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Abstract
A key factor to reduce soil erosion and soil instability is the conservation of forest areas. In the last years,
in all Europe, forest logging has increased. The Italian situation is paradigmatic because more than 70% of the
broadleaved forests are managed as coppices and new exploitations concerning biomass for energy production
have tripled since 2001. The common coppicing method leaves standards uniformly distributed on the ground,
but this geometry has proven to not play an effective role in soil erosion control. In this paper, we propose a
different method for coppicing geometry, aimed to decrease the soil erosion risk. In particular, the theoretical
framework of the model is presented here, employing the USLE framework and discussing a real case study,
while the results of the experimental tests, which are in progress, will be discussed in future papers. The
theoretical results seem to demonstrate the method’s validity, which is expected to reduce soil erosion amount
in the range 29-42%.

Keywords: barriers; coppice; mountain slopes; soil erosion; standards
Introduction
Italy is one of the European countries with the highest value of hydrogeological instability due to natural
and anthropogenic causes: more than 300 people died in the last 10 years in Italy due to this problem (Trigila
et al., 2018). The hydrogeological risk could become more frequent in the next years because of the climate
changes that should modify the precipitation regime, causing an increase of intense rainfall events with a very
short duration. From projections of the Regional Climate Models for Europe, in the future, higher rainfall
intensities and longer dry periods are generally expected (EEA, 2017). Considering the projections related to a
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future period in Italy (until 2090), a decrease of the annual cumulative rainfall value, a modest increase of the
annual maximum daily rainfall, and a significant increase of the time interval between two consecutive rainfall
events should occur (Desiato et al., 2015).
A key factor to reduce soil erosion and hydrogeological instability is the conservation of forest areas, that
is the object of this paper. Indeed, it is well known that forests exercise a protective action on soil (Borrelli et
al., 2017a). The efficiency of soil protection by forest is due to the forest coverage. In general, every interruption
of the forest coverage causes a reduction on the capacity to intercept the rainfall by the tree canopies with a
consequent increase of soil erosion. However, this could be mitigated by the adoption of particular silvicultural
treatment (Iovino, 2009; Altieri et al., 2018). According to Ceccherini et al. (2020) in the last ten years, in all
Europe, logging is increased, with an increase of 49% for the harvest surface and of 60% for the biomass
exploitation. The mean area of the harvested patch size is becoming bigger; for instance, in Italy the increase
reached +125%, that was the highest value in Europe after Portugal (Ceccherini et al., 2020). The Italian
situation must be highlighted because more than 70% of the broadleaved forests are managed as coppice and
new utilizations concerning biomass for energy production are tripled since 2001 (Eurostat, 2020;
https://ec.europa.eu/eurostat/web/energy/data/energy-balances). Additionally, the last national policy on
forests risks to aggravate the situation, promoting the tampering and the exploitation of forests, rather than
encouraging natural dynamics (Bottacci, 2018; Searchinger et al., 2018).
The effects of this forest policy are already evident: in the last years, the area of a single coppicing could
reach even 20 ha on very steep slopes, hence it is crucial to mitigate the damages of these larger and more
frequent coppicing. Coppice management activities modify indeed the soil structure and the biodiversity
affecting the successional processes, reducing progressively the soil quality by a frequent rejuvenation of
pedological profiles, and, in general, rapidly increasing the superficial soil erosion due to the frequent cuttings
(the rotation period typically is lower than 25 years) (Clauser, 1989; Borrelli et al., 2017b; Vacca et al., 2017).
Thinking about that, we should start considering new approaches in coppicing, with the aim to reduce the soil
erosion without decreasing biomass production.
The prevalent coppicing method in Italy is the “coppice with standards” and the word “matricinatura”
is used to indicate both the number and the type of standards (“matricine” in Italian language) per surface unit.
In this work, we will use the term Standards Arrangement (SA) for indicating such system. According to the
classic silviculture, the number of standards per hectare is variable, but the range should be between 80 and 120
per hectare (with a minimum of 30 for some species), so that the soil that remains covered after a cut typically
does not exceed 10% of the total area.
Usually, the standards are scattered on the ground (Scattered Standards Method, SSM), although several
studies propose alternative solutions to limit the inconveniences of such distribution. For example, the
distribution of standards in groups (Grouped Standards Method, GSM) would guarantee a lower impact on
the landscape and more ecological benefits, especially for nemoral species (Grohmann et al., 2002).
After a coppice cutting, standards are left mainly because they should be useful to: a) progressively
substitute old stumps with plantlets; b) promote the conservation of genetic diversity; c) keep safe soil coverage
and reduce soil erosion (Piussi, 2000). Notwithstanding, it has been demonstrated that standards do not
significantly play a role in any of those functions, while it has been shown that they depress the generation of
new shoots on stumps (Amorini et al., 1998; Bianchi and Giovannini, 2006). Actually, the SSM is the heritage
of an old coppicing practice that included the saving of some adult trees useful to guarantee not only firewood
but also lumber (Zanzi Sulli and Di Pasquale, 1993).
Despite a frequent occurrence of coppices, Italian studies on relationships between coppicing and soil
erosion are scarce. There is a lack of studies about forest coverage before and after a cutting, although soil use is
a key factor for methods that aim to estimate the soil erosion. On the contrary, many investigations focus on
SA density: the main goal is always the search for the optimal number of standards to be left, according to the
target species and local environmental conditions, in order to guarantee the wood production (Corona et al.,
1986; La Marca et al., 1987; La Marca et al., 1996).
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Among the authors who studied soil erosion in coppices, Garfì et al. (2006) and Iovino (2007)
recommend some actions to limit soil erosion such as:
• To distribute cuttings in space to guarantee continuity.
• To limit the surface cutting width according to slope.
• To increase the time interval between two consecutive cuttings.
• To perform cuttings avoiding an overlap with periods of maximum precipitation.
• To implement some practical procedures to significantly mitigate the impact of coppicing.
In the present paper we aim to explore this last point, not discussed by Iovino (2007), investigating how
to reduce soil erosion by modifying the geometry of SA. The novelty of the manuscript is in the presentation
of a new method for determining the geometry of coppicing. Here we show the theoretical framework, while
an experimental research is already in progress and will be discussed in future papers. The final goal will be to
observe how much the model differs from reality. In this way the model could be improved and calibrated using
experimental data.

Materials and Methods

The proposed theoretical model: Bands of standards
After a cutting, erosion usually occurs inside a forest patch. The erosion is more intense as the patch is
longer in the downslope direction, the slope is greater, and the forest cover is diminished (Borrelli et al., 2017a).
In view of this, we propose a new method of SA related to coppices located in high slope areas, where, typically,
cuttings occur with the longer side parallel to the steepest slope direction.
The proposed method is a coppice with bands of standards (Banded Standards Method, BSM), instead
of SSM or GSM (Figure 1). It consists of leaving standards stripes perpendicular to the steepest slope direction,
instead of leaving standards that are scattered all over the area. The proposed method aims in creating a barrier
for surface runoff. Indeed, after a traditional coppicing, the residual forest cover ranges between 10% and 20%
and the effect of standards on surface runoff is very limited because of their spread diffusion. The same
percentage of standards, but clustered in bands parallel to contour lines, could be more efficient with a positive
effect on soil erosion due to the cutting geometry.

Site description
The study site has been selected due to its representativeness for the Central Apennine forests where
there are frequent degraded coppices that should be left to natural evolution and, instead, continue to be
regularly cut. The investigated area pertains to Colle Tavola hill (Municipality of Rieti, Figure 2), it is
characterized by an average elevation of 970 m, an average slope of 55%, and it is south-east oriented.
Regarding the climate, temperature and rainfall data were retrieved from Colli sul Velino meteorological
station, in proximity of the selected area. Bagnouls-Gaussen diagram, shown in Figure 3, defines the climate as
typically Mediterranean, with dry summer and rainfall concentrated during autumn. This circumstance is
noteworthy because regional laws prescribe that coppicing cuttings to be carried out during autumn and winter
periods, i. e. during the vegetation dormant season.
Whit respect to geology, the geomorphological setting of the area is characterized by the outcropping of
layers of micritic limestones (Facies Maiolica Auct.), sometimes densely stratified, fractured and weathered,
with the presence of a fault, surveyed just few dozen meters downslope and out of the investigated area. Both
surface and subsurface runoff flow from the top of Colle Tavola hill in south-east direction, where the fault line
and the gully represent, respectively, the permeability threshold/spring of a perched aquifer and the local base
level for runoff. The rock mass quality, after a geological-technical survey, can be expressed as “fair” (Beniawski
1976; Amanti and Pecci 1995).
3
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(A)

(B)

(D)
(C)
Figure 1.
1 Rendering of different types of standards arrangement (SA). (A) Coppice with SSM; (B) Coppice
with GSM; (C) Coppice with BSM, two bands; (D) Coppice with BSM, three bands

(A)
Figure 2. Study site localization: (A) national level and (B) local level
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Figure 3. Bagnouls-Gaussen diagram of the study area

The soils belong to unit H4e of the Lazio region Soil Map (Napoli et al., 2019) and, precisely, they are
Rendzic Leptosols. These soils, originated from marl and limestone substrate on steep slopes (> 35%), are very
thin and generally thicker from the top to the bottom of the hillslope, as in the case of the investigated area
where the soil depth ranges between 10 and 25 cm. Soils tend to be sandier on their surface, and more clayey in
the underlying horizons. In the same way, the soil pH is neutral on the top, and slightly alkaline in depth.
Typically, the skeleton is quite abundant, with coarse fragments which are strongly calcareous on the upper
level and become lesser calcareous at lower layers. These soils are usually well-drained. The laboratory analysis
gave the following average values: pH from 7.2 to 7.8; sand 66.05%; silt 16.025%; clay 17.925%; Total Organic
Carbon (TOC) 9.9%; Soil Organic Matter (SOM) 17.1%. In such geo-pedological conditions, the soil is
preserved only thanks to the forest cover. In case of forest coppicing soil, accelerated erosion occurs and even
irreversible deforestation is possible. In that case, re-forestation becomes the unique solution for the vegetation
recovery.
Concerning the vegetation type, the forest could be included into Cyclamino hederifolii-Quercetum
ilicis. The forest is located on a gradient where Quercus ilex L. and Q. pubescens Willd. tend to cross each
other. In particular, these plant communities, present on hills and mountains of Central Apennine, are relic
of past hotter climate conditions, so they are quite different from the typical Mediterranean Q.
ilex forests, lacking the most thermophilic species (Cianfaglione, 2015). Moreover, morphology, spatial
structure and dynamics of the studied community are strongly determined by the coppice
degenerative or regressive effects (Pedrotti, 2013).
The canopy covers around 85% of the surface, consisting mainly of Q. ilex, with a large participation
of Q. pubescens. The canopy composition is completed by Ostrya carpinifolia Scop., some maple species (Acer
opalus Mill., A. campestre L., A. monspessulanum L.), Fraxinus ornus L., Carpinus orientalis Mill., Juniperus
deltoides R.P. Adams, Aria edulis (Willd.) M.Roem. and Ilex aquifolium L., this last with sporadic individuals.
Plant species nomenclature follows the “Plants of the World” Kew Science database
(http://powo.science.kew.org/) and syntaxonomical nomenclature follows the prodrome of the vegetation of
Italy (http://www.prodromo-vegetazione-italia.org). Trees have a maximum age of about thirty years,
approximately. Their average diameter is 8 cm, with maximum diameters equal to 17 cm. The average height
of the canopy is 6 m, with a maximum height of dominant trees of about 12 m. The largest trees are mostly
Quercus ilex, and they correspond to the standards left during the last cutting.
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Stand structure
For this research, inside the study site, a 3000 m2 plot (30 m according to the contour lines and 100 m
according to the steepest slope direction) has been delimited. The forest canopy covers around 85% of the plot.
Within this plot the plants were distinguished into stumps (with shoots), standards and shoots. Then, species,
types, position, and diameters of all the plants were detected. For all the stumps, the number of shoots has been
counted
and
their
diameters
were
measured.
Using
Lidar
data
(http://www.pcn.minambiente.it/mattm/visualizzazione-metadati/?keyword=&rid=&paged_e=12),
the
average height of the trees has been first calculated and then validated in the field using a Nikon Forestry Pro
hypsometer. Since the crowns of the trees intersect each other, it is impossible to detect the crown area of single
trees. So, this value has been estimated by dividing the total canopy area by the number of stems, also taking
into account the number of standards with respect to the total number of plants. The results were validated by
comparison with some plants of a recently coppiced stand.

Soil erosion calculation
Erosion has been estimated in four different situations: intact forest (case 1), forest with SSM (case 2),
forest with one band of standards (1BSM, case 3), and forest with two bands of standards (2BSM, case 4).
Due to its easy employment, in terms of calculation and reduced requirement of input data (Benavidez
et al., 2018), in order to estimate the soil erosion we used the Universal Soil Loss Equation - USLE (Wischmeier
and Smith 1978). USLE is one of the most common equation used for erosion amount assessment (Van Der
Knijff et al., 1999; Diodato, 2004; Grauso et al., 2015), and is expressed as it follows:
A = R×K×L×S×C×P
(1)
where:
A = Annual soil erosion (t/ha/year),
R = Rainfall erosivity factor (MJ*mm/ha/h/year),
K = Soil erodibility factor (t*h/MJ/mm),
L = Length factor (-),
S = Slope factor (-),
C = Soil coverage factor (-),
P = Erosion control measures factor (-).
The R factor for a given considered period is obtained by summing, for each rainstorm, the product of
total storm energy (E), expressed in MJ/ha, and the maximum 30-minute intensity (I30), expressed in mm/min,
(Van Der Knijff et al., 1999). Because of the difficulty to get such high-resolution data, during the years several
empirical formulas have been proposed as alternative, aiming to express R factor using monthly or annual
cumulative rainfall values. Among them, we adopted the Torri formula (Torri et al., 2006), as expressed below:
R = (3.08 × P) − 944
(2)
With P = total annual rainfall (mm).
It is noteworthy that more accurate estimations could be obtained using the formulas based on the six
hours rainfall amount with 2 years return period. Previous eq. (2) has been chosen because of its simplicity and
because it has been developed for the Italian climate. The total annual rainfall has been calculated thanks to the
data collected from the Colli sul Velino raingauge station.
The K factor is soil erodibility factor. It takes into account the soil properties during a rainfall event, and
it has been retrieved, starting from the soil analysis of the study area, with KUERY 1.5 software (Borselli et al.,
2012). The software uses an algorithm that calculates K factor values: after having defined the climate type and
the rock fragment volume, it is possible to calculate K factor value from the basic information of the soil analysis
(percentages of loam, sand, clay, and organic material).
L and S factors measure the influence of the topography on the soil erosion. Longer and steeper is the
hillside, higher is the erosion. L and S Factors were assessed using the Morgan formula (Morgan 2001).
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Where ' is the runoff length (m) and s is the hillside slope (%). Slope data were taken from slope Lidar
map of the study area.
C factor is related to the capacity of vegetation cover to mitigate soil erosion. In this study, we used,
respectively, data from Wischmeier and Smith Manual (Wischmeier and Smith, 1978) to asses C factor in a
"not disturbed forest" situation (trees inside the study area has an average age of 30 years) and in a "just logged
forest" situation (forest with a 20-40% canopy cover). Although there are different and more sophisticated
methods to calculate C factor such as using NDVI or Corine Land Cover, for this theoretical model we
preferred to adopt the original Wischmeier and Smith formulation, because of its simplicity and its wide use.
Finally, P factor is related to the cultural practices aiming to reduce the soil erosion. Since in forestry this
factor is typically not used, we used P factor equal to 1 as mentioned in the Wischmeier and Smith Manual
(Wischmeier and Smith, 1978) even if it is possible that our practice can have also an effect on this factor, but
this is impossible to check until field studies will progress.

Results

Stand structure and bands design
As results from the field surveys, 424 plants were counted: 383 stumps with 3-4 shoots each and 41
standards. All the results are reported in Table 1.
The Forest Management Plan of the Rieti Municipality, having jurisdiction over the study area, imposes
to preserve 90 standards per hectare at the end of each rotation. One third of these trees should have an age
equal to or greater than twice the rotation period that is 24 years. So, this is the number of trees to be counted
in order to build the bands. Considering the plot of 3000 m2, after the cutting there should be 27 standards, 9
of them with an age equal to twice the rotation. Multiplying the number of plants by their crown areas it has
been found out that they should occupy 156 m2. Therefore, inside the plot it would be possible to make one
150 m2 band, 5 m long according to the steepest slope direction, 30 m large according to the contour lines, and
distant 50 m from the next band upward and downward according to the steepest slope direction. As an
alternative, it would be possible to make two bands having 2.5 m long in the steepest slope direction, 30 m large
according to the contour lines, and distant 33 m each one in the steepest slope direction. Figure 4 shows the
theoretical map of the plot in the four mentioned cases where the larger and thicker circles represent the
standards. Regarding 1BSM (case 3), the band was put in the middle of the plot (50 m far from upper and lower
sides), meanwhile for 2BSM (case 4) the plot was divided in three zones, putting the two bands at 33 and 66 m
from uphill.
Table 1. Case study field survey results
Stumps
N
383
N/ha
1283
N/stump
Diameter (cm)
Height (cm)
Crown area (m2)
Crown area/tree (m2)
-

Shoots
1693
5643
4.42
6.72
6.1
9688
5.72
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Standards
41
137
17
9.2
372
9.1

Stems
1734
5780
7
10061
5.8
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Figure 4. Coppicing methods
From left to right: intact forest (case 1), SSM (case 2), 1BSM (case 3), 2BSM (case 4).

USLE factors values
L and S factors
As we mentioned before, L and S factors depend on the runoff length of the study area and on its slope.
In case 1 (intact forest), computing L factor, we considered the length of our area as 100 m, so L = 2.126. The
same result was also obtained for case 2 (SSM). Since the bands should create a barrier for the surface runoff,
regarding case 3 (1BSM) and case 4 (2BSM), we choose to consider the length of the study area as 50 m for case
3 and 33 m for case 4. We obtained L factor values of 1.503 for case 3 and of 1.227 for case 4. The investigated
study area has an average slope equal to 72%, and since the silvicultural operation will not affect the slope of
the hillside, the S factor value does not change for all the cases. The obtained value is equal to 37.
C factor
C factor is one of the most variable factors in the USLE equation. It depends on the land use and on the
land cover. In forestry environment C factor depends on the forest type, canopy, and stage (age). For our study
we choose to use C factor values related to mature dense forest for case 1, while for all the other cases we assumed
C factor values related to forest with 20% of area covered by canopy. So, for case 1 we used the C value of 0.0005
and for the other cases a C value of 0.009 (Wischmeier and Smith 1978). As aforementioned, for the C values
estimation we used the USLE original tables.
K factor and R factor
K and R factors do not change depending on the coppicing methods because they refer to soil and
rainfall. They are respectively equal to 0.016 t*h/MJ/mm for K, and 2533.7 MJ*mm/ha/h/year for R.
P factor
As it was mentioned before we set a P factor value equal to 1 for each study case.
Applying the USLE equation, we got an annual average soil erosion value of 1.6 t*ha-1*y-1 for case 1, a
value of 28.9 t*ha-1*y-1 for case 2 (SSM), a value of 20.4 t*ha-1*y-1 for case 3 (1BSM) and finally a value of 16.7
t*ha-1*y-1 for case 4 (2BSM) (Table 2). Figure 5 offers an immediate information about the influence that the
coppicing method has on the soil erosion. As we can observe from Table 2 and from Figure 5a every time that
a forest is logged, independently from the chosen silvicultural method, the soil erosion rate strongly increases.
Indeed, the soil erosion increase is about 1718% between case 1 and 2, about 1186% between case 1 and 3 and,
finally, about 950% between case 1 and 4 (Table 3, Figure 5b).
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Concluding, we calculate the soil erosion reduction percentage between the traditional coppicing
method (SSM) and the proposed methods (1BSM, 2BSM). The soil erosion rate reduction between SSM and
1BSM is 29%, while between SSM and 2BSM is 42% (Table 3, Figure 5c).

(A)

(B)

(C)
Figure 5. (A) Annual soil erosion; (B) percentage increases of soil erosion for cases 2-3-4 as respect to case
1 (intact forest); (C) percentage decreases of soil erosion for cases 3-4 as respect to case 2 (SSM)

Discussion
In Italy, the relationship between silviculture and soil erosion has not been fully explored up to now.
Even the guidelines for the evaluation and the mitigation of hydrogeological risk, published by ISPRA (the
Italian national institute for protection and research of the environment), are extremely scarce in the topic
(Bazzoffi et al., 2013). As concerns the coppice with standards, comparisons on the amount of soil erosion
associated with the traditional SSM and more recent GSM have not even been performed.
9
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Table 2. USLE calculation results
L Factor
S Factor
C Factor
K Factor
P Factor
R Factor
USLE A (t/ha/y)

USLE factors values, USLE factors values,
intact forest (Case 1)
SSM (Case 2)
213

USLE factors values,
1BSM (Case 3)
1.5

USLE factors values,
2BSM (Case 4)
1.23

37
0.0005

0.009
0.016
1
2533.70

1.6

28.9

20.4

Table 3. Variations in soil erosion due to the proposed coppicing methods
SSM (Case 2)
1 BSM (Case 3)
Annual mean soil
28.9
20.4
erosion(t/ha/y)
Soil erosion increase as
1718
1186
respect to intact forest (%)
Soil erosion reduction as
29
respect to SSM (%)

16.7

2 BSM (Case 4)
16.7
950
42

Regarding the method here proposed (BSM), it is important to say that, in the past, there were few
scientific articles (characterized by a limited diffusion) that proposed to leave the standards in stripes along the
contour lines (Del Favero, 2001; Bernetti and La Marca, 2010). Such articles refer to the possibility of using
this method only for the reduction of the damages due to rocks falling after a cutting, circumstance that indeed
the stripes of standards could avoid or mitigate. Unfortunately, none of the aforementioned works regards soil
erosion neither tries to calculate the amount of soil erosion as a result of this type of arrangement.
However, the results of our conceptual model seem to confirm the validity of this approach and justify
the field experiments, in order to verify the theoretical model. In fact, the reduction of erosion in the examined
investigated area varies from 29% to 42% depending on the number of bands left on the field. It is important
to mention also that the method presented here acts, substantially, only in the Factor L, diminishing the length
of the hillslope that is exposed to the erosive process.
In addition, C Factor has its impact on the reduction of soil erosion, that here we did not calculate. It is
evident that if trees are not present on the ground, the rainfall can directly fall on the soil surface creating soil
erosion. In a forest, the C factor can be approximated with the capacity that the trees have, thanks to their
canopies and ground cover (litter, organic residues etc.), to absorb the rainfall impact and to diminish the splash
effect. Regarding C Factor, with the theoretical method that we used, it was impossible to distinguish between
the two types of cutting (SSM or BSM), because of the same number of trees left, with same age and same
canopy. This is the reason why the C factor has the same value in both cases. It is clear that a forest canopy
formed by the intersection of multiple tree crowns, as in BSM, even if it consists in the same number of elements
with equal dimensions, will intercept a bigger rainfall volume in comparison with the sum of the single crowns
of the scattered trees. Moreover, in this model, we are aiming to implement another practical solution that will
help reducing soil erosion. When a coppice logging is carried out, after the extraction of tree trunks, typically,
forest workers leave bundles of twigs in windrows along the steepest slope direction because this disposition is
easier for their work. This material can be left in site for a natural degradation, sometimes enhancing the risk
of forest fires, or it can be removed or chipped.
If such material would be placed near the bands of standards, following the contour lines, a natural weir
would be created, creating a natural barrier to overland flow, limiting the soil erosion and enhancing the growth
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of new plants. This was demonstrated inside Majella National Park, using wood barriers inside pine-beech
forest (Figure 6).

(A)

(B)
Figure 6. Examples of coppice with bundles of twigs in windrows and natural regeneration by seed (A)
Coppice with bundles of twigs in windrows along the steepest slope direction; (B) Natural regeneration by
seed along a log weir

In any case, leaving unaltered the number and the type of standards and changing only their positioning
inside the logged area, the BSM will not affect the wood extraction. In fact, every forest operation (logging and
extraction) would not be complicated.
In addition, this silvicultural operation would bring other numerous ecological, technical, and
economical advantages. On the ecological point of view, there would be a significant reduction on the loss of
biodiversity, both vegetal and animal. Because of the wide exposure of the bare soil, every time that a coppice is
logged with the traditional SSM, the conservation of nemoral flora, linked to a more evolved forest succession,
is irreparably lost. The plant community regresses towards the pioneer stages and the vegetation cycle starts
again from zero. Some species could also definitely disappear. Baragatti et al. (2002; 2004) compared the
composition of the flora and the vegetation dynamics inside different Turkey oak (Quercus cerris L.) coppices
with different typologies and densities of SA: with no standards, with a limited number of scattered standards
(50 plants/ha), with a high number of scattered standards (140 plants/ha) and, finally, with standard disposed
in groups (GSM). The results of the study showed that the coppice with GSM is the one that can assure both
the greater floristic and vegetational diversity and the conservation of all the nemoral species, thus confirming
even for the coppice the Peterken (1999) models on the relationships between forest area size and biodiversity.
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In our proposed method, leaving unaltered the floristic composition of the stripes, so that they can be
considered as small groups, the result should be similar.
The perspective for the fauna component is not different. Most of vertebrate or invertebrate animals
can continue to find shelter and refuge (home, alimentation, and reproduction) inside and along the standard
stripes where the vegetation is still undisturbed. With reference to Italian coppices, this has been demonstrated
using GSM by Capizzi and Luiselli (1996) for rodents, and by Battisti and Marini (2018) for the ornithofauna,
that seems to be particularly sensible to the forests changing, both in species richness and in individual numbers.
As concerns the invertebrates, many insects’ species benefit from the forest cutting thanks to the pioneer
herbaceous flora that grows in the soil with no trees, but, on the other hand, there will be less species related to
the mature stage of the forest (Greatorex-Davies and Marrs, 1992; Buckley and Mills, 2018). The coppice with
BSM allows the creation of habitats useful to the conservation and the increase of biodiversity in both senses.
Finally, the bands of standards permit the conservation of the biotic component that lives in the soil (fungi,
bacteria, nematodes, and so on) that for long time has not been considered but nowadays it has been proved to
be essential for the entire life on planet, which it is revealing more and more its symbiotic nature (Sheldrake,
2020).
The BSM, in comparison with SSM and GSM, can work exactly as an ecological corridor that crosses
the logged surface and connects the undisturbed parts of the forest. In this way, it guarantees the continuity of
animal movement inside the forest and the vegetal species gene flux (Battisti and Romano, 2007).
Moreover, this silvicultural model improves the forest natural regeneration by seed because the shadow
of adult trees reduces the competition between pioneer herbaceous plants and seedlings and improves the
natural processes of seedling mycorrhization (Figure 6b).
Another positive effect of BSM is given by the reduction of the wind effect. Plants in group can better
withstand the wind (and snow) pressure and they can protect from the wind action the young suckers and
shoots. The BSM, in fact, constitute real windbreaks, able to reduce the wind speed and therefore the damages
that it can produce, both directly, as mechanical damages, and indirectly, through the increase of
evapotranspiration in countries with drier climate (Cleugh, 1998).
Forests have an ecological role on the planet that is often overlooked or underestimated. We refer to the
production of liquid water through the interception of droplets of condensed water vapour contained in the
air (Sheil 2009, 2014; Ellison et al., 2017; Jarimi et al., 2020;). The intensity of such process depends on the site
characteristics, but it is also proportional with the density of trees, their height, and their position. For these
reasons, the BSM, in addiction to acting as a windbreak, can increase the capacity to capture atmospheric water
that will improve the water availability in the coppice stand and consequently the soil fertility. This process can
be crucial in the future considering the climate change context and an always more frequent aridity.
In addition, at silvicultural level, the BSM could offer many advantages. Shoots which resprout from the
stumps after the cutting would not suffer the shadow created by the standards (the shadow is concentrated only
along the stripes) so that their volume increase would be higher and faster. In such circumstance the foresters
could avoid searching compromises on the number of standards per hectare, circumstance that up to now has
not unique solution (La Marca 1991). Eventually there should be evaluation only for the sciaphilous species,
but in this case some standards could also be left scattered in the logged surface to permit a better shadowing
for that kind of plants. Conversely, the reciprocal proximity of the standards inside the bands will create
conditions of major competition for the sunlight encouraging a higher and straighter height growth of the
stems. For the same reason, in the stems we will observe a lower number of knots and in general less flaws so
that a better technological quality and a resulting greater economic value could be retrieved (Bernetti et al.,
2012).
This model will also help the conversion from coppice to high forest, as it happens in mixed conversion
systems. The conversion could proceed on both sides of the bands and could interest the edges of the forest that
are connected by the stripes, proceeding in concentric polygons. This solution belongs to forest restoration
approaches in which the width of the bands, or in general the size of the areas covered by trees, is proportional
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to the success of the operations (Londe et al., 2021). Lastly, this approach could foster the new proposal about
the so called “tree-oriented silviculture” (Bastien and Wilhelm, 2000; 2003; Manetti et al., 2016).
Moreover, the bands hide better the view of the bare areas simulating a seamless covering of the slopes
with a real improvement at the landscape level. Indeed, the reduction of the impact on the landscape is one of
the reasons why some authors (ODARC, 2004; Fiorucci, 2009) are trying to promote the diffusion of GSM
coppice instead of the traditional approach (SSM).
Finally, a particular case is represented by forest fires that are often followed by significant erosive
phenomena on the steepest sides of mountains (Coschignano et al., 2019). Usually, a typical practice to limit
soil erosion after fires is creating fascines along the contour lines. The stripes of standards, even if the upper
part of the plant is burned, are living fascines that can ensure a greater soil retention and a better plants recovery
or regeneration after a potential fire. They can therefore be effective against accelerated and extended erosive
phenomena by reducing the risk coefficient and the need for emergency actions.

Conclusions
The coppice system with bands of standards (BSM), here presented, is very simple and the first
simulation seems to be encouraging. It consists of leaving standards stripes perpendicular to the steepest slope
direction, instead of the scattered ones all over the area, in order to make a barrier for surface runoff.
Application of USLE equation showed that with respect to the standard scattered method (SSM), the BSM is
able to reduce soil erosion amount in the range 29%-42%.
It must be underlined that this model can be assimilated to a clear-cut on small surfaces logging method
(Perrin, 1954; Bernetti et al., 2012), and it is exactly like this. It is a simple coppice on small areas represented
by the division of a large surface using a certain number of stripes of trees drawn along the hillslope contour
lines, with the aim for the stripes to absorb all the runoff coming from the upper coppiced area. In some cases,
this model could be a variation of the strip shelterwood system that is a silvicultural method in which cutting
surfaces are alternated with untreated ones. The BSM, anyway, reflects the proposal of Buckley et al. (2018),
and of the references cited therein, that on steeper terrain always recommend logging on very small surfaces,
not wider than 0.5 ha.
The model was here presented and discussed from a theoretical point of view, and in the further step of
the research, the effectiveness of the proposed system will be validated through field experiments keeping into
account different environments and species. In particular, the best geometric layout of standards that may
include linear bands, sinuous, discontinuous, alternate in groups, and so on will be investigated. The core of the
experimental field campaign will be to assess whether these bands are able to absorb all the runoff coming from
the upper coppiced area, confirming or not the theoretical model.
In order to avoid the not negligible damage caused by soil erosion, the introduction of bands of standards
system can be an effective method to reduce drawbacks, conserve nemoral biodiversity and encourage forest
restoration.
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