by CicAk
and MIHAL (1998).

Significance of differences in the necrotic disease
of beech stem expressed by I, between individual
years of investigation and research plots was tested
by Mann-Whitney U test. We chose this test because
of the non-parametric character of data resulting
from discrete values used in the evaluation scale.

RESULTS AND DISCUSSION

The necrotic disease expressed by I,, was worse
in 2004 than in 1995 on each plot (Fig. 1). We re-
corded a positive change only on PRP Jalna. /,, on

this plot was significantly lower in 2004 than in 1995
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Fig. 1. Index of beech stem necrotisation (/) on individual
research plots in 1995 in comparison with 2004. Bars represent
mean * standard error. Letters indicate significant differences
(U test, a = 0.05)
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Fig. 2. Changes of frequency values in individual necrotisation
degrees of beech stems (DN) on individual plots in 2004 in

comparison with 1995

(p < 0.05). In EEA Kovacova and RMP Ziar nad
Hronom the state of necrotic disease was worse.
This worsening was insignificant (p > 0.05) in EEA
but significant (p < 0.05) on RMP.

The changed state of necrotic disease observed
in 2004 in comparison with 1995 is also confirmed
by changes in the frequency of individual degrees
of necrotic disease (Fig. 2). We recorded positive
changes in individual degrees of necrotic disease on
PRP Jalnd — an increase in the frequency of degree 0
(without necrotic disease) and a decrease in the
frequency of degree 3. It means that in some stems
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Fig 3. Significance of differences in beech bark disease (/)
between the localities in 1995. Bars represent mean + stand-
ard error. Letters indicate significant differences (U test,
a = 0.05)

the necrotic wounds were not only reduced but also
fully healed and smoothed. The process of necrotic
wound healing on beech stems in the growing phase
of thicket was described by KLEIN (1997). We record-
ed insignificant negative changes in the frequency of
individual degrees of damage in EEA. On RMP the
changes were considerably larger. The frequency in
necrotisation degree 1 strongly decreased while it
increased in degree 2.

Changes in the necrotic disease in 2004 in com-
parison with 1995 were also observed between
individual plots. In 1995 (Fig. 3), I, showed equal
values on PRP Jalnd and RMP Ziar nad Hronom and
insignificance of their differences was also confirmed
statistically (p > 0.05). The value of I, in Kovacova
EEA was significantly lower than on PRP and RMP
(p < 0.05). In 2004 (Fig. 4), after nine years, we re-
corded substantial changes. The value of /_, on PRP
approximated to the I, value in EEA. Differences

2.5 c
2.0 -
) 1.5 1 . b
~ o104 I I
0.5 -
0.0 T T |
Kovacova Jalna Ziar nad Hronom
Locality

Fig. 4. Significance of differences in beech bark disease (/)
between the localities in 2004. Bars represent mean * stand-
ard error. Letters indicate significant differences (U test,
o = 0.05)
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Fig. 5. Development of beech health state (defoliation) on research plots from 1988 to 2004 (the health state was not evaluated
in 2001-2003). Trees of thel*-3" tree class (according to Kraft) were evaluated

in the values of I between individual plots were
significant in all cases (p < 0.05). A strong increase
in /,, on RMP Ziar nad Hronom from 1.77 in 1995
to 2.20 in 2004 was caused mainly by impacts of the
pollutants fluorine (HF) and sulphur dioxide. Out of
the total number of 54 evaluated localities in Slo-
vakia, the RMP Ziar nad Hronom is one of the two
localities showing the highest value of I, and the
highest frequency of beech stem necrotic disease
(CicAk, MIHAL 2002). At the same time it is the only
evaluated locality in Slovakia situated immediately
in the vicinity of a pollutant source. The amount of
emitted HF and sulphur dioxide in 1990 was 847 t/yr
and 6,556 t/yr, respectively. The first positive change
in the amount of emitted fluorine and sulphur di-
oxide was recorded in 1992 (557 t/yr and 3,879 t/yr,
respectively). In 1996, when a new technology of
aluminium production was put into operation, the
amount of emitted fluorine and sulphur dioxide de-
creased still more significantly. In 2001, the amount
of emitted fluorine and sulphur dioxide decreased to
the level of 30 t/yrand 2,431 t/yrrespectively, which
is 28-times and 2.7-times less than in 1990. Emis-
sion sources are the divisions of the ZSNP company
group in Ziar nad Hronom, especially production of
aluminium and power engineering division (data on
the amount of emitted and air polluting substances
were kindly supplied by the ZSNP company group).
Although significant changes in pollution stress in
the Ziarska kotlina basin took place, the negative
trend of necrotic disease continued. As a cause of
this, we can consider the permanently continuing
negative impacts on the vitality of trees. From the
physiological aspects, the beech vitality on RMP
Ziar nad Hronom is influenced, compared with
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EEA and PRP, by a lower net photosynthetic rate
and by a higher intensity of transpiration of leaves
(MASAROVICOVA et al. 1996). These unfavourable
physiological parameters increase production re-
quirements of beech leaves for water (CicAK et al.
1998). The unfavourable state of vitality of beeches
on RMP was manifested by a high mortality rate
of trees of the 1-3™ growth class, which was 21%
in the years 1991-2004. We have not recorded any
mortality on other research plots. Due to the high
mortality, the health state (defoliation) on RMP Ziar
nad Hronom is permanently worse than in EEA
Kovacovd and on PRP Jalnd (STEFANCIK, CICAK
1996). The values of defoliation on all research plots
are given in Fig. 5. A part of the results character-
ising the health state in Fig. 5 (years 1988-1996)
that were published by the authors cited above was
updated (1997 and 2000-2004) by the authors of
this contribution.

As a cause of improvement of the state of necrotic
disease on beech stems on PRP Jalnd (decrease in /
from 1.67 in 1995 to 1.18 in 2005) we can consider
the higher vitality of trees on this plot than on RMP
Ziar nad Hronom. It is also confirmed by classifi-
cation of this research plot into the low pollutant
hazard zone (zone C). Therefore we recorded, with
some negligible exceptions, lower values of tree de-
foliation on PRP Jalnd than in EEA Kovacova. This
situation, however, can also be caused by the age of
beeches that was lower on PRP by 15 years than in
EEA Kovacova.

The results from all research plots confirmed the
opinion of CicAK et al. (2003) that defoliation was
not influenced by the current state of the necrotic
disease.
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Vyvoj nekrotického ochorenia buka v rastovej faze kmenoviny pod vplyvom

rozdielnej imisnej zataze

A. CICcAK, I. MIHAL

Ustav ekoldgie lesa SAV, Zvolen, Slovenskd republika

ABSTRAKT: V prici sa porovnavaju vysledky stavu nekrotického ochorenia kory kmenov buka v roku 2004 s rokom 1995.

Objektami vyskumu boli tri vyskumné plochy buka v rastovej faze dospievajicej kmenoviny pod vplyvom rozdielnej imisnej

zdtaze na strednom Slovensku. Najvécsie negativne zmeny v nekrotickom ochoreni buka boli zistené na ploche, ktora je

v bezprostrednej blizkosti zdvodu na vyrobu hlinika (1,5 km). Za pri¢inu negativnych zmien povazujeme trvale negativne
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ovplyviiovand vitalitu stromov imisiami zo zdvodu na vyrobu hlinika. Aj zdravotny stav buka (defolidcia) na tejto ploche

bol trvale signifikantne horsi ako na dalsich dvoch plochach, vzdialenejsich od emisného zdroja (7 km, resp. 18 km). Na

plochach vzdialenejsich od emisného zdroja boli zmeny v nekrotickom ochoreni odlisné. Na ploche vzdialenej 7 km sa

stav v nekrotickom ochoreni v roku 2004 v porovnani s rokom 1995 signifikantne zlepsil. Tento vysledok mohol ovplyvnit

o 15 rokov nizsi vek buka ako na ploche vzdialenej 18 km od emisného zdroja, na ktorej sa stav nekrotického ochorenia

nezmenil. Ani na jednej ploche nebola defolidcia stromov ovplyvnend aktudlnym stavom nekrotického ochorenia kmenov

buka.

KIucové slova: Fagus sylvatica L.; nekrotické ochorenie; defolidcia; rastova fiza kmenoviny; imisie; stredné Slovensko

Prispevok nadvizuje na pricu CICAK a MIHAL
(1997), v ktorej boli prezentované prvé vysledky
hodnotenia nekrotického ochorenia kory buka v ro-
ku 1995 na troch vyskumnych plochéch pod vply-
vom rozdielnej imisnej zataze. Cielom prispevku je
vyhodnotit vyvoj nekrotického ochorenia a zdra-
votného stavu buka s odstupom deviatich rokov od
prvého hodnotenia v roku 1995.

Objektami vyskumu boli kontrolné ciastkové vy-
skumné plochy na ekologicko-experimentilnom
stacionari (EES) Kovacova — Kremnické vrchy (vy-
raznej$i vplyv imisii z hlinikdrne v Ziari nad Hro-
nom sa nepredpokladd), na trvalej vyskumnej plo-
che (TVP) Jalnd (pdsmo slabého imisného ohrozenia
— C) a vyskumné monitorovacia plocha (VMP) Ziar
nad Hronom (pasmo silného imisného ohrozenia
— A) v Stiavnickych vrchoch. Porasty buka na plo-
chéch su v rastovej faze dospievajucej kmenoviny.
Zakladné charakteristiky o vyskumnych plochach
uvadzame v tab. 1.

Nekrotické ochorenie kmenov buka v roku 1995
a opakovane v roku 2004 sme hodnotili pomocou
5-bodovej klasifika¢nej stupnice (CiCAK, MIHAL
1997). Hodnotili sme stromy 1. az 3. stromovej
triedy (podla Krafta). Vysledky sme vyhodnotili po-
mocou indexu nekrotizdcie kmenov (/,,), zdroven
sme vysledky vyjadrili aj frekvenciou nekrotizécie
kmenov. Index nekrotizdcie kmenov je priemernym
stupniom, ktory sa vypocita ako vazeny aritmetic-
ky priemer zo ziskanych udajov zaradenia stromov
podla hodnotiacej stupnice do jednotlivych stupniov
nekrotizacie. Zdovodnenie a vyhody pouzitia I,
publikovali CicAk a MIHAL (1998).

Pri testovani signifikantnosti rozdielov v nekro-
tickom ochoreni kmenov (vyjadrenych I ) medzi
jednotlivymi rokmi hodnotenia a aj plochami sme
pouzili Mann-Whitney U test. Tento test sme zvo-
lili vzhladom na neparametricky charakter tdajov,
vyplyvajuci z diskrétnych hodnot pouzitych v stup-
nici hodnotenia.
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Nekrotické ochorenie, vyjadrené I, sa v roku
2004 v porovnani s rokom 1995 zmenilo na kazdej
vyskumnej ploche (obr. 1). Zmeny v stave nekro-
tického ochorenia na vyskumnych plochach v ro-
ku 2004 v porovnani s rokom 1995 st potvrdené aj
frekvenciou v jednotlivych stupnoch nekrotického
ochorenia (obr. 2). Na TVP Jalnd sme zistili pozi-
tivne zmeny v jednotlivych stupnioch nekrotického
ochorenia — zvysenie hodnoty frekvencie v stupni 0
(bez nekrotického ochorenia) a znizenie hodnoty
v stupni 3. To znamen4, Ze na niektorych kmenoch
doslo v procese hojenia k zmenseniu, ale aj k zaho-
jeniu a vyhladeniu nekrotickych ran. Proces hojenia
nekrotickych ran na kmenoch buka v rastovej faze
zrdovina opisuje KLEIN (1997). Nevyrazné nega-
tivne zmeny vo frekvencii v jednotlivych stupnoch
poskodenia sme zistili na EES. Na VMP boli zme-
ny podstatne vécsie. Vyrazne sa znizila frekvencia
v stupni nekrotizacie 1 a zvysila sa v stupni nekro-
tizdcie 2.

Zmeny v nekrotickom ochoreni v roku 2004 v po-
rovnani s rokom 1995 sme zistili aj medzi jednotli-
vymi plochami. V roku 1995 (obr. 3) boli hodnoty
I, na TVP Jalnd a VMP Ziar nad Hronom vyrov-
nané a zaroven potvrdend aj nesignifikantnost roz-
dielov (p > 0,05). Hodnota I a2 EES Kovacovd bola
signifikantne nizsia ako na TVP a VMP (p < 0,05).
V roku 2004 (obr. 4), po deviatich rokoch, sme zistili
podstatné zmeny. Hodnota I, na TVP sa priblizila
hodnote I, na EES. Rozdiel v hodnotich I, med-
zi jednotlivymi plochami bol vo vsetkych pripa-
doch signifikantny (p < 0.05). Vyrazné zvysenie
na VMP Ziar nad Hronom — z hodnoty 1,77 v roku
1995 na hodnotu 2,20 v roku 2004 — bolo ovplyv-
nené hlavne posobenim imisii fluéru (HF) a oxidu
siric¢itého.

Aj ked doslo k vyraznym zmendm v emisnej si-
tuacii v Ziarskej kotline, negativny proces v nekro-
tickom ochoreni kmenov pokracoval. Za pricinu
mozeme povazovat trvale negativne ovplyviiovana
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vitalitu stromov emisiami. Z fyziologického hla-
diska je na VMP Ziar nad Hronom vitalita buka
v porovnani s plochami na EES a TVP ovplyvinova-
na niz$imi hodnotami rychlosti cistej fotosyntézy
a vy$$imi hodnotami intenzity transpirdcie listov
(MAsArROVICOVA et al. 1996). Tieto nepriaznivé
fyziologické parametre zvySuju produkéntt ndroc-
nost listov buka na vodu (CicAK et al. 1998). Ne-
priaznivy stav vitality buka na VMP sa prejavil aj vo
vysokej mortalite stromov 1. az 3. stromovej triedy,
ktora dosiahla za roky 1991 az 2004 hodnotu 21 %.
Na ostatnych plochiach sme mortalitu nezazname-
nali. Okrem vysokej mortality je aj zdravotny stav
(defolidcia) trvale horsi ako na EES Kovacova a TVP
Jalna (STEFANCIK, CICAK 1996). Hodnoty defolia-
cie na vSetkych vyskumnych plochich uvadzame na
obr. 5. Cast vysledkov zdravotného stavu na obr. 5
(rok 1988-1996), ktoré publikovali uvedeni auto-

ri, bola aktualizovana (rok 1997 az rok 2000 a rok
2004) autormi tohto prispevku.

Za pri¢inu zlepsenia stavu nekrotického ochore-
nia kmenov buka na TVP Jalnd (zniZenie hodnoty
I,z 1,67 v roku 1995 na hodnotu 1,18 v roku 2005)
mozeme povazovat vyssiu vitalitu stromov v porov-
nani s VMP Ziar nad Hronom. Potvrdzuje to aj za-
radenie tejto vyskumnej plochy do pasma slabého
imisného ohrozenia (pdsma C). Okrem toho sme za
cely cyklus monitorovania zdravotného stavu TVP
zaznamenali, az na malé vynimky, nizsie hodnoty
defolidcie stromov ako na ploche EES Kovacova.
Tento stav moze byt ovplyvneny aj o 15 rokov
nizéim vekom buka na TVP v porovnani s EES. Na
vSetkych plochach sa potvrdil poznatok autorov Ci-
CAK et al. (2003), ze defolidcia nie je ovplyviiovand
aktualnym stavom nekrotického ochorenia.
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