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C/N Ratio in soil

Full text The C/N ratio (C:N) or carbon-to-
nitrogen ratio is a ratio of the mass of carbon to the
mass of nitrogen in a substance.

Rationale All organic matter is made up of
substantial amounts of carbon (C) combined with
lesser amounts of nitrogen (N). The balance of these
two elements in an organism is called the carbon-
to-nitrogen ratio (C/N ratio). Forest management
affects soil C and N storage, due to the variation
of microclimatic characteristics and input of new
organic matter. The general trends found by John-
son and Curtis (2001) indicate that high C/N ratio
of residues are incorporated into soils over the
short-term, with soil C re-equilibrating to lower
levels and C/N ratios becoming more similar to
background as time passes. Saw-log forest removal
tend to increase the amount of carbon and nitrogen
in the soil in the short term. This process is due to
the rapid incorporation of small size carbon material

immobilization of nitrogen in the soil. Bacteria play
avery important role in the decomposition process.
Bacteria quickly break down organic matter and
most efficiently when their substratum source has
a C:N ratio of about 25:1. This means that each part
of bacteria substratum should contain, ideally, 25
times as much carbon as nitrogen. If C/N ratios are
higher, decomposition will be slow.

Possible pitfalls This indicator was evaluated
in a short period (two years), therefore it can be
utilized only in the first years after the harvesting.

Methods

ISO 10694 (C), ISO 13878 (N);

Principle: dry combustion of sample (weights
around 0.2 g) at temperature of 1350 °C, followed
by IR and thermal conductance analysis of burned
gases (CO, and N,).

Measurement units No units. C/N is an index.

Measurement time Soil samples should be
collected in autumn, after growing season. C and
N from soil samples can be measured anytime in

into the soil, which allow microorganisms to decom- a laboratory.

pose the carbon molecules and release the excess Before [Y]

of nutrients to the soil. The abundance of carbon is After [Y]

taken by microbes which at the same time helps the Feasibility
Scale of application Specific knowledge Costs Interaction with other indicators
Stand 3 3 Deadwood

Results from ManFor C.BD.

Indicator name Site

Before After

C/N ratio Trnovo, Sneznik, Kocevski Rog 32 41
(logged 50 % of growing stock)
C/N ratio Trnovo, Sneznik, Kocevski Rog 30 38
(logged 100 % of growing stock)
C/N ratio Cansiglio Innovative 19 22
C/N ratio Cansiglio Control 21 21
C/N ratio Cansiglio Traditional 20 21
C/N ratio Chiarano Traditional 18 21
C/N ratio Chiarano Innovative 80 19 21
C/N ratio Chiarano Innovative 40 19 20
C/N ratio Mongiana Innovative 17 17
C/N ratio Mongiana Control 18 18
C/N ratio Mongiana Traditional 17 18

The indicator is well describing the phenom-
ena of increasing C/N ratio in the case of Dinaric
fir-beech forests, where high logging intensities
were applied. On the base of average C/N ratio, it
demonstrates increasing of C/N values towards an
unfavourable ratio between C and N for the organic
matter decomposition.

Humus form

Full text Sequence and "morpho-functional"
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features of organic (OL, OF, OH, H) and underlying
organo-mineral horizons (A, AE, Aa) of soil.

Rationale The humus form is the part of the
topsoil that is strongly influenced by organic matter
and coincides with the sequence of organic (OL, OF,
OH, H) and underlying organo-mineral horizons (A,
AE, Aa) (Zanella et al. 2011a, Zanella et al. 2011Db).
Humus forms are influenced by biotic (litter amount
and quality, soil-dwelling microbial and animal com-
munities) and abiotic factors (climate, bedrock,
soil type) according to a variety of key processes
(Ponge 2003, Ponge et al. 2014, Andreetta et al. 2015).
More recently, humus forms have been found to be
significant indicators of soil organic carbon (SOC)
storage (Andreetta et al. 2011, Bonifacio et al. 2011,
De Nicola et al. 2014, De Vos et al. 2015), also in cor-
relation with stand age and management of forest
(Hedde et al. 2008, Faggian et al. 2012)

Systematics

Systematics of humus form follows the most
recent "morpho-functional" classification (Zanella
et al. 2011a, Zanella et al. 2011b) based on biologi-
cal, ecological and pedological features of organic
and organo-mineral horizons observed in the field.
This systematics consists in a complete set of iden-
tification keys based on diagnostic horizons and
environmental factors. It can be applied to every
kind of soil (never water saturated and saturated —
submerged soils) the upper part of which (topsoil)
is not permanently disturbed by human activity.

In the 2013 (Jabiol et al. 2013) this systemat-
ics has been extended and modified, without any
change in diagnostic horizons, in order to embrace
a wide array of humus forms at worldwide level
and it has been proposed for inclusion in the World
Reference Base for Soil Resources (IUSS 2006).

Humus form ecology

Humus forms play a key central role in the func-
tional biodiversity of terrestrial ecosystems. They
are the stable, visible result of most animal and
microbial life in the soil and, in a feedback process,
they condition the development of terrestrial plant,
animal and microbial communities (Ponge 2003,
Ponge et al. 2013).

MULL, MODER and MOR, are the main “humus
form system” (Zanella 2014) characterized by the
same ecological determinants (biotic, abiotic or
mixed), correspond to a scale of decreasing nutri-
ent availability, biological diversity and activity and
increasing colder conditions. Animals, microbes
and plants are involved in positive (building forces)
and negative (stabilizing forces) feed-back rela-
tionships most of them taking place in the humus
profile (Ponge et al. 2010). AMPHI and TANGEL,

insert more recently in the classification (Zanella
et al. 2009), correspond respectively to a strongly
seasonal and extremely high mountain climatic
condition upon calcareous bedrock.
MULL is characterized by an intense mixing of
organic matter with mineral matter with rapid
turnover (< 3 years) and high activity of edaphic
fauna especially of anecic earthworms. These
forms develop on temperatures not limiting the
biological activity and non-acid substrates, usu-
ally carbonate bedrocks and easily degradable
litter (C/N <30). Both the mineralization and the
humification are quick and organic horizons are
generally limited to short and thick OL and OF
horizons. Organic matter is decomposed in 1 or
2 years and SOC is mainly stored in the “Clay-
Humic Complexes” within the A horizon.
MODER is characterized by a less rapid trans-
formation of litter by meso and macrofauna ar-
thropods, (springtails, isopods, Diptera etc.) and
fungi, resulting in the accumulation of organic
humus. These forms develop on low tempera-
tures, from soil carbonates or acidified or with a
easily biodegradable litter unfavorable to the life
of anecic and endogeous earthworms. Moder is
characterize by slow (2-7 years) decomposition
and carbon is stored in both horizons organic
(humic components) than in those organic-
mineral.
MOR is characterized by slow transformation and
accumulation of undecayed plant debris, with a
sharp transition to the mineral soil. These forms
develop on low temperatures, usually on silicate
rocks or without easily biodegradable litter.
The decomposition of litter occurs primarily to
mushroom (often mycorrhizal) and the edaphic
fauna activities is very poor. Mor is character-
ize by very slow (> 7 years) decomposition and
SOC is stored in both horizons organic (humic
components) than in those organic-mineral.
AMPHI (“twin humus”) develop on calcareous
substrates and it shows both characters of Mull
(biomacro-structured organo-mineral horizon)
and Moder (accumulated organic humus), due
to periodically milder (warmer and umid soil-
climate conditions in strongly seasonal Alpine
and Mediterranean environments. SOC is stored
both in organic horizons (humic components)
and in “Clay-Humic Complexes” within the A
horizon.
TANGEL expresses particular characters at high
elevation and on hard calcareous rocks with slow
litter turnover due to low temperature, summer
drought or excess of carbonates. For the most of
the year faunal activities and decomposition of
organic matter are strongly limited by mountain
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climate and temperature, continental distribu-
tion of rainfall, higher in summer. SOC is stored
in organic horizons (humic components).

Methods

The experimental design was planned in three
phases:

1. macroscopic description of humus form
profile in the field;
samples collection for each horizon and stor-
age at 4°C;
laboratory analysis: estimation of organic

carbon ISO 10694, total nitrogen ISO 13878
and pH of A horizon ISO 10390
4. determination of humus form.
Measurement units No units. Humus form is
a quality indicator.
Measurement time
Humus samples should be collected in autumn,
after growing season. C, N and pH from soil samples
can be measured anytime in a laboratory.
Before [Y]
After [Y]
Feasibility

Scale of application Specific knowledge

Costs Interaction with other indicators

Stand 3

3 Deadwood,Soil C/N

Results from ManFor C.BD.

The experimental design involved Cansiglio, Chi-
arano and Mongiana sites and it provided 27 samples
of humus within each site (9 for each treatment),
collected before and repeated after the implemen-
tation of the silvicultural treatments. Overall 162
profiles of humus were detected for a total of 477
analyzed samples. A wide range of humus forms has
been found in the two samplings. All humus forms
found in the three sites are "Terroform" that is never
submerged and / or saturated in water, except for
a few days a year. In Cansiglio and Chiarano sites,
where the bedrock is limestone with pH of A horizon
sub-acid to neutral ranging from 5.5 to 6.7, humus
forms has been classified as MULL or AMPHI. In
Mongiana site instead, bedrock is silicate and the
organic-mineral horizon (A, AE, E) gives a reac-
tion from strongly acid to acidic, with a pH ranging
from 3.8 to 5.1, humus forms has been classified as
MODER or MOR (Fig.1).

The effect of treatments has involved most OL
and OF horizons with a trend from less active forms
to more active ones. The opening of the canopy,
which changes the amount of water and solar energy
that reaches the soil and the different intake of litter,
can lead to a change of micro-climatic conditions.
In particular it has detected a change of the horizon
thickness OF, diagnostic feature for humus forms
determination.

In Cansiglio and Chiarano sites where pre-
dominate AMPHI and MULL humus systems has
detected a decrease horizon OF probably because of
increased activation of earthworms anecici respon-
sible for the decomposition of litter and incorpora-
tion of organic matter within the A horizon.

In Mongiana site, where MODER and MOR were
predominant, because of the acidic conditions not
suitable for earthworms, we observed an increase
of OF. This can be explained by the activation of the
decompositor fauna of the soil (i.e. arthropodos).

Indicator Site Time  EUMULL MESOMULL OLIGOMULL DYSMULL LEPTOAMPHI EUMACROAMPHI HEMIMODER EUMODER DYSMODER HEMIMOR HUMIMOR
name

Humus Cansiglio Before 7 1 1

form Innovative After 5 2 2

Humus Cansiglio  Before 3 6

form Control After 1 3 1 4

Humus Cansiglio  Before 1 2 6

form Traditional After 5 1 1

Humus Chiarano  Before 2 3 2 1 1

form Traditional After 2 3 4

Humus Chiarano  Before 2 2 4 1

form 180 After 1 2 1 4 1

Humus Chiarano  Before 2 2 5

form 140 After 3 3 3

Humus Mongiana  Before 8

form Innovative After 7 2

Humus Mongiana Before 4 4 1

form Control After 5 2 2

Humus Mongiana Before 6 1 2
form Traditional After 4 1 3 1

Table 1- Number of humus forms collected before and after for each selvicoltural treatments.
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GHG emissions - 2.1

The Criterion 2 (Maintenance of Forest Ecosys-
tem Health and Vitality) includes the “Deposition
and concentration of air pollutants on forest and
other wooded land” among its indicators (FOREST
EUROPE 2015).

Full text Deposition of air pollutants on forest
and other wooded land, classified by N, S and base
cations.

Rationale This indicator is one of the basic
figures of forest operation planning and it is useful
for various purposes. GHG emissions should be
assessed. Planning, design and execution of forest
operation in silvicultural treatments shall take into
consideration also the potential impacts due to air
pollutions.

Methods

Yard pollutant emissions due to the extraction
operations were determined as described in Vusic et
al. (2013). Emissions generated from the fuel were
calculated as the sum of emissions produced by fuel
combustion (Efc) and emissions produced during
the fuel production, transport, and distribution
(Efp). The emissions related to lubricant consump-
tion were calculated as the sum of the emissions
produced by both the production processes (Eop)
and the reprocessing of used oils for the purposes
of combustion (Eor). The values were referred to
CO2eq.

Measurement units

Status: g

Changes: g per m?

Measurement time

Furthermore, this indicator is mainly linked to During [Y]
indicator 5.1, 5.2 (MCPFE 2003). Before [N]
After [N]
Feasibility
Scale of application Specific knowledge Costs Interaction with other indicators
Single yard or typology 2 (inventory technician) 2 5.1-5.2

Results from ManFor C.BD.

Indicator name Site Value
CO2eq (g m?) Cansiglio Traditional 54000
CO2eq (g m?) Cansiglio Innovative 1 51000
CO2eq (g m?) Chiarano Traditional 13500
CO2eq (g m?) Chiarano Innovative 1 12900
CO2eq (g m?) Chiarano Innovative 2 13100
CO2eq (g m?) Mongiana Traditional 75000
CO2eq (g m?) Mongiana Innovative 1 78000
CO2eq (g m?) Tarvisio Traditional 98100
CO2eq (g m?) Tarvisio Innovative 1 94800
CO2eq (g m?) Tarvisio Innovative 2 99100

Tree wounds - 2.4

The Criterion 2 (Maintenance of Forest Eco-
system Health and Vitality) includes the “Forest
and other wooded land with damage, classified by
primary damaging agent (abiotic, biotic and human
induced)” among its indicators (FOREST EUROPE
2015).

Full text Forest and other wooded land with
damage, classified by primary damaging agent (abi-
otic, biotic and human induced) and by forest type.

Rationale This indicator is one of the basic

on the environment, especially on residual trees. A
range of 0-30% of damaged trees due to forest op-
erations may be considered tolerable. Furthermore,
this indicator is mainly linked to indicator 1.2, 1.4.

Methods

Above ground damage was determined by visu-
ally inspecting all standing trees. Once a wound was
detected, the following data were recorded: tree
diameter at breast height (DBH); hierarchical and
geographical positions of the tree within the stand;
location, size, and depth of the wound. These pa-
rameters were translated into numerical classes.
Wound size and depth classes were multiplied each
other to obtain a synthetic damage severity index.
Wounds with an index larger than 6 were considered
severe, and capable of affecting tree growth, quality
and survival.

Measurement units

Status: %

Changes: % per ha

Measurement time

. . Before [N
figures of after harvesting evaluation and useful for Aft [Y[] ]
. . er
various purposes. An important aspect to be con- Feasibilit
. X . . . easibili
sidered in forest operation planning is the impacts y
Scale of application Specific knowledge Costs Interaction with other indicators
Single yard or typology 2 (inventory technician) 2 1.2-1.4

of silvicultural operation
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Results ManFor C.BD.

Indicator name Site

Cansiglio Traditional
Cansiglio Innovative
Chiarano Traditional
Chiarano Innovative 40
Mongiana Traditional
Mongiana Innovative
Tarvisio Traditional
Tarvisio Innovative 1
Tarvisio Innovative 2
Chiarano Innovative 80

Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)
Trees wound (%)

QBS-ar variation

Full text Variation of Soil Biological Quality.

Rationale An important aspect to be consid-
ered in forest operation planning is the impact on
the environment, especially on soil during forest
operations (compaction, rutting, soil mixing and
displacement). This indicator is one of the basic

figures of after harvesting evaluation and useful for
various purposes.

Methods

For the microarthropods extraction and QBS-ar
index application, three soil cores 100 cm? and 10
cm deep were sampled in each soil typology. Micro-
arthropods were extracted using a Berlese-Tiillgren
funnel; the specimens were collected in a preserving
solution and identified to different taxonomic levels
(class for Myriapoda and order for Insecta, Cheli-
cerata and Crustacea) using a stereo microscope.
Soil quality was estimated with the QBS-ar index
(Parisi et al. 2005, Blasi et al. 2013).

Measurement units

Status: %

Changes: % per ha

Measurement time

Before [Y]

After [Y]

Feasibility

Scale of application Specific knowledge

Costs Interaction with other indicators

Single yard or typology 2 (inventory technician)

2

Results from ManFor C.BD.

Indicator name Site Value

65 %
40 %
72 %
33 %
53 %
57 %
49 %
72 %
33 %
53 %

QBS-ar variation (%
QBS-ar variation (%
QBS-ar variation (%
QBS-ar variation (%
QBS-ar variation (%

(%) Cansiglio Traditional
(%)
(%)
(%)
(%)
QBS-ar variation (%)
(%)
(%)
(%)
(%)

Cansiglio Innovative
Chiarano Traditional
Chiarano Innovative 40
Chiarano Innovative 80
Mongiana Traditional
Mongiana Innovative
Tarvisio Traditional
Tarvisio Innovative 1
Tarvisio Innovative 2

QBS-ar variation (%
QBS-ar variation (%
QBS-ar variation (%
QBS-ar variation (%

Other potential indicators related to forest
ecosystem health

In forest Ecosystem, dynamics are quite slow
and the lifespan of the project ManFor C.BD. did not
allow to follow them. Other useful indicators will
presented here, but without testing them to avoid
the creation of misleading data.

Recruitment
Full text Recruitment of forest habitat type

(FHT) dominant species (Lexergd and Eid, 2005).
Rationale The recruitment is defined as the
share of dominant and co-dominant tree species
with diameter at breast height > X cm.
Recruitment (addressed by Klop¢i¢ and Bon¢ina
2011, Nagel et al. 2014 and many others) is well
investigated and explained in the ecosystem distur-
bance studies while the biodiversity studies mostly
neglect it. However, because one of the items of
the conservation status definition (the conserva-
tion status of its typical species is also favorable)
directly addresses the viability of the tree-species
composition of a FHT, the indicator is relevant.
The context of the conservation status of FHT also
should be understood as sustainable development
of FHT. In this context, recruitment is the indicator
of the possibility of a FHT to survive in the long run.
Methods
Counting tree species individuals with certain
dimensions on the permanent sample plots.
Feasibility

Scale of application Specific knowledge Costs Interaction with other indicators

Stand 2 2 Regeneration

Regeneration o N

Full text Regeneration of forest habitat type Successful regeneration is the precondition of
(FHT) dominant species. sustainable forest habitat type development. A suf-

Rationale The regeneration may be defined as
the process of stand renewal by means of self-sown
seeds, root suckers (adventitious roots), coppicing
or artificially-sown seeds. The result of regenera-
tion is an established young growth with the height
ranging between 0 m <h < 1.3 m.

ficient number of saplings and small trees is also an
indicator of good environmental conditions (local
climate, wildlife carrying capacity).

Methods

Counting tree species saplings and small trees (h
< 1.3 m) on the permanent sample plots.
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Feasibility
Scale of application Specific knowledge Costs Interaction with other indicators
Stand 2 3 Regeneration

Herbivories damage on regeneration

Full text Herbivory may be defined as the pro-
cess whereby the animal eats or browses palatable
tree species such as white fir, maple sp., etc.

Rationale Herbivory/browsing is the process

that undermines successful regeneration of forest
stands.

Methods

Counting damaged small trees (completely or
partly browsed tops) on the permanent sample plots.

Feasibility

Scale of application Specific knowledge Costs Interaction with other indicators
Stand 2 3 Wildlife carrying capacity, Regeneration
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