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Executive Summary

The Irish Soil Information System (ISIS) project was established in 2008, following a comprehensive inventory of
Irish soil data compiled by Daly and Fealy (2007) which highlighted that soil data coverage of Ireland was incomplete
in both detail and extent. The ISIS project is funded under the Environmental Protection Agency STRIVE Research
Programme 2007-2013 and co-funded by Teagasc. It was led by Teagasc with the participation of researchers from
Cranfield University (UK) and University College Dublin. The overall objective of the ISIS project was to conduct a
programme of structured research into the national distribution of soil types and construct a soil map, at 1:250,000
scale, which will identify and describe the soils according to a harmonised national legend. This map is now available
in digital format and forms the basis of anew soil information system for Ireland (http://isis.teagasc.ie).

The ISIS project has utilised existing data and maps from the previous National Soil Survey (NSS) conducted by An
Foras TalUntais (forerunner organisation to Teagasc). The NSS produced: mapping at 1:127,560 scale for 44% of the
country; a General Soil Map of Ireland and a National Peatland map, both at 1:575,000 scale and other miscellaneous
large scale mapping of experimental farms. In addition, more recent map products have been included such as the
Indicative Soil and Subsoil mapping (Fealy and Green, 2009) with national coverage using GIS and remote sensing
techniques.

Comparison of soil information at European scale has led to the requirement for the harmonisation and coordination of
soil data across Europe, and, in light of the demands for soil protection on a regional basis within member states there
is a growing need to support policy with a harmonised soil information system. The European Soil Bureau Network
(ESBN) Technical Working Group dealing with Soil Monitoring and Harmonisation recommended a soil map of
Europe at a scale of 1:250,000 as an economically feasible intermediate scale that can identify specific problems at
regional scale (Montanarella and Jones, 1999).

The ISIS project adopted a combined methodology of utilising novel geo-statistical predicted mapping techniques in
tandem with traditional soil survey applications. This unique combination at a national scale has resulted in the
development of a new nationa soil map for Ireland. Building upon the detailed work carried out by the An Foras
Taluntais (AFT) survey (known as Terra Cognita), the I1SIS project generated soil-landscape models at a generalised
scale of 1:250,000 for the counties of Carlow, Clare, Kildare, Laois, Leitrim, Limerick, Meath, Offaly, Tipperary
South, Waterford, Westmeath, Wexford, West Cork, West Mayo and West Donegal. These soil-landscape models (also
referred to as soilscapes) were used as the baseline data for statistical models (random forests, Bayesian belief
networks and neural networks) to predict soil map units in counties were there was no map available (referred to as
Terra Incognita). To validate the methodology, this work was supported by a 2.5 year field survey, in which 11,000
locations were evaluated for soil type, using an auger bore survey approach. These data were used to check the
predicted soil mapping units (associations) for counties. Cavan, Dublin, East Cork, East Donegal, East Mayo, Gaway,
Kerry, Kilkenny, Louth, Monaghan, Roscommon, Sligo, Tipperary South and Wicklow, where a detailed soil survey
map was not available. Where new soil information was generated, due to previously unknown combinations of soil-
landscape units, profile pits were selected at representative locations across the country. These 225 pits were described
and sampled in detail and were used to generate a new soil classification system for the country. The fina product is a
unique combination of new and traditional methodologies and soils data from both the AFT and the ISIS project. The

final, soil map of Ireland consists of 58 associations (excluding areas of alluvium, peat, urban, rock or marsh) that are




made up from 213 soil series. All the representative profile information is available in the online soil information

system.

A key component of the ISIS project has been the development of a soil and land information system and associated
public web portal. This system has been designed to hold the complete set of information deriving both from the ISIS
field programme and modelling activity, as well as the previously existing legacy soils information available for
Ireland. Drawing on this information system, the web portal is designed to hold and disseminate this information
online both in cartographic and tabular form to stakeholders. Prior to this development, there has been no harmonised
computerised system in place to hold and manipulate national Irish soils data. The information system therefore
addresses the pressing need and requirement for a publicly-accessible, integrated IT framework based upon
contemporary informatics standards to serve the many and varied stakeholders having an interest in soils information

inIreland.
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Field identification of soilsin Ireland

In order to identify and delineate soil associations of national significance in Ireland, it is necessary to
define the vertical section of the soil material upon which such differentiation can be made. The texture,
color, structure, stoniness, organic matter content, calcium carbonate content and the presence of
diagnogtic horizons are al used to define soil series within a specified vertical section — termed the
Reference Section. For national mapping purposes these soil series are grouped to form ‘ soil associations
where the juxtaposition of the series indicates common properties, for example texture, parent materia
or drainage status (Figure 1).

To this end, existing soil series that have been identified as of National importance are defined in Table
4. The vertical sections of soil material upon which differentiation is made, termed Reference Sections,
are described firgt, followed by substrate type, texture, diagnostic horizons and key features.
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Figure 1. National Soil Map of Ireland




Soil classification

The Irish Soil Classification (soil naming) consists of a hierarchy of three levels. These levels are

ordered from most general to most specific:

e Great Group
e Subgroup
e Saies

It is usudly difficult, or sometimes even impossible, to understand complexity unless similar members
are classified together. Since there are a great number of different kinds of soil, which vary from one
another in different degrees of contrast, it is necessary to group them into progressively higher

categories.

Great Groups are soils having common characteristics and soil forming conditions; they are devel oped
under the influence of environmental factors (vegetation and climate) active over a considerable
geographic range and comprising one or more subgroups of soil. These soils have the same kind,

arrangement and degree of expression of horizonsin the soil profile.

Soil subgroup is the second level of the Irish Soil Classification and is formed by subdividing each
great group. Subgroups are differentiated on the basis of the kind and arrangement of horizons that
reflect:

1. dimilarity to the central concept of the great group; and

2. intergrading towards soils of another Great Groups; and

3. additional features within the Reference Section.

Subgroups provide the most information on the soil processes. Subgroups are hamed with the most

important features that occur in reference section (maximum 2) such as adjectives of the Great Group.

Series consists of soils within a subgroup that have horizons similar in color, texture, structure,
reaction, consistence, mineral and chemical composition and arrangement in the profile. Series names
are place names of towns, lands, etc. from the area where the soil was first defined.

Series are defined on the basis of the following hierarchically, Great group, subgroup, texture and

parent material.

The Irish Soil Map (Figure 1) represents the different mapping units (soil associations) in the map. A

soil association consists of a group of soil serieswhich can be found in similar landscape.




It normally consists of one or more major soils and at least one minor soil, and it is named after the
dominant soil. The soils in one association may occur in another, but in a different pattern. As
associations are national mapping units, the relative distribution of soil series may vary locally.

Soil associations are named after the dominant soil series found within them.




Reference Section

Diagnostic features are defined using criteria applied to each soil horizon within a vertica section of
specified depth — called the Reference Section — its thickness varies according to the soil parent materia
or substrate type.

Depths must be specified within a standard vertical section of the soil that can be redlistically inspected
using a hand auger or a spade to excavate a shallow pit (at the base of which the soil can be examined

using an auger). Reference Sections for the broad parent material types recognised are described below.

1. Soilsin peat have a Reference Section that extends from 40 to 80 cm below the surface where
the lower boundary of organic materia is deeper than 80 cm or starts progressively nearer to the

surface where amineral substratum is shallower than 80 cm (Figure 2).

Peat soils have a Reference Section consisting entirely or amost entirely of organic material in
which the particle-size distribution of the mineral fraction exerts little effect on the ‘fed’ of the

s0il material.

Histic organic lithoskel etal soils have a Reference Section up to 30 cm depth.
Soils over bedrock or Lithoskeletal soils have a Reference Section restricted to the upper
30 cm of the profile.

4. All other substrates have a Reference Section that extends from the mineral soil surface to 80

cm depth or where bedrock occurs.

10




Substrate types

1. Soilsin peat

These soils are predominantly composed of organic material (Figure 2) derived for the most part,
from partialy decomposed plant remains that accumulated under waterlogged conditions, either as
autochthonous peat in the position of growth or as constituents of sub-aquatic sediments such as

organic lake muds (Avery, 1980).

MINERAL
10+ SURFACE
| LAavER

MINERAL
SUBSTRATUM

60 REFERENCE SECTION

Organic material Mineral material

Figure 2: Reference Section for Peat soils (after Clayden and Hollis, 1984, p.13).

A thickness of 40 cm or more of peat is required to classify Peat Soils, which corresponds directly
with the definition of Histosolsin WRB (IUSS Working Group WRB, 2006).

Peats soils are mostly composed by organic materials in which particle —size distribution of the
mineral fraction usually has little textural significance. According to this mineral fraction, could be a
further differentiation according to the amount of sand in the mineral fine earth. Soils with more
than 50% organic carbon (calculated from the loss on ignition) are defined as Peat, whereas for
those with less than 50% organic carbon but more than 20% , and the amount of sand in the mineral
fraction is equal or more than 50% are defined as Sandy Peat and where the sand is less than 50 % ,

they are defined as Loamy Peat.
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Figure 3: Limiting proportions of organic carbon (or organic matter) and clay content in organic and humose

(organo-mineral) soils (after Hodgson, 1997 p23).

Soilswith OC < 20% (cdculated by organic carbon analysis [See Annex IV for numerical limits]), 2
categories are distinguished; soils with more than 12% OC and more than 50% Sand, they are defined as
Peaty sand; and soil with OC > 14.5% and amount of clay > 50%, defined as Peaty loam..

Minera soilsthat underlie peat and start at 80 cm depth are excluded from the Reference Section and not
used to differentiate soil series.

Criteria

Organic soils Mineral fine earth Organic

Sand (%) | Clay (%) Carbon (%)
PEAT >50
SANDY PEAT >50 50 <OC > 20
LOAMY PEAT <50 50<0C>20
PEATY SAND >50 oC>12
PEATY LOAM > 50 0C > 14.5
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2. Organic soils over bedrock

These soils are predominantly composed of organic material over a layer of coherent bedrock, or its
skeletal products of weathering. These soils are extended from the organic soil surface to the upper
surface of askeletal layer or to bedrock whichever is at shallowest depth (30cm).

3. Soils over bedrock or lithoskel etal substrate

These soils comprise mineral material overlying alayer of coherent bedrock, or skeletal weathered

bedrock fragments (that are at least 15 cm thick and begins above and extends below 80 cm
depth).

However, this broad parent material group contains other soils that directly overlie the bedrock,
with no transitional skeletal layers, and some soils that occur in thick scree or very stony head
deposits of local origin. Thus no attempt is proposed to distinguish bedrock from skeletal substrates
but, where this distinction can be consistently identified, ‘bedrock’ and ‘skeletal’ phases can be
separated (Clayden and Hollis, 1984).

Further parent material differentiation is based upon the lithology of the stones in the skeletal layers
or of the bedrock, definitive lithologies being given in Table 3.

Two parent material subtypes are proposed to differentiate soil series with alithoskeletal substrate
(Clayden and Hollis, 1984):

0] Lithoskeletal soils are those in which bedrock or angular skeletal material occupies at least half
of the upper 80 cm of the profile. In addition they have no surface layer > 30 cm thick that
contains < 15% v/v stones. Lithoskeletal soils are developed mainly in fragmented material

transitional to coherent bedrock and most are lithosols or rendzinas.

(i)  Soilsover lithoskeletal material have a depth > 30 cm but bedrock within 80cm.

Most are lithosols, brown calcareous earths, brown earths, brown podzolic soils or podzols

developed in rock, scree, thin drift.

13




4. All other substrates

These soils comprise mineral soilsin thick drift of which are mostly Quaternary deposits including
glacialy-derived tills and fluvioglacial deposits and recent alluvium. It meets any the following
requirements:

1. The soil material is at least 80 cm thick and the drift deposits extend below 80 cm
depth.

2. There is no lithoskeletal or texturally contrasting gravelly layers starting within and
extending below 80 cm depth and hence exclude soils developed in thin drift deposits
over lithoskeletal substrate or bedrock.

3. Some mineral soilsin thin drift areincluded but only where drift deposits overlie organic
layers (e.g. buried peat material that begin above and extend below 80 cm depth.

4. Soft pre-Quaternary material that isrelatively uncontaminated by drift isnot present in
the upper 80 cm of the profile.

However, differentiation of substrate types for this group are detailed in the ‘ Substrates’ section of

this report.
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Classification of Great Groups

The Great Soil Groups are allocated on the basis of dominant identifiers, i.e. the soil forming factors
or processes that most clearly condition the soil formation. The sequencing of the Great Groups
(Table 1) is done according to the following principles:

e Organic soils key out first to separate them from mineral soils. Organic soils are
differentiated on the basis of are rain-fed or groundwater-fed systems (Ombrotrophic peat
and Minerotrophic peat).

e  Shallow soilswith asevere limitation to rooting (Lithosol and Rendzina).

e Soilsthat are influenced by water (Alluvial, Groundwater Gley and Surface-water Gley).

e  Where iron (Fe) and/or aluminium (Al) chemistry plays a major role in their formation
(Podzols and Brown Podzolics).

e  Soilswith clay illuviation (Luvisols).

o Relatively young soils or soils with limited profile devel opment (Brown Earths).

These concepts areillustrated in the key in Figure 5.
Table 1: Sequencing of the great groups

Criteria GSG Great Soil Group
code
. _ _ 1 OMBROTROPHIC PEAT
Soilswith thick organic layers
2 MINEROTROPHIC PEAT
, 3 RENDZINA
Shallow or extremely gravelly soils
4 LITHOSOL
5 ALLUVIAL
Soilsinfluenced by water 6 GROUNDWATER GLEY
7 SURFACE-WATER GLEY
Soils affected by Fe/Al chemistry 8 PODZOL
increase 9 BROWN PODZOLIC
Sails with clay enriched subsoil 10 LUVISOLS
Relatively young or soils with little
_ 11 BROWN EARTH
profile development

15




Soil classification is the organisation of similar soils into categories dependent upon their formation,

landscape positions, climate and management (Figure 4).

Blanket Peat

Lithosol Podzol
Brown . Basin Peat
Podzolic
Groundwater

Brown Earth Luvisol

Surface

Gley

Sandstone _
Rendzina

Limestone

Alluvium

Figure 4: Soil Great Groups described across a landscape position.

The Irish Soil Classification was devel oped as a key structure (Figure 5), which applies question tags

to get the most accurate soil Great Group level.
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Soil Survey Method

Soil survey and classification require detailed descriptions of the various layers of soil (horizons)
which are exposed in any vertical section (Reference Section). The criteria used for differentiating
between such layers and the reasons for their occurrence, together with details of the soil survey

method, are summarised here.

The Soil Profile

The soil profile refers to a vertical section of the soil down to and including the geological parent
material. The nature of the profile is important in many aspects; plant growth including root
development, moisture storage and nutrient supply. The profileis, therefore, the basic unit of study in
assessing the true character of a soil. It usualy displays a succession of layers that may differ in
properties such as colour, texture, structure, consistence, porosity, chemical constitution, organic
matter content and biological composition. These layers, known as soil horizons, occur
approximately parallel to the land surface. Each one of these layers have a designation called genetic

horizons which express a qualitative judgement about development of the soil over time.

Soil Horizons

Most soil profiles include three main horizons that are usualy identified by the letters A, B, C (Figure
6). The combined A and B horizons constitute the ‘true soil’ whilst C refers to the parent material.
Certain soils lack a B horizon and are said to have AC profiles. On other soils also, organic layers (O

horizons) may overlie the mineral horizons and underlying rock isindicated by the symbol R.

Some soils may have a relatively uniform profile whilst others are so complex that they possess not
only A, B and C horizons but also several sub-horizons. Where horizons need to be sub-divided on
the basis of significant differences, the sub-horizons are identified by the horizon designation plus a
suffix number thus: Al, A2, A3, B1, B2, etc. If two different geologic parent materials are present
within the soil profile, the number 2 is placed in front of the horizon symbols for horizons devel oped
in the second layer of parent material thus: Al, A2, B, 2C, thisis called lithological discontinuity.
Some other horizons have specific characteristics; these are designated by lowercase letters following
the capital master horizon letter thus: Ap, Bt, Oh, etc.

18




Diagnostic features
The various horizons in a soil and their character reflect the processes of soil formation that have
been operative and they present a picture of the true nature and salient characteristics of a soil which

are important in its use and management. Diagnostic features are soil properties that describe soils

characteristics.

Figure 6: Sail profile example with the soil horizon designations

19




Horizon definitions

The horizon nomenclature used by soil surveyors of An Foras Tauntais (AFT, the Agricultural
Institute), in the published Soil Survey County Bulletins, is that described by Taylor and Pohlen
(1962) of the New Zealand Soil Bureau. This section defines a selection of specific horizon notation,
which follows the more modern terminology for soil description in part that of Avery (1980), USDA
(Soil Survey Staff, 1993) and FAO (2006), and which forms part of the definitions of the diagnostic
horizons described above. The horizon notation defined below is proposed in order to maintain
uniformity with nomenclature that is widely understood in other parts of the world (FAO, ISRIC &
ISSS 1998, FAO 2006)). The equivaent terminology of Taylor and Pohlen (1962) is introduced to
clarify situations where original soil profile descriptions of AFT are important information sources,
thus maintaining consistency with legacy data. The following definitions are based on the original
field handbook produced for the project (Jones et a, 2011) based on Avery (1980).

Organic horizons

L Fresh litter deposited during the previous annual cycle. It is normally loose and the original

plant structures are little altered.

F, H Organic horizons originating as litter deposited or accumulated at the surface and seldom

saturated with water for more than a month at atime.

F Partly decompaosed or comminuted litter, remaining from earlier years, in which some of

the original plant structures are visible to the naked eye.

H Well decomposed litter, often mixed with mineral matter, in which the original plant

structures cannot be seen.

@] Peaty horizons accumulated under wet conditions. They are saturated with water for at least 30
consecutive days in most years, or have been artificially drained, and include fibrous, semi-

fibrous and amorphous peat.

Of  Horizon composed of mainly fibrous peat. Of horizons normally qualify as H1-3 in the
Von Post (1924) scale.

Omf Horizon composed of mainly semi-fibrous peat. Omf horizons normally qualify as H4-6
in the Von Post (1924) scale

Oh  Uncultivated O horizon (humified peat) consisting of strongly decomposed organic
material with up to 70% mineral matter by mass (w/w) and few or no identifiable plant
remains other than resistant woody fragments > 2 cm that cannot be reduced to fibres by

crushing and shredding between the fingers. It is normally black to very dark brown or

20




very dark grey and the colour changes little on drying. The fibre content is less than 15%
after rubbing and the pyrophosphate extract on white chromatographic paper has a
colour value of 5 or less. Wet samples from undrained (unripened) Oh horizons normally
qualify as H7-10 in the Von Post (1924) scale: those that have been drained have
generaly lost water irreversibly, with the result that a sample may not squeeze easily

between the fingers, even when saturated.

Op Peaty surface horizon mixed by cultivation, in which the organic fraction is normally

amorphous.

Mineral horizons

A

AB

AC

Mineral horizon formed at or near the surface, and characterized by incorporation of humified
organic matter, disturbance by cultivation, or both. Incorporation of organic matter is presumed
to result from biological activity or artificial mixing rather than from downward movement of

peptized material.

Ah  Uncultivated A horizon. It has a moist colour value and/or chroma less than those of the

horizon below, and contains at least 0.6% w/w organic carbon (1% Organic matter).

Ap Surface mineral horizon evidently mixed by cultivation. It normally has an abrupt or
clear lower boundary, and may contain material derived from pre-existing Ah, E, B or C

horizons.

Ahg A horizon with dominant moist chroma of 2 or less

Apg A horizon with common or many ferruginous mottles, or if less mottled dominant
chroma of 1 or less, attributable to reduction and segregation of iron caused by periodic

saturation with water. Mottles are normally associated with root channels.

Although surface mineral horizons usually have properties of E or B horizons as well as of A,

the designation A is normally given preference.

The designation AB is applied to subsurface horizons of transitional character in which

properties of A are subordinate to or mask those of B.

The designation AC is used only for an horizon, transitional between an overlying A and an

underlying C, that lacks the characteristics of E or B.

21




Subsurface mineral horizon that contains less organic matter and/or dithionite-extractable iron

and/or silicate clay than the immediately underlying horizon, presumably as a result of removal

of one or more of these constituents. The moist colour value is 4 or more, the dry colour value

5 or more, or both. An E horizon is differentiated from an overlying A or organic horizon by

higher colour value and smaller organic-matter content, and from an underlying B by higher

colour value (especially when dry), lower chroma, smaller clay content, weakly developed

structure, or normally, some combination of these. It consists mostly of uncoated sand or silt

grains, with few or no strongly oriented clay bodies.

Ea

Eb

Eg

Eag

E horizon without ferruginous mottles or nodules, in which coats on sand and silt
particles are absent, very thin or discontinuous, so that the colour of the horizon is
mainly determined by the colours of uncoated grains. It usually overlies a Bh horizon,

but can also overlie a Bt horizon.

E horizon containing enough evenly distributed 'free iron oxide' to give a dominant
brownish colour with chroma of 3 or more when moist. It normally overlies a Bt horizon
containing significantly more clay, and may otherwise resemble a Bw horizon of similar
composition. Where the lower boundary is a lithological discontinuity and there is no
clear evidence of an eluvid-illuvial relationship with the underlying (2B) horizon, the
notation Eb/Bw can be used (see Bt horizon below). An Eb horizon with mottles or other
evidence of gleying too slight to qualify as Eg is designated Eb (g).

E horizon with a greyish colour and ferruginous or ferrimanganiferous mottles or
nodules attributable to reduction and segregation of iron caused by periodic saturation
with water in the presence of organic matter. It has a dominant moist chroma less than 3,
or achroma of 3 or 4 and distinctly higher value ([or example 5/3, 6/4) and yellower hue
than the main colour of the underlying horizon. An Eg horizon usually overlies a
relatively impervious Bg or Btg horizon containing significantly more clay, dithionite
extractable iron, or both.

E horizon with a dominant chroma of 2 or less and few or no ferruginous mottles,
attributable to reduction and removal of iron. It normally underlies an O horizon and
overlies a Bg (or Btg), Bs or Bf horizon that contains more dithionite extractable iron,

but may or may not contain more clay.
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B

Mineral subsurface horizon without rock structure (including fine stratification in sof

sediments), characterized by one or both of the following:

Bf

Bg

Bh

1.

[luvial concentration of silicate clay, iron, aluminium or humus, normally in some

combination.

Alteration of the original material involving solution and removal of carbonates;
formation, liberation or residual accumulation of silicate clays or oxides; formation

of granular, blocky or prismatic peds; or (normally) some combination of these.

Sharply defined, black to reddish brown, brittle or cemented B horizon less than 10 mm
thick (thin iron-pan) enriched in pyrophosphate-extractable iron and carbon. It normally
lies between an Ah, Bh or Eag horizon and an ungleyed B or C horizon.

B horizon with dominant colours, on ped faces or throughout, attributable to reduction
and segregation of iron caused by periodic saturation with water in the presence of
organic matter. Ferruginous segregations occur mainly as mottles within peds rather than
as coats on skeletal grains or bordering voids or as tubules associated with root channels.
A Bg horizon lacks a slowly permeable sub-surface layer; has blocky or prismatic peds,
more clay and/or less CaCO3 than the underlying horizon, or both; and meets one of the

following colour requirements:

1. Moist chroma 1 or less dominant on ped faces, or in the matrix if peds are absent,
with or without mottles.
2. Moist chroma 2 or less dominant on ped faces, or in the matrix if peds are absent,
accompanied by distinct or prominent mottles of higher chroma and/or redder hue.
(If ped faces have organic coats with values of 4 or less, there must be greyish
mottles or matrix colours within peds) .
3. Moist value 5 and chroma 3, or moist value 6 or more and chroma 4 or less,
dominant on ped faces or in the matrix as above. if either :
a. thereare common or many prominent mottles, or
b. the horizon has a dominant hue of 5YR or redder inherited from
reddish (haematitic) parent material and there are common or many,

distinct or prominent, greyish or brownish mottles.

B horizon containing trand ocated organic matter, associated with aluminium, or iron and
auminium, in coats on sand and silt particles or in sand or silt-size pellet-like
aggregates. It is darker and has more organic matter than an overlying Ea horizon (if
present), contains more pyrophosphate extractable Fe+Al than an overlying E or A
horizon, and may be cemented. A Bh horizon is required to contain at least 0.6 per cent.

organic carbon, and may or may not contain significant amounts of iron. Those with
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Bs

Bt

more than 0.3% dithionite-extractable iron are required to have value and chroma of 3 or

|ess.

B horizon enriched in amorphous material, chiefly aluminium and iron complexed with
organic matter, as a result of illuviation and/or biochemical westhering of silicates in
situ. It has a moist value and/or chroma of 4 or more and contains more than 0.3%
Pyrophosphate extractable Fet+Al, amounting to at least 5 per cent. of the measured clay
content. It normally reacts positively to the sodium fluoride test for reactive hydroxy-
auminium (Hodgson 1976, p.94) and contains sand or silt-size pellet like aggregates,
sesquioxidic coats on mineral grains, or both. A loamy Bs horizon normally has a redder
hue and/or stronger chroma than a Bw horizon in similar material, lacks moderately or
strongly developed blocky peds, and has a weak consistence when moist or dry. When
very moist the soil material feels greasy or smeary, and has low plasticity in relation to
clay content, which is seldom fully evaluated by conventional particle-size analysis
using akaline sodium hexametaphosphate for dispersion. A Bs horizon with mottles
indicative of gleying is designated Bs(g).

B horizon containing translocated silicate clay, normally shown by the presence of
strongly oriented clay-size material in coats (argillans) or intrapedal concentrations (pore
fillings, papules or disrupted argillans). It usually underlies an E or Ap horizon, but can
also occur in alower sequum or buried beneath a younger deposit as part of a preexisting

profile. In either case it meets the following requirements:

1. If anoverlying E horizon is present and there is no evidence of alithological
discontinuity at its base, the B horizon contains more clay than the E horizon as
follows:

a. The clay increase takes place within a vertical distance of 30 cm.

b. If any part of the E horizon contains less than 15% w/w clay, the B contains
at least 3 % w/w more clay; e.g. if E horizon has 10 % w/w clay, the Bt
horizon must contain 13 % w/w or more clay.

c. If the E horizon contains more than 15 % w/w clay, the ratio of the clay
percentage in the B horizon to that in the Eis 1.2 or more; e.g. if E horizon

has 25 % w/w clay, the Bt horizon must contain 30 % w/w or more clay.

2. If an Apdirectly overlies a Bt then the requirements for clay increase are the same

asfor 1) above.

If peds are absent, as in most sandy loam or coarser materials, a Bt horizon may
have strongly oriented clay coating and bridging of the sand grains and in some

pores. If peds are present, a Bt horizon usually has one or both of the following:
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a. Clay skins on ped faces or in pores, either throughout or in the lower part
where peds and fissures are most stable.

b. Evidence of pressures caused by swelling (i.e. stress-oriented skins or
slickensides) accompanied by uncoated sand or silt grains on ped facesin the
overlying horizon.

If there is a lithological discontinuity between E and B horizons, the difference in

clay contents is difficult to ascribe to illuvial processes and hence a Bt horizon need

only meet requirements for clay skins or bridges specified above. A Bt horizon with
mottles or other evidence of gleying too dight to qualify for the suffix g is
designated Bt(g).

Btg Horizon that qualifies as Bt and as Bg.

Bw B horizon that shows evidence of ateration (by weathering, leaching and/or structural

Bx

reorganization in situ) under well aerated conditions, but does not qualify as Bt, Bh, Bs
or Bf. It usually lies between an A horizon and an underlying less altered BC or C, but
can also overlie a Bg, a buried profile or an E' horizon in alower sequum. In either case
it is differentiated by colour (as in sandy material), structure (as in clay loam or finer
materials), or both, and is usually but not necessarily brown or reddish with chroma of 3
or more and value 4-5. It lacks fragipan characteristics and has blocky or prismatic peds
if the clay content is large enough to cause volume changes on wetting and drying. To
qualify as Bw rather than BC or C, it must lack rock structure and meet one or more of

the following requirements:

1. Less than 40% w/w CaCO3 equivaent (< 2 mm fraction) and evidence of either
partial or complete decalcification, i.e. less CaCO3 than the underlying horizon,
which may contain redeposited (secondary) carbonates.

2. Stronger chroma, redder hue or higher clay content than the underlying horizon.

3. Brownish or reddish colour with hue 10Y R or redder, moist value 3-4 and chroma 3
or more, or moist value 5 and chroma 4 or more, and either:

a. Granular, blocky or prismatic structure differing from that of the underlying
horizon, or

b. Sand grains with iron-containing coats or fine intergranular aggregates giving
the horizon a colour differing from that of the underlying horizon.

If the horizon is extremely calcareous, or apedal (as in sandy materials), it must meet

requirement (3). A Bw horizon with mottles or other evidence of gleying too dlight to

qualify for the suffix g is designated Bw(g).

Horizon with fragic characteristics. Thisis a compact but uncemented horizon with high

bulk density compared with the overlying horizon. It is normally loamy and underlies an
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E or B horizon, but can occur directly below an A horizon in eroded soils. It has the

following properties:

1. Very firm or stronger consistence when dry, and distinctly brittle when moist (a 3
cm specimen cube fractures suddenly when pressure is applied rather than

deforming gradually).

2. Slow permeability; if the overlying horizon is periodically wet, the pan appears
relatively dry.

3. Coarse prismatic, massive or platy structure. Most fragipans have a roughly
polygona pattern of vertical cracks surrounding coarse or very coarse prisms,
within which the structure is massive or platy. They are usually mottled, with grey
or greyish colours on the prism faces, and most have clay coats (argillans) lining

cracksor in pores.
4. Low organic matter and few roots, except in widely spaced cracks.

5. An upper boundary that is usually abrupt or clear and is between 25 and 100 cm
depth. The horizon is from 10 cm to more than 1 m thick, with a gradual or diffuse

lower boundary.

Horizons that have fragipan features, meet the definition of Bt, and contain significantly
more clay than an overlying E or A horizon, are designated Btx (or Btgx if the horizon
a so meets the specification of Bg). Others with clay coats are designated BCtx o BCtgx,
and those without as BCx, BCgx or Cx, depending on the degree of gleying and/or other

evidence of alteration, in comparison with horizons above and below.

BC A BC horizon is transitional in character (structure, degree of weathering, etc.) between a B
and a C horizon and usually lies below a B (Bw, Bg, Bs or Bt) horizon. The same designation
is also applied to morphologically similar subsurface horizons in profiles without a B horizon,
or in which a B horizon is only intermittently developed. A BC horizon may show features,
including greyish colours accompanied by ochreous mottles (BCg), accumulation of secondary
carbonate (BCk), or fragipan characteristics (BCx), absent in an overlying B horizon. An
horizon containing translocated clay may also be designated BC (i.e. BCt) if it lies above a less
atered C horizon and immediately below an horizon that contains more clay and otherwise

qualifies as Bw.

C Unconsolidated or weakly consolidated mineral horizon that retains rock structure or otherwise
lacks properties characteristic of overlying A, E and B horizons (whichever is present). A C

horizon may have been modified by:

1. Gleying and other processes caused by saturation with water.

2. Accumulation of carbonates or more soluble salts.

3. Development of brittleness and associated properties of fragipans.
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CG

Cu

Cr

Ck

Cg

Unconsolidated C horizon without evidence of strong gleying, accumulation of
carbonates or more soluble salts, or fragipan properties. It is normally apedal and may
show stratification.

A weakly consolidated, little altered substratum that is dense and/or coherent enough to
prevent penetration by roots, except along cracks with an average horizontal spacing of
at least 10 cm. Soft rocks (Hodgson 1976, p. 70; Soil Survey Staff, 1993, p.124) such as
shale, siltstone or chalk, and some exceptionally hard and dense glacid tills are included.
The coherent material is continuous or coarsely fractured in situ without significant
displacement of the pieces. It can normally be dug with difficulty with a spade when
moist, and pieces of 2 cm diameter or less disintegrate to some extent when shaken

overnight in a kaline sodium hexametaphosphate solution.

C horizon containing secondary CaCO3 as concretions or nodules, coats, tubular
formations or soft concentrations, occupying at least 1 per cent. of the volume of the
horizon. (Significant amounts of secondary carbonates occasionally occur in horizons
qualifying as B, and commonly in those that are transitional in colour and structure

between an overlying B and an underlying C. The latter are designated BCk).

C horizon with a dominantly greyish, greenish or bluish colour attributable to reduction
or reduction and segregation or removal of iron caused by saturation with water in the
presence of organic matter. It normally has a dominant chroma of 2 or less or a colour
due to uncoated sand grains. Peds are absent or very weakly developed, and ferruginous
segregations, if present, occur wholly or partly as coats on skeletal grains or bordering
voids, or as tubules associated with root channels. Cg horizons are typically developed in
recent alluvium, in sands, and in other deposits which contain appreciable amounts of
organic matter and are or were saturated with water for much of the time. Grey, little
atered sediments with no evidence of wetness are designated Cu or Cr, and very slowly
permeable mottled horizons transitional in colour and structure between an overlying Bg
or Btg and an underlying unmottled C (asin originally grey argillaceous Pleistocene and

pre-Pleistocene sediments) are designated ECg rather than Cg.

Intensely gleyed (reduced) horizon with chroma of 1 or less in yellowish, greenish or bluish

hues that change on exposure to air, indicating the presence of readily oxidizable ferrous

compounds, usualy pyrite or vivianite (ferrous phosphate).Colour changes are commonly

visible within a few minutes and can be identified by exposing a wet piece of soil and then

breaking it to compare the interior and exterior colours.

Ferrous compounds can accumulate in any horizon where water stagnates and organic matter is

decomposing under anaerobic conditions (for example at the base of seasonally waterlogged
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Ap horizons), but are rapidly oxidized when aerobic conditions supervene, so that any reduced
horizon formed is ephemeral. Actively reducing conditions persist only where stagnant ground

water permanently saturates the soil.

CG horizons are found chiefly in unripened or partly ripened (De Bakker and Schelling 1966)
Holocene sediments that contain appreciable amounts of organic matter and have remained
waterlogged since they were deposited. Oxidation of pyritic CG horizons yields sulphuric acid,
with the result that the soil becomes extremely acid if it does not also contain enough
carbonates to neutralize the acid formed (giving gypsum). Segregations of straw coloured

jarosite are usually associated with this condition.

Hard or very hard bedrock that is continuous, except for cracks with an average horizontal
spacing of at least 10 cm, and without significant displacement of the rock. It has a hardness of
3 or more (Moh's scale) and is too hard to dig with a spade when moist, although the softest
kinds may be chipped or scraped with a spade. Pieces of 2 cm diameter or less are unaffected
by overnight shaking in sodium hexametaphosphate solution.

A terric horizon is a human-induced mineral surface horizon that devel ops through the addition
of earthy manures, compost, beach sands, shells or mud over a long period of time. It
commonly contains artefacts such as pottery, cultura debris and refuse. It is often
inhomogeneous and can have irregular textural differentiation. It meets the following
requirements:

1. It contains < 20% artefacts (by volume).

2. It has a base saturation of 50 % or more.

3. It has athickness of 40 cm or more.
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Diagnostic Features

Diagnostic Features are described as the main characteristics of a soil profile which describe the main

soil forming processes and/or soil forming factor taking place.

0 None

There are no distinguishing characteristics associated with this feature.

1 Histic

Thisis a peaty (>20% OC) (O) horizon that has a thickness of 7.5 or more, overlying minera soil or
rock material. It normally occurs at the surface or beneath a thin layer of more or less decomposed
litter (L, F). This diagnostic horizon is conceptually equivalent to the histic horizon in WRB (IUSS
Working Group WRB, 2006) but is allowed to be thinner (10 cm or more, WRB 2006).

2 Gleyic
This feature occurs in soils which are affected by seasonal or continuous waterlogging. The presence
of iron and manganese concretions and/or nodules of grey colouring from continuous presence of a
watertable, can be indicative of wetness. A gleyed subsurface horizon has greyish colours caused by
the reduction of iron and manganese in the lower part of the profile and/or inside the peds and oxidised
iron and manganese mottles and/or coatings are concentrated on ped surfaces.
Requirements:
1. Qualifies as Eag, Eg, Bg, Btg, BCg, Cg or CG within 80 cm depth, and lacks a slowly permeable
sub-surface layer; and
At least 5 cm thick and extends below 30 cm depth; and
3. Ingeneral the lower subsoil horizons will have grey matrix colours:
a Hue 7.5YR chroma =1,
b. Hue 10YR or yellower chroma < 2;
C. or greyish (Hue N, GY), greenish (Hue GY,G) and bluish (Hue BG, B) hues

3 Stagnic

This is a subsurface horizon that is at least 15 cm thick, which displays evidence of reduced iron and
manganese as a result of a perched watertable, from a significant barrier to water movement for a
period long enough to allow reducing conditions to occur. This soil has mottling in such away that the
surfaces of the peds (or parts of the soil matrix) are lighter (at least one Munsell value unit more) and
paler (at least one chroma unit less), and the interiors of the peds (or parts of the soil matrix) are more
reddish (at least one hue unit) and brighter (at least one chroma unit more) than the non-redoximorphic
parts of the layer (WRB, 2006).
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These soils tend to has dowly permeabl e subsurface horizons, ie. as aresult of fragipan characteristics.

4 Fe Accumulation
This is a B horizon in which amorphous materials containing aluminium and/or iron, that has
accumulated, either by illuviation or by biochemical weathering in situ. It meets the following
requirements (An Foras TalUntais, unpublished):
1. Qualifies as Bs or Iron-pan horizon, or comprises some combination of these in vertica
succession; or
2. Themoist chromais greater than 3, or the valueis 3 or less; and
3. Starts within 120 cm depth; underlies an E, A, H or O horizon, and extends below 15cm
depth, excluding fresh or partially decomposed litter (L, F); or
4. The horizon must be at least 10 cm thick if there is no overlying albic E horizon and it consists
only of aBshorizon; at least 2.5 cm thick if it consists only of a Bh horizon below an albic E
horizon.

This diagnostic horizon is similarly defined to the spodic horizon (FAO, 2006).

5 Calcareous
Soils in which a calcareous horizon is present within 40 cm of the surface, have a calcareous B horizon
and are formed in calcareous parent materials. Calcareous nature is defined as > 2% CaCO;, where a

visible effervescence is displayed when applying a few drops of 10% Hydrochloric Acid.

6 Humic
Thisisasoil which contains an A horizon with significantly more organic matter, than mineral matter.
It can occur as a sequence of H or Oh and Ah horizons that meet the following requirements over a
thickness of more than 15 cm or 10-15 cmif directly over bedrock (R or Cr):

1. Moist rubbed colour with value and chroma of 3 or less

2. Humose or partly humose and partly organic (< 7.5 cm thick).
Asaguideline in the field, humose soil materials generally have moist rubbed colour value/chroma of
3/2 but in addition the soil should feel soapy and dlippery due to the organic matter, the presence of
which is more difficult to detect in silty soils because organic and silty materials have asimilar feel. A
humose topsoil usually qualifies as a maollic horizon if it has high base saturation (FAO, 2006) or
umbric horizon in WRB if it is base depleted (IUSS Working Group WRB, 2006). In podzols - humic

refers to the presence of a Bh horizon.
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7 Drained

Drained soils are primarily where human activity has altered the drainage status of the soil from poorly
drained to imperfectly to moderately drained.

In organic soils this activity results in an earthy soil in peaty surface layers (Op or Oh). These need to
be at least 20 cm thick and contain less than 15% w/w visible plant remains (fibres). It sometimes
overlies an organic subsurface horizon and usualy has a distinct granular or subangular blocky

structure.

8 Cut-over
Cut-over Ombrotrophic Peat Soils have had the surface peat removed by hand cutting methods but the
peat thickness still meetsthe criteriafor peat soils.

9 Anthropic

This diagnostic horizon corresponds to the thick A1 horizon of De Bakker and Schelling (1966), and
includes Hortic, Plaggic and Terric horizons in WRB (IUSS Working Group WRB, 2006). Most
commonly Anthropic features are used to describe a terric horizon (from Latin terra, earth) which isa
human-induced surface horizon > 40 cm thick. These horizons develop through the addition of earthy
manures, compost, beach sands, calcareous sands and shells or mud over along period time. It builds
up gradually and may contain stones, randomly sorted and distributed. It commonly contains artefacts
such as pottery fragments, cultural debris and refuse, which are typically very small (< 1 cm in
diameter) and much abraded and occupy < 20% volume of the horizon. This horizon may also include
soil material that has been imported to a site causing a significant alteration of the surface horizon,

such asinverting of the soil.
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Soil Subgroup

Once we have identified the Great Group, we can continue classifying a soil using diagnostic features.

To usethis key the following principles apply:

1. The first number, in the code, is the Great Group code i.e. 01 — 11 (Column 2). This system
follows the principles of WRB Reference Groups, i.e. Ombrotrophic peats key out first, as
most easily distinguishable and Brown Earths last as this group has the least distinguishing
features)

2. The second number is the dominant diagnostic feature code from 0-9 (Row 2)

3. Thethird number is the secondary diagnostic feature code from 0-9 (Row 2)
Example: Calcareous Humic Brown Earth would be: Brown Earth Group codeis 11; it is

predominantly cal careous (as cal careous within 40 cm) therefore 11.6 and finaly in this

example also has a humose surface horizon therefore; 11.6.2
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Table 2: Key codes applied according to the Subgroups and diagnostic features.

legantzfsc None Histic Gleyic Stagnic Fe-Al [Calcareous| Humic Drain Cut Anthropic
Great Groups Codes 0 1 2 3 4 5 6 7 8 9

Ombrotrophic peat

Minerotrophic peat (074

03.0.0

Brown Podzolic 09 09.0.0 09.2.0 09.3.0 09.6.0 09.9.0
09.3.6
) 10.2.0 10.3.0
Luvisol 10 10.0.0 10.2.6 10.3.6 10.6.0 10.9.0
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From Great groups to Subgroups

Ombrotrophic Peat Soils

Ombrotrophic peat soils are rain-fed peat soils in lowland (raised bog) and upland positions (blanket
peat). They are an organic-rich soils with an O horizon > 40 cm, found within the upper 80 cm.
Ombrotrophic soils are oligotrophic with a pH < 4.0 (in CaCl, 1:2.5 undried, equivalent to pH 4.5 in
1:2.5 H20) throughout the Reference Section (Jones et a, 2011). These soils correlate with the
Histosol Reference Soil Group of the WRB (IUSS Working Group WRB, 2006), with an Ombric
qualifier.

This Great Group comprises of a number of distinct subgroups, which differ by key characteristics:

01.1.0 Natural Ombrotrophic Peat Soils
Raw Ombrotrophic Peat Soils have fibrous (Of), semi-fibrous (Om) or humified peat (Oh) horizons.

These soils have not been disturbed by human-influence, other than grazing by animals.

01.7.0 Drained Ombrotrophic Peat Soils
Drained Ombrotrophic Peat Soils have earthy topsoils due to management practices, such as draining

and cultivation /fertilisation.

01.8.0 Cut Ombrotrophic Peat Soils
Cut-over Ombrotrophic Peat Soils have had the surface peat removed by hand cutting methods but the
peat thickness still meets the criteriafor peat soils.

01.9.0 Anthropic Ombrotrophic Peat Soils
Anthropic Ombrotrophic Peat Soils have had the surface peat removed by industrial methods such as

machine sod removal and milling but the peat thickness till meets the criteriafor peat soils.

Mineratrophic Peat Soils

Minerotrophic Peat soils are an organic-rich soils with an O horizon of more than 40 cm within the
upper 80 cm and are ground water-fed peat systems occurring in river valleys, inter-drumlin hollows
and on the periphery of raised bogs. They are eutrophic and have apH > 4.0 (in CaCl, 1:2.5 undried,
equivalent to pH 4.5in 1:2.5 H,0) in at least some part of the Reference Section (Jones et al., 2011).
These soils correlate with the Histosol Reference Soil Group of WRB (1USS Working Group WRB,
2006), with a Rheic qualifier.

This Great Group comprises of a number of distinct sub-groups, which differ by key characteristics:

34




02.1.0 Natural Mineratrophic Peat Soils
Naturally occurring Minerotrophic Peat Soils have upper well-humified, amorphous Oh horizons,
fibrous (Of) or semi-fibrous (Om) horizons. These soils have not been disturbed by human-influence,

other than grazing by animals.

02.7.0 Drained Mineratrophic Peat Soils
Drained Ombrotrophic Peat Soils have earthy topsoils due to management practices, such as

draining,cultivation and/or fertilisation.

02.8.0 Cut Mineratrophic Peat Soils
Cut-over Ombrotrophic Peat Soils have had the surface peat removed by hand cutting methods but the
peat thickness still meetsthe criteriafor peat soils.

Rendzina

Rendzinas are shallow (< 30 cm depth) calcareous (> 2% CaCOs) soils with hard rock (R) or skeletal
material comprising > 80% coarse fragments (> 2 mm esd) at or above 30 cm (Jones et al., 2011).
These soils primarily correlate with the Leptosol Reference Soil Group of WRB (IUSS Working
Group WRB, 2006), developed infon calcareous bedrock, with a calcareous qudlifier.

This Great Group comprises of anumber of distinct sub-groups, which differ by key characteristics:

03.0.0 Typical Rendzinas
These soils have a distinct topsoil, without any distinguishing features.

03.1.0 Histic Rendzinas
Histic Rendzinas have a peaty surface horizon (> 20% organic carbon) less than 40 cm thick.

03.6.0 Humic Rendzinas
Humic Rendzinas have a humose surface horizon.

Lithosol

These are shallow (< 30 cm depth) non-cal careous soils, commonly overlying hard rock or skeletal and
gravelly material made up of > 80% coarse material (> 2 mm). They tend to be stony soils, or with
shattered bedrock and are associated with frequent rock outcrops (Jones et al., 2011). This Great Soil
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Group correlates primarily with the Leptosol Reference Soil Group of WRB (IUSS Working Group
WRB, 2006), but may also correlate with the Histosol and Regosol Reference Soil Groups.

04.0.0 Typical Lithosols

Typica Lithosols have a distinct topsoil, without any distinguishing features.

04.1.0 HisticLithosols

Histic Lithosols have a peaty surface horizon (> 20% organic carbon) less than 40 cm thick.

04.6.0 Humic Lithosols

Humic Lithosols have a humose surface horizon.

Alluvial Soils

Alluvial soils are formed in deposits of river, lake, estuarine or marine alluvium. The majority of series
described are associated with recent rivers and streams. The lake alluviums found in Ireland are mostly
associated with depressions at the sites of glacial or post-glacia lakes. Alluvia soils have present
gleyic or stagnic properties, on sequencing profile are reduced. They can have loamy or clayey B

horizons that may overlie coarse substratum.

There are two main groups of alluvia soilsfound in Ireland.
1. Alluvid soils which are formed in aluvia deposits and remain poorly drained due to the
influence of shallow ground water.
2. Drained Alluvial soils are formed on aluvia deposits but have been drained but are well to
moderately drained. These soils are formed on aluvia deposits and are well to imperfectly
drained.

05.0.0 Typical Alluvial Soils
These soils have evidence of reduced conditions (gleying) within 40 cm, without any other

distinguishing features.

05.1.0 Histic Alluvial Soils
These soils have evidence of reduced conditions (gleying) within 40 cm, with a peaty surface horizon

(> 20% organic carbon) less than 40 cm thick.

05.5.0 Typical CalcareousAlluvial Soils
These soils have evidence of reduced conditions (gleying) within 40 cm and a cal careous sub-surface
horizon starting at or within 40 cm.
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05.5.1 Histic Calcareous Alluvial Soils
These soils have evidence of reduced conditions (gleying) within 40 cm and a cal careous sub-surface
horizon starting at or within 40 cm, with a peaty surface horizon (> 20% organic carbon) less than 40

cm thick.

05.5.6 Humic Calcareous Alluvial Soils
These soils have evidence of reduced conditions (gleying) within 40 cm, a calcareous sub-surface

horizon starting at or within 40 cm and a humose topsoil.

05.6.0 Humic Alluvial Soils

These soils have evidence of reduced conditions (gleying) within 40 cm, with a humose topsoil .

05.7.0 Typical Drained Alluvial Soils

These soils have no distinguishing featuresin the topsoil and are well-to-imperfectly drained

05.7.2 Gleyic Drained Alluvial Soils
These soils have been drained, but indication of a groundwater resulting in reduced conditions present

(gleying) between 40 — 80 cm.

Groundwater Gleys
These soils have gleyed sub-surface horizons, displayed by prominent mottling or uniformly grey
subsoils within 40 cm depth. The gleying is caused by periodic waterlogging resulting from a shallow
fluctuating groundwater table. The gleyed sub-surface horizons and the substratum are permeable. In
Groundwater Gley soils, the lower subsoil horizons generally have grey matrix colours:

1. Hue7.5YR chroma=1; or

2. Hue 10YR or yellower chroma <2; or

3. orgreyish (HueN, GY), greenish (Hue GY,G) and bluish (Hue BG, B) hues

Groundwater Gleys corrdate primarily with the Gleysol WRB Reference Soil Group (IUSS Working
Group WRB, 2006). These soils attend to have coarse texture (coarse loamy or sandy) on the lower

subsoil horizons. They used to be associated to river banks or interdrumlins locations.
06.0.0 Typical Groundwater Gleys

Typica Groundwater Gleys have evidence of gleying within 40 cm due to the presence of a
groundwater table within the profile and distinct topsoil, without any other distinguishing features.
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06.1.0 Histic Groundwater Gley
Typica Groundwater Gleys have evidence of gleying within 40 cm due to the presence of a
groundwater table within the profile and a peaty surface horizon (> 20% organic carbon) less than 40

cm thick.

06.3.0 Stagnic Groundwater Gleys
Stagnic Groundwater Gleys show evidence of gleying within 40 cm due to the presence of a
groundwater table within the profile and stagnation due to a slowly permeable horizon.

06.3.6 Humic Stagnic Groundwater Gley
Humic Stagnic Groundwater Gleys show evidence of gleying within 40 cm due to the presence of a
groundwater table within the profile and stagnation due to a slowly permeable horizon. The surface

horizon is humose.

06.5.0 Calcareous Groundwater Gleys
Calcareous Groundwater Gleys have evidence of gleying within 40 cm due to the presence of a
groundwater table within the profile and a distinct topsoil with a calcareous sub-surface horizon

starting within 40 cm.

06.5.1 Histic Calcareous Groundwater Gley
Calcareous Higtic Groundwater Gleys have evidence a calcareous gleyed  sub-surface horizon starting

within 40 cm and a peaty surface horizon (> 20% organic carbon) less than 40 cm thick.

06.5.6 Humic Calcareous Groundwater Gleys
Calcareous Humic Groundwater Gleys have evidence of a calcareous gleyed  sub-surface horizon

starting within 40 cm and an humose topsoil.

06.6.0 Humic Groundwater Gleys

Humic Groundwater Gleys have evidence of gleying within 40 cm and humose topsoil.

06.9.0 Anthropic Groundwater Gleys

Anthropic Groundwater Gleys have evidence of gleying within 40 cm, due to the presence of a
groundwater table within the profile and the surface horizons have been altered by significant human
activity which has atered the nature of the surface horizon. This may include; terric applications such

as cal careous sea sands and shells, artefacts, importation of soil material, inversion of soilsin-situ.
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Surface-water Gleys

Surface-water gleys have a gleyed sub-surface horizon and a slowly permeable sub-surface horizon.
The slowly permeable sub-surface horizon impedes downward water movement from in situ
precipitation and/or lateral run off from upslope positions resulting in seasona waterlogging. The
slowly permeable sub-surface horizon is usually a gleyed argillic B horizon (Btg). These soils attend to
have fine texture (fine loamy or clayey) in the lower subsoil horizons. These soils show prominently
mottling above 40 cm (Jones et al., 2011).

Itisidentified in the field by the following properties:

1. Greyish or mottled colours occur in parts of the soil matrix to gleying in and/or immediately
above the horizon in which water movement is present, causing reduction of iron and
manganese. Peds usually have greyish faces and ochreous mottlesinternally (Bg, Btg or BCg
horizon), though these features may be absent in sowly permeable subsurface horizons
derived from reddish parent materials; or

2. High packing density (Hodgson 1976, p.39), very small (< 5% w/w) air capacity (Thomasson
1975), or both; or

3. Compacted sub-surface horizon induced by inappropriate cultivations or other practices.

Surface-water gleys correlate primarily with soils in the Stagnosol WRB Reference Soil Group (IUSS
Working Group WRB, 2006).

07.0.0 Typical Surface-water Gleys
These soils have evidence of gleying within 40 cm and digtinct topsoil, without any other

distinguishing features.

07.6.0 Humic Surface-water Gleys

These soils have evidence of gleying within 40 cm and humose topsoil.

07.9.0 Anthropic Surface-water Gleys

These soils have evidence of gleying within 40 cm as a result of a owly permeable horizon and the
surface horizons have been altered by significant human activity which has atered the nature of the
surface horizon. This may include; terric applications such as cacareous sea sands and shells,

artefacts, importation of soil material, inversion of soilsin-situ.
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Podzols

Podzols have a dark, humose or peaty surface horizon and an abic horizon (E) overlying a podzolic B
horizon (Bs). If the topsoail is peaty it should be < 40 cm thick. The abic horizon has a moist colour
value > 4. An iron pan may be present and if the topsoil is peaty a Bh horizon may also develop.
Gleying can also occur within the profile (Jones et al, 2011). As defined here, these soils correlate with
the Podzol Reference Soil Group of WRB (IUSS Working Group WRB, 2006).

08.0.0 Typical Podzols
Typica Podzols have a Bs horizon. A Bh horizon is absent or incipient (< 2.5 cm thick).

08.2.0 Gleyic Podzols
Gleyic Podzols have a gleyed sub-surface horizon (Bg) below the Bs derived from a shallow
fluctuating groundwater table in low lying sites.

08.3.0 Stagnic Podzols
On raised sites, a dowly permeable sub-surface layer at depth impedes drainage below the Bs that

commonly qualifies as a Btg.

08.4.3 Stagnic Iron-pan Podzols
Stagnic Iron-pan Podzols have a peaty topsoil above a gleyed albic horizon (EQ) that rests directly on a
cemented, continuous thin iron-pan (Bf) that impedes vertica water movement. A Bh horizon is

commonly absent or very thin (< 2.5 cm think).

08.6.0 Humic Podzols
Humic Podzols have a Bh horizon (at least 0.6% Organic carbon and it should be more than 2.5 cm

thick) that overlies a Bs horizon.

Brown Podzolic Soils

Brown Podzolic Soils show features of incipient podzolic processes but are not sufficiently expressed
to classify them as Podzols. They have a podzolic B horizon (Bs) but lack an abic (E) horizon. The
podzolic B has a moist chroma > 3. This Great Group includes weak developed soils to classify such
as Podzols, primarily through cultivation or land improvement and in some cases there may also be a

thin discontinuousiron pan present.

09.0.0 Typical Brown Podzolic Soils
These soils have distinct topsoil, without any distinguishing features.
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09.2.0 Gleyic Brown Podzolic Soils
These soils display gleyic features due to the presence of a shallow fluctuating groundwater table.

09.3.0 Stagnic Brown Podzolic Soils
These soils display stagnic properties as a result of the presence of a slowly permeable sub-surface

horizon.

09.3.6 Humic Stagnic Brown Podzolic Soils
These soils have humose topsoil and display stagnic properties as a result of the presence of a slowly

permeable sub-surface horizon.

09.6.0 Humic Brown Podzolic Soails

These soils have humose topsoil.

Luvisols

These soils are associated with clay illuviation which results in a Bt horizon with significant increase
of clay (argillic B horizon) compared to the overlying horizons. Base saturation is > 35%. An abic E
horizon may be present between the A and Bt horizons. These soils are decalcified, thus soils that are
calcareous do not have argillic B horizons, unless soils were formed before carbonate source. They
correlate closest with the Luvisol in Reference Soil Group of WRB (IUSS Working Group WRB,
2006).

10.0.0 Typical Luvisol

These soils have distinct topsoil, without any distinguishing features.

10.2.0 Gleyic Luvisol
These soils display gleyic features due to the presence of a shallow fluctuating groundwater table.

10.2.6 Humic Gleyic Luvisol
These soils have humose topsoil and display gleyic features due to the presence of a shallow
fluctuating groundwater table.

10.3.0 Stagnic Luvisol

These soils display stagnic properties as a result of the presence of a slowly permeable sub-surface

horizon.
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10.3.6 Humic Stagnic Luvisol
These soils have humose topsoil and display stagnic properties as a result of the presence of a slowly

permeabl e sub-surface horizon.

10.6.0 Humic Luvisol

These soils have humose topsoil.

Brown Earths

Brown Earths are well drained soils possessing rather uniform profiles with little differentiation
between horizons. They have a Bw horizon with a colour (10YR or redder, moist value 3-4 and
chroma 3 or more, or moist value 5 and chroma 4 or more) or structural change compared with lower
horizons. They have not been extensively leached or degraded (i.e. they lack argillic (Bt) or podzolic B
(Bs, Bh) horizons) although some leaching has resulted in the trandocation of calcium (Jones et al.,
2011). These soils possess a cambic B horizon, and correlate closest with the Cambisol Reference Soil
Group of WRB (1IUSS Working Group WRB, 2006).

11.0.0 Typical Brown Earths
These soils have distinct topsoil, without any distinguishing features.

11.2.0 Gleyic Brown Earths
These soils display gleyic features due to the presence of a shallow fluctuating groundwater table.

11.2.6 Humic Gleyic Brown Earths
These soils have humose topsoil and display gleyic features due to the presence of a shallow
fluctuating groundwater table.

11.3.0 Stagnic Brown Earths
These soils display stagnic properties as a result of the presence of a slowly permeable sub-surface

horizon.
11.3.6 Humic Stagnic Brown Earths

These soils have humose topsoil and display stagnic properties as a result of the presence of a slowly

permeable sub-surface horizon.
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11.5.0 Typical CalcareousBrown Earths
These soils have a distinct topsoil and a cal careous sub-surface horizon starting within 40 cm and are

formed in calcareous parent materials.

11.5.3 Stagnic Calcareous Brown Earths
These soils have stagnic properties derived from a slowly permeable sub-surface horizon and a

calcareous sub-surface horizon starting within 40 cm and are formed in cal careous parent materials.

11.5.6 Humic Calcareous Brown Earths
These soils have humose topsoil and a cal careous sub-surface horizon starting within 40 cm and are

formed in calcareous parent materials.

11.6.0 Humic Brown Earths

These soils have humose topsoil.

11.9.0 Anthropic Brown Earths

These soils have and a surface horizons have been atered by significant human activity which has
atered the nature of the surface horizon and no other distinguishing features. This human alteration
may include; terric applications such as calcareous sea sands and shells, artefacts, importation of soil

material, inversion of soilsin-situ.
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Substrate materials

Peat

Peat is a biogenic deposit which developed in the post-glacial (Holocene) period i.e., within the
past 10,000 years. Three basic peat formations are recognised in Ireland: (1) raised bogs of the
Central Plain; (2) blanket bogs of the Western seaboard and the upland regions, and (3) fen
peats. Their genesis has been influenced by drainage, climate, hydrology, geomorphology,
nutrient status and glacial geology, but over the centuries these deposits have been drastically

altered by man's activities.

The peat types which occur in Ireland can be classified into two broad groupings (a)
ombrogenous peat (raised and blanket bogs) where continued growth is due to the influence of
atmospheric precipitation and (b) topogenous peat (fen peat types) where development is

controlled by topography and the ground water table.

Bedrock

Bedrock is the hard, solid rock beneath surface materials such assoil and gravel. Overlying
material is often weathered and unconsolidated rock, which is made up of loose particles. The
following broad bedrock substrates are recognised in Ireland; basic igneous, acid igneous,

limestone, sandstone, shale, slate, gneiss and schist.

Drift

Many driftsin Ireland are local in origin and, for example in local drifts surrounding outcrops of
igneous rock, soils developed therein exhibit a close relationship between stone lithology and fine
earth mineralogy. Conversely, there is little justification for basing separations on the presence of
resistant (e.g. hard siliceous) stones that are unrelated to the soil matrix, as is the case in many

glacia tills (boulder clays).

= Drift with siliceous stones encompasses al thick drift parent materials that do not qualify for the
other drift types defined above. These deposits include drift dominated by sandstone, date, shale or
chert stones. Most soils in drift with siliceous stones are non-calcareous to at least 120 cm, but
profiles with calcareous material above 120 cm may occur. Use of such a broadly defined
category means that several soil series previously defined in drifts of different type or

stratigraphical age in Ireland are now amalgamated (Jones et al., 2011).
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Where calcareous shales are found, the soils thereon should be classified with soils on non-
calcareous shales, unless the soil material above 40cm depth is moderately calcareous (> 2%
CaCO3) where upon such soils should be classified in a calcareous subgroup of the appropriate
Soil Group/Great Group.

Drift with limestones. Soils developed in drift with limestones have either, calcareous material
within 80 cm depth in which the predominant stone type is limestone, or a non-calcareous B
horizon within 80 cm depth that passes conformably within 120 cm into calcareous materia in
which the predominant stone lithology is limestone. Much of the soil material developed in
this substrate type in Ireland is derived from Carboniferous or Permian rocks. Other soils are
developed in stony terrace or glacial outwash deposits transitional to gravels, and in Head
deposits down slope from limestone outcrops. Tills conforming to this drift type also occur

locally over Carboniferous Limestone (Jones et a., 2011).

The following rules should be applied for differentiating the substrate type ‘drift with

limestones’ from *“drift with siliceous stones' in the field (Jones et al., 2011):

a. if drift matrix material is moderately calcareous (> 2% CaCOs) but coarse fragments
(stones > 2mm) are mainly siliceous stones, then the substrate type should be
classified as ‘ drift with limestones'.

b. if drift matrix material is slightly or non-calcareous (< 2% CaCO3) but coarse
fragments are mainly limestone, the substrate type should be classified as ‘drift with
l[imestones .

C. if drift matrix material is dlightly or non-calcareous (< 2% CaCO3) and coarse material
is mainly siliceous stones, the material should be classified as ‘drift with siliceous
stones'.

d. if drift matrix material is dlightly or non-calcareous (< 2% CaCO3) and coarse material
ismainly siliceous stones with occasional limestones, the material should be still be

classified as ‘ drift with siliceous stones'.

Drift with igneous and metamorphic stones include loca drift deposits where igneous or

metamorphic stones constitute the dominant lithology of stones.

Stoneless drift soils are characterised by the following criteria (Jones et al., 2011) :
a. include blown sand and most glaciolacustrine, loessial and sandy alluvial or colluvia
deposits (no series distinctions based on these differencesin origin).
b. contain few (< 2 % v/v) stones throughout more than half the upper 80 cm and,
c. have no superficial layers extending below 30 cm depth that contain > 5% stones:

d. include thin superficia stoneless deposits that overlie stony drifts below 40 cm depth;
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e. include thicker, originaly stoneless deposits into which a few stones have been

incorporated by periglacial, fluvia or colluvia processes.

Alluvium

These soils includes all thick driftsin which loamy or clayey marine, river, or lacustrine
sediments of Holocene (Recent) age (Avery 1980, p.35) extend below 30 cm depth of which

three types are used to define soil series:

. River alluvium
. Marine and estuarine alluvium
. Lake marl or tufa

However, the distinction between each type is not always clear because intrinsic properties such as
structure, porosity, pH, CaCOs;, content, exchangeable cations and colour do not provide a
consistent means of identification. Most lake marl or tufa deposits have CaCOs3, contents in excess
of 70% wi/w, bulk densities < 1000 kg m™ and dry colour values of at least 7, but where extremely
calcareous river alluvium occurs, the distinction is difficult and in places the deposits grade into each
other. Salinity, strong acidity and the presence of jarosite (soft yellowish concretions or mottles of
the sulphate mineral jarosite) are indicative of marine deposits but in the absence of these properties
the distinction between marine and river alluvium is based on physiographic position. Thus river
alluvium is identified in valleys with well defined lateral margins or enclosed washlands of non-
tidal riversin broad plains, and marine aluvium is recognized on coastal flats and in estuaries. Soils
in which thin alluvium overlies gravelly, lithoskeletal or soft pre-Quaternary substrates are defined
using terms appropriate to the respective parent material types (Clayden and Hollis, 1984).
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Table 3: Substrate types used to define soil seriesin Ireland

State Substratetype Materials

Peat Blanket and Raised Bog , Fen
Cutover & Industria
Basic Igneous Basdt, gabbro
Acid Igneous Granite, rhyolite
Limestone Limestone

Old Red Sandstone, millstone grit, quartzite,
Bedrock Sandstone chert

Shale/date Shale, date, cacareous shale
Sandstoneand Shales Interbedded sandstone and shales
Gneiss and schist Micaschist
with siliceous stones Sandstones, shde, date, quartzite, chert
with limestones Limestone

Drift _ .

_ withigneous and metamorphic stones  |Basit, gablbro, granite, gneiss, schist
(Till or _ _ _
) ) stonelese Aeolian, glaciolacustrine
Fluvioglacia
sediments) non-calcareous gravels
calcareous gravels
River
) Estuarine
Alluvium _
Marine
Lake marl
Anthropogenic |\ ade ground
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Texture characteristics

The particle-size distribution of mineral soil horizons is described in terms of particle-size classes
based on the proportions of sand (2 mm-50 pm), silt (50-2 pm), and clay (<2 pm) sized particlesin the
inorganic fine earth (<2 mm) fraction (these differ from classes described in the FAO handbook,
but this survey applies the particle size grades adopted by the USDA). Four broad particle-size
groupings — sandy (Sy), loamy (Ly), silty (Zy) and clayey (Cey) — are used for differentiating soil

series based on textural class and clay contents.
Coar seloamy and fineloamy in series definitions

For agriculturally important soils, the loamy and silty groups are further subdivided into coarse and
fine categories. The particle size classes that constitute these groups defined by the USDA are
shown in Figure 7. To define the soil as either coarse (cLy) or fine loamy (fLy), the following

procedures are applied (Jones et al., 2011):

(i) Inloamy soils, where there are coarse and fine loamy components in the profile, the
dominant texture within 80 cm should be used to define the broad textural class of the
description.

(i) if topsoil ~ 40 cm thick cLy over fLy, classify soil as cLy

(iii) if topsoil < 40 cm thick fLy over cLy, classify soil as cLy

(iv) if topsoil < 40 cm thick cLy over fLy, classify soil asfLy

(v) if topsoil ~ 40 cm thick fLy over fLy, classify soil as fLy

In the Podzol and Lithosol Great Soil Groups, no distinction is made between coarse and fine loamy

and soil series are described as Sandy, Loamy or Clayey (in Lithosols only).

Texturally contrasting layersin seriesdefinitions

The broad particle-size (texture) groups are used to characterise each mineral horizon; soil materials
with > 40% v/v stones are difficult to texture by hand and to sample for analysis. However, soil
materials with abundant (40-80 %) stones are classified as sandy-skeletal, loamy-skeletal or clayey-

skeletal depending on the broad textural class of the fine earth.

Where the Reference Section contains horizons of different texture that give significant changesin
pore-size distribution, which affect the movement or retention of water, it is said to be texturally
contrasting . Where soils meet the texturally contrasting criteria two textures are used to define soil
series (e.g. fine loamy over clayey). Texturally contrasting layers must start within 80 cm depth. The
lower layer must be > 15 cm thick and the overlying layer must be > 30 cm thick (Jones et a.,

2011).
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Texturally complex profiles with a Reference Section containing at least three layers of different
texture and at least one contrasting layer are difficult to define, but in most an upper and a lower
zone of broadly contrasting textures can be separated. Identification of soils with contrasting
textures in proved problematic during the study of legacy data but combinations are included here for

referencein thefield.

When comparing textures within the Reference Section, the following principles should be applied
(Jones et d., 2011):
(i) Gravelly and skeletal horizons are only considered contrasting where they form upper
layers starting within 30 cm depth.
(i) Gravelly or skeletal lower horizons extending below 80 cm depth are excluded from the
Reference Section, and those that form layers less than 40 cm thick within a less stony

Reference Section are considered non-contrasting.

Peaty lower layers in mineral soils contrast with any overlying mineral layer but are not texturally
subdivided as they are for peat soils. Peaty upper layers are used to distinguish humic (Avery, 1980)
and histic soil sub-groups but are not differentiating at series level, although peaty and humose

topsoil phases can beidentified if required.

Silty (Zy) lower layers are not separated into coarse and fine subgroups unless the overlying layer is

clayey, in which case only coarse silty layers are considered to be texturally contrasting.
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National Soil Serieslist

Table 4: Irish soil subgroups (SSG) with modern definition.

Soil Subgroup (SSG)

M oder n_Definition

Final National _Series

Ombrotrophic peat

Natural Ombrotrophic Peat Soils Peat over rock Knockmealdown
Natural Ombrotrophic Peat Soils Peat (Blanket Bog) Aughty
Natural Ombrotrophic Peat Soils Peat (Raised Bog) Allen
Drained Ombrotrophic Peat Soils Peat (Blanket Bog) Aughty drained
Drained Ombrotrophic Peat Soils Peat (Raised Bog) Garrynamona
Cut-over Ombrotrophic Peat Soils Peat (Blanket Bog) Aughty cutover
Cut-over Ombrotrophic Peat Soils Peat (Raised Bog) surface drained, hand-cut) Gorthamona
Cut-over Ombrotrophic Peat Soils Peat (Raised Bog, undrained, hand-cut) Turbary

Peat (Raised Bog, Industrial milled and
Industrial Ombrotrophic Peat Soils machined) Clonsast
Minerotrophic peat
Natural Minerotrophic Peat Soils Peat over river alluvium Kilbarry
Natural Minerotrophic Peat Soils Peat (Fen, undrained) Pollardstown
Drained Minerotrophic Peat Soils Peat (Fen) Banagher

Rendzinas

Typical Rendzinas

Loamy over limestone bedrock

Ballydeloughy

Typical Rendzinas Sandy stoneless drift Seafield
Histic Rendzinas Loamy over limestone bedrock Castletaylor
Humic Rendzinas Fine Loamy over limestone bedrock Burren

Humic Rendzinas Coarse loamy over calcareous gravels Crush
Lithosols

Typical Lithosols Loamy over lithoskeletal gneiss and schist Altahalla
Typical Lithosols Loamy over sandstone bedrock Figar

Typical Lithosols Loamy over shale bedrock Glenlane
Typical Lithosols Decalcified loamy over lithoskeletal limestone Castletown
Typical Lithosols Loamy over non-calcareous gravels Cappacorcoge
Histic Lithosols Peat over lithoskeletal acid igneous rock Carrigvahanagh
Histic Lithosols Peat over lithoskeletal gneiss and schist Ballintroohan
Histic Lithosols Peat over sandstone and shal e bedrock Bantry

Humic Lithosols Loamy over lithoskeletal acid and basic igneous | Kilkieran
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

bedrock

Humic Lithosols

Loamy over lithoskeletal sandstone

Knockeyon

Humic Lithosols

Loamy over lithoskeletal shale and date
bedrock

Knockshigowna

Humic Lithosols Decalcified loamy over lithoskeletal limestone Rineanna
Alluvial

Typical Alluvia Gleys Sandy river aluvium Kilgory
Typical Alluvia Gleys Loamy river alluvium Lyre
Typical Alluvia Gleys Silty river aluvium Boyne
Typica Alluvia Gleys Clayey river aluvium Vicarstown
Typica Alluvia Gleys Silty estuarine aluvium Kilmannock
Typical Alluvia Gleys Loamy marine aluvium Lurganboy
Typical Alluvia Gleys Loamy lake alluvium Gurteen
Typical Calacareous Alluvial Gleys Loamy marine aluvium Kilmore Slob
Typical Calacareous Alluvial Gleys Clayey lake marl Dunsany
Histic Calcareous Alluvia Gleys Peat over lake aluvium Abhainn
Humic Calcareous Alluvia Gleys Loamy river alluvium Cornafulla
Humic Calcareous Alluvia Gleys Loamy lake alluvium marl Drombanny
Humic Calcareous Alluvia Gleys Silty lake alluvium Coolaknick
Humic Alluvia Gleys Loamy river alluvium Kilcullen
Humic Alluvia Gleys Silty river aluvium Feale
Humic Alluvia Gleys Clayey river aluvium Camoge
Humic Alluvia Gleys Silty marine alluvium Wexford slob
Humic Alluvia Gleys Sandy lake alluvium Griston
Humic Alluvia Gleys Loamy lake alluvium Ardglass
Humic Alluvia Gleys Silty lake alluvium Millquarter
Humic Alluvia Gleys Clayey lake alluvium Coolalough
Typical Drained Alluvial Soils Fine loamy over non-calcareous gravels Finisk
Typical Drained Alluvial Soils Sandy river aluvium Aherlow
Typical Drained Alluvial Soils Loamy river alluvium Clohamon
Typical Drained Alluvial Soils Silty river aluvium Suir
Groundwater Gleys

Typical Groundwater Gleys Loamy over sandstone bedrock Glandine
Typical Groundwater Gleys Coarse loamy over shale bedrock Lissagriffin
Typical Groundwater Gleys Coarse loamy drift with siliceous stones Knockroe
Typical Groundwater Gleys Fine loamy drift with siliceous stones Kilpierce
Histic Groundwater Gley Coarse loamy over sandstone bedrock Derrynasaggart
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

Histic Groundwater Gley

Coarse loamy drift with siliceous stones

Annagh

Stagnic Grounwater Gleys Fine loamy drift with siliceous stones Heathtown
Stagnic Grounwater Gleys Loamy drift with [imestones Greenane
Coarse loamy drift igenous and metamorphic
Humic Stagnic Groundwater Gleys stones Bree
Humic Stagnic Groundwater Gleys Fine loamy drift with siliceous stones Corlea
Calcareous Groundwater Gleys Loamy over calcareous gravels Clonaslee
Calcareous Groundwater Gleys Loamy drift with l[imestones Mylerstown
Histic Calcareous Groundwater Gleys | Fine loamy over limestone bedrock Cloonmore
Humic Calcareous Groundwater
Gleys Coarse loamy drift with limestones Ballintemple
Humic Calcareous Groundwater
Gleys Fine loamy drift with limestones Ballyshear
Humic Groundwater Gleys Loamy over gneiss and schist bedrock Callan
Humic Groundwater Gleys Loamy over sandstone and shale bedrock Knuttery
Coarse loamy drift with igneous and
Humic Groundwater Gleys metamorphic stones Ballywilliam
Humic Groundwater Gleys Coarse loamy drift with siliceous stones Puckane
Humic Groundwater Gleys Fine loamy drift with siliceous stones Tourmakeady
Humic Groundwater Gleys Fine silty drift with siliceous stones Noonan
Humic Groundwater Gleys Coarse loamy drift with limestones Newtown
Humic Groundwater Gleys Fine loamy drift with limestones Roosky
Humic Groundwater Gleys Sandy stoneless drift Ballyknockan
Surface-water gleys
Typical Surface-water Gleys Coarse loamy over gneiss and schist bedrock Kilcreen
Typical Surface-water Gleys Fine loamy over sandstone and shale bedrock Ballyphilip

Typical Surface-water Gleys

Fine silty over shale bedrock

Lismeelcunnin

Typical Surface-water Gleys Clayey over shale bedrock Ballybrannagh
Loamy drift with igneous and metamorphic
Typical Surface-water Gleys stones Tramore
Typical Surface-water Gleys Coarse loamy drift with siliceous stones Newport
Typical Surface-water Gleys Fine loamy drift with siliceous stones Kilrush
Typical Surface-water Gleys Fine silty drift with siliceous stones Coolykereen
Typical Surface-water Gleys Clayey drift with siliceous stones Drumkeeran
Typical Surface-water Gleys Fine loamy over calcareous Irish seatill Macamore
Typical Surface-water Gleys Fine loamy drift with limestones Straffan

Humic Surface-water Gleys

Fine loamy over sandstone and shale bedrock

Ballyhaise lithic phase

Humic Surface-water Gleys

Clayey over shale bedrock

Rahelty
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

Coarse loamy drift with igneous and

Humic Surface-water Gleys metamorphic stones Ballynabreen
Humic Surface-water Gleys Coarse loamy drift with siliceous stones Driminidy
Humic Surface-water Gleys Fine loamy drift with siliceous stones Gortaclareen
Humic Surface-water Gleys Clayey drift with siliceous stones Cluggin
Humic Surface-water Gleys Fine silty drift with siliceous stones Ballygree
Humic Surface-water Gleys Fine loamy drift with limestones Ballinamore
Humic Surface-water Gleys Clayey drift with limestones Howardstown
Podzols

Typical Podzols Loamy over acid igneous rock Ballyscanlon

Typical Podzols

Loamy over gneiss and schist bedrock

Black Rock Mountain

Typical Podzols Loamy over sandstone bedrock Drumsdlig
Typical Podzols Loamy over shale and date bedrock Roddenagh
Sandy drift with igneous and metamorphic
Typical Podzols stones Brockagh
Typical Podzols Loamy drift with siliceous stones Ballycondon
Gleyic Podzols Sandy over sandstone bedrock Brackloon
Stagnic Podzols Loamy over sandstone and shale bedrock Coumduff
Stagnic Iron-pan Podzols Sandy over acid igneous bedrock Blackstairs
Stagnic Iron-pan Podzols Sandy over sandstone bedrock (conglomerate) Monavullagh

Stagnic Iron-pan Podzols

Loamy over sandstone bedrock

Forth Commons

Stagnic Iron-pan Podzols Loamy over shale bedrock Knockastanna

Stagnic Iron-pan Podzols Loamy drift with siliceous stones Glenary

Humic Podzols Sandy over acid and basic igneous bedrock Barnamire

Humic Podzols Loamy over acid and basic igneous bedrock Carrickbyrne

Humic Podzols Loamy over sandstone bedrock Gortaloughhane

Humic Podzols Sandy over sandstone bedrock Ardrinane

Humic Podzols Loamy over shale and date bedrock Ballyglasheen
Loamy drift with igenous and metamorphic

Humic Podzols stones Carrowgavneen

Humic Podzols Loamy drift with siliceous stones Portlaw

Humic Podzols

Sandy stoneless drift

Glenbough variant

Brown Podzolics

Typical Brown Podzolics Loamy over acid and basic igneous bedrock Tiknock
Typical Brown Podzolics Loamy over gneiss and schist bedrock NBP2
Typical Brown Podzolics Loamy over sandstone bedrock Clonin
Typical Brown Podzolics coarse loamy over shale and slate bedrock Rathduff
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

Typical Brown Podzolics Fine loamy over shale bedrock Cupidstownhill
Sandy drift with igneous and metamorphic

Typical Brown Podzolics stones Kiltealy
Loamy drift with igneous and metamorphic

Typical Brown Podzolics stones NBP4

Typical Brown Podzolics Sandy drift with siliceous stones Tomies

Typical Brown Podzolics Coarse loamy drift with siliceous stones Cooga
Coarse loamy compact drift with siliceous

Typical Brown Podzolics stones Ross Carbery

Typical Brown Podzolics Fine loamy drift with siliceous stones UN29

Typical Brown Podzolics Sandy stoneless drift Screen

Gleyic Brown Podzolics Coarse loamy drift with siliceous stones Clonegall

Stagnic Brown Podzolics

Loamy over sandstone and shale bedrock

Flemingstown

Stagnic Brown Podzolics Fine loamy drift with siliceous stones Corriga
Loamy drift with igneous and metamorphic
Humic Stagnic Brown Podzolic stones Bawn
Humic Stagnic Brown Podzolic Coarse loamy drift with siliceous stones Loughatooma
Humic Stagnic Brown Podzolic Fine loamy drift with siliceous stones Ardmoelode
Humic Brown Podzolics Coarse loamy over sandstone bedrock Knockaceol
Humic Brown Podzolics Fine loamy over shale and date bedrock Borrisoleigh
Humic Brown Podzolics Coarse loamy drift with siliceous stones Knockboy
Humic Brown Podzolics Fine loamy drift with siliceous stones Rathkenny
Luvisols
Typical Luvisols Fine loamy over sandstone bedrock Cloongeel
Typical Luvisols Fine loamy over shale bedrock Dromkeen
Typical Luvisols Fine loamy over limestone bedrock Patrickswell lithic phase
Fine loamy drift with igneous and metamorphic
Typical Luvisols stones Ballynamona
Typical Luvisols Coarse loamy drift with siliceous stones Dungarvan
Typical Luvisols Fine loamy drift with siliceous stones Dunboyne
Typical Luvisols Coarse loamy drift with limestones Kellistown
Typical Luvisols Fine loamy drift with limestones Elton
Gleyic Luvisols Coarse loamy drift with siliceous stones Johnstown
Gleyic Luvisols Fine loamy drift with siliceous stones Crossabeg
Humic Gleyic Luvisols Coarse loamy drift with siliceous stones Ardeen
Stagnic Luvisols Coarse loamy over gneiss and schist bedrock Milltown
Stagnic Luvisols Coarse loamy drift with siliceous stones Laughil
Stagnic Luvisols Fine loamy drift with siliceous stones Crosstown
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

Stagnic Luvisols

Fine silty drift with siliceous stones

Gortavoher

Stagnic Luvisols Fine loamy drift with limestones Rathowen
Humic Stagnic Luvisol Fine loamy over shale bedrock Ballyduff
Humic Luvisols Coarse loamy over limestone bedrock Lisdillure
Brown Earths
Typical Brown Earths Coarse loamy over acid igneous bedrock Knocksqguire
Typical Brown Earths Coarse loamy over gneiss and schist bedrock Ballymacool
Typical Brown Earths Coarse loamy over sandstone bedrock Ballyglass
Typical Brown Earths Fine loamy over sandstone bedrock Broomhill
Typical Brown Earths Coarse loamy over shale bedrock Kells
Typical Brown Earths Fine loamy over shale and date bedrock Ballylanders
Typical Brown Earths Loamy over calcareous gravels Ladestown
Coarse loamy drift with igneous and
Typical Brown Earths metamorphic stones Borris
Fine loamy drift with igneous and metamorphic
Typical Brown Earths stones Kill
Typical Brown Earths Sandy drift with siliceous stones Ballyvorheen
Typical Brown Earths Coarse loamy drift with siliceous stones Clashmore
Typical Brown Earths Fine loamy drift with siliceous stones Clonroche
Typical Brown Earths Coarse loamy drift with limestones Mullabane
Typical Brown Earths Fine loamy drift with limestones Kennycourt
Typical Brown Earths Fine silty drift with limestones Dovea
Loamy drift with igneous and metamorphic
Gleyic Brown Earths stones Eskaheen
Gleyic Brown Earths Coarse loamy drift with siliceous stones Knock
Gleyic Brown Earths Fine loamy drift with siliceous stones UN16
Gleyic Brown Earths Fine loamy drift with limestones Ballylusky
Humic Gleyic Brown Earths Coarse loamy drift with siliceous stones Newlnn
Stagnic Brown Earths Coarse loamy over sandstone bedrock Glantane
Stagnic Brown Earths Fine loamy over shale bedrock Duarrigle
Stagnic Brown Earths Fine silty over shale bedrock Knockreagh
Stagnic Brown Earths Clayey over shale bedrock Curracitty
Coarse loamy drift with igneous and
Stagnic Brown Earths metamorphic stones Labadoo
Stagnic Brown Earths Coarse loamy drift with siliceous stones Tooreenbane
Stagnic Brown Earths Fine loamy drift with siliceous stones Moord
Stagnic Brown Earths Coarse loamy drift with limestones Castlemoyle
Stagnic Brown Earths Fine loamy drift with limestones Musicfield
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Soil Subgroup (SSG)

M oder n_Definition

Final National Series

Humic Stagnic Brown Earths Loamy over sandstone bedrock Killyfinla
Humic Stagnic Brown Earths Fine loamy drift with siliceous stones Gnheaves
Typical Calcareous Brown Earths Coarse loamy over limestone bedrock Coolnaha
Typical Calcareous Brown Earths Fine loamy over limestone bedrock Ballincurra
Typical Calcareous Brown Earths Clayey drift over limestone bedrock Kilfenora
Typical Calcareous Brown Earths Coarse loamy over calcareous gravels Baggotstown
Typical Calcareous Brown Earths Coarse loamy drift with limestones Cullahill
Typical Calcareous Brown Earths Fine loamy drift with limestones Faoldroim
Stagnic Calcareous Brown Earths Coarse loamy drift with limestones Carnakelly
Stagnic Calcareous Brown Earths Fine loamy drift with limestones Feltrim
Humic Calcareous Brown Earths Coarse loamy over calcareous gravels Hundredacres
Humic Calcareous Brown Earths Fine loamy over calcareous gravels Knockaun
Humic Calcareous Brown Earths Coarse loamy drift with limestones Carroward

Coarse loamy over lithoskeletal basic igneous
Humic Brown Earths rock Carrigogunnel
Humic Brown Earths Fine loamy over lithoskeletal basic igneousrock | Wonderhill
Humic Brown Earths Coarse loamy over sandstone and shale bedrock | Crossabeagh
Humic Brown Earths Fine loamy over sandstone bedrock Brosna
Humic Brown Earths Fine loamy over shale bedrock Renaghmore
Humic Brown Earths Coarse loamy over limestone bedrock Aille

Loamy drift with igneous and metamorphic
Humic Brown Earths stones Blackhill
Humic Brown Earths Sandy drift with siliceous stones Dooaghs
Humic Brown Earths Coarse loamy drift with siliceous stones Schull
Humic Brown Earths Fine loamy drift with siliceous stones Ashgrove
Humic Brown Earths Loamy drift with l[imestones NBE17
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Codes for completion of Representative Profile Card

Site information

REFERENCE No.
Profile identification code needs to be created in such a way that allows easy and simple retrieval

of profile descriptions from computerized data storage systems.

MAP SHEET
The number of the map sheet where you are should be recorded.

DATE
It isimportant to always indicate the date of description.

OBSERVERS
The persons who perform the description need to be acknowledged properly in future uses of the

soil data. The names or initials of the authors are given (FAO, 2006).

GEOREFERENCE
The coordinates (latitude and longitude) of the site should be given. If we are able to use Global

Positioning System (GPS) unit, it is very advantageous.

LOCAL LOCATION

A description of the soil local location should be given. It should be as precise as possible in terms

of the distance and direction to the site from permanent features. As well, the landowners' names
should be recorded.

PHOTO REFERENCE

Once the profile is ready to be described, some photos of the site location and the profile should

be taken. It's necessary to recognize the photos of each profile once we need to process the
photos. Thus, the name of the first and last photo should be recorded.
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SOIL PROFILE DESCRIPTION STATUS
The status of the soil profile description refers to the quality of the soil description (Table 5).

Table 5: Different types of soil descriptions existing

Code Definition

A Auger

C Cutting

E Exhibition
M Mini pit

P ProfilePit

Soil formation factors

LANDFORM AND TOPOGRAPHY (RELIEF)

Landform: Landforms are described foremost by their morphology. It describes the most

representative landform of the area (Table 6).

Table 6: Recommended classes for landform

Code Definition Code Definition

AF Alluvia floodplain HI Hill

AP Alluvia Plain KA Karst

AT Alluvia terrace KK Kame and kettle
BA Basin ME  Moraine

CB Beach ridge MO  Mountain

CF Tida flats PL Lacustrine Plain
CpP Coastal plain PN Plain

DR Drumlins PU Plateau

DU Dune UN Undulating

ES Esker VA Valley

Slope: The slope gradient refers to the slope of the land immediately surrounding the site. It is
measured using a clinometer aimed in the direction of the steepest slope. This is recorded with the
percentage of dope (FAO, 2006).
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Slope form: The dope form refers to the genera shape of the slope in both the vertical direction

(Table 7).

Table 7: Recommended classes for slope form

Code
S

- X < 0O

Definition
Straight
Concave
Convex
Complex
Terraced

Slope position: The relative position of the site within the land should be indicated (Table 8).

Table 8: Recommended classes for slope position

Code

BO
CR
LS
MS
TS
upP

Definition

Bottom

Crest

Lower slope
Middle slope
Toedope
Upper slope

Aspect (orientation): The orientation that a dope is facing should also be recorded (Table 9).

Table 9: Recommended classes for aspect

Code
E
ENE
ESE
N

NE
NNE
NNW
NW

Definition

East
East-Northeast
East-Southeast
North

Northeast
North-Northeast
North-Northwest
Northwest

Code

WNW
WSsw

Definition

South

Southeast
South-Southeast
South-Southwest
Southwest

West
West-Northwest
West-Southwest
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Elevation: The elevation of the site relative to sea level should be obtained as accurately as possible,

preferably from detailed contour or topographic maps. Elevation is given in metres

LAND USE AND VEGETATION

Land usetype: Land use appliesto the current use of the land, whether agricultural or nonagricultural,

in which the soil islocated (Table 10).

Table 10: Classesfor land usetype

Code Definition
AR Arable
Gl Grassland improved

GU Grassland unimproved

HO Horticulture

FO Forestry

WM  Woodland managed
WN  Woodland native

Definition
Scrub
Blanket bog
Fen

Heath wet
Heath dry
Salt marsh
Marsh

Land use class: Land use classes cover the arable land use and stock type, so the dominant crops

grown should be mentioned. (Table 11)

Table 11: Recommended classes for land use communities

Code COMMUNITY

CE Ceredls

CEMA Maize

CEOCA  Oats

CERY Rye

CESB Spring Barley

CEWB  Winter Barley

CEWW  Winter wheat

FR Fruits

FRSF Soft Fruit (strawberries, blackcurrants)
FRTF Top fruit(apples, pears, plums)
GR Grass

GRCL Clover

GRCO  Grass conserved (hay/silage)
GRGR  Grassgrazed

GRMI Miscanthus

Ql Qilcrops

Code
OIRA

ROBE
ROFB

ROPO
ROSW

STBE
STDE
STDR
STDY
STHO
STSH

STSU

VEGE

COMMUNITY
Oilseed rape
Root crops
Sugar Beet
Fodder Beet
Potatoes
Swedes
Stock

Beef

Deer

Dry stock
Dairy
Horses
Sheep
Sucklers
Vegetables

Brassicas, carrots, peas, beans
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Human influence: This item refers to any evidence of human activity that is likely to have affected
the landscape or the physical and chemical properties of the soil. In many cases this activity is directly
related to cultivated land, which gives an idea of the nature of soil disturbance as a result of crop
management practices as well as the nutrient and soil management requirements of the crop (FAO,
2006) (Table 12).

Table 12: Classesfor human influence

Code Definition Code Definition

FE Fertilizer applications MP Plaggen

PL Ploughing MS Sand additions

SL Slurry applications NK Not known

AD Artificial drainage PO Pollution

CA Cut-away SC Machinery compaction
CL Clearing TE Terracing

Cu Cut-over (peat) LI Liming

DI Ditching RI Ridging

HN No influence SE Seeded/reseeded

LV Levelling SP Sprayed (herbicides)
Ml Milled (peat) PG Poaching

MO Organic additions HA Harvested (tillage)

Vegetation Class: Thisitem isrelated to the natural or semi-natural vegetation. (Table 13)

Table 13: Recommended classes for vegetation

Code Definition
CcoO Coniferous
DE Deciduous
EV Evergreen

GR Grassland
HR Heather
MX Mixed
RU Rushes

Species class. Species class describes a maximum of 3 vegetation species that can be recognised in the
field (Table 14). These species can be indicative of drainage status, management intensity, acidity
status, time since reseeding etc.
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Table 14: Recommended classes for species

Code

BC
BH
BR
BT
CB
CcL
DD
DK
FA
FN
FZ

HR
HT
IS

Definition
Meadow buttercup
Birch
Bramble/Briars
Blackthorn
Creeping buttercup
Clover

Dandelion

Dock

Fushcia

Fern

Furze

Heather

Hawthorn

Iris

Latin name
Ranunculus acris
Betula

Rubus fruticosus
Prunus spinosa
Ranunclus repens
Trifolium repens
Taraxacum spp
Rumex sp

Fuchsia magellanica
Pteridium aquilinum
Ulex europaeus
Calluna vulgaris
Crataegus monogyna

Iris pseudacorus

Definition
Mosses
Nettle
Purple moor-grass
Plantain
Privet

Rush
Ragwort
Sedges
Salix
Sphaghum
Sitka spruce
Thistle

Many wild flowers

Latin name
Bryophytes
Urtica dioica
Mollina caerulea
Plantago major
Ligustrumvulgare
Juncus spp.
Senecio jacobaea
Carex spp

Salix spp
Sphagnum spp
Picea sitchensis
Asteraceae

Angiosperms!

WEATHER CONDITIONS

The present as well as the weather conditions days or weeks before the description influence soil
moisture and structure, hence these should be noted (FAO, 2006) (Table 15).

Table 15: Classification of the weather conditions

Definition
Overcast
Partly cloudy
Rain

Sleet

Snow
Sunny/clear

PARENT MATERIAL

The parent material is the material from which the soil has presumably been derived. The parent

materia should be described as accurately as possible, indicating its origin and nature. The reliability

of the geological information and the knowledge of the local lithology will determine whether a

genera or a specific definition of the parent material can be given (FAO, 2006) (Table 16).
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Table 16: Classification of the parent material

Substrate Type: Substrate subgroup
Code Definition Code Definition
AE Aeolian DUN Sand dunes (wind-blown sand)

AL Alluvium EST Estuarine
LAK Lake marl
MAR Marine

RIV River
DI Disturbed MAD Made ground
DR Drift GRC Gravels calcareous
GRN Gravels non-calcareous
IGM Igneous + metamorphic stones
LIM Limestones
NON Stoneless
SIL Siliceous stones
PT Peat BOG Blanket bog
CuUT Cutover
FEN Fen
RK Bedrock GNS Gneiss and schist
IBG Igneous basic
IGA Igneous acid

LIM Limestone
SAN Sandstone
SHL Shale/date
SSH Sandstones and shales




Soil description
WATER TABLE

If water tableis present, record the depth of the water table. This measureis given in centimeters.

SURFACE CHARACTERISTICS

Rock outcrops should be described in terms of percentage surface cover (Table 17).

Surface stoniness should be described in terms of percentage as surface cover (Table 17).

Table 17: Recommended classesin percentage for rock outcrops and surface stoniness

Code Definition (%)

N None 0%

Vv Very few 0-2%

F Few 2-5%

C Common 5-15%
M Many 15-40 %
A Abundant 40-80 %
D Dominant >80 %

PARTICLE SIZE

Particle-size classes (PSC) - Textural classes

The textural class can be estimated in the field by simple field tests and feeling the constituents of the

soil (Table 18). For this, the soil sample must be in amoist to weak wet state.

Table 18: Recommended classes for texture

Code Textural classes
C Clay

CL Clay loam

KC Carbonatic-clayey
KL Carbonatic-loamy
KS Carbonatic-sandy
L Loam

LP Loamy pesat

LS Loamy sand

P Peat

PL Peaty loam

PS Peaty sand

Code

Textural classes
Sand

Sandy clay
Sandy clay loam
Sandy loam
Sandy peat

n‘a

Silt

Silty clay

Silty clay loam
Silt loam
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Humose

In most organic layers, the determination of the texture class is not possible. More valuable is an
estimate of the degree of decomposition and humification of the organic material. Such, if it's humose
it should be noted (Table 19) and the degree of decomposition (FAO, 2006) (Table 20 & table 21).

Table 19: Affirmative or negative answer to being humose

Code Definition
0 No
1 Yes

Table 20: Recommended classes for degree of the humose decomposition (Von Post scale)

Code Definition

H1 Undecomposed

H2 Almost undecomposed

H3 Very weakly decomposed
H4 Weakly decomposed

H5 Moderately decomposed
H6 Well decomposed

H7 Strongly decomposed

H8 Very strongly decomposed
H9 Almost completely decomposed
H10 Completely decomposed

Table 21: Recommended classes for type of fibrein peat

Code Déefinition

F Fibrous Peat

H Humified Peat

M Mesic (semi-fibrous) Peat

SOIL COLOUR (MATRIX)

The colour of the soil matrix of each horizon should be recorded. It could be recognized as air dry,
moist, ped faces or rubbed. Generally, the soil colour in matrix is given in the moist condition (or both
dry and moist conditions where possible) using the notations for hue, value and chroma as given in the
Munsell Soil Color Charts (Munsdll, 1975).
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Where there is no dominant soil matrix colour, the horizon is described as mottled and two or more
colours are given. In addition to the colour notations, the standard Munsell colour names may be given
(FAO, 2006).

MOTTLING

Mottles are spots or blotches of different colours or shades of colour interspersed with the dominant
colour of the soil. They indicate that the soil has been subject to aternate wetting (reducing) and dry
(oxidizing) conditions (FAO, 2006).

The mottling colours are described using the notations for hue, value and chroma as given in the
Munsell Soil Color Charts (Munsell, 1975), and also is described in terms of abundance (Table 22),

size (Table 23), contrast (Table 24), boundary and Sharpeness (Table 25).

Table 22: Classification of the abundance (%) of mottle

Code  Definition  Abundance (%)

N None 0%

VF Very few 0-2%

F Few 2-5%

C Common 5-15%
M Many 15-40 %
A Abundant >40%

Table 23: Classification of the size (mm) of mottles

Code Definition mm
VF Very Fine <2mm

F Fine 2-6mm
Medium 6-20mm
A Coarse > 20mm

69




Table 24: Classification of the contrast of mottle

Code Definition Description

F Faint The mottles are evident only on close examination.

Soil colours in both the matrix and mottles have closely related hues, chromas
and values.

D Distinct Although not striking, the mottles are readily seen. The hue, chroma and value
of the matrix are easily distinguished from those of the mottles. They may
vary by as much as 2.5 units of hue or several unitsin chromaor value.

P Prominent  The mottles are conspicuous and mottling is one of the outstanding features of
the horizon. Hue, chroma and value aone or in combination are at least

several units apart.

Table 25: Classification of the sharpness/boundary of a mottle

Code Definition mm

S Sharp <0.5mm

C Clear 0.5-2 mm

D Diffuse >2mm
FIELD SOIL PH

The pH could be estimated in the field using pH probe or indicator solution. After shaking the solution
and waiting for 15 minutes, the pH value can be read. Otherwise, this measurement will be record on

the card such as a post procedure in the laboratory (Table 26).

Table 26: Classification of thefield pH

Code Definition
P Field measurement with pH probe
| Field measurement with indicator solution

L Laboratory measurement of field sample

CARBONATES
The presence of calcium carbonate (CaCOs;) is established by adding some drops of 10-percent HCI to

the soil. The degree of effervescence of carbon dioxide gas is indicative for the amount of calcium
carbonate present (Table 27). The reaction to acid depends upon soil texture and is usually more
vigorous in sandy material than in fine-textured material with the same carbonate content. Other

materials, such as roots, may also give an audible reaction. (FAO, 2006).
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Table 27: Classification of carbonatereaction in the soil matrix

Code Definition Abundance
(%)

N No reaction 0

SL Audible but not visible 0-2%

MO  Vishle 2-5%

ST Strongly visible 5-15%

EX Extremely strong (thick foam) >25%

STONES
Stones category includes large rock and mineral fragments (> 2 mm) and artifacts. They are described
according to abundance (Table 28), size (Table 29), shape (Table 30) and nature (Table 31).

Table 28: Classification of the abundance of the stones

Code Definition Abundance
(%)

N None 0%

VF Very few 0-2%

F Few 2-5%

C Common 5-15%

M Many 15-40 %

A Abundant 40-80 %

D Dominant > 80 %

Table 29: Classification of the size of the stones

Code  Definition Size

F Fine gravels 2-6 mm

M Medium gravels 6mm -2 cm
C Coarse gravels 2-6cm

S Stones 6-20 cm

B Boulders 20-60 cm
LB Large boulders >60cm
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Table 30: Classification of the shape of the stone

Code Definition
PL Flat/platy
AN Angular

SA Sub angular
SR Sub rounded
RO Rounded

Table 31: Classification of the nature of stones

Code Definition Code Definition

BA Basalt ORS Old Red sandstone
CH Chert QzZ Quartzite

GA Gabbro RH Rhyalite

GN Gneiss SAN  Sandstone

GR Granite SCH  Schigt

IGM  Igneous and metamorphic SH Shale

LIM  Limestone SIL Siliceous stones
MG  Millstone grit SL Sate

BIOLOGICAL ACTIVITY - ROOTS
The recording of both the size (Table 32) and the abundance (Table 33) of the roots is in genera
sufficient to characterize the distribution of rootsin the profile (FAO, 2006).

Table 32: Classification of the size (mm) of roots

Code Description Size (mm)
VF Very fine <0.5mm

F Fine 0.5-2 mm
Medium 2-5mm
C Coarse >5mm
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Table 33: Classification of the abundance of roots

Size

Very fine & Fine
Very fine & Fine
Very fine & Fine
Very fine & Fine
Very fine & Fine
Medium & Coarse
Medium & Coarse
Medium & Coarse
Medium & Coarse
Medium & Coarse

Code Definition Abundance

(%)
N None N O
V Veryfew V 1-20
F Few F 20-50
C Common  C50-200
M Many M > 200
N None N O
\Y, Veryfew V 1-2
F Few F2-5
C Common C5-20
M Many M > 20

ORGANIZATION OF SOIL CONSTITUENTS

Soil Water content: It’'s an estimation of the soil water status when we are describing the soil profile

(Table 34).

Table 34: Classification of the soil water

Code

VD
D
SM
M
wW
VW

Definition
Very dry

Dry

Slightly moist
Moist

Wet

Very wet

Soil structure: Sail structure is the result of the spatial arrangement of the solid soil particles and their

associated pore space. It is preferred to describe the structure when the soil is dry or slightly moist.
Soil structure is described in terms of grade (Table 35), type (figure 8 & table 36) and size (Table 37)

of aggregates.
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Grade of structure: Describesthe grade of development of the structure.

Table 35: Classification of the grade of structure

Code Definition Description

WE Weak Aggregates barely visible in situ and only weak arrangement of natural
surfaces that break when gently disturbed.

WM Weak to moderate Show weak and moderate properties

MO Moderate Aggregates are visible in situ and there is a distinct arrangement of material.
When disturbed it breaks into a mixture of entire and broken aggregates.

MS Moderate to strong Show moderate and strong properties

ST Strong Aggregates are clearly visible in situ and there is prominent arrangement of
material. When disturbed it breaks into distinct whole aggregates.

Types of soil structure: Type of soil structureis correlated directly with the pedogenic ped formation.

Figure 8 shows basic natural types of structure, as well in table 36 the recommended codes are given.

Pedogenic ped formation?

Mo Y Caronates
es
Single Massive Layered . Gypsum
grain (coherent) (coherent) Formed by cementation "
. _ from precipitates of umus
Iron
Silica

Formed by assemble Formed by separation = Formed by fragmentation
(biotic) (abiotic) or compaction

Granular Worm- Blocky Blocky Prismatic Columnar Platy Crumbly Lumpy Clody
casts subangular angular

Figure 8: Soil structuretypesand their formation (FAO, 2006)
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Table 36: Codesfor types of structure

Code  Definition Code  Definition

GR Granular SBGR  Subangular blocky to granular
GRSG Granular to single grain PR Prismatic

PL Platy PRSB  Prismatic to subangular blocky
PLAB Platy to angular blocky PRAB  Prismatic to angular blocky

PLSB  Platy to subangular blocky SG Singlegrain

AB Angular blocky MA Massive

ABGR Angular blocky to granular MASG Massivetosinglegrain
SB Subangular blocky MAAB Massive to angular blocky

Table 37: Recommended classes for soil structure size according to the structuretype

Prismatic/columnar Blocky/crumbly/
Granular/platy
Code Definition /wedge-shaped L umpy/cloddy
(mm) (mm) (mm)
VF Very fine/thin <1 <10 <5
Fl Fine/thin 1-2 10-20 5-10
ME Medium 2-5 20-50 10-20
CO Coarselthick 5-10 50-100 20-50
VC Very >10 100-500 >50
coarse/thick
EC Extremely - > 500 -
coarse

Soil consistence: Consistence refers to the degree of cohesion or adhesion of the soil mass. It includes
soil properties such as friability, plagticity (Table 41), stickiness (Table 40) and resistance to
compression. It depends greatly on the amount and type of clay, organic matter and moisture content
of the soil. The consistence could be described in moist or dry. The consistence when dry (Table 38) is
determined by breaking an air-dried mass of soil between thumb and forefinger or in the hand, and
when is moist (Table 39) is determined by attempting to crush a mass of moist or dightly moist soil
materia (FAO, 2006).
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Table 38: Recommended classes for dry consistence

Code

LO

SO

SHA

HA

VHA
EHA

Definition
Loose

Soft

Slightly hard

Hard

Very hard

Description

Non-coherent

Very weakly coherent and fragile. Breaks to powder or individual
grains under very slight pressure

Weakly resistant to pressure; easily broken between thumb and
forefinger

Moderately resistant to pressure; can be broken in the hands, not
breakable between thumb and forefinger

Very resistant to pressure; can be broken in the hands with difficulty

Extremely hard Extremely resistant to pressure; cannot be broken in the hands

Table 39: Recommended classes for moist consistence

Code

LO

VFR

FR

Fi

VFI

EFI

Definition
Loose

Very friable
Friable
Firm

Very firm

Extremely firm

Description

Non-coherent

Crushes under very gentle pressure, but coheres when pressed
together

Crushes under gentle to moderate pressure between thumb and
forefinger and coheres when pressed together

Crushes under moderate pressure between thumb and forefinger;
resistance is noticeable

Crushes under strong pressure; barely crushable between thumb and
forefinger

Crushes under only very strong pressure; cannot be crushed between

thumb and forefinger

Stickiness: Capacity of soil to adhere to other objects.

Table 40: Classification of soil stickiness

Code

NST

SST

ST

VST

Definition Description

Non-sticky ~ No soil material adheres to thumb and finger after release of pressure

Slightly Soil material adheres to thumb and finger after release of pressure, but it
sticky iseasily removed.
Sticky Soil material adheres to thumb and finger after release of pressure, and

tends to stretch and pull apart rather than coming away from each digit

Very gticky  Soil material adheres strongly to thumb and finger after release of

pressure, and stretches when fingers are separated
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Plasticity: Plasticity isthe ability of soil material to change shape continuously under the influence of
an applied stress and to retain the compressed shape on removal of stress.determined by rolling the soil
in the hands until awire about 3 mm in diameter has been formed (FAO, 2006) (Table 41).

Table41: Classification of soil plasticity

Code Definition Description
NPL  Non-plastic No wireisformable

SPL  Slightly Wire formable but breaks immediately if bent into a ring; deformation
plastic by dlight force

PL Plastic Wire formable but breaks if bent into a ring; deformation by dlight to
moderate force

VPL Veryplasic  Wire formable and can be bent into a ring; deformation by moderately

strong to strong force

CONCENTRATIONS

In concretions there are included secondary enrichments, cementations or compactions.
Cementation or compaction Compacted material has afirm or stronger consistence when moist and a
close packing of particles. Cemented material does not slake after 1 hour of immersion in water (FAO,

2006). It's described according to its nature (Table 42) and degree (Table 43).

Table 42: Classification of cementation or compaction nature

Code Definition

K Carbonates

FE Iron

FM Iron-Manganese

C Clay

Cs Clay-sesquioxides
Mechanical

P Ploughing
NK Not known
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Table 43: Classification of cementation or compaction degree

Code
N

0O = =

Definition
Non-cemented and non-
compacted
Non-cemented but
compacted

Weakly cemented
Moderately cemented
Cemented

Indurated

Description

No evidence of cementation or compaction

Compacted mass is appreciably harder or more brittle than other
comparable soil mass

Cemented mass is brittle and hard but can be broken in hands

Cemented mass cannot be broken in hands but is discontinuous
Cemented mass cannot be broken in hands and is continuous

Cemented mass cannot be broken by the body weight of a soil surveyor

Coating: Coatings describe illuviation features of different nature (Table 44). These features could be

reorientations (such as dlickensides and pressure faces), and concentrations associated with surfaces

but occurring as stains in the matrix (“hypodermic coatings’). All these features are described
according to their abundance (Table 45), contrast (Table 46) and continuity (Table 47).

Table 44: Classification of the natur e of coatings

Code
CA
CL
FE
HU
JA
MN
PR
SA
Sl
SL
ST

Definition
CaCO3

Clay
Sesquioxides
Humus
Jarosite
Manganese
Pressure faces
Sand

Silica
Slickensides
Silt

Table 45: Classification of abundance of coatings

Code
N
VF

> 0T

Definition Description
None None
0-2% Very few
2-5% Few
5-15% Common
15-40 % Many
40-80 % Abundant

78




Table 46: Classification of the contrast of coatings

Code Definition

F Faint
D Distinct
P Prominent

Table 47: Classification of the continuity of coatings

Code Definition

B Broken
D Discontinuous
C Continuous

HORIZON BOUNDARY

It records the distinctness and shape (topography) of horizon boundaries. Distinctness is the vertical
distance through which the bottom of one horizon grades (transitions) into another (Table 48). The
boundary shape isthe lateral undulation and continuity of the boundary between horizons (Table 49).

Table 48: Recommended classes for distinctness

Code Definition Description
A Abrupt 0-2cm

C Clear 2-5¢cm
G Gradud 5-15cm
D Diffuse >15cm

Table 49: Recommended classes for cross-sectional shape of the contact between horizons

Code Definition Description

S Smooth Nearly plane surface

w Wavy Pockets less deep than wide

I Irregular Pockets more deep than wide

B Broken Discontinuous
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PACKING DENSITY: Packing density is defined as bulk density + 0.009 (% clay) g cm™. Packing

density is estimated in the field in conjunction with particle-size class to give an estimate of pore

volume. There are 3 classes of packing density based on; sand or loamy sand texture, sandy |oam,
sandy silt loam or silt loam texture and sandy clay loam, clay loam, sandy clay, clay or silty clay
texture. The three classes assess size and shape of peds against the degree of ped development (Table
50).

Table 50: Recommended classes for packing density

Code Definition Description

L Low <140 tm-3
M Medium 1.40-1.75tm-3
H High >1.75tm-3

VOIDS (POROSITY): Voids include all space in the soil. Porosity ¢ is the fraction of the total soil
volume that is taken up by the pore space. They are described in terms of size (Table 51) and

abundance (Table 52). Fissures and macropores are included in voids, but sometimes is interesting to
record their size (Table 53 and table 54 respectively).

Table51: Recommended classes for the size of voids

Code Definition Description
VF Very Fine <0.5mm

F Fine 0.5-2 mm
Medium 2-5 mm
C Coarse 5-20 mm

VC Very Coarse  20-50mm

Table 52: Recommended classes for the abundance of voids

Code Definition Description
VL VeryLow <2%

L Low 2-5%
M Medium 5-15%
H High 15-40%

VH Very High > 40%
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Table 53: Recommended classes for fissuressize

Code Déefinition

F <1lmm
M 1-2 mm
W 2-5 mm

VA 5-10 mm
EW > 10mm

Macropores: Interaggregate pores are common types of macropores, as well as biogenic pores. When
they are present, the size of these should be described (Table 54).

Table 54: Recommended classes for macropores size

Code Definition

VF <0.5mm

F 0.5-2mm
2-5mm

C 5-20 mm

VC 20-50mm
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Annex |. Carbonates

Small amounts of calcium carbonate can be estimated in the field by observing the reaction when a
few drops of 10 per cent hydrochloric acid are applied (Table 8).

Field assessment of dolomite is less reliable. The field test gives no further guide to the content in
soils with more than 10 per cent calcium carbonate.

The CaCO; equivalent content of a sample can be expressed numerically as a percentage, or as

gkg*, where 1% is equivalent to 10 g kg™.

Table 55: Estimating calcium car bonate content (FAO, 2006)

Classification of carbonate reaction in the soil matrix

%
N 0 MNon-calcareous No detectable visible or
audible effervescence.
SL =0-2 Slightly calcareous Audible effervescence

but not visible.
MO  =2-10 Moderately calcareous Visible effervescence.

ST = 10-25 Strongly calcareous Strong visible
effervescence. Bubbles
form a low foam.

EX =>25 Extremely calcareous Extremely strong
reaction. Thick foam
forms quickly.

Warning: eye protection should be worn against acid spray during effer vescence.

Soil is assessed as calcareous or non calcareous if field tests show that the < 2 mm fraction contains >
2.0 % CaCOs, and non-calcareous if it contains < 2.0 % CaCO3. In the UK, the threshold for
defining a soil as calcareous is reduced to 1.0 % CaCO; (Avery, 1980).
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Annex |l. von Post scale

In this field test a sample of wet peat is squeezed in the closed hand and the colour of the liquid

that is expressed between the fingers, the proportion of the original sample that is extruded and

the nature of the plant residues are observed.

Table 56. M odified version of von Post (1924) scale for assessing the degr ee of decomposition of peat.

Degree of Nature of liguid

Proportion of

decom- expressed on peat extruded  Nature of plant residues Description
position  squeezing between fingers
H1 Clear, colourless  None Plant structure unaltered; Undecomposed
fibrous, elaslic
H2 Almost clear, None Plant structure distinct; Almost
yellow-brown almost unaltered undecomposed
H3 Slightly turbid, None Plant structure distinct; Very weakly
brown most remains easily decomposed
identifiable
H4 Strongly turbid, None Plant structure distinct; Weakly
brown most remains identifiable ~ decomposed
HS5 Strongly turbid, Very little Plant structure clear but Moderately
contains a little becoming indistinct; most  decomposed
peat in suspension remains difficult to
identify
H6 Muddy, much One-third Plant structure indistinct Weil
peat in suspension but clearer in the squeezed decomposed
residue than in undisturbed
peat; most remains
unidentifiable
H7 Strongly muddy One-half Plant structure indistinct Strongly
but recognisable; few decomposed
remains identifiable
HR Thick mud, little  Two-thirds Plant structure very Very strongly
free water indistinct; only resistant decomposed
remains such as root fibres
and wood identifiable
H9 No free water Nearly all Plant structure almost Almost
unrecognisable; practically completely
no identifiable remains decomposed
H10 No free water All Plant structure Completely
unrecognisable; decomposed

completely amorphous
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Annex Ill. Limits for humose according to organic
carbon (%) and clay (%)

Table 57: Organic carbon (% w/w) limitsfor Humose, Peaty |loam, Peaty sand materials (Jones et al, 2011):

Humaose Peaty L oam, Peaty Sand

Clay % OC % OC %

0 3.50 12.00

1 3.55 12.05

2 3.60 12.10

3 3.65 12.15

4 3.70 12.20

5 3.75 12.25

6 3.80 12.30

7 3.85 12.35

8 3.90 12.40

9 3.95 12.45
10 4.00 12.50
11 4.05 12.55
12 4.10 12.60
13 4.15 12.65
14 4.20 12.70
15 4.25 12.75
16 4.30 12.80
17 4.35 12.85
18 4.40 12.90
19 4.45 12.95
20 4.50 13.00
21 4.55 13.05
22 4.60 13.10
23 4.65 13.15
24 4.70 13.20
25 4.75 13.25
26 4.80 13.30
27 4.85 13.35
28 4.90 13.40
29 4.95 13.45
30 5.00 13.50
31 5.05 13.55
32 5.10 13.60
33 5.15 13.65
34 5.20 13.70
35 5.25 13.75
36 5.30 13.80
37 5.35 13.85
38 5.40 13.90
39 5.45 13.95
40 5.50 14.00
41 5.55 14.05
42 5.60 14.10
43 5.65 14.15
a4 5.70 14.20
45 5.75 14.25
46 5.80 14.30
47 5.85 14.35
48 5.90 14.40
49 5.95 14.45

50 6.00 14.50




Annex V. Profile Description & Sampling Horizons

Site and soil description

On arriving onsite the GPS location is found. The landscape features are recorded; relief,
topography, aspect and land use and the pit is excavated to approximately 1.2 m. The profile faceis
cleared and photographed and parent material noted. The profile is described both overall and per
horizon by two surveyors. Horizons are described in detail, with descriptions of; texture, structure,
colour, carbonates, stone content and type, root content and depth and presence of biota recorded.
If a water table is present its depth is recorded. Reduced conditions are tested using a-o dipyridyl
which is directly applied onto the soil that is taken from the part of the horizon in question. On

some occasions it is useful to excavate > 1.2 m to see the parent material below drift for example.

Sampling of horizons

Chemical properties and soil textural analysis

Each horizon is sampled for a laboratory composite sample which included analyses such as; pH
(H.O and CaCl,), total C, total N, organic Carbon, loss-on-ignition (LOI) for organic matter
content, cation exchange capacity (CEC), base saturation (BS), Fe/Al (oxalate extraction) and
texture. This composite sample requires approximately 2 kg of fresh soil from each horizon and
therefore if horizons are described that are < 5 cm thick, it is not possible in all cases to obtain a
composite sample. All samples are coded or barcoded, if it's possible, and logged on site into the
profile description database. All details of the methods applied can be found in the ISIS Standard
Operating Procedure Handbook (Massey et al., 2014).

Physical properties

Bulk density is sampled with fixed volume stainless steel rings (98 cm®). Three rings are taken per
horizon to determine the degree of variation of bulk density within a given soil profile and horizon.
Data for bulk density is reported as the average value (g cm®) for each horizon and standard

deviation (to explain variation).
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Biological properties

These samples are taken to determine a normal operating range (NOR) of microbial/faunal and
functional measures. Biological samples required special handling in the field, due to issues of
contamination across both horizons and profiles and preservation of samples — as samples taken for
DNA analyses are required to be frozen immediately on extraction. Three types of samples could

be collected for this purpose:

e 1 kg of 4°C fresh sample from surface horizons to a depth of 20 cm for; microbial biomass
C, Multiple Substrate Induced Respiration (MSIR), potential nitrification and nematode
assemblages (trophic groups and molecular profiling).

o Frozen samples (200 g) from all horizons for; Phospholipid Fatty Acids (PLFA) and DNA
extractions for TRFLP.

e Micro-arthropods samples were collected using fixed volume stainless steel rings (98 cm®)
from the surrounding surface soil (non-compacted) to the profile pit. A total of six samples
were taken per site (3 x 0-5 cm depth and 3 x 5-10 cm depth). Samples were only taken
from sites post July 2013.
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