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Summary — A 2-way classification grid and a nomenclature are proposed for French forest humus forms
but which could include mountain, Mediterranean and tropical forms as well. This proposal takes into
account our present knowledge of biological mechanisms that take place in plant litter decomposi-
tion, transformation of soil organic matter, linkage of the latter to minera! particles and building of the
structure in the A horizon. Basically, by adjoining free qualifiers, humus forms may be defined by
accounting also for their chemical and physical particularities.

humus form / forest / classification / nomenclature / soil biology

Résumé — La classification des formes d'humus forestiéres : proposition francaise. Une grille
de classification a 2 entrées et une nomenclature sont proposées pour les humus forestiers de France,
mais pouvant s'appliquer aussi aux formes d‘altitude, tropicales et méditerranéennes. Cette proposi-
tion prend en compte les connaissances actuelles concernant les phénoménes biologiques intervenant
dans la décomposition de Ia litiére, la transformation de la matiére organique, ses liens avec les par-
ticules minérales et la structuration de I'norizon A. Par son principe méme, grdce a l'adjonction de
qualificatifs dont le choix est libre, les formes d'humus peuvent étre précisées quant a leurs caractéres
chimiques ou physiques particuliers.

forme d'humus / forét / classification / nomenclature / biologie du sol
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INTRODUCTION

The humus profile is comprised of different
scales which may be integrated: regional
climate, parent rock, vegetation, soil organ-
isms (Toutain, 1987a, b; Bernier and Ponge,
1993). Humus forms are unevenly dis-
tributed over the world, for climatic and his-
torical reasons. As a consequence, various
classifications have been in use until now,
each focused on regional aspects.

In Europe, Kubiéna (1953) described
numerous humus forms, covering a wide
range of climates, parent rocks and vege-
tation types. His criteria were derived mainly
from his own morphological observations.
Duchaufour (1956) and Babel (1971) later
investigated different chemical and
microstructural aspects, giving a scientific
basis for more refined classifications. Dele-
cour (1980} then proposed an identification
key for most humus forms present in west-
ern Europe.

in North America, the need for another
type of classification was emphasized by
Wilde (1954, 1971). More recently, a detailed
taxonomy of humus forms was achieved by
Klinka et a/ (1981) and Green et al (1993).

In other regions of the world, others
endeavoured to describe tropical and
Mediterranean soils on the same basis

(Marin et al, 1985; Ferry, 1992; Leroy et al,
1993).

Progress in the scientific knowledge of
the soil, both in its chemical and biological
aspects, now allows us to propose a func-
tional classification of forest humus forms. A
worldwide tool is needed to enable soil sci-
entists and foresters to describe every kind
of existing humus profile. For that purpose,
we propose a classification which is not tax-
onomical. Rather, it aims to answer the
question of how to see processes when
observing the soil with the naked eye and
use this knowledge to identify humus forms
with more certainty.

The proposed classification is based on
the same principles as the French Pedo-
logical Reference Base for soil types (AFES,
1992). This is a reference system and not a
hierarchical and exhaustive classification.
Humus forms are described by linking them
to some well-defined reference forms and
freely adjoining as many qualifiers as
needed. An effort was made to make this
classification scientific and pragmatic, pre-
cise, but, nevertheless, flexible.

Waterlogged soils (gley and pseudo-gley)
and their humus forms (AFES, 1992) will
not be discussed here, as a better knowl-
edge of biological mechanisms in poorly
aerated horizons is needed.

Fig 1. Biological processes taking place in decomposition of plant litter and incorporation of organic
matter to mineral matter. ph1: brown pigments (pb) in a cell of the spongy parenchyma of beech
leaves; pcw = primary cell wall; ph2: a cell of the spongy parenchyma of beech leaves in the
intestine of the earthworm Nicodrilus velox; g = granules of organic matter; ph3: transformation of
the brown pigments (pb) of the spongy parenchyma of beech leaves by a white-rot fungus; fm =
filamentous mycelium; pcw = primary cell wall; ph4: thin section in a mull profile under beech with
an intense earthworm activity; bl = brown beech leaves; ec = earthworm cast; ph5: thin section in a
mull profile under beech with an intense activity of white-rot fungi; bl = brown beech leaf; wl = white
beech leaf, iom = insolubilized organic matter; ph6: thin section in a dysmoder profile; r = root, p =
faecal pellets of enchytraeids and microarthropods; ph7 = granules (g) of organic matter adsorbed
on phyllites (ph) in an earthworm cast (clay-humus complexes = organoargillic humin); ph8:
microaggregate (bacterial colony) in an earthworm cast; b = living bacteria; po = polysaccharides;
ph = phyllites: ph9: granules (g) of organic matter insolubilized on phyllites (ph).
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STUDIES ON FUNCTIONAL ASPECTS

Transformation of leaf litter

Recent studies emphasized the importance
of the chemical nature of plant macro-
molecules in the fate of humus layers. In
particular, following earlier observations by
Handley (1954), Reisinger et al (1978),
Toutain (1981) and Francois et al (1986)
described the pathway followed by tannin-
protein complexes through soil food webs
in different humus types. Several critical
phases were recognized, at first the senes-
cence of tree foliage, with appearance of
stable dark pigments where nitrogen was
sequestered (eg 70% of total nitrogen in
beech foliage), rending it unavailable for
plant nutrition (Toutain, 1981). Investiga-
tions on different scales (soil slides, leaf
ultrastructure, etc) showed that only a few
biota, such as earthworms and white-rot
fungi (fig 1), were able to disintegrate such
recalcitrant molecular assemblages
(Toutain, 1981). When these organisms
were present and active, the disappearance
of leaf litter was rapid (mull humus). When
they were absent, however, litter slowly dis-
appeared through the activity of small ani-
mals, such as microarthropods and enchy-
traeid worms (moder humus).

Thus, there is a threshold for nutrient
cycles that may or may not be a lockup,
depending on the presence or absence of
efficient organisms. Their presence depends
on environmental (Toutain, 1987a) and his-
torical conditions that lead to a variety of
functional types (fig 2). Here is the borderline
between mull and moder. In moder humus
forms, biological activity is effective but soil
food chains are discontinuous. The princi-
pal activity, visible to the naked eye, is the
transformation of plant litter into animal fae-
ces where a lot of organic matter remains
untouched, at least temporarily (Webb, 1977;
Toutain et al, 1982; Ponge, 1991a, b).

The borderline between moder and mor
humus forms is more difficult to determine,
and more knowledge on biological pro-
cesses is needed before clear trends can
be perceived. Our own observations indi-
cated that enchytraeid worms were partic-
ularly abundant in mor humus forms (Bernier
et al, 1993; Ponge, unpublished data); thus,
their dominance could be more than an
exclusion of the other groups; however, the
true mechanisms are unknown.

Assemblage of organic matter
with mineral particles

The chemical nature of organic matter and
its assemblage with mineral matter in the A
horizon depend on the aforementioned pro-
cesses. We may distinguish 3 main path-
ways (Berthelin et al, 1994; Duchaufour,
1995):

— Biomacrostructured A horizon: Clay-min-
eral complexes may be cementing macroag-
gregates, due to the mixing activity of soil-
dwelling earthworms (Bernier and Ponge,
1994);

— “Insolubilisation” A horizon: Soluble
metabolic products of white-rot fungi may
precipitate on clay-iron particles;

— ‘Juxtaposition” A horizon: Inherited organic
matter made of plant-fungal cell walls rec-
ognizable in transmission (Toutain, 1981)
or even light microscopy (Ponge, 1991a, b)
may be present in faecal pellets of many
small animals (litter-dwelling earthworms,
arthropods, enchytraeids), side by side with
mineral grains.

BASES FOR A NEW CLASSIFICATION
INTEGRATING MORPHOLOGICAL
AND FUNCTIONAL FEATURES

The existence of a close relationship
between morphology and biochemistry
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Fig 2. Biological processes used to separate mull and moder humus forms.

(Duchaufour, 1995) has been often ques-
tioned. The same humus type with a high
biological activity (mull humus from a mor-
phological point of view) may well corre-
spond to a wide range of pH values and
indicator plant species (Duchaufour, 1995).
Conversely, different morphological types
may have the same pH or C/N.

Given these discrepancies with the cur-
rent view that morphology of the humus
profile is the reflection of its chemical prop-
erties, we decided to use the latter as qual-
ifiers for groups primarily based on mor-
phology, thus traducing the importance
given to the building of the profile by living
organisms.

Table | presents the main features of the
different horizons used in our classification.
These horizons have been used previously
by various authors in order to classify humus
forms (fig 3). For delineating morphological
types, we took into account not only mor-

phological but also functional thresholds, a
borderline based on the principle that mor-
phology is senseless if without any biologi-
cal support.

The results of our observations are pre-
sented in figure 4, which concerns mainly
lowland sites. O and A horizons were con-
sidered as distinct entries, allowing apparent
conflicting features to occur in the same
humus profile. Thus, names can be given
to most humus forms we observed in French
sites under Atlantic influence (fig 5). Our
classification may also be used as a key for
the identification of the principal humus
forms (fig 6).

The addition of qualifiers (table Il) may
help to define any humus form that needs to
be characterized by particular features. For
instance, table Ill indicates the principal fea-
tures of a humus form that could be coined
“Acid desaturated clay-loamy oak meso-
mull” according to our nomenclature.
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Table I. Nomenclature and principal features of the different horizons used in the classification of

humus forms.

OL horizon
OLn: plant remains, whole, poorly transformed
OLyv: plant remains, poorly fragmented, discoloured, permeated by fungal mycelia,
appressed against each other
OLt: plant remains, more or less fragmented, recognizable to the naked eye, with
earthworm casts but without aggregates of humidifed organic matter

OF horizon
Plant remains, more or less fragmented, recognizable to the naked eye, mixed with
aggregates of dark humified organic matter (= “fine organic matter”) which are rare
at the top and abundant at the bottom but comprise less than 70% of the total
organic matter
OFr: between 10 and 30% «fine organic matter»
OFm: between 30 and 70% «fine organic matter»
OFc: mycogenous structure

OH horizon
More than 70% “fine organic matter’, made of animal faecal pellets and plant and
fungal microdebris, a few plant remains recognizable to the naked eye, a few
mineral grains, colour dark red to black (may be subdivided into OHr, OHf, OHc)

A horizon
Organomineral or hemiorganic horizon
Biomacrostructured A horizon: clay-mineral complexes, organic matter
unrecognizable to the naked eye, in the form of dark-coloured earthworm faecal
pellets
Insolubilization A horizon: microaggregates resuiting from the insolubilization of
percolating organic molecules by clay-iron particles, in the absence of definite
earthworm activity but with an intense white-rot activity
Juxtaposition microcoprogenic A horizon: organic faecal pellets juxtaposed to sand
grains, which are clean and sparkling, bad structure
Diffusion horizon: mineral horizon with percolating organic matter never complexing
mineral particles

DISCUSSION

The arguments that helped us to separate
moder and mull by the nature of the A hori-
zon have been already noted by Duchau-
four (1965) but were mainly derived from
our own studies on the origin of soil organic
matter (Brun, 1978; Toutain, 1981; Bernier
and Ponge, 1994). Contrary to previous
classifications based both on O and A hori-
zons (Duchaufour, 1965), we decided to
promote the morphology of the A horizon.

Our method allowed us to classify some
puzzling humus forms without any clear rela-
tionship between what could be observed
in the litter layers (O horizon) and the struc-
ture of the A horizon. This is the case for
the amphimull humus form (fig 5) which has
been overlooked time and again, being
described either morphologically as a moder
or chemically as a mull. The existence of 2
superposed horizons, with the one (O hori-
zon) of the moder type overlying the other (A
horizon) of the mull type, has been reported
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Table Hl. Qualifiers used to describe humus forms.

Qualifiers related to the presence of organic matter in the A horizon

Humus bearing Richer in organic matter than normally described in AFES (1992)

Humic With a high content in organic matter, giving it a black colour up to a depth
of at least 20 cm

Clino-humic With an accumulation of strongly coloured organic matter, decreasing
progressively with depth

Light-coloured With a low content in organic matter

Qualifiers related to chemical features of the A horizon

Extremely acid pH< 3.5

Very acid pH between 3.5 and 4.2

Acid pH between 4.2 and 5.0

Slightly acid pH between 5.0 and 6.5

Neutral pH between 6.5 and 7.5

Alkaline pH between 7.5 and 8.7

Very alkaline pH > 8.7

Saturated S/T=100% £ 5%

Sub-saturated S/T between 80 and 95%

Meso-saturated S/T between 50 and 80%

Oligo-saturated S/T between 20 and 50%

Desaturated S/T < 20%

Carbonated Fine earth with calcium or magnesium carbonates, widespread
effervescent

Calcic Without calcium or magnesium carbonates, but saturated with Ca2+
dominant (Ca2+/Mg2+ > 5)

Calci-magnesic Without calcium or magnesium carbonates, but saturated with Ca2+ and
Mg2+ (Ca2+/Mg2+ between 2 and 5)

Magnesic Without calcium or magnesium carbonates, but saturated with Ca2+ and
Mg2+ (Ca2+/Mg2+ between 0.3 and 2)

Hyper-magnesic Without calcium or magnesium carbonates, but saturated with Ca2+ and
Mg2+ (Ca2+/Mg2+ < 0.3)

Sodic Na+ is more than 6% of total exchange capacity (T)

Qualifiers related to soil-forming processes (nomenclature according to AFES, 1992)

Chernic With an A horizon showing features of a Chernosol

Andic With an A horizon showing features of an Andosol

Pelosolic With an A horizon showing features of a Pelosol

Colluvial With a large proportion of a A horizon issuing from lateral inputs

Qualifiers related to texture

As for soils, humus forms may be specified sand, clay-loamy, efc

Qualifiers related to features of the O horizon

Mycogenous Dominated by fungal activity (mycelium abundant)

Rhizogenous Dominated by root activity (fine root system abundant)
Other structural patterns may be specified such as laminated, fibrous,
granular, squamose, continuous, etc

Qualifiers related to the nature of leaf or needle litter

The tree species under which the humus form has been formed may be
indicated as a qualifier: beech , spruce, etc

Most qualifiers were defined and used for soils in AFES (1992).
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Table lll. Principal features of a humus profile named “acid desaturated clay-loamy oak mesomull”.

Oak forest with a field layer made of Luzula sylvatica, Vinca minor, Blechnum

OLt present, made of twigs, leaf nerves, acorns, more or less incorporated into the

A horizon clay-loamy, pale grey-yellow, fairly crumby, with a high earthworm activity

Area Gazinet (France, Landes)
Topography  Lower slope
Soil type Clay loam colluvium with silicate boulders
Vegetation
spicant, Hyperichum androsaceum, Hedera helix, Ruscus aculeatus
Description OLn continuous, regular
OLv thin, 1-year-old, locally absent
underlying horizon
OFr only locally
Classification

MESOMULL. Transitional features towards EUMULL, given a discontinuous OLv,

confirmed by the structure of the A horizon and the earthworm activity. Spots of
OFr not developed enough to change the diagnosis.

Analyses of the A horizon

Clay Fine silt Coarse silt Fine sand Coarse sand (%)
20.3 34.9 19.7 12.0 11.2

pH water C per thousand C/N S/T (%)

4.75 11.2 9.6 12,5

K+ (meqg/100 g) Mg2+ (meq/100 g) Ca2+ (meqg/100 g)

0.14 0.59 0.61

previously, particularly in mountain sites, as
well on alkaline (Bottner, 1971) as on acid
substrate (Bernier et al, 1993).

In agricultural soils, the assemblage
between organic and mineral materials in
the A horizon were similarly used by Bar-
ratt (1964) and Jacquin (1985) to help dis-
tinguish between different types.

Our functional approach to humus mor-
phology makes it possible to better under-
stand dynamic processes into which climate,
vegetation and humus profiles are involved.
For instance, in artificial or natural changes,
the evolution of the humus profile may be
followed up and described with a better cer-
tainty, accepting that different horizons may
evolve at different rates. This was observed

experimentally after liming and fertilization
(Toutain et al, 1988). In mountain sites,
Bernier and Ponge (1993, 1994) described
changes in humus form during the devel-
opment of bilberry-spruce forests along an
altitudinal gradient. Similarly, Leroy et a/
(1993) observed microscale changes in
humus form under different tree species
growing in tropical rain forests.

Comparisons with studies or observa-
tions made in other bioclimatic zones (moun-
tain, tropical, Mediterranean) gave evidence
that our nomenclature can be successfully
used in other countries (Toutain, 1984;
Bemier and Ponge, 1993). Nevertheless, for
northern and boreal climates, there is a need
for more investigations on the mor group if
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Référentiel Duchaufour Del Soil Survey Klinka
ejecour
Pédologique “9::38) (1980) Staff et al.
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Fig 3. Correspondences between horizons described by different authors.

O HORIZONS A HORIZONS AND O-A TRANSITIONS
abundant clay-humus complexes clay-humus complexes rare or absent
discontinuity between O/ A O-A i iti d inuity O/ min. horiz
biomacrostructured A | “insolubilisation" A "juxtaposition” A no OM. or diffused O.M.
MULL MODER MOR
(OLn) EUMULL
OL
or OLn (OLv) MESOMULL
OL + (OF) i
OLn OLv (OF) OLIGOMULL "Oligomull mycogéne"
OL + OF DYSMULL ‘ . HEMIMODER
AMPHIMULL EUMODER
OL + OF + OH or (OH) E i (OH < 1 cm) MOR
(to be examined) . ; DYSMODER {to be examined)
: (OH21cm)

Fig 4. Classification of humus forms present in lowland well-drained sites, by observing features of
O and A horizons. Horizons in parentheses may be locally absent; * = may be an OLt horizon
above the A horizon.
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A) A horizon with clay-humus complexes MULL

1a) Blomacrostructured A horizon

AT LUL

Eumull Mesomul! Oligomull Dysmuli Amphimull

-~
o

Decreasing biologicailly active period

Decreasing consumption of litter by soil earthworms

1b) Blomacrostructured carbonated A horizon

Carbonated eumull Carbonated mesomull Carbonated amphimull

2) Insolubilisation A horizon

Mycogenous oiigomull

l[]ecreasing fauna diversity

Disappearance of soil earthworms

B) A horizon with juxtaposed organic matter MODER

Hemimoder Eumoder Dysmoder

lnecreasing mesofauna activity

Increasing part played by fungi

C) A horizon with diffusing organic matter MOR

Fig 5. Morphological features of the principal humus forms present in lowland weil-drained sites.
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A with fine crumb structure
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discontinuoua Qla,
_ EUMULL

A with clear erumb
structure

Fig 6. Key for the identification of principal lowland well-drained humus forms.

we need to describe the great variability of
raw humus forms on the same basis. The
work of Green et al (1993) is exemplary inas-
much as they included functional aspects
(biology, water movement, efc) in a refined
description and classification of mor (and
other) humus forms. In contrasting their work
with the present proposal, the main differ-
ence lies in the fact that we considered the
structure of the A horizon as a key point, dis-
tinguishing between the 3 main groups (mull,
moder, mor) on this basis. In their classifi-
cation, Green and co-workers used the total
thickness of the O horizon (and the pres-
ence of some diagnostic OF subhorizons)
as a primary criterium. Secondly, they did
not authorize contradictory processes (or
traits) to occur within the same humus profile,
thus giving no allowance for integrating
rapidly changing humus forms. These 2 pro-
posals should not be considered as opposed
to each other and in the near future an effort
will be made to work together to develop a

functional classification of forest humus forms
which would include all aspects of soil biol-
ogy and chemistry.
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