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drastic shift, from the indigenous olive ecosystems, to the intensive cash crop production,
which continuously causes a decline in soil qualities, an increase in water holding capacity
is attained due to the incorporation of calcrete fragments by tillage into the surface soil.
However, continual tillage along with over-irrigation, of calcrete surfaces resulting to the
destruction of the palygorskite clay mineral rich porous-friable calcrete stones, will cause a
decline in the advantage mentioned above.
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SOIL MOISTURE AND TEMPERATURE REGIMES IN LOMBARDY
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Introduction

Located in the northern part of Italy, Lombardy is 25.000 km? wide, showing a mosaic
of diversified lanscapes (Brenna et al., 2001). More or less 11.000 km? are covered by
mountain landscapes, both Alps in the north and Appennine in the south, and 14.000 km?
by the glaciofluvial and alluvial deposits of the Po plain. The variability of climate is very
high, especially in the plain where the average annual air temperature is 13-14 °C and the
average annual rainfall ranges from 600 mm to 1200 mm in a relatively short distance;
moreover, in many years the annual rainfall doesn’t exceed 500-600 mm in a large area of
the central and the south-estern part of the Lombardy plain. Therefore, in this area the
climate can be considered as “subhumid”, where many land degradation risks, also related
to the desertification definition, are already occurring or could occur in the next years, such
as: i) high water consumption, both for industries and civil supplies and for irrigation of
agricultural land, /i) soil contamination and water pollution, both groundwater and surface
water, iii) soil organic matter content depletion, iv) high degree of soil losses, due 1o a strong
anthropic pressure and urbanisation in certain areas.

In the past, soil moisture and temperature regimes was treated as a static property,
mainly for taxonomic issues. Thus, soil climate information has had a little impact on the
interpretations and uses of soils. However, especially with the current arising challenges
concerning climatic variations and carbon sequestration needs, improving our knowledge
about the soil climatic regimes can be important because of their impact on crop systems and
soil conservation practices.

This work is placed in a workplan aimed at carrying out a soil map of Italy at scale
1:250.000 and its aim was to map the areas where soil degradation risk is impaired by the
dryness of the climate, by means of the evaluation of their soil moisture and temperature
regimes.

Materials and Methods

Soil moisture and temperature regimes have been considered according to Soil
Taxonomy. The soil moisture regime, which refers to the presence or absence of soil water
held at tension of <15 bars in specific horizons during key periods of the year, has been firstly
calculated using the NSM-Newhall Simulation Model (Van Wambeke ef al., 1992) and then
with a new methodology based upon the EPIC model (Costantini et al., in press). The soil
temperature regime according to Soil Taxonomy, was estimated through the system
suggested by Costantini et al. (2001).

For these purposes, a representative set of weather stations with normals of monthly
precipitation and temperature have been identified all over the Lombardy region. To
estimate the regimes, three soil types with different AWC (Available Water Capacity) have
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been associated to each weather station and, then, data have been spatialised with
geostatistic methods. Lastly, soils affected by “aquic” soil moisture regime have been mapped
from the georeferenced soil database of Lombardy at scale 1:250.000.

Results and Discussion

Preliminary data point out that the area with subhumid climate, therefore potentially
subjected to desertification risk, amounts to 5-6.000 km?. As for the soil moisture regimes,
the study confirms that the Lombardy plain is characterised by a transition from dryer soil
moisture regimes, classified as “ustic” and “xeric”, to a more humid regime, classified as
“udic”. Areas with an aquic soil moisture regime are limited to those located in the low plain,
but some of them are within the areas with subhumid climate, therefore reducing the
territory potentially prone to the desertification risk. Soil temperature regime ranges as well,
from a colder “mesic” to an hotter “thermic”. The soils having the maximum desertification
risk are positioned within the areas belonging to the subhumid climate, and they combine
xeric and ustic soil moisture regimes with thermic soil temperature regime. They cover some
1.500 km2.

The identification of such areas has to be considered a starting point for a closely
examination addressed to practical purposes: in fact simulation models probably have not
been adequately tested in Italy yet (Costantini et al., 1999). In this way, other moisture
indexes and climatic classification as well as deterministic models simulating the soil water
balance could be considered in the future, to better analyse the climatic inference on soil
processes and behaviour.
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HORIZON IDENTIFICATION USING EXCEL
E. A. Fitzpatrick
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Cruickshank Building, St Machar Drive, Aberdeen AB24 3UU.

Introduction

Soil classifiers have taken their lead from biologists but have not produced an
internationally accepted system even though the WRB is supported by the 1USS. Mor.e
recently Mazaheri et al. (1995a, 1995b) have tried to introduce Fuzzy logic into soil
classification. Since soils are extremely variable and do not show homology of their
constituent horizons (FitzPatrick 1988) more attention should be given to identifying
horizons and less effort in trying to produce a hierarchical system for whole soils.

Horizon designation

The underlying concept is that soil properties are coordinates, (Crowther 1953) which
intersect in space to create reference points (horizons) which can be thought of as forming
a universe of points with varying distances one from the other. The horizons are arranged
in groups based on one or more conspicuous properties. The groups are given narr'les
ending with ‘on’. Thus all the pale coloured upper horizons form a group of albons with
the symbol ‘Ab’. The various individual horizons within the albons are given the symbols
‘Aba’, ‘Abb’, etc.

Types of horizons

There are four types of horizon. ‘

Uniform or homogeneous horizons: These have a single set of dominant properties as a
result of progressive development. ‘

Intergrade horizons: These have properties that grade between two reference points.
These are not given names but are designated by combining the group symbols. The
intergrade (Cha-Vra) displays properties of both chernons and vertons but is more like a
chernon.

Compound horizons: These have a combination of properties of two or more reference
points and develop as a result of either contrasting seasonal processes or they have one set
of properties superimposed upon an earlier set of properties. For example, a strongly
reduced horizon that freezes during the winter would be regarded as a type of cerulon and
designated Crd. An argillon may become calcified as a result of climatic change. These are
designated in a similar manner to intergrades but the symbols are placed in curly brackets
thus {Ccc-Ara).

Composite horizons: These have discrete volumes of two or more horizons. These are
designated by placing the reference point symbols in round brackets and separated Py a plus
sign. One of the best examples is found in Chernozems, which have crotov1na§ and
designated as follows: (Cha+2C-z-) where Cha is the symbol for a chernon and 2C-z- is the
symbol for moderately calcareous loess



Whole soil designation, nomenclature and classification
Each soil is designation using formula produced by writing in order the horizon symbols
as they occur in vertical sequence (Sokolovsky 1930, Vilensky 1927). The thickness of each
horizon in centimetres is also shown by the number following the horizon symbols

Ltal ~M}a20~Cbb30~B-/- CAMBISOL
(Lta = litter, Mla = mullon Cbb= cambon, B-I- = basic loam

The various texture patterns in soil formulae are shown by using > and < symbols singly
or in pairs.

Each distinctive formula is given a name, that is also given to the series (mapping unit)
in which this formula is dominant. The formulae are arranged in subclasses and classes. The
subclasses are established on the basis of two, three or four prominent horizons and
designated by writing the symbols of the horizons and placing them in square brackets. Four
of the subclasses of Podzols are:

[Aba~Pza] [Aba~Pzc] |Aba~Pzd| [Aba~Pzb~Isb]

The classes are given names and are characterized by the presences of one prominent
horizon or by a unique combination or relationship between the horizons. When the class is
based on the presence of a prominent horizon it often derives its name from the horizon. The
Chernozems are created because of the presence of a prominent chernon. On the other hand
the Phaeozems are created on the basis of the unique combination of a phaeon and an
argillon.

This system allows the creation of various classes and hierarchies to suit various users.

Horizon identification

The system places unknown horizons within the universe of horizons based upon a
calculated score within Excel. Thus the basic theoretical units are reference points, which
have fixed values for each property created on coordinate principles. The identification is
based on the concept of the closest match or Euclidian distance between the unknown and
fixed reference values. It should be stressed that this system uses single fixed values and
not value ranges as use in other systems. This allows a certain degree of overlap or
fuzziness. The spreadsheets are creating in Excel with the reference horizons arranged
horizontally starting in column ‘D’ row ‘C’. the properties arranged vertically starting in
column “A’ row ‘4’. A scaled value from 0 to 9 is given to each of the properties of each
horizon. The original values for unknowns are placed in the column ‘B’, then the system
automatically calculates the scaled values for each property using the ‘VLOOKUP’ function
in the cells in column ‘C’. The score for each property of each horizon is determined using
the formula. This formula subtracts the values in column C from those in the rest of the
spreadsheet. These results are squared and put into an array. All the properties should be
used but in some cases some may not have been determined then cell is left empty. An ‘IF
statement in the formula:=IF($C4="",0,(IF($D4="",0,($C4-D4))*2)) places a zero in the
array for empty cells. Thus as many or as few properties can be used which makes the
system as general or as definitive as required and introduces a high degree of flexibility.
The formula also places zeros in the array if property codes are missing. The values for
cach horizon are summed to give the scores for that horizon. The lowest value is the
closest match to the unknown.

The data for the unknown can be entered cell by cell or they can be copied from a data
set. This is quicker and would be the method operated in a project or by an institution.

In a separate table below; The Reference names, Calculated scores, WRB equivalent
names and Horizon types, are arranged verticallye. If these columns are selected and ordered
in ascending order according to the ‘SCORE’ column then the lowest score appears at the top
and is the closest match. In practise the macros ‘Ctrl+u, Ctrl+m and Ctrl+] will order the
columns.

Soil formulae filter

All of the formulae for a given project can be placed in a single spreadsheet and then
filtered for any single horizon or combination of horizons. Thus as many different hierarchies
as require can be created. Generally it might be desirable to create hierarchies based on
conventional lines having classes such as Podzols and Chernozems, but it may be necessary
to group together all soils that contain other horizons such as fragons (fragipans).

Advantages of this system

This system has a number of distinct advantages over other traditional systems. There
are:1) It is extremely precise because it uses all available properties. 2) In spite of being very
complicated to produce it is nevertheless very simple to operate since little personal memory
if needed. 3)Multiple hierarchies can be produced to suit individual users. 4)The system can
casily be searched to find, for example, all horizons with granular structure and high pH as
opposed to moderate or low pH. 5) The horizon symbols can be used as map symbols, thus
for the first time it is possible to have a single international set of map symbols.
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