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Concentrations of trace elements in soils: The three keys

Denis Baize

INRA, UR2072 Science du Sol, Centre de recherche d’Orléans, France, Email denis.baize @orleans.inra.fr

Abstract

Taxonomic categories of the highest level (e.g. the RSG of the World Reference Base for soil resources) are not
adequate when dealing with trace element concentrations in soils. This does not however mean that pedology,
its basic concepts and knowledge accumulated over more than a century, are of no use in this domain. Examples
of the role of soil forming processes on trace element contents in soils will be provided.

Key Words
Trace elements, soil classification, geochemical background, pedogeochemical concentration, pedology

There is no question here of denying the importance of soil classifications or reference bases as languages of
communication between scientists, as well as tools for soil cartographers wishing to class and compare soils.
However, the highest categories of national or international systems are often used in an inappropriate way, for
example as stratification units in the study of trace element contents in soils. Trace elements (TE) are the 80
stable elements, each with a mean concentration of less than 0.1 % of the upper continental crust. Together, they
represent only 0.6 %, while the 12 major elements constitute 99.4 %.

Inadequacy of taxonomies

Categories at the highest taxonomic level, such as the reference soil groups (RSG) of the WRB (IUSS, 2006) are
not relevant to the study of TE concentrations in soils. There are two main reasons: 1°) the attribution of a
particular solum to a high level taxon is a hazardous and subjective practice. Sometimes the analytical
determinations needed for an irrefutable diagnosis are unavailable. The result of all this is that, even using the
same system of classification or reference base, different specialists do not give the same name to a given
solum. 2°) Names such as Leptosols, Fluvisols, Cambisols, Anthrosols, Regosols, Gleysols, etc. give no
information either as to the particle-size distribution or about the mineralogical composition, hence on the
geochemical inheritance! Any stratification of a given data-set of soil chemical analyses according to this
criterion is doomed to failure!

RSGs are few and far between which, because they are closely linked to a specific particle-size distribution or
parent rock, can give us any useful indication in this domain. Podzols like Arenosols, are developed in sandy
materials which are very poor in weatherable minerals and hence display very low TE contents. In contrast, by
their very definition, Vertisols always show heavy clay textures, although the information given does not go
beyond a mere granulometric description. In the same ways, it is well known that most Andosols are developed
in volcanic rocks, but these can present widely variable chemical compositions.

The initial inheritance: the geochemical background

Under any climate, the number one key which from the outset determines the concentrations in TE found in
soils today is the chemical composition inherited from the parent material, usually called "geochemical
background". This corresponds to the mineralogical composition of the rock whether originally-formed (in the
case of extrusive and igneous rocks) or initially deposited (in the case of marine sediments, moraines, loess and
alluvium), which have sometimes been modified by subsequent mineralization (Figure 1).

A first example is given by still weakly differentiated soils, which are abnormally rich in nickel and chromium,
because they developed from rocks containing large amounts of olivine, pyroxenes, chromite, spinels, etc.,
which are all minerals bearing Ni and Cr. This is the case, for example, of the basalts and basanites of the
French Massif Central (Soubrand et al., 2007) or of the Réunion Island (Doelsch et al., 2006) and the
serpentinites in the Swiss Alps (Gasser ef al., 1995).

Another example is that of certain soils developed in alluvium showing abnormally high contents of some TEs.
As a general rule, alluvium display extremely variable particle-size (from heavy clays to large boulders), but
above all, their composition is totally dependent on the lithology of materials abraded upstream. So, some
alluvial soils of little streams flowing down the Vosges or the Cévennes (France), exhibit high concentrations of
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Pb, Zn, and Cu, simply because these alluvium are located downstream of strongly mineralized rocks.

The case of moraines is different, being deposited by Alpine glaciers (Switzerland — the canton of Geneva and
France — the Savoy region). The glacial tills deposited by the ancient Rhone glacier contain numerous little
fragments of "green stones". That is the reason why the still weakly differentiated soils developed in them are
heavily loaded in nickel (40 to 220 mg/kg) and chromium (78 to 226 mg/kg), whereas they are poor in iron and
of medium texture. Nothing similar is observed in the case of the Jura glaciers.

The second key: soil processes leading to natural pedogeochemical concentration (NPGC)

In regions with temperate climates and in those with cold climates, the soil forming processes which can

markedly change this inheritance in upper soil horizons are few. These are:

o Partial or total dissolution of carbonates results in the relative accumulation of non-lixiviated TE; the total
dissolution of limestone causes huge changes since the calcite constitutes between 90 and 99 % of the rock
dissolved (Prudente et al., 2002). Thus, those constituents which have not been evacuated in the deep karst
network (clay minerals, iron oxides, cadmium, and zinc) reach very high concentrations in residual soils.

o Dilution by very abundant organic matter(in the case of Umbrisols with humose topsoils);

o Translocation of clay particles (vertical or lateral illuviation — e.g. case of Luvisols and Planosols) leading,
over the long-term, to the formation of upper soil horizons which have markedly lower TE content than
deeper soil horizons;

o Direct and total weathering of clay minerals by acidolysis, ferrolysis, etc. giving rise to upper soil horizons
which are very poor in trace and major elements;

o Podzolisation, where iron, aluminium and most trace metals form organo-metallic complexes, which are
able to move down from the upper A and E layers and accumulate at depth in spodic B horizons;

o Absolute accumulation of iron, manganese and a suite of associated trace metals, in particular soil horizons
with a dominantly blackish hue.

A good instance of this is provided by soils formed in the clayey residue resulting from the total carbonate
dissolution of Jurassic limestone with a unusually high cadmium content (i.e. with 0.40 to 8 mg/kg rock -
France, Swiss Jura). A large part of the freed cadmium remaining in sifu, adsorbed onto iron and manganese
oxy-hydroxides, gives rise to soil horizons whose natural concentrations exceed 2 mg/kg, and can even reach 22
mg/kg (Baize and Sterckeman, 2001; Prudente et al., 2002; Rambeau, 2006).

Another illustrative case is that of soils of the Sinemurian "back slope" in Auxois (Burgundy). The marine
limestone of Sinemurian age was locally mineralized by a suite of trace elements (As, Cd, Cu, Co, Ni, Pb, Zn,
TI). These TE come from hydrothermal venting along a network of faults delimiting an old Hercynian horst.
The soils which can be observed today developed in the residual clay resulting from the limestone dissolution,
which provoked a further TE concentration process in soils, which consequently have much higher TE contents
than the underlying rock (Baize and Chrétien, 1994).

In the case of very old strongly and deeply weathered soils of the inter-tropical areas with a perhumid climate,
many elements are lixiviated (e.g. Mg, Ca, Si), but others accumulate in situ (e. g. Cr, Ni, Cu, Mn, Ti, V) and
combine with the diverse iron oxide forms (e.g. Nalovic et Quantin, 1972; Anand and Gilkes 1987; Becquer et
al., 1995; Trolard et al., 1995).

The third key: contamination induced by man

Diverse anthropogenic additions have much more recently been added to the pre-existing natural stocks: 1)
atmospheric fallout from origins both far or near; ii) trace elements brought unwittingly by fertilizer, sewage
sludge or waste spreading. The extent of this contamination and its chemical nature clearly have no relationship
with the taxonomic category of the receiving soil.

Distinguishing the natural from the anthropogenic — Why is this necessary?

“For environmental risk assessment the question of reactivity is of even greater relevance than the question of
total concentration because it determines the mobility, human exposure and ecotoxicological importance of the
elements. For proper environmental soil management it is of vital importance to be able to distinguish between
natural pedogeochemical concentrations and anthropogenically elevated levels of TEs” (Mol et al., 2009).
Thanks to this distinction, it is possible to obtain an initial assessment of possible dangers to human health,
especially through phyto-availability to cultivated plants. Trace metals of anthropogenic origin are actually,
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much more reactive species than those of natural origin, even when in abnormal abundance. In fact, the latter
have been strongly adsorbed for millennia onto various solid phases or are co-precipitated with Fe or/and Mn
oxy-hydroxides. The determination of local natural pedogeochimical concentrations (NPGC) and subsequently
of the local level of contamination allows us not to declare as being "polluted" (with the serious socioeconomic
or financial consequences which may ensue) a plot of ground in a context of strong natural anomalies. If
necessary, it allows us to fix realistic and relevant target de-pollution values, suited to the geological and
pedological context.

Distinguishing the natural from the anthropogenic — How?
Stratification by "soil series" or by parent material are two ways of simply and appropriately determining the
local NPGC. The latter (Figure 2) requires sufficient geological knowledge and can only be done where these
parent materials are sufficiently geochemically homogeneous.

The determination of the natural pedogeochemical background of a given soil series requires the ability to
recognize it in the field and to characterise it. Between 25 and 50 soil samples must be analyzed for each soil
series and these samples must be as little contaminated as possible. Therefore, the sampling must be organized by
giving priority to i) soils which have remained under forest which, indeed, have also received atmospheric
deposition but are free of agriculturally induced contamination; ii) deep horizons of cultivated soils, assumed to
be uncontaminated. Some obstacles may sometimes occur: i) in some circumstances, contaminants did not
remain in the surface horizon and went down to deeper ones (Sterckeman et al., 2000); ii) most mining or
industrial areas are strongly contaminated over their entire surface. Fortunately, for each "soil series" strong
natural relationships exist for most of the trace elements (e. g: zinc vs clay content or lead vs iron (Figure 2) or
chromium vs nickel) which are useful as a base for reasoning. It must be noted that these approaches and
reasoning require the use of analytical methods giving access to the really "total" contents, which requires the
dissolution of silicates using hydrofluoric acid or by alkaline fusion.

INITIAL COMPOSITION
of the ROCK

geological processes of
MINERALIZATION

CURRENT COMPOSITION of the
PARENT MATERIAL = natural

GEOCHEMICAL BACKGROUND

SOIL FORMING PROCESSES :
weathering, carbonate dissolution,

horizon differentiation, lixiviation,
accumulation, redistribution,
bio-geochemical cycling, etc.

SOIL
FORMING PROCESSES
vertical and lateral
translocation

NATURAL PEDO-
GEOCHEMICAL CONCENTRATION
of a given HORIZON

MAN-INDUCED
ATMOSPHERIC DEPOSITION

PAST and USUAL
AGRICULTURAL PRACTICES
(manure, fertilizers, liming, etc.)

USUAL CONTENTS
(agriculture or forest)

LOCAL SPREADINGS
of WASTES - e. g. sewage sludges,

SLIGHTLY
CONTAMINATED HORIZON

LEACHING
TO DEPTH

MORE or LESS
POLLUTED HORIZON

Figure 1. Progressive acquisition of trace element composition of a soil horizon: from the initially-formed rock to the
ploughed surface horizon. On the right, in red: factors increasing the trace element contents. On the left, in blue:
factors decreasing the trace element contents.
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Figure 2. Cultivated soils developed from loess in the Northern France: relationship between total lead and total
iron (Sterckeman et al., 2006). Pink squares represent the ploughed surface horizons, blue circles all types of deep
horizons. The natural geochemical relationship between Pb and Fe is strong for all deep horizons because it is not
modified by anthropogenic additions. The same does not apply to surface horizons, more or less contaminated by
lead.

Conclusion

It would not be sensible to deal with trace element contents in soils (pedogenetical modifications brought about
the geochemical inheritance, speciation, soil-plant transfers) without taking into account the basic concepts and
knowledge acquired by pedology over more than a century. We have just seen that it is essential to take into
account pedological information to optimize sampling strategy and interpretation of results. Moreover, when a
contamination by trace elements is recognized, all information about soils contributes to a correct assessment of
the dangers induced. Finally, we are, however, led to the conclusion that the highest taxonomic categories do
not give us the right key.
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How soil forming processes determine viticultural zoning in Catalonia, Spain.

Josep Miquel Ubalde and Rosa Maria Poch
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Abstract

The aim of this paper is to analyze whether the soil forming processes determined in representative vineyard
soils, through their effects on soil properties and classification, deserve to be considered in a viticultural zoning
based on soil surveys. Many viticultural zoning studies are based on the relationships between grape and wine
quality and certain soil properties or different soil forming factors, but there are no studies that consider possible
relationships with soil forming processes. The study area produces high quality wines and is located in Priorat
and Penedes viticultural areas (Catalonia, Spain). The studied soils belong to representative soil map units,
which were determined according to the Soil Survey Manual (SSS 1993), at a 1:5,000 scale. A
micromorphological study was undertaken in order to clarify or identify pedogenic processes. The soil forming
processes, identified through morphological and micromorphological analyses, had direct effects on soil
properties and soil classification. These properties, especially those related to the soil moisture regime, the
available water capacity and the calcium carbonate content, had a direct influence on the type of management
and quality of grapevine production. We show that the parent material or climate alone cannot be used in
viticultural zoning, unless soil forming processes are taken into account.

Key Words
Soil genesis, micromorphological study, soil classification, Soil Taxonomy, vineyard soil, soil survey,
viticulture

Introduction

In the last years, viticultural zoning studies have increased significantly in relation to the expansion of the
international wine market. Viticultural zoning can be defined as the spatial characterization of zones that
produce grapes or wines of similar composition, while enabling operational decisions to be implemented
(Vaudour 2003). Among the various environmental factors and for a specific climate, soil is the most important
factor on viticultural zoning, due to its direct effect on vine development and wine quality (Gémez-Miguel and
Sotés 2003). There are several approaches through soil studies which are oriented to viticultural zoning, but the
methods that provide more information are soil survey techniques, since they bring both the knowledge of
spatial variability of soil properties and soil classification according to its viticultural potential (Van Leeuwen
and Chery 2001). Soil survey methods based on Soil Taxonomy classification (SSS 1999) were useful for
viticultural zoning studies at different detail levels (Gémez-Miguel and Sotés 2003; Ubalde ef al. 2009).

Soil forming processes determine most of the diagnostic horizons and characteristics for the higher categories of
Soil Taxonomy, thus the soil genesis is fundamental in order to classify soils and in viticultural zoning based on
soil surveys. However, many viticultural zoning studies are based on the relationships between grape and wine
quality and certain soil properties or different soil forming factors, namely climate, geology and topography, but
there are no studies that consider possible relationships with soil forming processes. This fact may be due to
difficulties in determining some of these processes, because soil genesis cannot be observed or measured
directly and pedologists could differ about it (SSS 1999). Evidences of some soil forming processes can be
detected only by microscopic studies, which require a specific training. Furthermore, some soil forming
processes are not adequately addressed by the taxonomic system, especially those related to human activity
(SSS 1999).

The aim of this paper was to analyze whether the soil forming processes determined in representative vineyard
soils, through their effects on soil properties and classification, deserve to be considered in a viticultural zoning
based on soil surveys. To our knowledge, this approach has never been addressed before.

Materials and methods

The study area is located in different protected viticultural areas of Catalonia: Priorat and Penedes. The area is
enclosed approximately between 41° 3’ N and 41° 48’ N and between 0° 40’ E and 1° 53” E. The altitude ranges
between 220 m and 550 m. The vineyards are situated on the Catalan Coastal Range, an alpine folding chain
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formed by both massifs and tectonic trenches. Massifs consist of Palaeozoic slates and granites (Priorat region).
Tertiary calcareous rocks outcrop in the tectonic trenches (Penedes region). The climate type is Mediterranean,
characterized by a dry warm season during summer, even though there are differences in temperatures and
precipitation according to the altitude and distance to the sea. The mean annual precipitation varies from 520
mm in Penedes to 589 mm in Priorat, showing seasonal variations. The Penedes region has an average annual
temperature of 14.9 °C, while that of the Priorat is 12.7 °C. The soil moisture regime is xeric and the soil
temperature regime is mesic (Priorat) or thermic (Penedes) (SSS 1999).

The studied soils belong to representative soil map units, which were determined according to the Soil Survey
Manual of the Department of Agriculture of United States (SSS 1993), at very detailed scale (1:5,000). The
density of soil observations was 1 observation by cm” of map, of which a sixth part corresponded to soil pits and
the rest to soil auger holes. Details of the soil survey method are given in Ubalde et al. (2009). Moreover, a
micromorphological study was undertaken in order to clarify or identify pedogenic processes which were
difficult to detect with the naked eye. For the micromorphological study, thin sections were elaborated from
undisturbed soil material according to Benyarku and Stoops (2005). Samples were taken from deep horizons,
since surface horizons were disturbed by plowing. Generally, 1 or 2 samples were collected for each selected
profile. Altogether, in this study, we described a total of 23 thin sections from 19 different profiles and 8 soil
map units. The criteria of Stoops (2003) were used in thin section description.

Results and discussion

Soil forming processes in Priorat

The Priorat soils are Entisols, since the identified soil forming processes are not enough developed to determine
any diagnostic horizon, except to an ochric horizon. In general, soils developed from granodiorites (Fig. 1) were
classified as Xeropsamments, which are characterized by a texture coarser than loamy fine sand and less than 35
% of rock fragments. However, soils developed from very rubefacted granitic regolith (Fig. 2), were classified
as Typic Xerorthents. These soils could not be classified as Alfisols, since evidences of illuvial clay is required
for an argillic horizon, and in this case, the clay origin was the alteration of biotite. Moreover, these soils cannot
be classified as inceptisols because the subsurface horizons maintain the rock structure, and consequently the
criteria for cambic horizon are not accomplished. With respect to soils developed from slates, they are classified
as Lithic Xerorthents, in spite of presenting a strongly exfoliated rock with intercalations of material enriched in
illuvial clay (Fig. 3). There is a subgroup in the Alfisols, named Lithic ruptic-inceptic Haploxeralfs, which are
defined by presenting a lithic contact and a discontinuous argillic horizon, horizontally distributed. However, in
the studied soils, the thickness of material with illuvial clay was generally lower than 7.5 cm, so the criteria for
argillic horizon were not accomplished.

In soils developed from slates, the available water capacity was moderate (56 mm between 0 and 40/50 cm
depth), so the water retained by the clay-rich materials among the rock cracks was worth considering (16 mm
until 200 cm depth) (Table 1). The presence of redoximorphic features related to clay features would indicate
that clay accumulation was causing an alteration in the soil moisture regime. In soils formed from granodiorites,
the available water capacity was very low (12 mm between 0 and 40 cm depth). These soils, in addition to
shallowness, were composed practically by sand (Table 1), so that there were not particles of silt or clay to
retain water. In order to obtain a high quality production, irrigation with low doses applied frequently is needed.
The existence of rubefacted granodiorites with neoformed clay resulted in soils with finer textures, increasing
three fold the available water capacity (32 mm between 0 and 34 cm depth) in comparison with the non-rubified
Xeropsamment. Although irrigation is still necessary, water losses may be smaller. Another soil property
improved with clay accumulations was the cation exchange capacity (CEC) of surface and deep horizons. In
surface horizons, the CEC increased from 5.1 to 9.1 cmol/kg. This increase represents a substantial
improvement of nutrient availability for the vine and the possibilities of development of soil structure and
stability of soil aggregates, which is especially important in these soils poor in organic matter (contents lower
than 0.5%).
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Figure 1. Mineral composition of Figure 2. In situ clay neoformation Figure 3. Clay illuviation in slates:
granitic regolith, with mica in very rubefacted granitic clay infillings in cracks and clay
alteration in the center of the regolith: microlaminated coatings coatings in pores (1.5 mm width,
picture (6.4 mm width, PPL). (1.5 mm width, XPL). XPL).
Table 1. Analytical properties of representative vineyard soils in Priorat region *.
. Textural Water
. Lower Munsell pH Organic .o CEC  Sand Silt Clay class DUK €O iontion VAT awc
Horizon depth color (H,O (dS/m) matter (%) (cmol/ke) (%) (%) (%) (SSS density fragment 1/3-bar retention 15- (mm)
(cm) (moist) 1:2.5) (%) ¢ &) () (o) Lo Do(kg/m) (%) bar (%)
2006) (%)
Sandy, mixed, mesic, shallow, Typic Xeropsamments
Ap, 20 10YRS/4 8.6 0.12 0.1 trace 5.1 91.5 49 3.6 Sa 1520 trace 5 3 6
Ap, 40 10YRS5/4 8.6 0.11 0.1 trace 52 91.8 69 13 Sa 1556 trace 5 3 6
C >160 - 84 0.08 trace trace 4.6 95.5 3.6 09 Sa - - 4 3 -
Loamy, mixed, active, mesic, shallow, Typic Xerorthents
Accumulations (34->150 cm depth): Clay coatings on sand grains.
Ap, 14 5YR4/5 83 0.17 0.5 trace 9.1 71,7 159 12,4  SaL 1355 trace 15 7 14
Ap, 34 5YR4/5 84 0.14 0.1 trace 8.8 78,6 12,6 8,8 LSa 1608 trace 12 6 18
C >150 5YRS5/7 8.1 0.18  trace trace 9.0 859 8,6 55 LSa - - 11 6 -
Loamy-skeletal, mixed, semiactive, mesic, Lithic Xerorthents
Accumulations (40/50->200 cm depth): Clay coatings on rock cracks.
Ap; 15 10YR4/4 7.6 0.26 35 trace 12.7  69.5 19.810.7 SaL 1569 48 21 8 16
Ap, 40/50 10YR4/4 7.7 0.22 1.9 trace 12.0  71.1 183 10.6 SaL 2105 37 18 8 40
R/Bt 200 2.5Y5/4 7.7 0.21 04 trace 15.0 53.6 27.818.6 SaL 1920 20 22 11 16

* EC: electrical conductivity; CEC: cation exchange capacity; Textural classes: Sa: sand, LSa: loamy sand, Sal: sandy
loam; AWC: available water capacity.

Soil forming processes in Penedes

Most of the Penedes soils are classified as Inceptisols, because of enough carbonate or gypsum accumulations
leading to calcic, petrocalcic or gypsic horizons. Generally, they are classified as Typic Calcixerepts, Petrocalcic
Calcixerepts and Gypsic Haploxerepts, respectively. However, not all soils with carbonate accumulations could
be classified as Calcixerepts, since they did not meet the criteria for a calcic horizon: some soils only showed
incipient accumulations, or presented too low CaCO; content. Generally, these accumulations led to cambic
horizons, and soils were classified as Typic Haploxerepts. Even in some cases, where carbonate accumulations
were not visible at the naked eye, a cambic horizon could not be determined, and soils were classified as
Entisols. Table 2 shows the analytical properties and the description of accumulations in a soil with a well-
developed calcic horizon (Typic Calcixerept, Fig. 6), a soil with incipient accumulations of carbonates (Typic
Xerofluvent, Fig. 4 and 5), as well as a soil with a gypsic horizon (Gypsic Haploxerept).

The soil forming processes in Penedes were marked by the accumulation of secondary carbonates, which could
be highly evolved, as it was indicate by the types of accumulations and their morphology (Table 2). This
evolution was reflected in the calcium carbonate content, which could exceed 75%, and in carbonate
cementations. The evolution of carbonates in these soils may be a limiting factor for grapevine cultivation. High
contents in calcium carbonate can cause a weakening in non-resistant vines, due to iron chlorosis. The main
consequences are rickets, foliage destruction, reduced production and even the death of the plant. These
problems may be mitigated by the choice of resistant rootstocks, such as 41B and 140R. Furthermore, very
intense processes of carbonate accumulation, leading to a micromass cementation, may constitute a limitation
for the development of the root system. Moreover, carbonate accumulations in the form of nodules increase the
coarse fragment content, and thus reduce the available water capacity. In the deep horizons of a Typic
Calcixerept, a loss of 29.7 mm of available water capacity can be quantified, considering a volume of 20% of
carbonate accumulations. However, the main implications of carbonate accumulations on vineyard management
are related to rootstock selection and ploughing, which should not be too deep to prevent the outcrop of calcic
horizons to the surface.
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Table 2. Analytical properties of representative vineyard soils in Penedes region *.
Textural Water

. Lower  pH Organic CaCO; Gypsum CEC Sand Silt Clay class Bul.k Coarse retention Wgter AWC
Horizon depth (H,O (dS/m) matter ) %) (cmol/ke) (%) (%) (%) (SSS density fragment 1/3-bar retention 15- (mm)
(cm) 1:2.5) (%) ‘ ‘ &) o) 7o) (e 2006; kg/m®) (%) %) bar (%)

Fine, mixed, semiactive, thermic, Typic Xerofluvent
Accumulations (40-95 cm depth): Microscopic micritic calcite nodules and microesparitic calcite hypocoatings. Whole soil hypocoatings.

Apl 12 8.2 0.20 1.6 31 trace 17.5 182 40.741.1 SiC 1368 0 27 15 20
Ap2 40 8.2 0.25 1.2 33 trace 169 18.0 40.641.4 SiC 1773 0 27 15 60
Bw 95 8.0 066 05 31 trace 172 115 40.847.7 SiC 1772 0 27 16 107

Coarse-loamy, carbonatic, thermic, Typic Calcixerept
Accumulations (30/50->160 cm depth): Macroscopic coatings on pores, geopetal ciment and nodules. Slight carbonate cementation. Microscopic
acicular crystals, micrite and microsparite hypocoatings, microsparite and quesparite infillings, micrite and sparite nodules.

Apl 15 8.6 0.18 1.4 76 trace 45  60.1 29.110.8 SaL 1198 46 16 7 9
Ap2 30/50 8.6 0.18 1.2 73 trace 44 603284113 SaL 1196 37 17 8 17
Bkn 160 8.3 060 03 69 trace 39 605309 86  SaL 1390 34 13 4 98

Coarse-loamy, mixed, active, thermic, Gypsic Haploxerept
Accumulations (38-85 cm depth): Gypsum crystals and gypsum coatings on pores.

Apl 12/20 79 2.29 1.2 31 26 102 39255355 SiL 1700 5 27 14 34
Ap2 38 79 2.29 1.0 30 29 92 404560 3.6 SiL 1800 10 27 15 43
By 85 8.0 233 03 25 35 7.5 48.0 46.0 6.0  SaL 1600 5 23 14 64

* EC: electrical conductivity; CEC: cation exchange capacity; Textural classes: SaL: sandy loam; SiL: silt loam; SiC: silty
clay; AWC: available water capacity.

Conclusions

In the influence area of the Catalan Coastal Range, a high variety of soil forming processes takes place, in
relation to the existing differences in soil forming factors. The soil forming processes, identified through
morphological and micromorphological analyses, had direct effects on soil properties and soil classification.
These properties, especially those related to soil moisture regime, available water capacity and calcium
carbonate content, had a direct influence on the type of management and quality of grapevine production. We
showed that the parent material or climate alone cannot be used in viticultural zoning, unless soil forming
processes are taken into account.
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Abstract

A new framework for addressing topsoil characterization was developed to provide enhanced capability in A
horizon lowercase suffixes for tracking changes and impacts from environmental and anthropogenic stressors
especially at landscape and watershed scales. Critical to sustaining agricultural crop and forestry production,
the A horizon is the first mineral horizon to respond to these stressors leading to topsoil changes in physical,
chemical and biological processes and soil properties. A new system comprised of four levels of lowercase
suffixes was developed as an outcome of workshops held in Canada and Germany, review by soil classification
and mapping experts and field testing. The first level of new lowercase suffixes identifies genetic processes and
impacts from anthropogenic/industrial activities; the second level records the kind of primary soil structure; the
third level, range classes of per cent organic matter; and, the fourth level, range classes for pH (0.01 M CaCl,).
Examples of the new A horizon lowercase suffixes are shown for selected Canadian soils. The new framework
will provide enhanced taxonomic protocols for topsoil characterization of A horizons when undertaking detailed
monitoring and assessment studies in determining the effectiveness of remedial measures and beneficial
management practices.

Key Words
Horizon suffixes, soil profile descriptions, soil taxonomy, soil change, soil functioning, climate change

Introduction

The A horizon is the dominant portion of the topsoil (upper 30 cm) and the most critical for crop and forestry
production. It is essential that its chemical (i.e. nutrients), physical (i.e. morphology), and biological (i.e. soil
biota) functioning is ensured for long-term sustainability of food and livestock production and for maintaining
forested areas for economic and recreational needs. The A horizon is the first mineral horizon of the topsoil to
be impacted by 1) changes in the kinds, duration and intensity of cropping and tillage management systems,
forestry, or anthropogenic/industrial activities and 2) changes in climate that can lead to a range of impacts on
soil physical, chemical and biological properties and soil functioning.

In many classification systems, in agricultural soils, the A horizon is frequently described as an Ap horizon and,
in undisturbed areas, as an Ah. From a taxonomic perspective, major changes in physical, chemical or
biological soil properties are not easily included as part of the A horizon designation. Currently, there is no
mechanism to capture the essence of such changes in the A horizon designation; the Ap or Ah horizon would
still be described taxonomically as either an Ap or Ah. This restricts detailed field characterization especially at
watershed scale where remedial soil measures or beneficial management practices have been introduced and one
is required to identify major changes in soil properties across the landscape.

We have hypothesized that enhanced horizon designations for soil properties will provide improved capability
for tracking changes from environmental and anthropogenic/industrial stressors. This paper will present a new
framework for addressing A horizon lowercase suffixes for topsoil characterization.

Methods

Workshops were held both in Canada and Germany during 2008-2010 to define enhanced A horizon lowercase
suffixes with respect to identifying critical physical, chemical, biological and anthropogenic processes and
attributes. Based on field expertise, reviews of soil horizon descriptions, pedon information and literature
sources, new lowercase suffixes for the following A horizon properties were identified: 1. genetic properties 2.
soil structure, 3. organic matter and 4. pH. In addition, a framework for lowercase suffixes has been developed,
reviewed by experts in soil classification and mapping, and field tested to refine the new system. This new
system for A horizon lowercase suffixes is based on information obtained from both field observations and
laboratory analyses.
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Results

The new system for enhanced A horizon lowercase suffixes based on a framework of levels is shown in Table 1.

Table 1. Enhanced taxonomic protocols for A horizon description of properties.

First Level

Second Level

Third Level

Fourth Level

Genetic Process: Physical, chemical,
biological, or anthropogenic

[Soil Structure]

(% Organic Matter)

{pH in 0.01 M CaCl,}

Select lowercase suffix(es) as needed to

[pll: platy

(x1) Extremely Low

{xa} Extremely Acid

describe the important soil process(es) [pr]: prismatic (<2%) pH < 4.5
observed: [cpr]: columnar (Iw) Low {sa} Strongly Acid
[bk]: blocky 2to<5 %) pH>4.6<55
Choose from: b; ca; d; e; g; h; 1; k; n; 0; [abk]: angular blocky (m) Medium {wa}Weakly Acid
P; QT S; 82U, W; Y; Z [sbk]: subangular blocky (5t0<9 %) pH>56<6.5
[gr]: granular (h) High {n} Neutral
A See lowercase suffix definition below. [cr]: crumb 9 to< 17 %) pH>6.6<73
[sg]: single grain (vh) Very High {c} Calcic
[m]: massive (>17t0 <29%) pH>74<84
{k} Alkaline
pH > 8.5
Example syntax: Example syntax: Example syntax: Example syntax:
Ah AhJ[cr] Ah[cr](h) Ah[cr](h){xa}
Ap Ap[bk] ApIbK](x]) ApIbK](xl){wa}

A . e .
Definition of lowercase suffix

b: Buried soil horizon; ca: Secondary carbonate enrichment; d: Enriched with displaced B or C materials; e: Eluviation of
clay, Fe, Al or organic matter; g: Gleying with grey colours and/or prominent mottles; h: Enriched in organic matter
(>2% to <29 %; % OM = 1.728 x % Organic C); i: Anthropogenic transport of materials from habitation/industrial
activities; k: Presence of carbonate; n: Prismatic or columnar structure with Ca:Na < 10; o: Formed through mass
movement of soil on slopes; p: Affected by agricultural activities; q: Prominent fungal hyphae and mats throughout;

r: Affected by forestry activities such as logging; s: Presence of salts, gypsum; sa: Secondary enrichment of soluble salts;
u: Affected by soil fauna activity throughout; w: Disturbed by natural blow down of trees; y: Affected by cryoturbation

related to permafrost; z: Frozen layer.

Framework protocols for assigning A horizon lowercase suffixes (Refer to Table 1):

1. First level: The first level identifies the dominating processes observed related to genetic soil development
(i.e. physical, chemical and biological processes) and anthropogenic activities. Following the horizon
designation, choose the lowercase suffix that characterizes the most dominant process (i.e. Ah, Ap, Ae).
Choose additional suffixes according to the next most prominent process(es). For example, Aphu identifies an
A horizon under agricultural cultivation enriched by organic matter with prominent evidence of faunal activity.

2. Second level: Soil structure was selected for the second level as structure was deemed an essential indicator
relating to information about pore and aggregate formation and the soil’s potential for surface water and air
infiltration. The kind (or type) of primary soil structure is recorded within square brackets following the first
level lowercase suffixes; i.e. Aphu[gr] identifying granular primary structure. The lowercase suffixes for
structure were limited to primary structure. Primary structure observations tend to be more stable with time and
to be more representative of major morphology patterns influencing overall pores and aggregates. In addition,
primary structure information is recorded in soil databases for most soils. The detailed profile description and
soil database are always available, if needed, for additional information pertaining to size and grade of soil

structure and any secondary structures.

3. Third level: Organic matter status is entered at the third level to provide information that relates to the soil’s
potential for nutrients, carbon sequestration and promotion of soil biota populations and biological activity. The
per cent organic matter is recorded as a range class using round brackets and is placed following the structure
lowercase designation: i.e. Aphu[gr](m) identifying a medium organic matter status within range of 5 to 9%.
Note: the conversion factor is as follows if organic carbon data is available: % OM = 1.728(% OC).
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4. Fourth level: Soil reaction class: pH is recorded as the fourth level lowercase suffix providing information
relating to the soil’s chemical influence on nutrient availability and mineralization as well as identifying the
limitations on soil habitat for supporting specific soil fauna and micro-organisms. Following the third level
lowercase suffix designation, pH is recorded as a range class within curly brackets (or braces): i.e.
Aphu[gr](m){n} identifying a neutral pH range.

Table 2 shows some examples of applying the new framework for A horizon lowercase suffixes

Table 2. Application of new A horizon lowercase suffixes to selected Canadian soils.

Examples: Selected Canadian Soils ACSSC-98 New Enhanced A

(WRB-FAO classification in brackets) Designation and ~ Horizon Designation
Depth (cm)

1. Rego Dark Brown Chernozem (Calcic Kastanozem) Apk  0-20 Apkh[sbk](Iw){c}

Lethbridge, Alberta; lacustrine sediments; loam; dryland agriculture
with irrigated cropland. (Peters et al. 1978)

2. Orthic Black Chernozem (Haplic Chernozem); Porcupine, Ah 0-14 Ah[pr](h){n}
Alberta; glacial till; clay loam; native pasture. (Peters et al. 1978)

3. Orthic Turbic Cryosol ( Gelic Cambisol ); Yukon; mixed loess Ahy  0-5 Aphy[gr](h){n}
and alluvium; cleared forest; agricultural field. (Tarnocai et al. 1993)

4. Gleyed Eluviated Dystric Brunisol (Gleyic Cambisol); Kentville, =~ Apl  0-11 Aph[pr](m){wa}
Nova Scotia; glacial till; sandy loam; agricultural forage crops. Ap2  11-25 Aph[pr](Iw){wa}
(Acton et al. 1978) Aeg  25-29 Aeg[sbk](x]){sa}

A Soil Classification Working Group (1998).

The new lowercase suffixes bring valuable additional information with respect to kind of soil structure, extent of
organic matter, and pH status for better understanding of the A horizon. One now has enhanced information for
the Rego Dark Brown Chernozem that the A horizon is enriched with low amount of organic matter; has as
primary soil structure subangular blocky structure; and has a calcic pH status. Within the context of irrigated
cropland, from the A horizon designation, one can interpret that monitoring may be required for crop growth
conditions with increased pH and low organic matter and the potential for irrigated water loss through structural
cracks. The Orthic Black Chernozem under native grasslands has prismatic primary structure, high organic
matter and neutral pH status common for chernozemic A horizon. The Orthic Turbic Cryosol is an example
from a forested location cleared for cropland; the new enhanced A horizon designation identifies the agricultural
activity and forest history with high organic matter status. The Gleyed Eluviated Dystric Brunisol has three A
horizons. The enhanced lowercase suffixes for the Apl and Ap2 horizons indicate enrichment in organic matter
from the parent material and are both similar with respect to primary soil structure, and pH status. However, the
organic matter range class differs for the Apl, with medium class, and for the Ap2, a low organic matter class;
hence, the numerical suffixes (1 and 2) in the new A horizon designation were not included.

Conclusion

International and national soil classification systems have hardly considered improved characterization
protocols for topsoils. The FAO Draft (1998) for enhanced surface horizon descriptions is available for
international verification and assessment for suitability for inclusion into national systems such as the review by
Broll et al (2006) from the German context. The FAO Draft (1998) presents terminology and coding to provide
enhanced soil names for topsoil characterization. The new framework with four levels of lowercase suffixes
will now further the capability for enhancing topsoil characterization by including critical information about the
A horizon with respect to soil development and attributes related to primary soil structure, organic matter and
pH.

In applying the framework of enhanced A horizon lowercase suffixes, detailed field and chemical databases can
be accessed to establish baseline properties for A horizons with relation to the different classifications levels
from soil order to soil types. The lowercase suffixes within the new A horizon designation framework will be
key for providing enhanced information for making field and mapping interpretations related to the extent of
water infiltration properties and availability of nutrients, potential for organic carbon sequestration and soil
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conditions for promoting soil biodiversity. The new framework will provide enhanced taxonomic protocols for
undertaking detailed monitoring and assessment studies of topsoils at landscape and watershed scales to track
changes and record impacts from environmental and anthropogenic stressors.
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Abstract

This Study was carried out of in four stages:(1) collecting of information and records,(2) field Sampling,(3) soil
tests, and(4) analysis of results and conclusions. During stage 1, data and information related to climatology,
pedology, topography and silviculture were collected. And entered into a Geographic Information System (Arc
View GIS Software). Considering the slope aspect, and elevation a map of land-forms was created. Then for
each land forms, Plots 2500 meters in size were identified. In the field, Soil pits were dug in the center of each
plot and at its four corners, and micro plots were established for identifications and collection of the plants
species present. The soil profiles corresponding to each landform were analyzed and their characteristics and
vital activities (organisms and plant roots) were examined. Each soil horizon was sampled for physical and
chemical tests. The samples of soil and plants were sent to the laboratory for analysis and identification.
Physical analysis of the soil included the measuring of soil color, structure, consistency, and the presence or
absence of clay films. Chemical analysis of the soils included, potassium, phosphorus, calcium, magnesium,
organic maters contents, and electrical conductivity. The results show that the soils of this region are largely
acidic neutral their textures vary from clay to sandy clay loam and the surface soil horizons contains large
aggregates with strong consistency. The dry color of the soil is largely brown. The nutrients elements occur in
satisfactory quantities. The results of this study showed that the plants of this region are growing on nine types
of soils as follows: Typic Paleudalfs, Lithic Vermudolls, Inceptic Hapludalfs, Typic Dystrudepts, Typic
Hapludalfs, Humic Dystrudepts, Typic Udorthents, Inceptic Haplorendolls, Lithic Udorthents.

Key Words
North of Iran, soil chemistry, Soil physical properties, soil type, Keroudkenar forest

Introduction

Forests are considered as one of the largest and most splendid vegetation on earth .Accumulation of trees,
shrubs, and other plants and small and large animals in certain habitats are not by chance at all. Our Caspian
forests, which are consider deciduous hard- wood forests, covered the northern edge of the Alborz mountains in
a narrow strip from Astra in Guilan Province up to Golidage in the east of Golestan Province from seacoast up
to > 2500 meters above sea level. They contain more than 80 tree and shrub species.

Material and methods

This study was carried out in Keroudkenar - catchments in the southeast region of Nowshar city and starts [from
sea level and finally ends up at Koleak pastures][s11] .The total area of the catchments is 1090.8 hectares. The
purpose of this research was to determine some of the physical and chemical characteristics of the soil in this
forest, the qualities of the trees based on the changes in soil types, and classification of the soil down to the
subgroups level of Soil Taxonomy. These tasks were carried out in four phases as follows: 1- information and
background collection, 2- field sampling, 3- soil testing and 4- statistics analysis.

Results

The masses of trees in the forests of Keroudkenar watershed are classified in categories of soils as follows :
Entisols,Inceptisols,Mollisols and Alfisols and nine subgroups : Lithic Vermudolls, Inceptic Hapludolls,Typic
Dystrudepts, Typic Hapludalfs,Lithic Udorthents,Inceptic Haplorendolls, Typic Paleudalfs,Humic
Dystrudepts,andTypic Udorthents. The pH of these landforms vary from moderately to weakly acid .The texture
of the most of the soils under investigation is clay to clay loam. And the structure of the soil surface horizons
contains mainly aggregates with strong consistency. The color of the soil in dry state of horizons of excavated
profiles is largely brown .In terms of other nutrients elements; they are in rather satisfactory condition.
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Table 1. Results of physical and chemical analysis of soils surface horizons from eighteen profiles from the
Keroudkenar region (of Northern Iran).

Horizon | Dept | Sand [ Silt | Clay [Texture [ OC [OM [C/N [TN [P [K Ca [ Mg [ EC Color No | pH
h % % ppm meq/l ds/m
A 0-23 15 35 50 C 3.6 62 | 156 | 023 |12 210 |36 | 1.8 0.033| 10YR3/3 1 72
A 0-20 13 37 50 C 3.3 56 | 388 | 0.085| 8 130 (1.2 | 1.2 0.023 | 7.5YR5/4 2 6.5
A 0-20 27 32 41.2 C 293 | 504 | 818 | 0.358| 82| 190 |24 | 0.5 0.015| 10YR4/3 3 5.9
A 0-22 32 35 33 CL 2 345 | 68 | 0291 9 200 | 1.2 | 0.6 0.017| 10YR4/3 4 5.7
A 0-21 43.2 | 303 | 26.5 L 2.4 413 | 187 | 0.128 | 13.5 | 230 | 1.01] 0.6 0.018 | 10YR3/3 5 5.5
A 0-23 39 27 34 CL 202 | 348 | 83 024112 302 1.8 | 0.7 0.09 | 10YR4/3 6 5.7
A 0-10 36.56| 28.64 | 34.8 C.L 375 | 645 | 48 | 0.78 | 16 239 |68 | 1.6 0.071 | 10YR4/4 7 6.5
A 0-17 36.56| 36.64 | 26.8 CL 384 | 6.6 43 | 089 |14 220 |5 1.88 | 0.237| 10YR4/3 8 6.5
A 0-22 26.4 | 43.24 | 3036 | C.L 372 ] 639 ] 6 0.62 | 15 240 |2 1 0.08 | 10YR3/2 9 5.9

Table 2. The results of physical and chemical analysis of representative soils from 18 profiles in the study area
located in the Namkaneh region (of Northern Iran).

horizon [Depth [pH | Sand [ Silt | Clay [texture] OC | OM | C/N |T.N P |K Ca | Mg |Ec Soil color | NO

% % ppm meq/1 ds/m
A 0-25  [6/8 [27/12 | 32/72 [ 40/16|C 345 [ 593 | 6/3 /55 13/5 [ 308 | 5/76 | 2/44 [ 0.059 [10YR3/2 [ 10
A 0-24  |6/8 [35/2 | 28 36/8 [CL | 3/61 | 6/22 [ 4 0.92 14 [230 |46 |04 [0031 [10YR32 | 11
A 0-20 |6 |37 33 30 lcL [ 361 [6/21 [ 577 063 15 [320 [ 1/8 |06 [0071 [75YR32 | 12
A 020 |7 [302 | 23/64 | 46/16|C 3/78 | 6/5 | 725 [0521 |8 169 [ 48 02 [005 [5YR32 [ 13
A 0-20  |6/8 [30/56 | 17/64 | 51/8 |C 3/45 [ 59 [55 0623 [9 127 [ 6 1/36 | 0.027 |10YR4/3 | 14
A 0-20 [7/1 30 27/64 | 42/16|C.L 3/585 | 6/16 | 8/5 [0.42 6 135 [ 58 |1 0.036 [10YR3/2 | 15
A 0-25 |72 |46/24 | 26/36 | 27/4 L 3/87 [ 6/67 [ 10 038 6 142 |6 2 0.1 _[10YR42 [ 16
A 0-10  [7/7 [21/12 | 28/28 | 50/6 |C 3/75 [ 6/45 | 17/8 0.21 18 [200 [ 48 |04 [0074 [75YR32 | 17
A 0-30 |65 [32/4 | 43/6 [ 24 |CL 3/6 6/2 | 1172 ]0.32 19 160 [ 6/4 |2 0.152 [7.5YR4/1 | 18
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Abstract

Today, the trend of re-evaluation of national and international soil classification systems carries new
requirements on the recognition of soil genetic processes and their evaluation. The harmonization of the WRB
and the national soil classification systems is frequently problematic, especially in the case of the small local
soil groups of the national systems. The erubdz soil is a shallow soil influenced by the volcanic parent material
in the Hungarian soil classification system. In the WRB the Andosols reference group assemblages the shallow
volcanic soils with special physical, chemical and mineralogical properties. This study reveals the relationship
between the erubdz soils and the Andosols, and makes an attempt on the WRB classification of the erubdz soils.

Key Words
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Introduction

Development of the soil science in Hungary started in the end of the 18" century. In the 1950’s a new — and still
used — genetic soil classification system was created by P4l Stefanovits (Stefanovits and Sziics 1961). During
the formation of this system he considered and evaluated the former soil classifications and included the novel
results of soil science and information on the soils of the neighbouring countries. Biological, chemical and
physical properties of the soils have been reviewed as these are the basis of the soil formation processes.

The so called “erubdz” soil is a shallow soil influenced by the parent material in the Hungarian soil
classification system, developed on volcanic lithology. In spite of the detailed and thorough investigations of the
former decade this soil is one of the less studied and most neglected soil types of the Hungarian soil science
(Barczi 2000; Fehér et al. 2006; Fehér 2007; Madardsz 2009), because it occurs in small patches dispersed in
the hilly regions of Hungary, mostly on areas unsuitables for agriculture.

The denomination erubaz and the first description of the soil were created by von Hoyningen (1930), in
connection with the soil classification of soils in North- and Middle-Germany. It is the amalgamation of the
expressions “eruptive” and “basic”, which reflects well that this soil type occurs mainly on basic volcanic rocks,
however it has been described on more acidic rocks as well. Later the name was adopted by Kubiéna (1953) in
his work entitled “Guide and system of European soils”. This book was used by Stefanovits during the genetic
soil classification in Hungary.

Volcanism had a special role in the Miocene-Pliocene evolution of the Carpathian basin. Volcanic rocks occur
in a more or less continuous arch following the inner side of the Carpathian mountain chain, but they occur
practically in the entire area of the basin system. Today, the formerly extensive volcanic fields are restricted to
smaller areas (Karatson 1999). Accordingly, erubdz soils occur in small spots in a mosaic-like pattern on a large
variety of volcanic rocks dispersed throughout the country. On the basis of the volcanic rock types 15 profiles
were designated for a thorough study.

The World Reference Base for Soil Resources (WRB 2006) is a soil correlation system is a correlation-based
soil classification system, where the volcanic soils form the so called Andosols reference group, with
characteristic physical, chemical and mineralogical properties. The Andosols are intrazonal soils, which
typically develop on pyroclastic parent materials rich in volcanic glass, mostly on tuff (Neall 1985). Presently,
the tendency of reconsideration of national and international soil classification systems brings about new
requirements on the recognition of soil-genetic processes and their evaluation. The increasingly popular WRB
provides a good basis for the scientists working in different parts of the World to find a common language.
This study aims at the WRB classification of the Hungarian erubdz soils and at finding out whether the erubaz
soil type and the Andosols reference group corresponds to each other.
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Methods

For the description of the studied soil profiles the FAO (1990) standard was used. Denomination of the genetic
soil horizons occurred using the works of Szodfridt (1993) and Stefanovits ef al. (1999). Laboratory analysis of
the samples was carried out in the Geographical Research Institute of the Hungarian Academy of Sciences using
the valid standards. Pedogenic Fe4- and Aly-components (Mehra and Jackson 1960) were extracted using
natrium-dithionite solution. Components (Al,, Fe,, Si,) of amorphous and weakly crystallized oxides (e.g.
ferrihydrite) were dissolved using ammonium-oxalate (Schwertmann 1964). Al,- and Fe,-content attached to the
organic phase of the soil was assessed by a solution created by pyrophosphate-selective extraction. The Fe-, Al-
and Si-contents were determined using atom-adsorption spectrophotometer (AAS). Mineralogical and soil-
mineralogical analysis of the samples occurred by a PHILIPS PW 1710 instrument with x-ray diffraction
method in the Geochemical Research Institute of the Hungarian Academy of Sciences. WRB classification of
the profiles was done using the WRB (2006) guidebook.

Results

According to my studies (Madarédsz 2009) general properties of the erubdz soils are as follows:

This soil develops normally on basic or neutral rocks, but it occurs on acidic lithology as well. Accordingly it
was described on basalt, andesite and their tuffs and on rhiolite tuff as well, typically on the top surfaces and
ridges, where extreme microclimatic conditions are controlling soil formation. Their average depth is 40 cm.
Their structure is granular, crumby, rarely dusty, humus formation is strong and their pH is slightly acid.
Texture of the erubdz soils is mostly loam, seldom sandy or clayey loam, their colour is dark, blackish and are
rich in organic material (up to 8-10%). The high organic material content is due to the extreme microclimatic
conditions, which leads to humus accumulation. The organic material and the clay minerals form a strongly
bonded humic horizon. In accordance with the parent material and as a consequence of the sporadic but
sometimes significant loess addition, the dominant clay mineral is the illite, but occasionally the presence of
smectites is also considerable. The most important exchangeable cation is the calcium, the base saturation is
low. Their flora has developed in accordance to the intensity and type of anthropogenic intervention. At
deforested location closed meadows, while at other places, in function of the altitude, nicely developed oak and
beech forests are found.

After a detailed analysis of the erub4dz soils my second purpose was to find out whether this volcanic soil is
corresponding to the Andosols group of the WRB. However the Andosols have developed on fresh volcanic ash,
they were found on older volcanic material (Baumler R 2004; Garcia-Rodeja et. al. 2004; Quantin 2004), and
they were described at several locations in the Miocene volcanic rocks of the neighbouring countries, as well
(Perepelita et al. 1986; Jurani 2002; Jakab et al. 2004, Fiileky et al. 2006; Fehér 2007). However the erubiz
soils and the Andosols have several similar features (structure, humus content, colour, mineral composition,
etc.), their relationship could not be verified during the diagnostic classification.

Most important criteria of the Andosols is the presence of the andic or the vitric horizons. According to the
laboratory analysis, the Hungarian erubdz soils do not fulfil the requirements of the andic horizon. Their
Al,+1/2Fe, content remains well under 2%, which is one of the most important threshold values for an andic
horizon. Values of phosphate-retention (max. 38%) remain also remain well under the needed percentage (70%
<). The 0.9 g/cm’ bulk density value is reached only by some samples. All these facts exclude the presence of
the andic horizon in any of the profiles.

The vitric horizon can be regarded as a weakly developed andic horizon, which may grow into an andic horizon
with time. Generally it forms as a consequence of weak weathering. Most of my samples correspond to the
criteris of this diagnostic horizon (allophane content, bulk density, etc.), but they are unable to fulfil the most
important feature, the 5% < volcanic glass content. As there is no volcanic glass in the mineral assemblage of
the Hungarian erubdz soils, no vitric horizon can be described in them. Consequently, it can be stated on the
basis of my laboratory analysis, field observations and morphology that iz is impossible to insert the Hungarian
erubdz soils in the Andosol reference group of the WRB. Nonetheless, their integration in any other WRB
reference group is also problematic.

Following the criteria-system of the WRB diagnostic horizons (the first level of classification) only the mollic
horizon could be determined for most of the erubéz profiles. For two profiles, where the parent material is more
porous a relatively deeper soil has developed, therefore besides the mollic horizon, argic and cambic horizons
were identified as well.

© 2010 19™ World Congress of Soil Science, Soil Solutions for a Changing World 16
1 -6 August 2010, Brisbane, Australia. Published on DVD.



The second level of classification is the determination or the reference group on the basis of the diagnostic
horizons. Some soils with a depth shallower than 25 cm and have no diagnostic horizon but the mollic, were
classed as Leptosols. Where an argic or a cambic horizon was also present were included in the Luvisol and in
the Cambisol groups. Most of the profiles, however, belong to the Phaecozem group because of their single
mollic horizon and base saturation above 50%.

The above described features suggest that it is not possible to insert the erubdz soils into a single WRB soil
group. Most of the typical erubaz soils belong to the Phaeozems, which comprise the mineral-soils of steppe
areas. Formation of these soils is controlled by the climate and by the vegetation, therefore they do not reflect
the effect of the volcanic parent material, in other words this group is not representative of the erubéz soils.
Formation of the Leptosols depends primarily on the morphology, as these are soils of high altitude areas with
sloping surface. As a consequence of the slope, the soil particles are removed from their place of formation.
Accordingly skeletal parts in these soils may exceed 80%. These characteristics are not suitable for the typical
erubdz soil, they are suitable for only a few and special erubéz profiles where the depth is small and thus the soil
almost falls into the skeletal soil (Lithosol) category.

At the other boundary of the erubdz soil group are situated the profiles where besides the mollic horizon another
diagnostic horizon (argic, cambic) is also present. These soils, in accordance with their diagnostic properties
developed due to local conditions, can be included in different reference groups, like the Luvisols and the
Cambisols. However, neither of these can reflect the characteristic features of the erubaz soils. The Luvisols are
mineral soils of wet, forested areas, and their formation is controlled mainly by the climate and the vegetation.
Their most important feature is the texture-differentiation. Their equivalents in the Hungarian soil classification
system are the brown forest soils with clay illuviation. The Cambisols are characterized primarily by their young
age, they show the first signs of development of horizons. In the Hungarian system the brown earth soil group
can be included in this cluster.

On the other hand, it is undoubted that some peculiar features of the erubdz soils point towards the chernozem
soils: both have black colour, high humus content and deep humic horizon and frequently granular structure.
Nevertheless there is no doubt, that erubaz soils do not belong to the chernozem group.

Conclusion

Criteria-system of the WRB emphasizes the steppe-like features of the erubdz soils, while the effect of the
volcanic lithology is faded out. Consequently, WRB classification of individual erubdz profiles is possible, but
the characteristic features of the erubdz soil group are not corresponding to any of the WRB reference groups.
The erubaz soils, because of the diagnostic threshold values, could not be inserted in the Andosol groups, where
shallow soils influenced by volcanic parent material are assembled. Majority of the profiles fulfilled the criteria
of the Phaeozem group, however inclusion of the erubdz soils in this group of steppe-like mineral soils is not
adequate.

Accordingly, complete substitution of the national, genetic soil classification systems by a modern, global soil
classification system is not reasonable, as during categorization, important characteristics of special soils of
local importance — like the erubdz soils of Hungary — may be ignored by the global sytem.
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Abstract

The classification of soils originated from three main sources: from early empirical soil surveys, from folk soil
classifications and from scientific theory of pedology. The first soil classifications reflected their origin in
different extent, and still remain certain features of their initial sources. The actual situation in soil classification
is discouraging, mainly due to the diversity of national soil classifications, extreme complexity of developed soil
taxonomies and, as a result, to the loss of public interest in soil classification. Recently suggested roadmap to
the Universal Soil Classification seems to be the main challenge in the recent history of soil classification.

Key Words
History of pedology, soil diagnostics, classification structure.

The origin of soil classification

People were managing soils for ages. Of course, from the very beginning of the agrarian civilization they noted
that the soils are different (Yaalon 2008). This knowledge then was then used by the governors for evaluating
land value and, consequently, the taxes. The earliest known soil classification system in the world can be find in
an ancient Chinese book Yugong (2,500 y.b.p.), where soils of China were classified into three categories and
nine classes based on soil color, texture and hydrologic features; the classification was used for land evaluation
(Gong Zitong 1994). Ancient name for Egypt — Kemet means fertile black alluvial soils, while Deshret means
red desert land. About 3,000 y.b.p. different arable soils had different cost in Egypt: “nemhuna” soils cost 3
times more than “sheta-teni” soils (Krupenikov 1981). This tradition continued in newer times. For example, in
Russia a systematic survey of folk soil knowledge was started in the 16™ century, when special books were
created to evaluate soil resources of the state; these books were prepared by interviewing the peasants about the
quality and productivity of their lands. These books mainly included short characteristics of soils, like poor
sandy soil, clayey stony soils, fat loams etc. Later, in 19" century, the survey became more regular, and
perennial data were published in a series of books “Materials on Statistics of Russia”, where a number of local
folk soil names for soils were listed. The materials were also used for preparing first soil maps of Russia, which,
in fact, were based on ethnopedological survey.

Somewhat different approach existed in Western Europe and the United States in 18" — 19" centuries.
Agronomic science developed independently from folk knowledge; farmers’ perception was very conservative,
while progressive agronomy could answer the challenges of growing population with new technologies and the
use of fertilizers. Thus, the “progressive” scientific knowledge was somewhat opposed to “conservative”
traditional knowledge. The soil was studied both in the field and in laboratories, and it was classified by ad hoc
empirical parameters, such as texture, visible or measured organic matter percentage, and nutrients content. This
agrogeological approach was soon extended from surface samples to a sequence of layers during seminal early
soil surveys in the United States (Simonson 1989). However, these works lacked a scientific basis, a theory that
explained the origin and distribution of soils. The methods and even terminology were borrowed from relative
scientific disciplines, such as sedimentary geology and agronomy. The classification was not systematized; it
was just a nominal list for individual groups of soils. In the US, the folk classification was not aggregated in the
“scientific” taxonomy also because of the absence of the sources of indigenous knowledge: the native
population has been displaces and generally not very interested in soil agriculture, and newcomers did not
develop yet a system of soil knowledge.

In Russia, the development of soil classification was somewhat different. In 1883 Russian geologist presented
his doctoral thesis “Russian Chernozem” (Dokuchaev 1967) that proposed a scientific theory of soil formation.
The approach was not completely new: earlier a number of workers already suggested the system of vertical soil
horizons (Darwin to be noted as the most well-known scientists who used A/B/C/D sequence of soil horizons).
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Also Dokuchaev’s theory on soil dependence on climate and other environmental factors repeated some ideas of
earlier researchers, such as Lomonosov, Thaer and Hilgard. However, only after Dokuchaev’s works a holistic
theory was created, explaining the genesis and geographical distribution of soils. Thus, the first classification of
Russian soils was based on the overall theory of soil genesis and soil geography. The influence of folk soil
knowledge on Russian classification is often disregarded. The names of soil types were mainly borrowed from
folk soil classifications: the words chernozem, solod, solonetz, rhendzina were used by Russian, Ukrainian and
Polish peasants for ages. However, not only the words were accepted, but also the central concepts of soil units,
the archetypes were included in the classification.

The existing scientific classifications developed from these three main sources: folk knowledge, empirical soil
study and from scientific theory. Every soil classification has elements of indigenous concepts, empirically
collected data and of scientifically-based grouping. It is expected that the combination of these three
components should lead to harmony. Unfortunately, it just causes a kind of historical bias that complicates
actual scientific classifications.

How we lost our way in broad daylight

Due to historical reasons, almost every school of pedology has its own classification. In fact, more than one
natural soil classification can exist, i.e. there is no unique “true” classification to be discovered. The existence of
numerous national soil classifications is a serious problem of perception of soil science by other specialists. To
some extent it is related to the differences in soil cover in different countries that leads to distinguishing
different archetypes as a basis for classification. Modern biology and geology originated in medieval time in
Europe, and later was distributed all over the world in a “semi-mature” state. Soil science was distributed in a
rudimentary state, and was often developed independently in different countries. Sokolov (1978) noted that the
lack of a uniform classification resulted from the fact that soil science was relatively young and similar to an
“infant disease” it would be overcome in the near future. Some researchers proposed the US Soil Taxonomy as a
world classification; others hoped that the Soil Map of the World Legend by FAO-UNESCO (or, later, WRB)
would replace national classifications. However, the period of the 90-th dashed these hopes. National schools
did not try to integrate, but intensified activities to update and revise their classifications. In these years new
versions of classifications were proposed in New Zealand (Hewitt, 1992), China (Gong Zitong 1994), Australia
(Isbell 1996), Russia (Shishov et al. 1997), France (AFES 1998) and Brazil (EMBRAPA 1999). However, what
resulted was the development of improved quantitative diagnostics to support the designation of units and their
classification in hierarchical systems.

Apart of the variety of classifications there are a number of other problems that aroused with the progress of soil
classifications, which are extreme complexity, costly and time-consuming diagnostics, and ambiguous, complex
and confusing terminology. Each of the problems can be explained in its historical perspective. The complexity
resulted from the need to compress soil data for mapping; every soil polygon had to represent as much
information, as possible. In fact, developed soil classifications practically replaced soil names by brief soil
descriptions. Every soil name was meaningful, and a complete soil name included practically all the soil
characteristics important for pedologists. In parenthesis we should note that this information was often useless
for practical users, because soil features important for agriculture, such as nutrients availability and
hydrophysical characteristics, were usually variable and taxa-independent. The uncontrolled growth of
information saturation of classifications resulted in their extreme complexity. Even the authors of soil
classifications already cannot classify a soil without consulting their manuals. Is it what we wanted?

The extensive diagnostics needed for soil allocation in the taxonomic scheme is somewhat related to the
complexity of classifications. Also it was logical continuation of a generally productive approach that declares
that we should classify soils by the measurable attributes and not on the basis of our doubtful ideas on soil
genesis. Initially the task seemed simple: we had to find soil properties that corresponded to certain central
concepts of soils (archetypes). However, soon it was discovered that the properties that seemed to be the most
evident for a certain group, are not unique and might be found in some other groups. It is useful to consider the
concepts of divergence and convergence (Rozanov 1977). Divergence means that soils formed under similar
conditions in different places commonly exhibit variable properties due to local factors. Convergence means
that different pedogenic processes under different environmental conditions might lead to similar soil properties
and morphology. For example, such processes as podzolization, clay eluviation and surface gleying generally
lead to the formation of a bleached, clay depleted surface horizon. Thus, the presence of a bleached surface
horizon cannot be used as an only diagnostic criterion for soil classification. Less evident, every time more and
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more sophisticated criteria were proposed to delimitate soil groups. Nowadays a user of soil classification
applies long and complex definitions for allocating soils in taxonomic groups even without clear understanding
of the origin and significance of these criteria.

The terminology used in soil classifications may be divided into two groups: traditional (indigenous and
common folk terms) and artificial terms. The principle of including folk soil names (podzol, chernozem, gley
etc.), as well as stylized terms (krasnozem, burozem) in scientific classifications was used by Dokuchaev and his
followers. Dokuchaev did not collect these terms himself rather he used soil names from existing publications
such as the “Statistic Materials of Russia” which contained numerous folk names for soils. He understood that
folk names could not be converted directly into scientific terms (Krasilnikov 1999) but should be determined
more strictly because in folk tradition different soils could be grouped under the same name, or the same soil
was named differently in other localities. As a result, scientific terms, which have originated from folk
terminology, often differ significantly in their meaning from the original concept. The other option for
constructing scientific soil terminology was to apply completely new artificial names. It was first proposed by
Guy Smith (Banfield 1984) while preparing the 7" Approximation, a new American soil classification system.
Guy Smith considered that old traditional soil names were confusing, and with the help of philologists
developed a completely new system of soil terminology; a wide group of philologists participated in the
development of soil nomenclature that was mnemonic (Heller 1963). In addition, the levels in the taxonomy are
recognizable by the number of syllables of the base words and the “ic” ending of modifiers. The idea was
brilliant and could work very well if the system remained the only artificial nomenclature. Unfortunately soon a
number of “clones” of the US classification terminology appeared, and now some of the artificial terms cause
almost the same confusion as traditional ones. For example, the name Histosols is used both in the US Soil
Taxonomy and in the classifications of Cuba, China and in World Reference Base; the problem is that the
definitions and diagnostic criteria for this group vary in different classifications. Attempts to avoid confusion by
modifying slightly the names, like in Australian classification (Isbell 1996) (Vertosols instead of Vertisols,
Podosols instead of Spodosols) only increased the chaos. Some modified terms, once used in one national
classification, were then introduced independently in the other classifications, also with different definitions.
The same term Vertosols used in Australian soil classification was also used in Chinese and Romanian
taxonomies. Actually there are more than 3,000 soil names only on the highest levels of world soil taxonomy,
most of them absolutely inexplicable for non-specialists.

Out of the dead end

The crisis of soil classification resulted in serious doubts of the perspectives of soil classification at all.
Currently soil classification has moved from the nucleus to the margin of the attention of soil science
community as environmental issues of terrestrial ecosystems have gained prominence. In the last decades
developments in digital mapping now facilitate combining various information layers, somewhat replacing
traditional soil classification based maps. Even in soil genesis and soil geography studies researchers commonly
speak in terms of pedogenetic processes and particular soil characteristics rather than the use of formal soil
names. For many purposes mathematical ad-hoc classifications work better than more general basic
classifications. Does it mean that we should leave soil classification behind?

To answer this question we should remember the functions of classification in natural sciences in general and in
soil science in particular. These functions are: arrangement of our knowledge about the Universe, development
of common language for the communication among the specialists, presentation of soil information in a
compact form (e.g. for mapping) and simplification of education. The development of technology produced
novel methods of visualization of soil information. The GIS-based soil maps include several layers with soil
properties, important for the users, instead of extensive soil names, which need explanation. Definitely the use
of digital soil maps is a big challenge in soil geography that reduces the importance of classification for
practical soil mapping. However, the other functions of soil classification cannot be replaced by high
technology. Soil classification is a mirror of our knowledge about the soil, and the structure of soil classification
depends on our current system of concepts and ideas about soil genesis, geography and functioning. Then, the
communication among the scientific community requires common language. We use names in our everyday
activity, and we need them in science. To a great extent the existence of specific terminology determines the
identity of science. Without soil classification all the pedology may be reduced to chemistry, physics and
biology. Finally, the education on any level requires simple systems of presentation of information. If we teach
the students on the basis of independence of soil properties, they would be easily confused and lost in the chaos
of soils. Classification permits simple and structured explanation of soil phenomena.
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However, the present situation is very unfortunate. We believe that a Universal Soil Classification System
should be accepted. Soil classification harmonization and, finally, acceptance of a uniform classification is a
priority task in pedology. The main features of the future soil classification should be its simplicity, flexibility,
universality, clear terminology and functionality. It should have options both for expert and expert-independent
diagnostics and a convenient structure for databases and GIS.

There are a number of obstacles, both objective and subjective, on the way to the Universal Soil Classification.
The clog of traditions and habits is very strong. Most people honestly believe that their classification system is
the best just because they are used to it from studentship. The possible option is introducing the Universal Soil
Classification in university programs as a parallel system. Also certain ambitions of national schools of
pedology exist. Most people believe, may be correctly, that they know their local soils much better than external
specialists. The only way to overcome this problem is wide international cooperation, something like that
existed when the FAO map was prepared. One of the strongest arguments against the acceptance of uniform soil
taxonomy was that the change of classification would make obsolete all the existing soil maps made with older
national systems. However, an introduction of a new national classification system, usually quite different from
the older one, would lead to the same problem. We propose developing a long-term road map for the Universal
Soil Classification: we should avoid claiming that the national schools of pedology should immediately change
their classifications. The best way is using a natural change of old outdated systems that occurs every 20-25
years. We should propose accepting a universal system instead developing a new national classification.
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Abstract

A study was conducted to characterize the soil properties of two rehabilitated major forest types in Peninsular
Malaysia, representing lowland and hill dipterocarp forests located at Bidor and Kinta Forest Reserves,
respectively. Twelve soil profiles were dug both in rehabilitated lowland and hill dipterocarp forests including
two profiles in natural forest as the control were selected at each site. The significant effect of rehabilitation
forests could be seen by the accumulation of organic matter in the uppermost layer, which was assumed to be
at an intermediate stage of mineralization. The soils at both sites were acidic, having low activity clay
resulting in low CEC, available P, total nitrogen and exchangeable bases, but high in exchangeable Al. High
exchangeable Al was the main cause of soil acidity, associated with high rainfall in the humid tropical region.
The main source of negative charge was the organic matter, which affect the CEC, PZSE and o, values which
influence the soil fertility status. The soils are considered as strongly weathered, almost devoid of 2:1 type
clay minerals. Kaolinite and gibbsite dominate the clay fraction of the soils at both sites. It is imperative that
soil properties should be taken into consideration during rehabilitation of degraded forestland in tropical
rainforests.

Key Words
Clay minerals, deforestation, lowland and hill dipterocarp forests, rehabilitation, soil fertility

Introduction

Tropical rainforest is an enormous complex ecosystem existed on the earth surface (Whitmore, 1998). They are
prevailed at unprecedented rate by human activities due to overexploitation of forest areas through
deforestation, excessive logging and shifting cultivation, leading to degradation of forestland. In Peninsular
Malaysia, lowland and hill dipterocarp forests are regarded as the most important forest types which consist of
many valuable timber trees (Appanah and Weinland, 1994). However, such forests have been deteriorating due
to anthropogenic human activities such as the conversion of its natural forest to other land use types and
excessive forest harvesting resulting in degraded forestland or secondary forests. Rehabilitation of degraded
forestland becomes very important in order to curtail the loss of soil nutrients and poor vegetation stock as well
as for environmental concern. In Malaysia, rehabilitation of degraded forestland due to abandoned shifting
cultivation has been successfully implemented under the ecosystem rehabilitation in Sarawak (Ishizuka et al.,
2000) and degraded forest land due to excessive harvesting by the enrichment planting technique in Peninsular
Malaysia (Appanah and Weinland, 1993; Arifin et al., 2008; Affendy et al., 2009). Rehabilitation of tropical
rainforest on severely degraded land requires an acceleration of knowledge on soil science towards
understanding the effective soil conservation and sustainable forest management. However, most of the previous
studies have emphasized the growth performance of planted species along with the planting technique with less
concern on the soil characteristics in particular morphological, physico-chemical and clay mineralogical
properties. This study was conducted in the Multi-Storied Forest Management System, a technical cooperation
project between the Forestry Department Peninsular Malaysia (FDPM) and Japan International Cooperation
Agency (JICA) to elucidate the soil properties of degraded forestland under rehabilitation forest in comparison
to an adjacent natural forest at lowland and hill dipterocarp forests in Perak, Peninsular Malaysia.

Materials and Methods

Study sites

This study was conducted at the Multi-Storied Forest Management System (MSFS), a joint collaborative project
between Government of Malaysia and Japan. Under these projects, two sites were selected namely Bidor and
Kinta Forest Reserve, Perak, Peninsular Malaysia. The Bidor Forest Reserve, located at (4° 07° N and 101° 37
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E), is classified as lowland dipterocarp forest having altitude ranging from 10 to 30 m above sea level (asl). The
Kinta Forest Reserve located at (4° 40’ N and 101° 60’ E), is classified as hill dipeterocarp forest with a steep
mountainous region 35 to 45 degree and elevation ranging from 400 to 700 m asl. The relative humidity at the
Bidor site varies from 70 to 98% and less than 50% during wet and dry period, respectively. The average annual
precipitation is 3,050 mm and the mean temperature is approximately 28.5 °C (1990 to 2002) and that of Kinta
site the average annual precipitation, temperature and humidity from (1990 to 2002) are 2500 mm, 25.5° C and
92.4 %, respectively.

The soil at Bidor Forest Reserve is derived from sedimentary and metamorphic rocks and unconsolidated
materials, while the soil at Kinta is derived from granite. The native tree species at both sites are dominated by
dipterocarp and non dipterocarp species. However, both of the areas have been subjected to forestland
degradation by the excessive logging and abandoned plantation of Acacia mangium, which is consequently
regenerated into secondary forest as in Bidor site.

Soil sampling

Soil survey and sampling were carried out from August to October 2009 at Bidor and Kinta sites. A total of
twelve soil profiles were dug; there were six profiles at Bidor and Kinta, respectively. The soil profiles were
described accordingly, followed by soil sampling according to a depth of 0-20 cm, 20-40 cm, 40-60 cm, 60-80
cm, 80-100 cm, 100-120 cm and 120-150 cm. The soils at the Bidor site namely in the respective site hereafter
designated as B1 and B2 at plot A, B3 and B4 at plot B and B5 and B6 at adjacent natural forest. The B1 and B2
profiles were located at a relatively high area (upper slope) of rehabilitated secondary forests with various
dipterocarp species in 1995. The B3 and B4 profiles located at a lower slope was an area of fast growing tree
plantations of Acacia mangium in the late 1980s. In addition, B5 and B6 profiles were situated at adjacent
natural forest. The soil profiles at Kinta hereafter designated as K1 and K2 at the line planting technique (lower
slope) and soil profiles at gap planting technique of K3 and K4 (upper slope), and K5 and K6 at adjacent natural
forest were dug. The K1 and K2 profiles were located an elevation of 450 m asl with a relatively stable lower
slope of less than 10 degree, whereas the K3 and K4 profiles were situated at the upper slope with an elevation
of 550 m asl, respectively and slope of less than 40 degree. The adjacent natural forest (K5 and K6 profiles) was
dominated by dipterocarp and non dipterocarp species. The slope and elevation at the adjacent natural forest
were 35 degree and 650 m asl, respectively.

Soil analyses

The samples were air-dried and passed through a 2 mm mesh sieve for physico-chemical properties. Particle-
size distribution was determined by pipette method. Soil pH was measured with a glass electrode using a soil to
solution (H,O or 1 M KCl) ratio of 1:5 hereafter denoted as pH,, and pHy, respectively. Electrical conductivity
(EC) was measured using the supernatant at soil to water ratio of 1:5. Total carbon (TC) and total nitrogen (TN)
contents were determined by a dry combustion method using NC analyzer. Available P was determined by the
Bray II method (Bray and Kurts, 1945). The contents of exchangeable bases (Ca, Mg, K and Na) were extracted
twice with 1 M ammonium acetate at pH 7.0. The CEC was determined by the steam distillation method.
Exchangeable Al, H and NH,4 were extracted with 1 M KCI. The amount of NH, was measured using the
indophenols blue Bray II method (Mulvaney, 1996). The point of zero salt effect (PZSE) and the residual charge
at PZSE (op) were measured by the modified salt titration method of STPT (Sakurai et al., 1988). The amounts
of Al and Fe soluble in ammonium oxalate (Alo and Feo) were extracted by the method of Mackeague and Day
(1966). The amounts of Al and Fe soluble in dithionate-citrate system buffered with sodium bicarbonate (Ald
and Fed, respectively) were extracted by the method of Mehra and Jackson (1960). The concentration of
extracted Fe and Al were determined by sequential plasma spectrometry. Clay mineral composition was
identified by X-ray diffraction analysis using CuKa radiation.
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Table 1. Physico-chemical, charge and clay minerals properties of the soils in Bidor and Kinta sites.

Exrhanee able cations Clay miner als
Plot Depth BH. FE. T TN ¢N CEC €3 Mz K ¥Na 41 H ECEC’ ALS  gop Chy Sit Samd PZISE v+ HIV It Kt Cb
{cm) eke) ratio .o femilkE oo (mEPEE) (Ui
Bl 02X 455 3.80 217 153 142 48 022 012 008 006 1.7 043 205 7650 110 105 28 B66 370 080 - - =+ =
2040 465 441 108 117 ©2 341 006 004 005 005 131 €30 151 8675 B6 128 33 B30 402 051 - - e m
4060 485 432 50 054 83 248 009 003 006 005 1.6 034 1.6 8614 T6 205 3IF TSE 402 04D - - e om
Bl (-2 445 3.56 253 165 153 520 025 011 009 010 134 032 18 7080 132 182 45 763 354 LI2 - & = s
2040 4.8 36 154 134 115 3.5 021 012 009 005 132 €21 1.2 7374 104 171 48 7RO 345 D8F - - s 2
4060 440 3.3 102 121 B4 480 019 009 007 004 112 €20 151 7417 121 126 54 B20 412 067 - - = o=
B3I (X 445 3.07 328 386 103 1210 020 015 012 000 231 058 206 TRO4 231 102 46 ES2 315 120 - - == = s
2040 4.58 445 213 243 BB 1350 026 011 010 006 2.11 039 264 7982 210 BF 36 §T5 408 080 = = = = =
4060 457 440 402 354 114 1180 023 012 007 004 186 026 232 BOIT 256 154 45 B01 440 043 &£ 2 = == 2
B4 00 47 445 355 234 152 1280 023 018 015 012 2.2 035 260 7655 254 150 65 TS 323 165 & - e e o2
2040 480 4230 342 212 161 1030 021 017 008 006 1.8 €21 2.3 7768 203 128 75 TOT 356 123 - - == = o2
40-60 450 460 280 209 134 0.98 019 016 007 007 1.3 033 1B 73 221 90 TE B31 431 08F = = = s =
Bf (-0 43 3.8 477 518 92 1560 029 021 015 010 413 056 408 5463 194 5 55 9S00 354 18T - &2 = = s
2040 450 442 365 471 77 1431 025 019 012 000 3.3 042 404 EIBL 256 B6 115 709 454 134 - - e o+
4060 507 501 323 315 103 1212 014 01F 000 007 2.18 028 2.6 B1D5 205 08 123 TTE 440 109 - - e -
BS (- 430 3.6 448 423 106 1420 031 024 019 012 3.8 032 45 BLOS 265 140 62 TRE 325 276 = = = e+
2040 442 392 306 340 80 1210 026 020 017 008 330 024 401 228 210 1BE 60 TSI 408 185 = & e+
4060 4.5 432 216 234 02 1050 019 018 016 007 3.45 Q19 405 B518 188 TO OTE BS54 415 180 = & o+ e o
Kl 00 471 3.5 265 345 77 1250 032 015 010 006 412 080 475 3674 125 358 BD 3553 330 180 £ & == =+
2040 431 371 210 280 73 0.0 012 010 00 005 3.5 073 42 2L71 112 365 B4 551 385 0BD £ & == = =
4060 470 393 67 216 65 6.6 009 007 005 004 358 060 3B 8347 80 371 105 524 37E 060 = 2 e 4
Kl 00 435 342 224 312 72 1420 028 018 015 008 535 110 5.8 BE34 113 382 111 507 325 LB - - = =+ =
2040 452 358 185 305 61 1000 026 014 011 006 512 086 5.6 EROE 104 303 118 483 343 145 = - e = o+
4060 460 3.80 106 285 37 1120 021 012 011 005 456 080 505 9030 101 432 132 436 367 132 - &+ + o+
K3 00 43 3.85 360 270 133 108 017 013 011 005 2.8 033 3.07 8524 100 310 B3 608 340 200 = & =+ 4+ 2
2040 430 412 143 245 60 600 016 008 004 003 2.5 042 2.8 BRO0E 66 354 80 556 30 075 £ & o+ o=
4060 433 414 107 239 45 TR 006 003 006 004 2.3 023 258 8164 B0 368 06 535 352 060 = = e =+
K4 00 434 3.8 304 254 120 1650 021 010 013 010 3.45 042 408 3456 1635 432 102 466 370 176 + =+ +=+ += =
2040 450 376 289 221 131 7.40 019 017 011 000 332 034 388 BSST 132 445 143 412 365 131 + o+ e o2
4060 455 3.0 189 201 99 650 017 014 008 012 3.10 028 3.6 8587 101 403 96 501 388 121 = = = = o+
K5 00 43 420 530 321 165 2070 052 032 029 018 435 052 5.5 7635 134 344 76 5Bl 38D LD - - e = o=
2040 4.6 421 145 277 52 123 035 023 022 013 376 043 468 E0IT 172 351 7T 572 38E 065 + - =+ o=
4060 472 437 132 189 70 1030 014 020 020 010 3.0 030 406 B424 158 360 66 565 400 030 + - = o2
K6 00 415 410 460 380 121 1830 042 029 010 012 456 065 558 BL72 313 308 OF 506 345 145 + =+ ++ = =
2040 432 407 408 256 159 1540 029 022 014 010 471 043 45 B438 265 431 103 466 387 134 + =+ ++ = =
4060 4236 412 387 221 175 0.7 021 025 011 007 3.41 030 405 8420 227 5 100 446 380 105 + + s+ o2 2

Cation exchange capacity

°Sum of exchangeable Ca+Mg+K+Na

Al saturation; exchangeable AI/ECECx100

“Residual charge at PZSE

‘HIV: hydroxy-interlayered vermiculite, It: illite, Kt: kaolin minerals, Gb: Gibbsite, Qz: quartz
+: 0-5%, +;5-20%, ++: 20-40%, +++:40-60%, ++++:>60%

Results and Discussion

The main features of the soil morphological properties at the study sites appeared to be highly weathered, with
deep solum. The most significant morphological difference between the soils at Bidor and Kinta sites was soil
texture, presumably related to the parent materials. In terms of physico-chemical properties, the textural
composition of the soils at the study sites seems to be affected by the weathering processes of the parent
materials. Apparently, soils at both sites can be divided into two textural classes based on the clay and sand
contents. In the Kinta site, clay content was more pronounced, attaining a value of more than 30 %, while sand
content was less than 60 %. The pHw and pHk values both in the lowland and hill dipterocarp forests were low
with the values tended to increase with depth. It seems that the soil acidity of the area undergoing rehabilitation
is not much different from that of the natural forest. The lower pH values at the surface layer across the study
sites correspond to the larger amounts of organic matter in the topsoil, reflecting organic matter is responsible
for acidity through litter decomposition. In general, the contents of total carbon, nitrogen, exchangeable bases
were low but high in exchange Al resulting in high level of Al saturation. Moreover, the contents of Al, Fe Si
oxides throughout the profiles were low indicating strongly leached out under heavy rainfall in tropical region.
The PZSE and op were low throughout the profiles both in the lowland and hill dipterocarp forests. The clay
mineral composition in lowland was dominated by gibbsite and kaolinite, while that of hill forest dominated by
kaolinite and gibbsite to a lesser extent of 2:1 type minerals, indicating strongly weathered soils.

Conclusions
Rehabilitating degraded tropical rainforest such as in the present study requires sufficient knowledge on soils
towards better soil and forest management. High level of Al saturation with predominance of kaolin minerals
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and gibbsite are the main cause of low fertility status both in rehabilitated and natural forests. Since the soils are
highly weathered which result in low fertility status, input of fresh organic matter from the trees by means of
forest rehabilitation is an important effort to improve degraded tropical forests. Characterizing the soil in terms
of physico-chemical properties, charge characteristics and clay mineralogical composition need to be taken into
consideration prior to establishment of forest rehabilitation.

References

Affendy H, Aminuddin M, Razak W, Arifin A, Mojiol AR (2009) Growth increments of indigenous species
planted in secondary forest area. Research Journal of Forestry 3(1), 23-28.

Appanah S, Weinland G (1993) Planting Quality Timber Trees in Peninsular Malaysia. A review. Malayan
Forest Records No. 38. Forest Research Institute Malaysia, Kepong, Kuala Lumpur, Malaysia. 247 p.

Arifin A, Tanaka S, Jusop S, Majid NM, Ibrahim Z, Wasli ME, Sakurai K (2008b) Assessment on soil fertility
status and growth performance of planted dipterocarp species in Perak, Peninsular Malaysia. Journal of
Applied Sciences 8(21), 3795-3805.

Bray RH, Kurtz LT (1945) Determination of total, organic and available forms of phosphorus in soils. Soil Sci.
59, 39-45.

Ishizuka S, Sakurai K, Kendawang JJ, Lee HS (2000) Soil characteristics of an abandoned shifting cultivation
land in Sarawak, Malaysia. Tropics 10(2), 251-263.

Mehra OP, Jackson ML (1960) Iron oxide removal from soils and clays by dithionite-citrate system buffered
with sodium bicarbonate. Clays Clay Minerals 7, 317-327.

Mulvaney RL (1996) Nitrogen-Inorganic forms. In: Method of Soil Analysis. Part 3-Chemical Methods. (Eds.
Sparks DL, Page AL, Helmke PA, Loeppert RH, Soltanpour PN, Tabatabai MA, Johnston CT, Sumner
ME), pp. 1123-1184. Soil Sci. Soc. America, Inc. and American Soc. Agronomy, Inc., Wisconsin.

Sakurai K, Ohdate Y, Kyuma, K (1988) Comparison of salt titration and potentiometric titration method for the
determination of zero point charge (ZPC). Soil Science & Plant Nutrition 34, 171-182.

Whitmore TC (1998) An introduction to tropical rain forests, 2nd edition. Oxford University Press, Oxford, 282

pP-

© 2010 19™ World Congress of Soil Science, Soil Solutions for a Changing World 26
1 -6 August 2010, Brisbane, Australia. Published on DVD.
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When old soil maps are updated to answer present environmental concerns, many problems of interpretation can
appear. The assessment of the groundwater vulnerability on the western slope of la Réunion Island (Indian
Ocean) led us to review and evaluate the available data on soils. At the end of this census, the critical analysis of
the existing soil maps and data showed that they were not directly utilizable for our study and that was primarily
due to pedological concepts and associated classifications which are no more used (old French classification,
CPCS) on the one hand, and to the lack of georeferenced data on the other. We therefore carried out a new soil
survey of our study area covering 428 km” (ca. 20 % of the total island area; Figure 1). We identified 30 types of
soils corresponding to subdivisions of the reference groups (RSGs) of the WRB, which we have grouped into
fourteen pedopaysages (Figure 2).

o, Denis Pluriométrie moyenne anmuelle
o * . - =N tre(s)

Figure 1. Localisation of Réunion island (Indian Ocean) and the studied area on the western slope of Piton des
Neiges.

The upper part of the slope is marked, from the top to about 900 m, by the process of andosolization. The
process of podzolization is superimposed on it under forest between 1600 and 1800 m. The remaining part of
the slope is characterized by large organic matter contents, decreasing downwards (Table 1). The degree of
saturation of the soil exchange capacity makes it possible to distinguish a mid-altitude zone, where Umbrisols
dominate, from a lower zone, with Phaeozems and associated soils. To each altitudinal section thus corresponds
a well developed type of soil associated with an incompletely developed type (Cambisol) presenting the same
pedogenic tendency (Figure 2).

Recent changes in the knowledge and classification of the soils developed on volcanic materials under topical
climate, as well as progress in the dating of the volcanic events explain both the fast obsolescence of the old soil
maps in the case presented here (Table 2). Some of the problems encountered during this study will probably
again arise during the completion of the soil map of la Réunion island (the regional computerized soil data base)
and possibly for those of other overseas French territories.
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Figure 2. The new soil map.

Table 1. general properties of selected pedon: andic Podzol, 1630 m ; silandic Andosol, 1110 m ; haplic Umbrisol,
640 m ; andic Cambisol, 1064 m ; haplic Cambisol, 830 m ; leptic Cambisol, 131 m ; leptic Phaeozem, 262 m.
Catena pH pH Cu, N CEC TS* Color
eau KCl g/kg g/kg cmolkg % Munsell

Andic Podzol (1630 m)

0-5/20 cm 45 36 144 108 452 5 7.5 YR 3/4

5/10 — 10/30 cm 44 33 67 40 238 4 2.5YR 5/1

10/30 — 20/30 cm 43 35 141 99 523 3 5YR 372

20/30 — 70 cm 47 46 103 53 535 1 10 YR 4/4

70 — 135 cm 51 53 19 1.2 269 1 10 YR 4/6
Silandic Andosol (1110 m)

0-7/15 cm 63 53 139 114 575 30 7.5 YR 3/2

7/15 — 40/50 cm 59 54 66 3.7 4238 9 10 YR 4/4

40/50 -130/140cm 54 58 16 1.0 222 3 7.5 YR 4/4
Andic Cambisol (1064 m)

0-35cm 51 45 40 44  36.1 24 10 YR 3/4

35-95cm 57 52 11 09 28.6 18 7.5YR43

95 -135cm 53 47 8 0.6 357 11 10 YR 4/3
Haplic Cambisol (830 m)

0-40cm 54 47 31 3 28.1 19 7.5YR4/3

40 - 75 cm 6.0 50 29 33 25 34 7.5 YR 4/4

75-215cm 6.0 56 12 1.1 24 19 7.5 YR 4/4
Haplic Umbrisol (640 m)

0-30cm 52 48 31 3.1 260 29 10 YR 3/2

30-80cm 53 48 25 27 258 28 7.5 YR 3/2

80— 150 cm 57 67 6 0.6 242 31 10 YR 3/3
Leptic Phacozem (262 m)

0-50cm 69 6.0 25 24 227 85 7.5 YR 3/2
Leptic Cambisol (131 m)

0-15cm 6.6 53 20 1.6  26.1 85 5 YR 3/4

15-40cm 72 58 4 04 363 76 2.5 YR 3/4

40 — 85 cm 71 56 2 0.2 36.5 75 2.5 YR 3/6
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Table 2. Synthetic comparison of the pedological studies realized on the study area. Used prefix : vi (vitric), an
(andic), sn (silandic), ha (haplic), le (Ieptic). Used Reference Soil Group: AN (Andosols), PZ (Podzols), UM

(Umbrisols), CM (Cambisols), PH (Phaeozems).

Altitude (m)

Riquier (1960)

Zebrowski (1975)

Raunet (1988)

Cette étude (2009)

1850 et +
1800 - 1850

1750 - 1800
1700 - 1750

1650 - 1700
1600 - 1650

Sols ferrallitiques beiges organiques
et sols a2 mascareignite, lithosols

organiques

1550 - 1600
1500 - 1550

1450 - 1500
1400 - 1450

1350 - 1400
1300 - 1350

1250 - 1300
1200 - 1250

1150 - 1200
1100 - 1150

1050 - 1100
1000 - 1050

950 - 1000
900 - 950

Sols ferrallitiques beiges

Podzols

Affleurements et
Andosols vitriques

vi AN

Andosols désaturés a
mascareignite

an PZ

Andosols

Andosols désaturés
perhydratés

850 - 900
800 - 850

750 - 800
700 - 750

650 - 700
600 - 650

550 - 600
500 - 550

450 - 500
400 - 450

Sols ferrallitiques bruns et sols

ferrallitiques brun-rouges

Sols ferrallitiques
andiques

Andosols désaturés

sn AN

sn AN, an UM et
an CM

350 - 400
300 - 350

250 - 300
200 - 250

150 - 200
100 - 150

50 - 100
0-50

Lithosols

Sols ferrallitiques

Sols bruns andiques

ha UM et ha CM

Sols bruns et
affleurements

ha PH et le CM

(no data)

Sols bruns
ferruginisés

Sols vertiques et
affleurements

le PH et le CM
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