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ABSTRACT
Radial growth analysis evaluates the ability of trees to grow under different site and environmental conditions, thus contributing

to bio-ecological studies aimed at increasing understanding of forest stand evolution. Tree ring growth is analysed in five Permanent
Monitoring Plots (PMPs) dominated by Turkey oak (Quercus cerris L.). Common structural features of these PMPs are their origin
(coppice forest) and their current physiognomy as stored coppice and transitory crop. A dendroecological approach was used to
analyse past radial stem growth, the influence of silvicultural background and stand age, as well as to compare the growth rhythm of
stands in different site-indexes and environmental conditions. Tree coring was carried out at the time of the first inventory (winter
1996/97) by sampling 8 to 11 dominant and co-dominant trees representative of the upper storey in the buffer area of each PMP. The
basic stem and crown growth variables were measured for each tree sampled and two cores collected at 1.30 m. Annual ring width
was determined by the Tree Ring Measurement System SMIL3 and the data were elaborated by the ANAFUS software. Site mean
curves and growth trend per social class in each stand were defined both by visual comparison and statistical analysis among indi-
vidual tree series. The main results were as follows: i) social differentiation becomes established earlier with better site indexes and
higher tree densities; ii) sensitivity to external disturbances is higher and more defined in the dominant class than in the co-dominant
tree layer; iii) competition cycles are clearly discernible and related to both stand density and site-index in young stands under natu-
ral evolution (stored coppices); iv) when silvicultural interventions were performed in the past is quite visible readable in the stands
under conversion into high forest (transitory crops); v) the mean series per site are statistically related and common periods char-
acterized by a similar growth trend have been recognized.
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1. INTRODUCTION

Turkey oak coppices are one of the most representa-
tive and problematic forest typologies in Italy, due to
the impact for centuries of intense human activity which
has modified stand structures and conditioned their spe-
cific composition. At present, the spread of different sil-
vicultural types - managed coppices, abandoned cop-
pices, coppices converted into high forest – as well as
the different types of ownership and the low quality of
the wood produced, is creating problems for the envi-
ronmental and economic development of these wood-
lands. The high sensitivity to environmental stress
which characterises this species (Corona 1989), and the
current lack of a well-defined silviculture, play an im-
portant role in its growth dynamics.

Time series analysis may be regarded as a tool both
for defining the individual growth stage and for esti-
mating the growth response at stand level according to
variations in ecological, climatic and cultivation factors.
In fact, annual tree ring growth provides an exact record
of all the exogenous and endogenous disturbance factors
acting on the forest ecosystem, both in the long and
short term (Fritts 1976; Schweingruber 1988). These
factors may act independently as limiting factors, gener-

ally in extreme sites, or more often interact with one an-
other, determining a growth trend in which the limiting
factor is a complex of ecological or anthropic factors.

The evaluation of the relationships between ring-
width, climate and disturbances (Nola 1991; Brandini et
al. 1994; Zarnovican & Laberge 1994; Cherubini et al.
1996; Meyer & Braker 2001), the study of growth dy-
namics within and among social classes (Fabbio 1992;
van den Brakel & Visser 1996; Cherubini et al. 1998),
and the incremental response of stands after silvicultural
practices (Badeau et al. 1995) are therefore all specific
items that can be extremely useful both in planning
sound management and in evaluating stand functionality
status (Amorini et al. 1996; Motta et al. 1999).

In the framework of the CONECOFOR programme
(Allavena et al. 1999), the tree ring growth of five Per-
manent Monitoring Plots (PMPs) characterised by a
Turkey oak (Quercus cerris L.) coppice was analysed
using a dendroecological approach in order to compare
the tree growth ability of the species under different site
conditions and in different silvicultural contexts (stored
coppices and transitory crops).

Only the aged Turkey oak coppice stands under
natural evolution (stored coppices) or under conversion
into high forest (transitory crops) have been considered
in this first contribution. This study aims:
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i) to describe past radial stem growth according to so-
cial classes, silvicultural management and stand age;

ii) to compare the growth rhythm of stands located in
different sites;

iii) to evaluate the impact of possible disturbance factors
occurring in the examined tree populations.

2. MATERIAL AND METHODS

The growth series examined are from five PMPs, lo-
cated in Central and Southern Italy and managed in the
past under the coppice system (Fabbio & Amorini
2000). The main site and stand characteristics are re-
ported in table 1. The stands have different ages and
have been differently managed. The two youngest
stands, aged 25 and 35 years, are stored coppices, whilst
the three oldest stands (45 to 50 years) are transitory
crops produced by an irregular thinning regime. Thin-
nings are difficult to date, as we have little reliable in-
formation on the silvicultural practices applied in the
past.

Eight to eleven sample trees, representative of
dominant and codominant classes, were selected in the
upper storey of each plot. Dbh, height, crown area and
crown length were measured for each tree. Two perpen-
dicular cores at 1.30 m were collected per tree. The an-
nual ring width was measured using the Tree Ring
Measurement System SMIL3 (accuracy 0.01 mm) and
the data were elaborated with the ANAFUS software
(ISS Arezzo).

Visual comparison and statistical analysis (correla-
tion coefficient and cross-dating) of all the individual
chronologies were used to verify the homogeneity and
reliability of the samples collected in each site, to define
the growth trend per social class and to establish the site
mean chronology. To evaluate the ability of the species
to grow under different site conditions and management
systems, the main dendrochronological parameters such
as average ring width, standard deviation, autocorrela-
tion coefficient and sensitivity were calculated both for
the individual and regional series.

In the second step of the data analysis, the mean site
curves were compared to see if the same growth pattern
characterised the species in the different sites tested.
The correlation coefficient, the t-value and the coinci-
dence coefficient were calculated comparing the series
originating in similarly managed and aged stands
(Schweingruber 1988).

The last step of the data analysis was to try and pin-
point when the silvicultural practices had been per-
formed in the transitory crops. For this purpose, the cur-
rent basal area increment (b.a.i.) was used because it
shows up clearly discernible ring width differences and
reveals more clearly the occurrence of biological and
anthropic phenomena like competition cycles or the im-
pact of thinning practices. Generally, the growth in-
crease produced by thinning is sudden and persistent
(Devall et al. 1991), while the increase is slow after the
resolution of a competition cycle. In the time series ex-
amined, the thinnings were dated first by defining the
competition cycles (by running mean analysis) and then
by considering both the sudden increment increase and
the current values of tree density and basal area com-
pared with stand age.

3. RESULTS AND DISCUSSION

3.1. Sample trees

Table 2 summarises the main characteristics of the
trees sampled in each study-site. Given that the selected
trees were representative of the upper storey, their
growth trends give a good description of the growth of
the stands examined.

The better site index of the PMPs UMB1 and MAR1
is expressed not only by dominant height values (Fig.
1), but also by crown dimensions (Tab. 2). Crown area
is related in particular to age, site index and stand
structure, and is a reliable indicator of the ability of a
tree to grow and occupy the available growing space.

In the transitory crops, crown area mean values pro-
vide a good characterisation of the different sites, de-
creasing regularly according to site index variation. If

Tab. 1. Site characteristics of the examined coppice stands. * In ( ) stand age.

PMPs UMB1 BAS1 SIC1 LAZ1 MAR1
Province Perugia Potenza Palermo Viterbo Macerata
Altitude (m a.s.l.) 725 1125 940 690 775
Aspect N-NE S-W N-NE W-NW S
Slope gradient 25° 5° 20 5° 35°

Annual rainfall (mm) 1250 750 800 1000 1250
Mean annual temperature (°C) 11 13 13 12 10

Management system Transitory crop Transitory crop Transitory crop Stored coppice Stored coppice
Ring number * 50 (75) 50 (65) 45 (50) 35 (35) 25 (35)
Top height (m) 30.0 19.7 16.8 15.8 19.3
Stem number (n ha-1) 739 917 855 1629 4233
Basal area (m2 ha-1) 34.9 41.1 25.2 24.0 35.9
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the dominant and codominant components are consid-
ered separately (Fig. 2), the three PMPs show different
crown structures: UMB1 has high values in both sto-
reys, whilst in SIC1 and BAS1 the dominant trees have
similar values, but there are marked differences in the
codominant class.
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Fig. 1. Dominant height referred to the PMPs and mean height
of the sampled trees (± standard error)
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Fig. 2. Mean crown area in dominant (D) and codominant
(CD) trees.

Of the stored coppices, all the recorded values in
LAZ1, i.e. low site index and basal area, as well as
small crown area and reduced tree density, point to an
unfavourable functional status and a limited specific fit-
ting to site characteristics due to the intensive periodical
harvesting of standing crop under the coppice system. In
fact, repeated harvesting selected the species which
were most resistant to coppicing (Turkey oak), inde-
pendently of its fitting to site.

3.2. Tree ring growth

The graphic course and the analysis of growth trends
per social class (Fig. 3) reveal the biological behaviour
of the species. Its demands for light in addition to its
agamic origin give rise to early social differentiation
and repeated short competition cycles. The different
trends, however, highlight different environmental and
anthropic conditions and thus the effects on growth per-
formance per social class.

The growth recorded at the two stored coppice
stands shows a juvenile phase; social differentiation is
much earlier in MAR1, due both to higher tree density
and a site index which enhanced the inter-tree competi-
tion level. In the transitory crops, the curves of domi-
nant and codominant trees also show early differentia-
tion but, as is the case in the stored coppices, the site in-
dex is the main discriminant in these areas too and
therefore the differentiation period is longer in SIC1.

In both management systems, the two social classes
also show different responses to external disturbances.
The dominant class records better the occurrence of all
the positive or negative factors, the difference between
the two classes being widened by abrupt positive growth
changes and narrowed by negative events.

Despite the differences in the growth trend, the cor-
relation coefficients between the two social classes are
high (r = 0.87 to 0.93), because both classes characterise
the dominant component of the examined stands. The
average chronologies for each PMP were so defined
(Fig. 4), and the main descriptive statistics of the curves
are reported in table 3.

The average chronologies examined describe similar
behaviour in each silvicultural type. In the transitory
crops, fast, irregular growth characterises the first 15-20
year period after coppicing; in contrast, the subsequent
period features a steadier, more continuous growth de-
crease. This trend is also evident in the stored coppices,
even though the best site index of MAR1 restricts
abrupt changes in the growth rhythm and limits both the
length and frequency of competition cycles.

In all the sites examined, the mean ring widths are
comparable in spite of the age differences between the
two silvicultural types. In the stored coppices, given
their relatively young age, the expected growth values
should be higher, even though the good functional status
of MAR1 is confirmed by slightly broader ring widths.

Tab. 2. Main forest measurements and crown parameters surveyed in the sampled trees.
Between brackets: standard error.

PMPs Sampled trees DBH Tree H. Crown area Crown length
n cm m m2 m

UMB1 9 28.8 (1.9) 26.5 (1.1) 29.34 (7.3) 12.0 (1.2)
BAS1 8 25.0 (2.0) 18.5 (0.3) 24.49 (4.5) 8.2 (1.0)
SIC1 9 21.8 (1.1) 16.8 (0.8) 14.3 (3.7) 6.8 (0.6)
LAZ1 11 11.8 (0.6) 13.7 (0.6) 6.16 (1.0) 4.8 (0.5)
MAR1 9 19.5(2.0) 18.2 (0.7) 18.50 (4.0) 5.8(0.9)
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The stored coppices: MAR1 and LAZ1
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The transitory crops: SIC1, UMB1 and BAS1
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Fig. 3. Tree ring width in the dominant (continuous line) and in codominant (broken line) social classes.
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Fig. 4. Tree ring width in the five mean site curves.
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To get a better understanding of the growth dynam-
ics of the tested stands as a function of age, the time se-
ries were divided into 10 to 15 year periods. The tran-
sitory crops are thus made up of four periods (15, 10,
10, 15 years) and the stored coppices are characterised
by two (MAR1 15, 10 years) and three periods (LAZ1
15, 10, 10 years). In the first lifespan (15 years), all sites
record a fairly good growth rate (average from 2.24 to
2.88 mm); the next period (10 years) is then character-
ised by a sudden, marked decrease in growth (1.48 to
1.67), and this state of affairs continues in the following
periods. The highest differences were recorded in the
juvenile phase in MAR1 and SIC1, where the density of
the shoots probably started a process of strong competi-
tion whose resolution determined a clear reduction in
growth rhythm.

All the analysed dendroecological parameters show
similar behaviour in the various series, and results are
comparable with other studies carried out on Q. cerris in
different regions: high autocorrelation coefficients
which remain constant even in the second and third or-
der, and satisfactory values of mean sensitivity (Marti-
nelli et al. 1994; Romagnoli & Codipietro 1996; Ro-
magnoli & Barnabei 1997). In this frame of reference,
the only plot showing different behaviour is LAZ1,
where poor regularity in growth trend is confirmed by
the low and abruptly decreasing autocorrelation coeffi-
cients, and high susceptibility to external disturbances
by the high value of mean sensitivity. Moreover, the
sensitivity analysis, calculated for ten year periods,
shows the consistent reduction of the parameter in this
PMP - from 0.280 to 0.156 - while in the other sites the
values are more or less constant or increasing.

Finally, the time series of each silvicultural type
were compared (Tab. 4) to see whether the growth trend
of the same species grown under different site condi-
tions could be conditioned by environmental and an-
thropic factors.

In the transitory crops, all the statistics considered
pointed to a similar, harmonious pattern, and common

periods characterised by a similar growth trend were
recognised by means of the pointer years analysis
(Schweingruber et al. 1990; Meyer 1999). Negative
years (1954, 1982, 1988) and positive years (1975,
1990) were detected in all site mean series.

In the stored coppices, because of the short time se-
ries it was not possible to distinguish the share of
growth due to age increase from that of site index varia-
tion; the correlation between the two series was there-
fore not very high and only the minimum of 1982 was
recognised.

3.3. Basal area
For the transitory crops analysed, there is no infor-

mation about when and how silvicultural practices were
applied in changing the management system from cop-
pice to high forest. It was attempted to date thinnings
using the b.a.i. analysis (Fig. 5). The growth trends are
different, mainly because of their different backgrounds
(origin and intensity of stresses).

The UMB1 pattern is characterised by frequent,
major peaks due to the high site index enhancing tree
competition level. In this area, four competition cycles
are discernible: an early one (1947-1957) in which
competition was centred inside the stools, with the fol-
lowing ones (1957-1972; 1972-1983; the last in prog-
ress) contributing to a definition of the present stand
structure. In this area a single thinning, probably datable
to the early seventies, can be identified from the current
basal area value and tree density; after this, b.a.i. shows
a sudden, lasting increase.

In BAS1 the growth course rose until 1967, since
when it has remained more or less steady. This trend,
along with the high basal area value and current tree
density, indicates that thinning occurred in the juvenile
phase, probably in 1962.

In SIC1, b.a.i. analysis and stand parameters were
used to define three periods when there was interaction
between natural selection and anthropic action: the first
period ending in 1973, the second one in 1990 and the

Tab. 3. Main statistics of the five average chronologies (radius increment in mm).

PMPs Period Mean s.d. Autocorrelation mean sensitivity cross dating

UMB1 1947-1996 1.53 0.63 0.914 – 0.827 – 0.759 0.170 0.63
BAS1 1947-1996 1.58 0.58 0.806 – 0.615 – 0.569 0.181 0.58
SIC1 1952-1996 1.57 0.86 0.875 – 0.724 – 0.609 0.190 0.49
LAZ1 1962-1996 1.54 0.62 0.675 – 0.321 – 0.221 0.241 0.78
MAR1 1962-1996 1.94 0.73 0.839 – 0.739 – 0.623 0.198 0.80

Tab. 4. Correlation among the mean site curves: correlation coefficient, t value and coincidence
coefficient.

PMPs correlation coefficient t values coincidence coefficient
BAS1 SIC1 MAR1 BAS1 SIC1 MAR1 BAS1 SIC1 MAR1

UMB1 0.73 0.82 11.26 14.20 60% 64%
BAS1 0.76 11.53 52%
LAZ1 0.41 4.03 54%
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third one still in progress. In this area two thinnings are
discernible; the first can be dated to the early seventies
because of the sharp increase after the negative peak of
1973, culminating in 1976 and subsequently slowing
down until 1990. The second thinning is recent (current
low basal area value) and datable to about 1990 (sudden
increment increase).
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Fig. 5. Basal area increment growth trend in the three
transitory crops.

4. CONCLUSIONS

Growth analysis was used to survey the past growth
of differently aged and managed stands, to highlight the
existing relationships between dominant and codomi-
nant trees, and to characterise the trend typical of the
species. In addition, the occurrence of thinning was
identified, filling the information gap regarding the
stand management of transitory crops.

A few common tendencies were highlighted in all
the examined stands, both in mean site chronologies and

growth trend per social class, even though some growth
discriminants (age, site index and silvicultural manage-
ment) were identified. The juvenile phase is always
characterised by high growth values and by a short-
wave trend; growth then decreases slowly over time
following a more regular pattern. Site index conditions
the length and frequency of competition cycles, social
arrangement, and recovery after external disturbances.
Lastly, silvicultural practices interact with environ-
mental and biological factors by modelling stand struc-
ture and reducing competition level, thus determining
abrupt, continuous releases in the growth trend.

The stored coppices showing a natural growth pat-
tern (no thinnings performed since coppicing), are rela-
tively young, and site index emerged as the main dis-
criminant between the two PMPs concerned. The unfa-
vourable functional status of LAZ1 compared with
MAR1 is mainly due to a lower site index, which con-
ditioned both tree and canopy characteristics, as well as
the growth trend. The dendroecological behaviour of
LAZ1 - late social differentiation, lower competition
level, irregular growth trend – made this PMP more sus-
ceptible to external disturbances.

In the transitory crops, the radial growth rhythm is
comparable and similar in all the three PMPs and
pointer years were found in the mean site curves. The
main differences were revealed by b.a.i. analysis. Site
index variation and when or whether thinnings were
performed explain the different growth trends, which
are quite similar at SIC1 and BAS1 while showing sud-
den, continuous peaks even in the juvenile phase at
UMB1.

The influence of climate on growth was not consid-
ered in this study, even though an analysis of annual
rainfall and annual mean temperature reveals marked
differences among Southern and Central PMPs. Climate
certainly affects the site index and therefore tree growth,
and plays an important role in stand development in the
Mediterranean and sub-Mediterranean area, where
summer drought is a major limiting factor.
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