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- Corresponding patterns of site quality, decline and tree growth
in a sessile oak stand
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Summary

This study §
y focuses on two rarely studied .
offeite o 1ise svoith T y e ascrects of oak decline: relations with si isti
_ . : : 51
by oak declinf. The ne?ﬁ;t;iﬁeﬁ;i :ﬁr rie kmf] E:? in a 5.5 ha stand in Hungary whictlf izgi;;it;f;;ﬁz inlel
90 years old P € o nercus petraea) d . cte
at the beginning of th 1.2 ea) stand of mostly coppice origi
herbaceous : g of the study, Within-stand site h : S
vegetation. Four ecological si - eterogeneity was described by th
herbs, and ch : sita:. Silc S’PES were distinguished - cd Oy the
: characteri g guished by the ;i
T 1303 o o :i?:ld Egdtil; :c\?lngmal indicator values of the specicg. Tre:[;g:tﬁnb?mPﬂSItlDFQEJlf
1987 and 1993. P 5 vigour was estimated from visual ch isti Pee RN
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positive relationships were fo y oak decline was al igni
und between tree vi ; as also assessed. Significant
ouslv declin ctween tree vigour and t
Growth reducti L Y ing trees dropped to al ree
ction of most one-half
trees, including th;ﬁ;‘:ﬁ:fé‘fejs;t the stand level amounted to 5.4%, whereasufr;}z:hnf dealt.hy Ones.
growth. Tree size and ngthli.rerEu;'Zagt e GIESEWM} on period, amounted to iﬂg % ;fe tﬁ; t;ﬂﬂllﬂﬂft?li
: : er on better sites. A : : ' A
I e : sites. A strong relation
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r sites,

1 Introduction

Forest decline has been widel
declin s mtejﬂ throughout the world. Many di
pnssibﬁeﬁzeﬁg described and a series of hypotheses have been gr: ‘ffiiim ]:ypes 1? f
£ Irests nas Dbecom : v 2 .
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discolorasion) wer ?j ed t zt, n 1394, the symptoms of decline (i.e. > lo%yleaf ] - and
N E ctected on 93% of all the trees surveyed. Oak decline is al ‘dnss o
1994: P on the American continent (Srwecktand Ligsg 1991: C 30 Widespread
;;:, INRA 1994). ; CIESLA and DONAUBAUER
ost research and scientific debates h
decl: _ | _ ates have been conducted on the dj
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sta and DONAUBAUER 1994; VArGA et al. 1995) ’ ANN and Brawk 1992:
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134 I. Standovdr and Z. Somogyi

L. Is there any relationship between site quality and the susceptibility to decline of trees?
2. What is the effect of decline on the growth of the stand and sick trees?
3. Is there any site specificity in the relationships between the vigour and growth of trees?

The first question is more complex than, for example, simply asking whether trees are more
susceptible to decline at extremely acidic sites, since it addresses the problem at a rarely
studied fine (i.e. within-stand) spatial scale. At a regional scale, VARADI (1983) did not find
any significant relationship between site quality and health status by analysing inventory
data in Hungary. At a more local scale, STANDOVAR (1993a, 1994) showed a significant
association between the spatial patterns of site quality indicator herbs and those of the
degree of tree decline within a single stand. Despite the extent and economic significance of
oak decline, the second question has not yet been adequately addressed. This fact prompted
INNEs (1993; p. 475) to state in his comprehensive review of oak decline that ‘given the
recent deterioration in the crown condition of oaks in many areas, studies of increment are
urgently required’.

SomoGYt (1991a,b) showed that oak decline significantly decreases tree growth. The
identification of the causes could not be achieved by comparing growth patterns of trees
suffering from known harmful effects with those of oak decline. In these studies, tree rin
analysis, which has been the most commonly used method of studying the effects of decline
on growth (IGMANDY et al. 1986b; IcMANDY 1987; BODNER and INDOME 1988; HARTMANN
and BLANK 1991; Wazny et al. 1991), was applied. Because these analyses used samples
representing only a limited number of individuals, they usually do not provide stand-level
estimates of growth loss caused by decline.

The third question has been the least studied. One reason for this might be that it requires
extensive data collection on site, tree vigour and tree growth characteristics. Simultaneously
considering the effects of site and vigour on growth may shed more light on the importance
of site in tree decline,

While decline and growth are relatively easy to record, site description is especially
difficult at the within-stand scale used in this study, which was a component of the Volgyfs
Project (STANDOVAR 1988, 1993a). The project was originally initiated to study the sig-
nificance of ecological indication by describing and ecologically interpreting herb layer
vegetation patterns, and to study the links between these patterns and those of site and
canopy characteristics. The existence of these links is implicitly supported by classical
phytosociological schools (WaiTraker 1962, 1978; So6 1965; WESTHOFF and VAN DER
MAAREL 1978) and the theory of forest types (CAJANDER 1926).

In this study, a similar ecological approach was applied at 2 much finer, within-stand scale.
Within-stand site differences were described by classifying and ecologically interpreting the
species composition of the herbaceous vegetation of the entire study area. To relate site,
decline and growth, the vigour of all the tree individuals was observed and their growth
was measured in a 6-year period.

2 Materials and methods
2.1 Study area

This study was carried out in a stand of 5.5 ha situated near Volgyto in the Bitkk National
Park, Northern Hungary (48°58'N, 20°30°E), with elevation ranging from 450 to 600 m.
The bedrock is Triassic dark grey shale with 30° inclination and limestone inrercalation
(BaLOGH 1963). Because of possible erosion of shale, the soil-forming bedrock is limestone
at the highest part of the area. The differences in bedrock are also reflected in the distribution
of soil types and the range of pH. The top of the hill ts covered by rendzina; differently
eroded forms of illuviated brown forest soil occur elsewhere Soil pH varies from 4.7 10 6.8
in the top layer (0-10em) and from 4.2 to 5.7 ac 20-30 cm depth. Because there is no
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meteorological station at the site, mean annual temperature of about 9°C and mean annual
precipitation of 700 mm were extrapolated from the data of the nearest stations.

The area 1s covered by a 90-year-old (in 1987), nearly pure, even-aged sessile oak (Q.
petraea) stand of mostly (over 95%) coppice-origin. On the top of the hill, turkey ual;
(Quercus cerris) thrives. The stand is strongly affected by oak decline. The stand develope
under normal natural and silvicultural conditions. The last thinning took place in 1982.
Seedlings and shrubs have grown intensively in the past 10 years partly as a result of the
gaps opened by oak decline and because of the lack of bru:wsmg .:afte:r 'the area had been
tenced. The average diameter at breast height (d.b.h.) of sessﬂf: oak individuals was 26.7 cm
in 1987, whereas mean height was 20.6 m. The yield class varied from III to IV, according
to the VI-class system of BExy (1987). -

A detailed description of the herb layer vegetation is presented by Stanpovair (1988,
1993b). Several species occur throughout the area. The most common examples are the
tollowing: Calamintha clinopodium, Chrysanthemum corymbosum, Digitalis gmnffyffm:a,
Fragaria vesca, Galium schultesii, Geum urbanum, Poa nemarftle, V;_ﬂ[a silvestris. le—
ferences in the species composition of the vegetation types (VT) distinguished by numerical

classification (Fig. 1) can be given as follows:

o VT1 is differentiated by the occurrence of species such as Brachypodium pinnatum,
Origanum vulgare, Primula veris, Serratula tinctoria, Veronica tencrinm and Waldsteinia

geoides, | |

e VT2 s discriminated by the high abundance of Fagetalia (Aspernla odorata, Convailaria
majalis, Dentaria bulbifera, Helleborus purpurascens, Samcula_z europaea, Viola r:wmb;!:s,)
and disturbance indicator species (Alliaria petiolata, Cardamine impatiens, Galium apar-
ine, etc.).

e VT3 has transitional characteristics between VT2 and VT4, | .

e VT4 1s disinguished by the importance of Cak:magrﬂsrff 4mndzm:c‘e.:13 Carex d:gzrat.:‘:,
Carex montana, Cytisus nigricans, Hieracium lachenalii, Luzula albida and Viscaria

vulgaris.

2.2 Data collection

For the exploration and description of the vegetation, the whole area was covered by a grid
of 354 contiguous quadratsof 12.5 x 12.5m. Presence-absence data of all the 148 herbaceous
species occurring in the area were recorded, yielding a binary matrix of 354 x 148.

Several non-floristic descriptors of the herbs were used to infer site quality from them.
Temperature, humidity and acidity optima, as well as coenological fidelity of all species
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Fig. 1. Spanal distribution of the four vegetation types in the study area. (see Section 2.1)




were characterized. The acual values were used after ZOLYOM! et al. ( 1967), who adapted
the widely used and continuously developed system of Ellenberg (Er1enpere 1952, 1988:
ELLENBERG et 4], 1992) as follows: T [thermophobic ¢ 1) to thermophilic (7); indifferent (0)];
W [xerophilous (0) to hygrophilous (1)) R [actdophilic ¢ 1) to basophilic (5); indifferent

To record tree and stand growth, all the 2133 trees occurring in the area were marked
and mapped in 1986 (Karas and STANDOVAR 1987). Their circumference at breast height
Was measured in late 1987 and 1993, whereas their height (TH) was measured in 1991,

Tree vigour was assessed in August in 5 years between 1986 and 1993, It was visually

determined by using a vigour class (VC) system defined and described by Iamanny et al,
(1986a) and Csoka (1992):

5 the crown is thick, the leaves are dark green and there are no visible symptoms of illness
of any kind.

4 the crown is slightly thinned out, the leaves are smaller and their colour is slightly brighter
than normal; smaller branches have died:

3 leaf loss is considerable and thick branches of the crown have dried out; discoloration
(from yellow to red) of the leaves ig substantial;

2 the tree died in the year of a survey;

1 the tree died in previous years,

2.3 Data analyses

blance function, The analysis was performed by using the syn.Tax It package (Popang
1988). After the vegetation types were obtained, each of them was characterized by the
mean relative frequency of the ecological indicator valyes.

clusters (VIGOUR). This classification was necessary to attach only one attribute of vigour
to each tree. The number of clusters was arbitrarily chosen considering the sum of VC
values (SUM-VC), and the manifold temporal patterns of trec vigour. VC was recorded in

five years between 1986 and 1993, 5o SUM-VC varies between 15 and 25, The derived
variable VIGOUR takes values as follows:

i. Chrnnicall}f severely sick trees (SUM-VC = [15, 16], i.e. VC =3 at least four times);
2. Severely sick trees (SUM-VC=[17, 18]);

3. Cﬂnsiderably sick trees (SUM-VC = [19, 21], and VC =3 at least twice):
4. Chronically sick trees (SUM-VC=[19, 21 and VC =4 at least four times);
2. dick trees (SUM-VC =(19, 21] and VC =3 maximum once and VC = 4 maximum three

6. Shightly sick trees (SUM-VC = [22,23));
7. Healthy trees (SUM-VC= (24,25), i.e. VC =4 maximum once),

Trees that had died of oak decline by 1993 were denoted by VIGOUR =0 where they

were included in the analysis. -
Tree diameter in 1987 and 1993 (D87 and D93, respectively) was calculared from the
circumference measurements. Actual volume of trees in 1987 and 1993 (V87 and V93,

respectively) was estimated using a volume function of type V=D, TH) with parameters
for sessile oak in Hungary (Kirary 1978). Since the vertjca] growth of trees over 90 years

Patterns of site quality, decline and tree growth in a sessile oak stand 137

tven site is already slow, TH measured in 1991 was used to calcu_late both V87
ifi %19;{]1% a result, actual #ynlume increment (V93_87) is slightly under?sumated (atgl;l;e
given age, this underestimation does not exceed 10%). For trees that died before } ;
height was estimated from Dg7 using a dian;eter—-helltghz res%x}se curve. Relative volume
Telore RELV93_87) was given as V93_87 normalized to : | ‘
1“%’;2311_:1( volume grmzrth nfgnﬂn-healthy trees (VPOT), was estimated by using their hVS ;
and the average growth of healthy trees of the same size. In the estimation of the ghruhwt _ni:r
a tree, correction for the initial size of the tree was necessary becau§e growt :;aw y
depends on it. The growth of healthy trees, in relation to size, was estimated l:r}lr1 air}near
response function between variables V87 and V93_87, separately developed in eac 1o R
Absolute growth loss (ABSLOSS) was estimated for each non-healthy tree as SLOSg
V93_87. Relative loss (RELLOSS), as 2 percentage, was calcula}:ed as the ratio of ABh
to VPOT. The relationships between vegetation types, tree vigour and tree growt were

3 Results and Discussion
3.1 Ecological site types

ical classification of vegetation data resulted in four vegetation types, Their
;Zii;iudrii:;{gﬂtiﬂn 1s shown in Fig.gl. Because site quality was inferred fn:fm the ecn{gglcaal
indicator values of herbs, these floristically different‘v?getatmn types will be considere
and referred to as ecological site types (EST). The ﬂnrl_stlc composition of EST1 1n<il]mates a
relatively dry and the least acidic habjta. The species in EST2 and EST3 indicate the most
mesic habitat. EST4 is the driest and the most acidic of all within the st.udy_are_a. ]
The ESTs obtained differed by the mean relative fl‘FqUE.I'lC}I of ecological lHdlCatF}r va u;s
of all the species. Reliability of this type of ecological mdlcatmn' ts illustrated 11111 Fig. 2,
where the distribution of humidity optimum (W) indicator values is shown for t ose two
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ESTs where Stanpovar and Rajkat (1994) found significant differences in soil moisture
status.

3.2 Tree vigour, size, growth and growth loss

The Kruskal-Wallis test showed a significant relationship between tree diameter in 1987
(D87) and tree vigour (VIGOUR, Table 1). In this analysis, those trees that died by 1993
were also included (VIGOUR =0). The diameter of seriously sick trees (VIGOUR =1-3)
was significantly smaller than that of slightly sick or healthy trees, and the smallest trees
are those that died by the end of the observations (Fig. 3).

A significant relationship was also found between actual volume increment (V93_87) and
tree vigour (Table 1, Fig.4), with the most sick trees (VIGOUR =1-3) producing sig-
nificantly smaller increments than the healthy ones, Estimated volume increment of trees
in VIGOUR =1 was slightly more than the half of potential growth. The relationship
between absolute growth loss (ABSLOSS) and tree vigour showed a similar pattern (Table
2). The total, i.e. stand-level growth loss of living trees accounted for 5.4% of the potenual
increment of all living trees. This is the loss that would have taken place even if no tree had
died. Assuming normal growth of the trees that died due to oak decline, a further loss of
17.8 m® was estimated. Tota) growth loss thus amounted to 19.9% of all potential growth.
The volume of dead trees was substantial, it was estimated as 203.3 m’, which was 17% of
the total standing volume in 1987. This further increases the amount of timber in the area
that was estimated as lost due to oak decline. However, the cumulative dead volume appears
to be levelling off (1985-86 = 23.2m’, 1992-93 =4.5 m’).

Table 1. Kruskal-Wallis tests of the independernice of variables describing tree size, tree growth, tree
vigour and site quality

Variables d.f. n H-statistics Significance {p)
D87-VIGOUR 7 2056 166.93 < 0.0001
V93_87-VIGOUR 6 1645 148.08 < 0.0001
VIGOUR-EST 3 1645 26.85 < 0.0001
V87-EST 3 1645 210.62 < 0.0001
V93 87-EST 3 568 93.78 < (.0001
RELVOLGR-EST 3 568 5.85 0.1187
ABSLOSS-EST 3 1077 11.08 0.0113
RELLOSS-EST 3 1077 1.48 0.6865

Table 2. Actual and potential volume growth (V93_87 and VPOT, respectively) and relative growth
loss (LOSS) in relation to tree vigour (VIGOUR)

VIGOUR f V93 87 (m’) VPOT (m?) LOSS (% of VPOT)
1 114 7.33 12.90 43,2
2 103 10.26 12.59 18.5
3 100 11.48 11.75 2.3
4 61 7.87 8.70 9.6
g 173 21.39 22,30 4.1
6 526 66.74 67.98 1.8
7 568 72,22 7222 0.0
Total 1645 197.29 208.44 5.4
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A straightforward additional question was whether growth loss 1s different in the ESTs.
The Kruskal-Wallis tests showed insufficient results. As Table 1 shows, ecological site type

had a significant effect on absolute growth loss (ABSLOSS, Fig.9), whereas this was not
true for relative growth loss (RELLOSS). These results imply thar the time span covered
by this study was too short to detect the minute site-dependent differences in increment
loss caused by oak decline. The significant relationship that exists between EST and
ABSLOSS results from the dependence of growth on site quality (Fig. 7). The authors can
neither prove nor disprove the existence of site effects on decline-induced increment loss.

A successful study of this re ationship would require cither a larger sample size or longer
study period (or bath).
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4 Conclusions

From the results presented above, it follows that the estimat
In evaluanpg our estimates, it should be noted that the
reference since it was the only plausible technique
WO reasons. First, the growth of healthy trees ma

' remaining trees 1s offset by the increment loss fro
the dead tree volume js substantial, Second, it
among the suppressed trees (Kraft class 35
by the reduced amount of light they

height classes were not s
wer urveyed. However, th :
before the beginning of the observati - anrd e old stand had been thinne

Therefore, th o
» the majority of the trees can b :
o : ¢ regarded as either domin :
the effect of competition for light on growth loss is negligible ant or codominant, so

The effects of site qualj "
quality on tree size, growth and vi
These results emphasize the reliability of ecological in‘;

that only presence/absence dat :
T a of herb -
Within the 5.5 ha study area the am:h;: o e i

quality resulted in greater size and more i
The need to address site and stand h

close ' ' ' !
gt }:elatmnsh}p'l?erween site quality and oak decline is considered
¢ suscepubility to decline of trees js site-dependent

the height differentiation is slow at this age

. . .
ak 15 more suscepuible 1o decline at more humid and e

fnlh?wmg biologically based and practically important on:
to diseases outside (or at the extremes) of - |

Although no conclusions could be mad
that less favourable, often not inappropria
fﬂre§t management can, and should,
spectes’ requirements.

their natural range?

€ as to the cause(s) of the discase, it can be statec
: te, SI]:{-? conditions represent stress for trees. Sound
reduce this stress by considering site conditions anc
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Résumé

de chéne sessile

Certe étude s’inté

eresse A deux aspects du dépéri

: épérissem - —_—
stationnelles et les eff&ts sur la Croissance :5) SAtcl chin '

chénes de 5,5 ha en Hongrie, fortement dépérissant.

lar to normal thinnings where the increase of growth

S from removals, Even if growth loss is zero
s possible that more sick trees can be found
=3), and their growth loss may be partly explained
teceve. This hypothesis cannot be tested because

d a few years

T L T s s = g - e
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de rejets de Quercus petraea de 90 ans au début de 'étude. L'hétérogénéité interne du site a été déerite
par la végétation herbacée. Quatre types écologiques ont été distingués d’aprés la composition et la
valeur in§icatrice des plantes. La croissance des a;Lres entre 1987 et 1993 a été mesurée et la vigueur a
été estimée visuellement i cing reprises durant cette période. L’accroissement potentiel en volume des
arbres dépérissants a été comparé i celul d’arbres sains de mémes dimensions. La perte en volume
causée par le dépérissement a été évaluée. Une relation positive significative a été trouvée entre la
vigueur et les dimensions des arbres et entre la vigueur et la croissance. La croissance des arbres trés
dépérissants était réduite de moitié par rapport a celie des arbres sains. La perte de croissance parmi les
arbres encore vivanis atteignait 5,4% alors que sur Pensemble des arbres, y cumpris les arbres morts
durant la période, elle était de 19,9% par rapport i la croissance potentielle. Les dimensions des arbres
et leur croissance étaient supérieures sur les meilleurs sites. Une relation forte a auss: été trouvée entre
la vigueur et le type de site, mais le chéne sessile érait plus sensible au dépérissement sur les meilleurs

sites,

Zusammenfassung

Zusammenhdnge zwischen Standortsqualitét, Eichensterben und Baumznwachs in einem Trau-
beneichen-Bestand

Die vorliegende Untersuchung konzentriert sich auf selten untersuchte Aspekte des Eichensterbens:
die Beziehungen zwischen verschiedenen Standortmerkmalen und deren Effekte auf das Wachstum der
Biume. Die Untersuchung wurde in einem stark von Eichensterben betroffenen, 5,5 ha grossen Bestand
in Ungarn durchgefiithrt, Der nahezu reine Quercus petraea-Bestand war zu Beginn der Untersuchung
90 Jahre alt und hatte sich aus Stockausschligen entwickelt. Die Heterogenitit innerhalb des Bestandes
wurde mit Hilfe der krautigen Vegetation beschrieben. Anhand der Artcnzusammﬂnsetiun%dﬂ Kraut-
schicht wurden vier 6kologische Standorttypen unterschieden und durch die 6kologischen Zeigerwerte
der Arten charakterisiert. Zwischen 1987 und 1993 wurde das Baumwachstum gemessen, und die
Baumvitalitit wurde wihrend dieser Zeit fiinfmal visuell bonitiert. Die potentielle Volumenzunahme
geschidigter Bdume wurde mit Hilfe der Wachstumsraten gesunder Biume derselben Grosse geschirzt.
Der durch das Eichensterben verursachte Zuwachsverlust wurde ebenfalls abgeschitzt. Zwischen der
Baumvitalitit und der Baumhdéhe, sowie der Vitalitit und dem Zuwachs wurden siﬁniﬁkant rositive
Bezichungen gefunden. Das Wachstum ernsthaft geschﬁd‘lfter Biume verringerte sich um Vergleich zu
den gesunden Biumen fast auf die Hilfte. Auf der Ebene des Bestandes betrug der Zuwachsverlust der
lebenden Biume 5,4%; wurden die wihrend der Untersuchungsperiode abgestorbenen Biume mit
einbezogen, betrug der Verlust gegeniiber dem potentiellen Zuwachs 19,5%. Auf den besseren Standor-
ten waren Baumhaohe und Zuwachs grésser, Auch zwischen der Baumvitalitit und dem Standortryp
wurde eine enge Korrelation gefunden, dabei waren die Traubeneichen auf den besseren Standorten

stirker vom Fichensterben betroffen.
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| responding patterns of site quality, decline and tree growth
in a sessile oak stand
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Summary

This study f
y tocuses on two rarely studied
effects on tree ero Y i€ a?ectﬂ of oak decline: relan b .
wth. Th - . : relations with si
ol sty s i3 o n gy i s romy e
90 years old a o s e 0a uercus petra d : ecte
t the beginning of th < petraea) stand of mostly coppi 11
herbaceous : g of the study. Within-stand site h : pice ongin ‘was
vegetation. Four ecological s e heterogeneity was described b
herbs, and ch : ogical site types were distinguished : 1bed by the
, and characrerized by the ecological indi nguished by the species composition of
and 1993 was mea logical indicator values of the ‘ positicn o
sured, and tree vi - species. Tree growth between 19
1987 and 1993. P . vigour was estimated from visual ch = : en 198/
. Pote g al characteris
hedl v ecs otdl, s:rlnn:ls i;céh{?m? increment of declining trees was estimated WEES tﬁ;’ﬂ zlmeshbemﬂcn
positive relationships wers f:uui;?: r;lrl:ensenthss caused by oak decline was also assefsetﬁwéig;?fiﬂ; Df
; n tree vigour and : - an
growth. The growth of ser - nd tree size and berw :
iously declin etween tree vigour and
Growth reduct; o y ing trees dropped to al tree
ction of living trees at th almost one-half of that of heal
: : e stand level of healthy ones,
trees, including those that di : amounted to 5.4%, wh ;
at died during the ob : : o, whereas growth reduction of all
growth. Tree size and & scryvation period, amounted to 19.9¢ :
tree vigour and site t g;o?:th werpl greater on better sites. A strong relationshi wa‘:’f} Dif the potential
ype, but sessile oak was more susceptible to decline at bftte also tound between
r sites.

1 Introduction

Forest decline has been wi

: widely reported through

decline h : ported throughout the world. M '

Pﬂssiﬁe ciiel:fg—lll deseribed and a series of hypotheses have bﬂesngfj llz:rzﬂt g}’PES o

1994). The health EF?L e II:I ULBLER'DDMBGIS 1993; InNEs 1993; CresLa aEd E}D:AEE;J:E
/- orests has becom : * ) _ R

PUIb ll;ilﬂﬂncern in the past two decades.e an important issue of international scientific and

I un " + .

Licblein). This Zhi.;? ost serious decline occurs in sessile oak (Quercus petraea (Mattuschk

e widesPrea[zl this s Ene of the most important deciduous tree species in the msc ¥

SzEPEST 1995) indicatﬂ?iu%h:tmi flil;;ae. Ehe National Forest Health Inventory (Csc_‘)lcuan:.zi

discolorati ’ , the symptoms of decline (i.e. 0

inlsgzrim:ﬂnj were detected on 93% of all the trees surveyed. Oak Eilef:li:;el'o f? e

o pe and on the American continent (Stweck1 and Liese 1991: C 1s also widespread

L:[l, INRA 1994), ; CIESLA and DONAUBAUER

ost research and scientific debates h

it e : _ C debates have been conducted on the di

the Laise?t)despxte the intensive work, there has been no widely accelrf C; C&USIE(S) :Df o

e ; (Jakucs 1985: BoORHIDI 1986; [cMANDY 1987: HARrT prec explanation of
LA and DONAUBAUER 1994; VARGA et al. 1995) ‘ RN e Br o, 1992,

This paper focuses on o :
, ther, equall
decline. These are the following: qually important, but mostly neglected aspects of oak

Recetved: 1.4.1997; accepted: 18.6.1997

.
gt 1 PR
o W B | PR T S S



	scan0121.jpg
	scan0122.jpg
	scan0123.jpg
	scan0124.jpg
	scan0125.jpg
	scan0126.jpg
	scan0127.jpg

