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ABSTRACT: Coppicing was widespread throughout Europe for many centuries but was largely abandoned in the second half
of the 19" century. Currently, there has been a renewed interest in coppicing for biomass production and nature conservation.
We studied differences in soil chemistry and tree growth between active and abandoned coppices to highlight the impacts
of coppice restoration on soil fertility and tree. Stand structure, collected soil samples and tree cores were compared on 46
research plots in temperate Turkey. The plots were set as actively managed and abandoned coppice stand. In our study no
effect of coppicing on growth rate was confirmed. Active coppice stands had lower content of Ca, K, N and C:N and higher
soil acidification than abandoned coppices. The tree growth rate was significantly higher on more nutrient-rich soils. Coppice

restoration may not result in increased biomass production in long-term periods due to a negative effect on soil fertility.
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Coppicing is one of the oldest forestry systems
known from many countries worldwide (EvANs
1992; Fujimor1 2001). Coppices were usually used
as a source of firewood until the second half of the
19% century (BUCKLEY 1992; PETERKEN 1993). Since
then, the conversion of coppices to high forests has
been the principal trend especially in central and
northwestern Europe (MATTHEWS 1991; PETERKEN
1992), particularly due to demand for higher-quality
timber (HEDL et al. 2010). Coppicing today remains
a common forest management system in countries of
south-eastern Europe (VACIK et al. 2009; VELICHKOV
et al. 2009; MADERA et al. 2014) to provide firewood
on the local scale. The importance of coppices in-
creases in the field of nature protection where there
is an increased growth (MAsoN, MACDONALD 2002),
and as a natural habitat for the reproduction and life
of birds (FULLER 1992), small mammals (GURNELL
et al. 1992) and invertebrates (GREATOREX-DAVIS,
MARRS 1992; SPITZER et al. 2008). Nowadays, with
the growing interest in biomass as an alternative en-
ergy source, a growing interest in the potential re-

newal of coppicing can also be seen in countries of
central and western Europe (MATULA et al. 2012;
SpLICHALOVA et al. 2012). Although the interest in
coppicing is increasing, there is still a lack of infor-
mation regarding the effect of coppices on site con-
ditions and ecological characteristics, such as soil
properties, growth properties of the tree species, and
nature protection (VACIK et al. 2009; MATULA et al.
2012). VAN CALSTER et al. (2007) noted that long-
term studies showed no effects on soil acidity or the
herb layer in changing forest management; changes
were attributed to atmospheric deposition and/or leaf
litter (e.g. PERssON et al. 1987; THIMONIER et al. 1994;
DE SCcHRIJVER et al. 2006). Although the effect of tree
species composition on soil chemistry has been well-
known (PrREscoTT 2002; AUBERT et al. 2004; REICH
et al. 2005), the effect of various management meth-
ods on changes in soil chemistry has not been suffi-
ciently explored (JoHNsoON, CURrTIS 2001). The anal-
ysis of 432 studies of soil C responses in temperate
forests around the world found a significant impact of
harvesting on soil C storage (NAVE et al. 2010).
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The knowledge of long-term growth dynamics
of active coppices in respect to the high forest or
abandoned coppices is of the same importance as
information about the effect of coppicing on sites,
especially if we are thinking about coppices as an al-
ternative of short-rotation coppices and as a renew-
able energy source. BUHLER (1922) stated that dif-
ferences in mean annual growth between high and
low forests (i.e. coppice) are indistinct, although the
quality of the site plays an important role. A much
faster growth of coppice was also reported com-
pared to generative forest (VyskoT 1978).

In our study we focused on the effect of active
coppicing on soil chemistry and individual tree
growth in temperate forest in Turkey where many
forests have been managed as active coppices for
centuries. We also surveyed forest structure and
assessed soil quality by measuring the content of
macroelements in both active and abandoned cop-
pices. Using the data on soil properties and tree
growth from active and long-time abandoned cop-
pices from the same site, we tested the hypothesis
that active coppicing affects soil chemistry (i) as
well as boosts individual tree growth (ii).

MATERIAL AND METHODS

Studied locality. The study was conducted in the
European part of the Republic of Turkey, approx.
30 km north of the centre, Istanbul, in the research
forest of the Forestry Faculty, Istanbul University
in Istanbul, near the town of Bahcekoy Merkez Mh.
(Fig. 1). The research forest stands are localized
between (28°59'17", 29°32'25"E) and (41°09'15",
41°11'02"N), with the altitude ranging between 30
and 240 m a.s.L.

Total mean annual rainfalls are 1,074 mm; mean
annual temperature is 12.8°C (Bahcekdy meteoro-
logical station 1945-1970). According to Thornth-
waite’s metodology (THORNTHWAITE, HARE 1955),
the studied locality has a wet mesothermal climate
with an influence of the near sea and a slight water
deficit in the summer.

Geological subsoil is composed of shale siltstone.
Soils show moderate depths, without a skeleton,
and are deeper and more skeletal at mountain
peaks. The main type of soils is argillaceous — clay
soil, soil type: Cambisol (KavGcacrt 2001).

Predominant species in the research forest in-
clude sessile oak (Quercus petraea Matusch.),
Italian oak (Quercus frainetto Ten.), Turkey oak
(Quercus cerris L.), European hornbeam (Carpinus
betulus L.) and sweet chestnut (Castanea sativa
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Fig 1. Localization of study area

Mill.). Other present species include silver lime
(Tilia tomentosa Moench), black locust (Robinia
pseudoacacia L.), wild service-tree (Sorbus tormi-
nalis [L.] Crantz.), and tree heath (Erica arborea L.)
(KavGacr 2001).

Clear-felling management with rotation time be-
tween 20 and 30 years has been used on the studied
active coppices during the last 100 years. The aban-
doned coppiced were managed in the same way but
have not been affected by any kind of management
activities for approx. 80 years.

Research plots. In order to locate the research
plots, abandoned coppices were first selected and
parallelly to them active coppice on the same sites.
Both were compared on northern, southern expo-
sure and peak of a hill. The design of the research
plots was a line transect. In total, 15 line transects
were marked out and 46 research plots were se-
lected and measured (Table 1). A distance between
research plots was at least 60 m. Unbalanced num-
bers of selected plots were due to the small number
of suitable forest stands within the same site.

Data collection in the research area. The stand
structure was studied in circular plots with 9 m ra-
dius using the FieldMap (laser distance meter, com-
pass, resistant tablet, monopod, and FieldMap Data
Collector software) (IFER, Ltd., Jilové u Prahy, Czech
Republic). Positions of single-stem trees and polycor-
mons were clearly defined and measured. Trees with
multiple stems or any residues thereof (cuts, stubs)
were considered as polycormons, which included
both naturally multiple-stem shrubs and coppiced

Table 1. Table of research plots by the exposure

Type of Exposure

coppice south north top of hill
Active 19 6 9
Abandoned 9 3 -
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trees. They were individuals of vegetative origin irre-
spective of their mode of origination. Stem diameter
at the height of 1.3 m (DBH) was measured in single-
stem individuals. DBH > 2 cm was chosen as the reg-
istration threshold for tree measurements. Polycor-
mons were measured if they contained at least one
stem with DBH > 2 cm or at least one cut with the di-
ameter larger than 5 cm, or if the polycormon dimen-
sion at the base was at least 10 x 10 cm. DBHs were
used to calculate the circular basal area (BA). Fur-
thermore, the representation of individual tree spe-
cies was calculated in the plots according to their BA
values. On each plot, cores were collected from oak
and hornbeam trees — two cores per tree (other tree
species were present with low frequencies) with the
greatest DBH within each plot using Pressler’s borer.
The cores were taken in the perpendicular direction
to the slope in order to eliminate any bias of the re-
sults due to the potential presence of reaction wood.

Soil samples were collected at 3 points of each
plot from the A horizon — organic and mineral ho-
rizon (approx. 10 cm layer under the litter) and av-
eraged. Essential soil macroelements (Ca, K, Mg,
P, Na, N total, oxidized carbon — C_ ) and the soil
reaction (pH,.,) were analysed according to the
Melich II methodology (ZBirRAL 2002).

Data evaluation. Soil analyses were evaluated by
the Manual of Methods for Soil and Land Evalu-
ation (CoNSTATINI 2009), and the C:N ratio was
calculated. Potentially exchangeable soil reaction
(pPHy(,) was primarily used to evaluate the soil pH
value, which is more stable compared to active soil
reaction (pHHZO) that shows considerable variabil-
ity, for example, due to weather conditions.

The effect of environmental factors and forest
structure and growth dynamics, differences in soil
chemistry were analysed using general linear models
(OLS). Plots of active coppices at the peak of the hill
were removed from soil analyses because they were
located in a more fertile site compared to the other
plots. The analysis of the effect of coppice type on the
nutrient contents in soils on the north exposure was
inconclusive due to the small number of repetitions.

The following dependent variables were used
as to test the effect of the forest structure (active/

abandoned coppice) on soil chemistry: pH,,,

Table 2. Forest structure characteristics

Ca, K, Mg, P, Na, N - total, C_, C:N. Mean radial
growth using the last 10 tree rings was calculated
to test the relation between soil characteristics
and forest structure. Mean growth rate was used
as a dependent variable in OLS, while the follow-
ing ones as independent variables: (i) For plots: the
content of N, P, Na, K, Ca, Mg, pH, forest type, BA,
aspect; (i) For the individual: stem age, species. We
analysed those variables separately including also
an interaction effect with forest type (active cop-
pices on slopes, active coppices on hilltop, aban-
doned coppices). The usual significance level of
a = 0.05 was used. All analyses were carried out in
the R environment (R Core Team 2013).

RESULTS
Stand structure

Stands with dominant hornbeam and oak trees
were found in the research plots on both south-
ern and northern exposures. The age of trees
in abandoned coppices ranged between 70 and
75 years while the oldest stems within active cop-
pice of plots on slopes were 35-50 years old. Chest-
nut trees dominated in the active coppice stands on
the hill, being approximately 25 years old.

Characteristics of the coppice structure in the
studied area are shown in Table 2. Differences be-
tween the active and abandoned coppices are evi-
dent in all characteristics, e.g. BA in active coppice
reaches 76% of BA of abandoned coppices. Mean
BA per polycormon was 0.03 m2 Mean DBH of the
active coppice was 50% of the mean DBH for aban-
doned coppice. Mean height of active coppice stands
was 73% of the mean height of abandoned coppices.

Soil chemistry

The analysis of the management (abandoned cop-
pice/active coppice) effect on nutrient contents in
soils indicated significant differences in the contents
of Ca, K, N, in pH and C:N ratio (Table 3). The pH and
contents of all elements were lower in active coppices

Forest form  Age ﬁzggﬁ }Il\g iea;lt BA Number of stems (stems-ha™") Average of stems per
of coppice (yr) (cm) (n%) (m*ha™) b generative vegetative 1 polycormon (indd)
Abandoned 70-75 24.7+9.4 193+26 37.8 577 282 295 1.5+£0.7
Active 35-50 124 +38 140+34 288 1320 396 924 24+19

DBH - diameter at breast height; BA — basal area; + SD — standard deviation
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Table 3. Mean values of the studied soil characteristics for both types of coppice (P < 0.05, df = 2, 35)

Abandoned coppice Active coppice F p
pH, ., 3.91 3.79 7.058 0.003
Ca (mg-kg™) 911 588.1 14.80 0.002
K (mg-kg™) 154.8 117.8 19.89 < 0.001
Mg (mgkg™) 271.9 230.6 3.88 0.064
P (mgkg™) 12.17 8.15 2.34 0.110
Na (mgkg™) 14.42 12.47 1.31 0.281
C,, (%) 4.85 4.43 3.37 0.065
N - total (%) 0.24 0.19 10.98 <0.001
C:N 21.02 24.23 4.99 0.012

in bold - significant at « = 0.05

— both oak and hornbeam ones — than in abandoned
coppices (Fig. 2). We found significantly higher con-
tents of most of the observed soil variables (P < 0.05)
in active coppices on the hilltop compared to other
active coppice stands.

Results of soil chemical analyses for abandoned
coppice and active coppice are shown in Table 3.
According to the classification used (CONSTATINI
2009), the soils are strongly acidic in both man-

agement types. Oxidized carbon content in both
management types is very high. When multiply-
ing C__ by the empirical coefficient 1.724, soils of
the explored locality can be classified as strongly
humus-rich soils (range 7.6—-8.4). According to the
N content, the soils in active coppice are classified
as those with a good content of N, and stands of
abandoned coppices have soils with a rich supply
of N, meaning that their N content is higher. The
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Fig. 2. Box plots of differences in soil chemistry for coppices

Ac— active coppices on the hill were not used in data analysis but, for comparison, they are shown separated from others by a verti-
cal black line; Ab — abandoned coppices; H — active coppices with dominant hornbeam; O — active coppices with dominant oak
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dots — mean growth rate values, error bars standard error
of the mean, j_aban — abandoned coppice on southern
aspect; j_act — active coppice on southern aspect; k_act —
active coppice on hilltop; s_aban — abandoned coppice on
northern aspect; s_act — active coppice on northern aspect

C:N ratio showed higher values in active coppices
compared to abandoned coppices. Active coppices
on the hill were an exception, which showed sig-
nificantly higher contents of most of the observed
soil chemistry variables (P < 0.05). Both active cop-
pices and abandoned coppices showed a high Ca
content. A medium K level in soils and a high level
of the soil magnesium were found in both forest
types. On the contrary, in terms of P content in
the soil, both forest types are classified in the low P
content category. The studied area is thus poor in
P, while the representation of the other macroele-
ments is satisfactory. The analysis of the different
exposure effect (north/south) in the same type of
coppice on nutrient contents in soils did not indi-
cate any significant differences either in active or
in abandoned coppice. The analysis of the effect of

coppice type on the nutrient contents in soils on
the south exposure showed higher contents of Ca,
Kand N in abandoned coppice stands.

Growth dynamics

The mean annual growth analysis in the last 10
years did not show a significant difference between
different coppices but it revealed significant effects
of aspect, stem age and content of some macroele-
ments in the soil. Individuals on the hill exhibited
considerably higher growth than individuals on
slopes (P = 0.039; Fig. 3). No significant differences
were found between northern and southern as-
pects. The growth rate also decreased with increas-
ing stem age (P = 0.048).

Soil macroelements including the interaction of
forest type with mean annual growth showed a sig-
nificant relation with calcium, magnesium, soil
pH and C:N ratio in active coppices on the hilltop
(Fig. 4; Table 4). The mean annual growth during the
last 10 years increased with the increasing content of
soil macroelements and increasing pH.

Table 4. The effect of soil characteristics on the mean stem
growth rate in the last 10 years

Model

P-value

specifi-
cation® PH Ca Mg Na K P CN
Soil

: 0.026 0.784 0.186 0.572 0.156 0.980 0.841
variable
fy‘;pep‘ce 0.126 0.015 0.031 0.020 0.037 0.016 0.013
i?otﬁrac' 0.039 0.023 0.011 0.208 0.062 0.560 0.017

*including interaction with type, in bold — significant at o = 0.05
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Fig. 4. The effect of soil macroelements and pH on the growth rate in the last 10 years in relation to different coppice type

a — active coppices on hillsides, k — active coppices on hilltop, p — abandoned coppice
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DISCUSSION

Restoring of coppicing, particularly in countries of
central Europe, motivated either by nature protec-
tion or biomass production, emphasizes the need of
understanding the effect of this management system
on site properties and growth dynamics which is still
missing. Our study contributes to fill this gap, dem-
onstrating a significant depleting effect of coppicing
on soil fertility but no effect of the forest structure on
growth, contrary to our hypothesis.

As far as production is concerned, our results indi-
cate the lower values of basal area in active coppices
by 24% compared to abandoned coppices, which is
equivalent to the data of VIEWEGH (1957) and Vys-
KOT et al. (1978), who reported generally lower values
of the basal area in coppices compared to high forests.
Although the production of good-quality products of
active coppices is lower compared to high forests or
abandoned coppices (SNAJDAR 1943; ZLATNIK 1957),
differences in the total biomass volume of coppices
fade away to a considerable extent, considering ap-
proximately three production periods of coppices in
one production period of the high forest. Production
of good-quality products in active coppices can be
improved by growing mixed coppice stands, because
SLAVIK and KHUN (2014) demonstrated the influence
of auxiliary species (for example hornbeam) on the
qualitative parameters of oak stands.

The effect of coppicing on soil fertility still remains
an open question. An increase in soil acidification af-
ter 46 and 38 years, respectively, was found in pre-
vious long-term studies focused on changes in soil
acidification after the forest conversion from cop-
pice with standards to high forest (VAN CALSTER et
al. 2007; BAETEN et al. 2009). However, these changes
in pH may also be related to changes in the environ-
ment seen in the recent decades, due to increased
depositions of acid atmospheric pollutants (KUHN et
al. 1987; THIMONIER et al. 1994; VAN CALSTER et al.
2007). A different finding was obtained by HEDL and
REJSEK (2007), who found no significant changes in
the soil reaction of coppices in the Czech Republic,
which had not been actively managed by coppicing
for 40 years. However, our study demonstrated higher
acidification in active coppices compared to aban-
doned coppices.

Some of the first papers on coppices in central
Europe note a potential threat of coppices in terms
of a possible reduction in the nutrient capacity of
soil at less favourable sites (GUTTENBERG 1911;
FRIC 1947). Results of our study also confirm these
results, demonstrating lower contents of the ma-
jority of the studied macroelements in soils of ac-

32

tive coppices. The carbon stored in forest soil is an
important component of the global carbon cycle
(NAVE et al. 2010). The effect of the management
type on oxidized carbon content in soil was not
found in our study. A similar finding was also re-
ported by JoHNsoN and CurTis (2001) in their
meta-analysis of the effect of various types of for-
est management on nutrient amounts in the soil,
concluding that felling has only a low or no effect
on carbon and nitrogen contents. Contrary to this,
NAVE et al. (2010) found a reduction of carbon
content by 8% on average after felling. Nitrogen is
another important element in the soil, being one
of the main nutrients necessary for the formation
of biomass and for vital functions of organisms. Its
content in the soil is relatively stable given that ni-
trogen is bound in compounds difficult to degrade
both chemically and microbiologically (RICHTER
2007). For this reason, the content of total N in the
soil is often expressed in relation to Cox using the
C:N ratio. In their paper on the long-term effect of
short-rotation coppices KAHLE et al. (2007) noted
an increase in carbon and nitrogen contents in the
soil after 12 years of operating short-rotation cop-
pices of willow and poplar trees on previously ar-
able land. On the contrary, the contents of phos-
phorus and potassium decreased within 6 years
after coppice establishment. Our study showed a
lower content of total nitrogen in the soil of active
coppices. In our study, the C:N ratio showed higher
values in coppices; coppices were thus poorer in ni-
trogen supply.

Considering the amount of macroelements in the
soil, based on the classification used (CONSTATINI
2009) it can be noted that the studied area is poor in
phosphorus contents. Calcium and phosphorus be-
long to the elements that showed lower values in ac-
tive coppices compared to the values of abandoned
coppices. Considering the function of calcium as an
essential biogenic element and phosphorus as an ele-
ment of biochemical functions of plants, particularly
the growth, attention should be paid to their amount
in the soil in localities with their low level to prevent
their depletion below a threshold limit. Other anal-
ysed elements that showed lower contents in active
coppices compared to abandoned coppices should
not be depleted beyond threshold limits considering
sufficient supply of trees.

Considering coppicing as a source of biomass, we
could ask the fundamental question to what extent
the radial growth of coppices differs from aban-
doned coppices or high forests. The effect of cop-
picing on growth rate was not demonstrated in our
study; although ALTMAN et al. (2013) stated that
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forest management is an important factor that af-
fects changes in the thickness of annual tree rings.
The decrease of mean annual growth with age cor-
responds to findings that overaged coppice stands
are characterized by a reduction in radial growth
(FLORET et al. 1989; CANELLAS et al. 1996; COrcU-
ERA et al. 2005). In our study we observed a posi-
tive relationship between the radial growth rate
and the amount of nutrients in the soil in the active
coppice on the hilltop. Similarly, CARTAN-SON et
al. (1992) found that the radial growth of Quercus
ilex in coppices in southern France was increased
by nutrient supply (nitrogen, phosphorus, potas-
sium). Although the content of some elements in
the soil differed between active and abandoned
coppices in our study, we demonstrated its effect
on growth only in coppices on the hilltop but not in
coppices located on slopes. This may be caused by a
difference in nutrient availability in the soil and by
the ability of the trees to take up the nutrients. This
ability may be affected by numerous factors, such
as interactions of roots with other organisms in the
soil, heterogeneous nature of the soil, mycorrhizal
symbiosis (allowing for, in particular, effective utili-
zation of both highly dispersed and heterogeneous-
ly located nutrients in the soil), and soil pH, which
has an impact on the availability of individual min-
eral nutrients.

CONCLUSIONS

In the context of renewed interest in coppicing,
attention should be turned to countries where this
management method is still used given that such
countries can provide support materials and practi-
cal illustrations for scientific studies. Turkey is one
of those countries, where both active and abandoned
coppices can be found at the same site, and which
thus enabled us to analyze the effect of coppicing on
soil and growth. As a result of the present findings,
we conclude that coppicing may have a negative ef-
fect on soil and site. Given the topicality of coppic-
ing in recent years and ecosystem services of this type
of management, similar studies will be needed in a
broad range of site conditions in order to generalize
the obtained results.
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