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I ntroduction

Thisdocumentispart of theprovincia forest ecosystem classification (FEC) project. 1t describesal currently
recogni zed FEC soil typesinthe provincea ong with management interpretations, photographs, and correlaion
with soil survey map units. Although part of amore comprehensive FEC system, thisdocument can beused as
astand doneguidefor identifying and interpreting forest soilsin Nova Scotia.

Background

In 2000, the Nova Scotia Department of Natural Resources began along-term project to systematically
identify and describe forest ecosystem unitsin the province. To date, over 1,000 FEC plots have been
assessed throughout Nova Scotia. Thishasresulted inthe production of several publicationsdescribing
regional vegetationtypesand soil types(Keyset al., 2003; Keysand Quigley, 2005; Nelly et al., 2006; Keys
etal., 2007; Nelly et al., 2007). The project will culminatewith production of acomplete provincial FEC
guidein 2009.

FEC Soil Types

Therearecurrently 18 soil typesand 4 soil typephasesintheprovincid FEC system. Theseunitsaredifferentiated
based on general features of ecol ogical and/or management rel ated significance (detailsbelow). Because
more than one soil type can be associated with agiven forest cover type, and because different soilscan
respond differently to management treatments, determination of soil typeisrecommended for stand-level
management purposes.

Note: Not all soil types occur everywherein the province. With time, users of this guide will
become familiar with those types found within their region of interest.

A seriesof keyshave been devel oped (Figure 1) which enable userstoidentify different soil typesbased on:

- thicknessand type of surface organic horizons

- minerd soil depth

- presenceof organicaly enriched Ah or Ap minera horizons

- dominant particlesizeand texture classeswithin the soil profile
- s0il drainage condition

- surface stoniness/ coarse fragment content

Thesoil typekeysare hierarchica (starting with themain soil typekey), with the user working down through
decision pointsuntil the soil typeisdetermined. Onceasoil type hasbeen keyed out, soil type descriptions
can be consulted to verify thedecision.

Useof thekeysrequiresdiggingasmall soil pitinan arearepresentative of theforest stand being assessed (see
Appendix 3for details). With experience, soil type assessmentsgenerally takelessthan ten minutes.
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Alongwith soil typekeys, asoil textureand particle sizekey hasa so been developed to aid field assessment
(Figure2). Explanationsof soil-related termsused inthisguidearegiveninAppendix 4.

Figure 1. Keysto FEC soil typesin Nova Scotia.

Main Soil Type Key
Sart Here

START

A

Go to Organic thickness
Organic Soil Key Yes 40 cm or more.

No

}

Mineral soil depth less than or
equal to 30 cm over bedrock
OR
Mineral soil depth less thanor ~ ——Yes—
equal to 30 cm over a fully
cemented or fragipan horizon
(Bfc, Bhfc, Bhc, Bx, BCx).

|

No

!

Dominant Particle Size Class
between 30 cm and 60 cm:
Fine-loamy, Fine-silty, Fine-clayey
Go to OR Go to
Coarse Soil Key ¢ No— A layer 10 cm or more thick starting eSS Fine soil Key
within the top 30 cm of mineral soil
with Particle Size Class

Fine-loamy, Fine-silty, Fine-clayey

Go to
Shallow Soil Key

Page 2



START
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Fine Soil Key
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Shallow Soil Key
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Figure 2. Soil texture class and particle size class key.
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Soil Texture Key

To usethe soil texturekey (Figure 2), start by placing asmall massof soil onthemiddle of your threelargest
fingers(pam side) and removeany obviousorganic materia and coarse fragments(rocks).

Note: All particlesover 2 mmin size are considered coar se fragments and are not not part of
the texture assessment. If the sample being assessed has many small coar se fragments, you
must mentally disregard these when assessing the sample.

Next, moistenthe sampleuntil itiswet enough to stay in placewheninverted (when you turn your hand over),
but not so that the sampleisrunny or excesswater ispresent (see photosbelow).

Rub the sampl e between your thumb and fingersto assessrd ative grittinessand smoothness. All grittiness, no
matter how fine, isdueto sand content (smoothnessisdueto both silt and clay). Based onréativegrittiness,
determine sand content by going down theleft hand column of the key until the description matchesyour
sample(Note: percentagevauesusedinthiskey arenot intended to exactly match texturetriangle boundaries).

Onceyou have assessed rel ative sand content, lift your thumb up and down from thefingersto assessrelative
stickiness. Only the clay fraction causes stickiness (silt just feelssmooth). Themoreclay inyour soil, the
stickier it will feed whenmoist. Thisassessment only applieswhen sand content islessthan 75%.

Moveacrossthekey from|eft to right (beginning fromwhere you established sand content) until the stickiness
description matchesyour sample. Thiswill lead youto your estimated texture class. Onceyou have estimated
soil texture, look up the associated particle size class (bewteen the dashed lines). SeeAppendix 4 for more
information on soil textureand particlesizeclasses.

Soil sample before moistening. Soil sample after moistening, ready for
texture class determination.

r\"

.
i
L)
e

k
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Soil Type Descriptions
Descriptionsof each soil typeintheprovincial FEC system aregiven below.
ST1: Dry-MCT

Dry, coarse-textured or very gravelly medium-textured soils. Gravel/cobble content in surface horizonsis
often more than 50%, but may al so be absent in sandy outwash or glaciofluvia deposits. Stone and boul der
content can below to high. Drainageisusudly well or rapid, but can bemoderately well inlower or level dope
positions. Profilesgenerally contain awell developed Aehorizon, and may aso contain partially or fully
cemented B horizons. Wherefully cemented B horizonsarefound above 30 cm, ST1 soilsbecome ST15
oils

ST2: Fresh-MCT

Fresh, medium to coarse-textured soils, with near-surface soil texture dominated by sandy |oam or coarser
textures. Gravel/cobble content isgenerdly low to mediumin surface horizons. Stoneand boulder content is
usualy low, but can be highin soilsderived from graniteor quartzitetills. Drainageisusually well, but canbe
rapid or moderately well depending on slope position, slope percent, soil depth, and subsoil permeability.
Profilesgenerally contain awell devel oped Ae horizon, but an Ahe horizon may be present in some soils.
Partially or fully cemented B horizons may also befound. Wherefully cemented B horizonsarefound above
30cm, ST2 soilsbecome ST15 soils.

ST2-G: Fresh-MCT (Granitephase)

ST2-G soilsaresimilar to ST2 soils, but aredistinguished by the presence of numerousgraniteor
granodiorite stones and boul ders on the surface (surface stoniness classvery stony or greater). This
high surface stoninessisal so reflected in high coarse fragment content bel ow the surface.

ST2-L: Fresh-MCT (Loamy phase)

ST2-L soilsaresmilar to ST2 soils, but aredistingui shed by the presence of surface soil texturesdominated
by loamand/or siltloam.

ST3: Moist- MCT

Moist, medium to coarse-textured soils, with near-surface soil texture dominated by sandy |oam or coarser
textures. Gravel/cobble content can vary from low to high, as can stone and boulder content. Drainageis
moderately well toimperfect dueto dopeposition (middie, lower, level) and/or restricted vertical drainagein
areasof gentledope. Profilesgenerally contain an Aehorizon, but an Ahe horizon may be present in some
soils. Lower s ope seepage potentia may be high for soilswith restricted vertical drainage.

ST3-G: Moist - MCT (Granite phase)
ST3-G soilsaresimilar to ST3 soils, but aredistinguished by the presence of numerousgraniteor

granodiorite stonesand boulderson the surface (surface stoninessclassvery stony or greater). This
high surface stoninessisal so reflected in high coarse fragment content bel ow the surface.
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ST3-L: Moist - MCT (Loamy phase)

ST3-L soilsaresmilar to ST3s0ils, but aredistinguished by the presence of surface soil texturesdominated
by loamand/or siltloam.

ST4: Wet -MCT

WEet, medium to coarse-textured soils (includeswet shallow soils). Gravel/cobble content can vary fromlow
to high, ascan stoneand boulder content. Drainageisimperfect to poor dueto slope position (lower, level,
depression) and/or restricted vertical drainagein areasof gentledope. Profilesgeneraly containamottled or
gleyed Aehorizon, but an Ahe horizon (or wet variant) may be present in some soils. Lower slope seepage
potentia may behighfor soilswithrestricted vertical drainage.

ST5: Fresh-FMT

Freshtofresh-moigt, fineto medium-textured soils. Gravel/cobblecontent isgeneraly low insurfacehorizons,
and stoneand boulder content isusualy low. Drainageisusualy moderately well, but can bewell depending
on dopeposition, dopepercent, and soil depth. Profilesgeneraly containan Aehorizon, but anAheor thinAh
horizon are also common. BC and C horizons often contain mottles dueto restricted drainage and/or poor
aerationinthefine-textured subsoil.

ST6: Moist-FMT

Moist to moist-wet, fineto medium-textured soils. Thetextureof theA horizon can sometimes be coarser due
toinputsfromweathered rock. Profilesmay also contain coarse-textured horizonsbel ow finer surface horizons
of different origin. Gravel/cobblecontentisgeneraly low in surface horizons, and stoneand boulder contentis
usualy low. Drainageismoderately well toimperfect dueto middlieor lower Slope position, gentle Slope,
shalow depth, and/or high clay content in surface horizons. Profilesgenerally containanAeor Ahe horizon,
but athin Ah horizon may be present in some soils. Lower slope seepage potential may be high due to
restricted vertical drainagein thefine-textured subsoil.

ST7: Wet-FMT

WEet, fineto medium-textured soils. Thetextureof theA horizon can sometimesbe coarser duetoinputsfrom
weathered rock. Profilesmay also contain coarse-textured horizonsbel ow finer surface horizonsof different
origin. Gravel/cobblecontentisgeneraly low in surface horizons, and stoneand boulder content isusualy low.
Drainageis poor dueto slope position (lower, level, depression), gentle slope, shallow depth, and/or high
overal clay content. Profilesgenerally contain amottled or gleyed Aeor Ahehorizon, but athin Ah horizon
may be present in some soils. Lower dope seepage potential may be high dueto restricted vertical drainagein
thefine-textured subsoil.

ST8: RichFresh-MCT
Fresh, medium to coarse-textured soil swith significant organic matter enrichment intheA horizon. TheAWAp

horizon has been formed through mixing by soil faunaor through pasturing/tillage. Gravel/cobblecontentis
generally low to mediumin surface horizons, and may beabsent inaluvium soils. Stoneand boulder content
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isusualy low to medium. Drainageisusualy well, but can be moderately well depending on dopeposition,
slope percent, soil depth, and subsoil permeability. Profilesmay contain an Ae horizon below the AWAp
horizon.

ST8-C: Rich Fresh- MCT (Coar sephase)

ST8-C soilsaresimilar to ST8 soils, but are distinguished by the presence of high sand and/or coarse
fragment content. These soilsare often associated with coarse alluvium depositsor with colluvium/talus
depositsderived from nutrient rich rock (basat/gabbro).

ST9: Rich Moist- MCT

Moist, medium to coarse-textured soilswith significant organic matter enrichment intheA horizon. TheAWAp
horizon hasbeen formed through mixing by soil fauna, the presence of graminoid species?, or through pasturing/
tillage. Gravel/cobble content isgeneraly low to mediumin surface horizons, and may beabsentinaluvium
soils. Stoneand boulder content isusually low to medium. Drainageismoderately well to imperfect dueto
dopeposition (middle, lower, leve), restricted vertical drainagein areasof gentle slope, and/or low overall
sand content. Profilesmay contain anAehorizon (or mottled variant) below theAhWAp horizon. Seepageis
often animportant contributor to soil fertility inlower dopepositions.

ST10: RichWet-MCT

Wet, medium to coarse-textured soil swith significant organic matter enrichment intheA horizon (includesrich
wet shallow soils). TheAh horizon has been formed through mixing by soil faunaand/or the presence of
graminoid species. Gravel/cobble contentisgeneraly low to mediumin surface horizons, and may be absent
indluvium soils. Stoneand boulder content isusualy low to medium. Drainageispoor dueto dopeposition
(lower, level, depression) and/or restricted vertical drainagein areasof gentleslope. Profilesmay containa
mottled or gleyed Aehorizon below theAh horizon. Seepageisoften animportant contributor to soil fertility
inlower dopepostions.

ST11: RichFresh-FMT

Freshtofresh-moit, fineto medium-textured soil swith significant organic matter enrichment intheA horizon.
TheAhAp horizon has been formed through mixing by soil faunaor through pasturing/tillage. Gravel/cobble
contentisgeneraly low insurface horizons, and may beabsentinaluvium soils. Stoneand boulder contentis
usualy low. Drainageisusualy moderately well, but can bewell depending on s ope position, dope percent,

and soil depth. Profilesmay contain an Ae horizon bel ow theAh/Ap horizon, and BC and C horizons often
contain mottlesdueto restricted drainage and/or poor aerationinthefine-textured subsoil.

ST12: RichMoist-FMT

Moist to moist-wet, fineto medium-textured soil swith significant organic matter enrichment in theA horizon.

1. Graminoid species includes grasses, sedges, and rushes.
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TheAh/Ap horizon has been formed through mixing by soil fauna, the presence of graminoid species, or
through pasturing/tillage. Gravel/cobble content isgenerally low in surface horizons, and may beabsentin
aluvium soils. Stoneand boulder contentisusualy low. Drainageisgenerally imperfect dueto dopeposition
(middle, lower, level), gentled ope, restricted vertical drainage, and/or high clay content in surface horizons.
Profilesmay contain anAehorizon (or mottled variant) below the AhVA p horizon. Seepageisoftenanimportant
contributor to soil fertility inlower dope positions.

ST13: RichWet-FMT

WEet, fineto medium-textured soil swith significant organic matter enrichment intheA horizon. TheAhhorizon
hasbeen formed through mixing by soil faunaand/or the presence of graminoid species. Gravel/cobble content
isgenerdly low in surface horizons, and may beabsent inaluvium soils. Stoneand boulder content isusually
low. Drainageispoor dueto dopeposition (lower, level, depression), restricted vertical drainage, and/or high
clay content in surface horizons. Profilesmay contain amottled or gleyed Aehorizon below theAh horizon.
Seepageisoften animportant contributor to soil fertility inlower dopepositions.

ST14: Organic

Soilswith thick organiclayersmainly derived from vegetation associ ated with very wet sites (dominantly O
horizontypes). Minerd soil (if reached) can beof variabletexture and coarsefragment content can below to
high. Drainageispoor to very poor duetolevel or depression dope position and/or shallow depthto horizons
with restricted verticd flow.

ST14-U: Organic(Upland phase)

Soilswiththick organiclayerscurrently derived from vegetation associated with upland sites(thick LFH
horizons). O horizonsmay befound bel ow thethick LFH layer, and stonesor bouldersmay beintermixed
with organic horizonswherethese soils have developed on stony sites. Minera soil (if reached) canbe
of variabletextureand coarsefragment content can below to high. Drainageisgeneraly imperfect due
to dopepostion (lower, level) and/or shallow depth to horizonswith restricted vertical flow.

ST15: Dry Shallow-MCT

Dry tofresh, mediumto coarse-textured, shalow soilsover cemented/fragipan horizonsor near-surface bedrock
(including exposed bedrock). Gravel/cobble content can vary from low to high, as can stone and boul der
content. Drainageisusually rapid or well, but can be moderately well depending on dope position. Profiles
generally contain anAe horizon, but an Ahe horizon may be present in somesoils.

ST15-G: Dry Shallow - MCT (Granitephase)
ST15-G soilsaresmilar to ST15 soils, but are distingui shed by the presence of numerousgraniteor

granodiorite stonesand boulderson the surface (surface stoninessclassvery stony or greater). This
high surface stoninessisal so reflected in high coarse fragment content bel ow the surface.
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ST15-L: Dry Shallow - MCT (Loamy phase)

ST15-L soilsaresimilar to ST15 soils, but are distinguished by the presence of surface soil textures
dominated by loam and/or siltloam.

ST16: Moist Shallow - MCT

Moist, medium to coarse-textured, shallow soilsover cemented/fragipan horizons or near-surface bedrock
(including exposed bedrock). Gravel/cobble content can vary from low to high, as can stone and boul der
content. Drainageismoderately well toimperfect dueto dopeposition. Profilesgenerally containan Aeor
mottled Ae horizon, but an Ahe horizon (or mottled variant) may bepresent in somesoils.

ST16-G: Moist Shallow - MCT (Granitephase)

ST16-G soilsaresimilar to ST16 soils, but are distingui shed by the presence of numerousgraniteor
granodiorite stonesand boulderson the surface (surface stoninessclassvery stony or greater). This
high surface stoninessisal so reflected in high coarse fragment content bel ow the surface.

ST16-L: Moist Shallow - MCT (L oamy phase)

ST16-L soilsaresimilar to ST16 soils, but are distinguished by the presence of surface soil textures
dominated by loam and/or siltloam.

ST17: Rich Dry Shallow-MCT

Dry to fresh, medium to coarse-textured, shallow soilswith significant organic matter enrichment intheA
horizon. TheAhAp horizon hasbeen formed through mixing by soil faunaor through pasturing. Enhanced
fertility in these shallow soilsisoften aresult of inputsfrom nutrient rich bedrock (basalt/gabbro). Gravel/
cobble content can vary fromlow to high, ascan stoneand boulder content. Drainageisusually rapidtowell,
but can be moderately well depending on dopeposition. These soilsare usually associated with near-surface
bedrock, but they can also occur with cemented or fragipan soils.

ST18: Rich Moist Shallow-MCT

Moist, medium to coarse-textured, shallow soilswith significant organic matter enrichment intheA horizon.
The AhAp horizon hasbeen formed through mixing by soil faunaor through pasturing. Enhanced fertility in
theseshdlow soilsisoften aresult of inputsfrom nutrient rich bedrock (basat/gabbro). Gravel/cobble content
canvary fromlow to high, ascan stone and boulder content. Drainageismoderately well toimperfect dueto
slopeposition. These soilsare usually associated with near-surface bedrock, but they can aso occur with
cemented or fragipan soils.
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Soil Type Matrix

Rel ationships between FEC soil types can be shown using amatrix table (Figure 3). Thisallowsusersto see
which soilsarerelated to each other by their texture, drainage, fertility, and depth.

Figure 3. FEC soil type matrix.

Medium to Coar se Textured F|n$totMe:d|um Organic
Dominant extur
Moisture
Condition
Typic Rich Shallow Shs:L(;]W/ Typic Rich Typic
(ST15-G)
Dry ST1
ST15
(ST2-G) (5180 (ST15-L) ST17
Fresh ST2 ST8 ST5 ST11
(ST2-L) (ST16-G)
(ST3-G) ST16 ST18
Moist ST3 ST9 ST6 ST12 ST14-U
(ST3L) (ST16-L)
Wet ST4 ST10 ST4 ST10 ST7 ST13 ST14

By design, thesoil typematrix can beused to predict how different soilswill react or changewith changing site
conditions.

For example:

- During and shortly after asignificant rain event, awell drained (fresh) ST2 soil will react to machine
trafficlikeamoist ST3 soil or awet ST4 soil until such time asexcesswater hasdrained away.

- Anoldfield white spruce stand found on amapped ST6 soil will likely now be dominated by ST12 soil
because of the presence of anAp horzon.

- AnST2-L soil located in an areaknown to be shallow to date bedrock will transition into ST15-L or
ST16-L soilswherethisbedrock iscloseto the surface.
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Soil Type Photographs

Thefollowing seriesof photographs show examplesof FEC soil typesa ong with somediagnostic features.

Note: Forest soil morphology isinherently variable, not all soilsencountered will match these
photographs. Users of this guide should rely on information contained in the soil type keys
and descriptions when determining soil typein thefield.

ST1 ST2

Rapidly drained ST1 soil Well drained ST2 soil with sandy loam
with sand and high gravel/ mineral soil and broken Ae horizon
cobble content. (greyish-white).
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ST2-L

Well drained ST2-L soil with
silt loam / loam mineral soil and
thin Ae horizon.

ST3

Imperfectly drained ST3 soil
with sandy loam mineral soil,
well developed Ae horizon, and
mottles in lower horizons.
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ST3-L

Imperfectly drained ST3-L soil
with loam mineral soil and
mottles in lower horizons.

ST4

Poorly drained ST4 soil with
near surface mottling and thick
moss layer.




ST5

WEell drained ST5 soil with
reddish coloured lower
horizons high in clay.

ST6

Imperfectly drained ST6 soil
with athin Ahe horizon and
faint mottles above reddish
coloured horizons high in clay.
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ST7

Poorly drained ST7 soil with
near surface prominent mottles
(gley conditions) and high clay
content.

ST8

Well drained ST8 soil with
brown (organically enriched)
Ah horizon above reddish-
brown B horizons.
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ST8-C

Sony alluvium deposit with
sandy Ah horizon.

ST9

Imperfectly drained ST9 soil
with Ah horizon above mottled
C horizons (alluvium deposit).
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ST10

Poorly drained ST 10 soil
with dark, wet Ah horizon
below black organic horizon.

ST11

Moderately well drained ST11 soil

with well developed Ah horizon and
SIL - SICL texture. Dark spotsin

lower horizons are from weathered
rock fragments (shale).
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ST12

I mperfectly drained ST12
soil with thick Ah horizon
and mottled B and BC
horizons high in clay.

ST13

Poorly drained ST 13 soil
with prominent mottling
(gley conditions) below Ah
horizon.
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ST14

Very poorly drained ST14
soil derived from sphagnum
mosS.

ST14-U

Imperfectly drained upland
organic ST14-U soil with
mineral soil below.




ST15

Rapidly drained ST15 soil
shallow to bedrock.

ST16

Imperfectly drained ST16
soil with mottled horizons
above bedrock.
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ST17/ ST18

Rich shallow soils over basalt bedrock. Where these soils are well drained, they are classed as
ST17 soils. Imperfectly drained (mottled) soils are classed as ST18 soils. In both cases, a well
developed Ah horizon is present.

Granite Phase

Examples of very stony surface conditions associated with granite phase soil types.




Soil Survey Correlation

Unlikelarger provincesin Canada, most soilsin Nova Scotiahave been mapped at the soil seriesor soil
asociationlevel (seeAppendix 2). Only innorthern CapeBreton aretherelarge areas of essentid ly unsurveyed
soilsintheprovince.

Based on survey descriptions, atable hasbeen created which correlates soil survey unitswith probable FEC
s0il types(Tablel). Thisallowsuseof soil survey mapsto predict which soil typeswill befoundinagivenarea
- information which can then be used for planning purposes.

Note: Soil survey maps are not absolutely accurate. Users can expect to find inclusions of
other soil unitsand/or a range of drainage conditions within any mapped polygon, especially
if the polygon islarge. Asaresult, predicted soil types should be verified at the stand level
before implementing management prescriptions. A more detailed list of probable soil types
associated with each soil survey unit can be found in Appendix 1.

Table 1. Probable FEC soil types associated with mapped soil survey units in Nova Scotia. Only
soil units which are reasonably expected to support forest cover are included in this list.

* RML = Rough Mountain Land

| Soil Typel || SoilType2 || Soil Type2l |
Canning Berwick Barney
Cornwallis Bridgetown Bridgewater
Digby Cobequid Bryden
Hebert Farmville Glenmont
LaHave Folly Hopewell
Medway Gibraltar Kirkhill
Nictaux Halifax Kirkmount
Somerset Hansford Morristown
Torbrook Merigomish Pelton
Truro Mersey Rawdon
Perch Lake Rossway
Portapique
Pugwash
Rodney
RML*
Shulie
Thom
Tormentine
Westbrook
Woodville
Wyvern
Y armouth
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Table 1. Continued...

| Soil Type3 || Soil Type3dL || Soil Type4
Annapolis Riverport Arichat
Avonport Roxville Aspotogan
Bayswater Economy
Comeau Masstown
Danesville Meteghan
Debert Middlewood
Deerfield Millar
Kentville Pitman
Kingsport Roseway
Liverpool Seely
Mira Tiddville
Springhill
| Soil Type5 || Soil Type6 || Soil Type7 |
Elmsdale Diligence Joggins
Falmouth Fash Kingsville
Wolfville Hantsport Lawrencetown
Woodbourne Middleton Mahone
Millbrook
Queens
| Soil Type8 || Soil Type9 || Soil Typeld |
Cumberland Bridgeville Chaswood
Gulliver Cherryfield
Mossman
Stewiacke
Soil Typel1l4 || Soil Typel5 || Soil Typel16
Castley Port Hebert | Lydgate |
Organic Rockland
Peat
Swamp
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Management Interpretations

Management interpretationsrel ated to soil compaction hazard, rutting hazard, erosion hazard, frost heave
hazard, windthrow hazard, and sensitivity to forest floor loss have been madefor all FEC soil types. All
hazards considered areinfluenced (to varying degrees) by soil texture, soil moisture content, soil organic
matter content, soil depth, and stoniness - the samefeatures used to delineate soil typesin the FEC system.
Based on the condition of each soil typefeature (and itsrelativeimportance), overal susceptibility ratingsfor
each hazard typewere assigned, ranging fromlow to very high (Table2).

Soil hazard ratings are meant to alert usersto the potential for soil damage or negative off-siteimpactswhen
conducting harvesting and Site preparation treatments. These ratings should be considered when deciding on
(1) harvesting system and equipment, (ii) Site preparation method and equipment, (iii) timing of operations, (iv)
trail and road layout, and (v) the need for on-site or off-site mitigation measures.

Ingenerd:

Low (L) hazard meansthereisaminor risk of damage or negativeimpacts under normal operating
conditions.

Moderate (M) hazard means caution should be exercised asthereis potential for some damage or negative
impactsunder norma operating conditions.

High (H) hazard meansthereisapotentia for significant damage or negativeimpactsunder normal
operating conditions. These hazards need to be addressed in the planning process.

Very High (VH) hazard meansthereis potential for severe damage or negative impactsunder normal
operating conditions. These hazards need to be addressed in the planning process.

Moreinformation on avoiding soil and site damage can befound in Sutherland (2005) and Keysand Quigley
(2005).

Note: Soilswith low hazard ratings can still be susceptible to damage under certain circum-
stances. Hazard ratingsin Table 2 reflect “ usual” susceptibility, based on general conditions
of each soil type.

Compaction Hazard (CP)

Soil compaction from machines can reduce site quality by increasing soil bulk density, reducing soil aeration,
altering water flow, and changing soil temperatureregimes (Racey et al., 1989; Krause, 1998). Themain soil
factorsinfluencing compaction hazard are moisture content, texture, and (to alesser extent) organic matter
content and coarse fragment content.
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In general, compaction hazard increasesas:
soil moisture content increases. soil aggregatesareless stable as soil moistureincreases;

soil texture becomesfiner: because of particle size distributions, fineto medium-textured soilsare
more easily compacted than coarse-textured soils;

soil organic matter content decreases: the compressibility of soil at agiven moisture content increases
asorganic matter content decreases (Krause, 1998).

coar sefragment content decreases: high coarse fragment content can reduce theimpact of
compaction (Childsand Flint, 1990).

RuttingHazard (RT)

Soil rutting from machinesreduces site quality mainly through ateration of water flowsand exposureof less
fertilesubsurface horizons. Lossof soil structureand porosity inrutted (puddled) soilsisaso of concern. The
main soil factorsinfluencing rutting hazard are moi sture content, texture, and organic matter content.

In general, rutting hazard increasesas:
soil moisture content increases: soil bearing capacity decreaseswith increasing moisture content;
soil texture becomesfiner: whenwet, silty and clayey soilshavelower shear strength than sandy soils;
soil organic matter content increases. organic matter contributesto reduced bearing capacity in soils.

Inmost cases, soilswhich aresusceptibleto rutting are a so susceptibleto compaction. Also, rutting in surface
horizons often leadsto compaction of deeper soil layers.

Soilswith high compaction and rutting hazards are best travel led when frozen or during summer dry periods.
When moist, these sensitive soils can be damaged with even one or two vehicle passes (M cNabb, 1999;
Keysand Quigley, 2005). To minimize damage, treatment plans should minimizethe need for machinetravel
and traffic damage should befocused on fewer trail swhich arelocated and designed to withstand high use.

Frozen Soils. To prevent machinetraffic damage, minera soilsneed to befrozen to adepth of 15 cm or more
and organic soils to adepth of 50 cm or more (Sutherland, 2005). For many areasin Nova Scotia, this
conditionisnot often achieved, or isonly achieved for short periodsof time. To avoid serioussitedamage
during winter operations, adequate frost penetration should be confirmed before operationsbegin. In some
cases, management techni ques can be used to promotefrost penetration (Sutherland, 2005).

Dry Soils: Fineto medium textured (high hazard) soilsremain moist for long periodsafter summer rain events
and, depending on wesather patterns, may never reach atruly dry condition. However, when (or if) these soils
do becomedry, managersshoul d take advantage of these short-lived conditionsby directing additiond resources
to these siteswhile conditionsarefavourable.
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Eroson Hazard (EV/E2)

Sail erosion reducessite quality through lossof fertiletopsoil. Stream water quality and aquatic habitat can
also beseverely impacted by erosion deposits, both on and off-site. Themain soil factorsinfluencing erosion
hazard are moisture content, texture, organic matter content, and depth - factorsrelated to asoil’sability to
absorb and/or storewater. The main sitefactorsaffecting erosion hazard are presence of surface organic
horizons, degree of dope, and dopelength.

Ingeneral, erosion hazard increases as:
soil moisture content increases. soilswith highinherent moisture arelessableto store additional water;

soil texture becomesfiner: soilshighin silt and fine sand are more proneto erosion becausethese
particlesizesare mobileand can easily clog pore space, reducing infiltration capacity. Also, soil
permeability generaly decreases assoil texture becomesfiner.

soil organic matter content decreases: organic matter contributesto soil aggregate strength and
porosity, weak aggregatesare morelikely to breakdown and clog pore space, reducing infiltration
capacity. Also, organic matter has ahigh moisture absorption capacity - thelower the organic matter
content, thelower thewater storage capacity of the soil;

soil depth decreases: shallow soilsarelessableto storewater.

With respect to sitefactors, the presence of intact surface organic horizons can significantly reduce erosion
potential by absorbing theimpact of rain and by increasing thewater storage capacity of the soil.

All thingsbeing equal, the steeper and longer the slope, the greater the potential for erosion onagivensite
(Racey et al., 1989). Therefore, two erosion hazard ratingsare given: onefor sopes 10% or less(E1) and
onefor dopesgreater than 10% (E2).

All soil typeswhich havefineto medium-textured surface horizonsare susceptibleto erosion. Soilswhichare
alsomoist and/or shallow areeven moreat risk. However, the presence of awell devel oped AWAp horizon
canreduceersoion hazard, if soil structureismaintained. Inthisguide, wet soilsaregivenlower hazard ratings
because these soilstend to be on level or depression slopepositions.

Toavoid erosion on high hazard sites, forest floor organic layers should be kept intact and compaction and
rutting should beminimized. Compaction canincreaseeroson hazard by reducinginfiltration capacity. Rutting
can produceartificia flow channelsleading to erosion.

Frost HeaveHazard (FH)

Frost heave can result in poor growth or mortality of planting stock and natural regeneration. Themain soil
factorsinfluencing frost heave hazard are moisture content, texture, and pore structure which influences soil
water tension (Beckinghamet al., 1996). Soilswith low macro-pore percentagesreadily movewater through
capillary action, raising thelikelihood of frost heave.

In general, frost heave hazard increases as:
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soil moisture content increases: moistureisnecessary for frost action;

soil texture becomesfiner: fine-textured soilstend to have less macro-pore space than coarse-textured
ils

soil organic matter content decreases: organic matter contributesto soil structure and macro-porosity.

To reducethe occurrence of frost heave on high hazard sites, forest floor organic layers should be kept intact
(Racey et al., 1989) and soil compaction should beminimized. Forest floor horizonscan amelioratetemperature
and moisture conditions which contributeto frost formation. Soil compaction reducesthe percentage of
macro-poreswhich contributesto frost heave hazard.

WindthrowHazard (WT)

Windthrow hazard isoften morerelated to stand and species characteristicsthan to soil limitations. Many tree
species(eg. spruce andfir) are shallow rooted even when found on deep soils. Stand density, overall tree
health, and rel ative exposureto windsare a soimportant factors.

Themain soil factor influencing windthrow hazard ispotentia rooting depth, whichisrelated to soil moisture
content, soil texture, and overall soil depth. Ratingsin Table 2 refer only to soil-related windthrow hazard.
Usersmust consider al factorslisted abovewhen assessing overal windthrow hazard for agivensite.

In general, windthrow hazardincreasesas:
soil moisture content increases: high or fluctuating water tablesdo not allow for deep or stablerooting;

soil texture becomesfiner or coarser: fine-textured soilstend to become more massivein structure
with depth, thereby reducing potential rooting depth. Also, clayey soilslack shear strength, particularly
whenwet. Sandy soils, athough usually deep, lack cohes venessmaking them more susceptibleto
windthrow thanloamy soils(Zelazny et al., 1989).

soil depth decreases: naturally shallow soilsdo not allow deep rooting regardless of speciestype.
Forest Floor Loss(FL)

Thishazard refersto the potentia for seriousdecreasesin micro-sitefertility (nutrient and moisture availability)
when surface organic horizonsare removed or redistributed on asite. Forest floor horizonsare animportant
source of nutrients, especially for tree seedlings. Forest floor horizons al so regulate moisture supply and
temperature extremes near the soil surface. Themainfactorsinfluencing sensitivity toforest floor lossare soil
moi sture content, soil texture, soil organic matter content, and overall soil depth.

In general, forest floor loss sensitivity increases as:
soil moi sture content becomestoo dry or too wet: indrier soils, loss of forest floor horizons can lead

to dessication near the surface. Inwet soils, lossof forest floor horizons meansalossof nutrient supply
and rooting medium, since mineral horizonsare often too wet for root access;
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soil texture becomes coarser : coarse-textured soilslack the moisture and nutrient hol ding capacities of
medium and fine-textured soils.

soil organic matter decreases:. lack of soil organic matter means decreased moisture and nutrient
holding capacities, aswell asreduced nutrient sources.

soil depth decreases: shallow soilsdo not have the same nutrient and moi sture resources as deeper
soils, al other thingsbeing equal.

To avoid damaging siteswhich are sensitive to forest floor loss, mineral soil exposure should bekepttoa
minimumduring al treatment operations.

Planning Considerations

Managers, harvest contractors, and woodl ot owners can use soil typeinformation to promote sustainable
forest management and reduce thelikelihood of long-term site damage from management treatments.

Soil typeinformation can be used for both pre-treatment and operational planning. Itisrecommended the
following stepsbefollowed:

1.

Usesoil survey mapstogether withinformationin Table 1and Appendix 1 to predict which soil types
arelikely associated with planned treatment blocks.

UseTable 2 to determinethe hazards (and opportunities) associ ated with each predi cted soil typeand
integratethisinformation into preliminary management prescriptionsaimed a minimizing soil damage.

Verify soil typeson-siteusing soil typekeysand adjust management prescriptionsasneeded (thisstep
can becarried out beforestep 2 if feasible).

Usethe soil typematrix (Figure 3) and Table 2 to predict how damage hazards may change with
changingmoigtureconditions. Usethisinformationto establish operationa protocolsaimed at mimimizing
potential soil damage oncetreatmentsbegin.

Document effective planning procedures, operationa protocols, and hazard mitigation measuresfor
useon other steswith smilar soil types.

Page 31



Table 2. Hazard ratings for FEC soil types.

CP = Compaction hazard, RT = Rutting hazard, E1 = Erosion hazard (slope 10% or less), E2 = Erosion hazard
(slope more than 10%), FH = Frost Heave hazard, WT = Windthrow hazard, FL = Forest Floor L oss hazard.

| soilType | cP | RT = 2 | fH | wr | R
ST1 L L L-M L L-M VH
ST2 L-M L L M L-M H

ST2-G L L L L-M L L VH
ST2-L M L-M M M-H L-M L-M M
ST3 M-H M M M-H L-M M M
ST3-G M M M M-H L-M L-M M-H
ST3-L H H M-H H M-H M M
ST4 H H L-M - H H H
ST5 M M M H M L-M L-M
ST6 H H M-H VH H H M
ST7 VH VH L-M - VH VH H
ST8 L-M L-M L L-M L-M L L
ST8-C L L L L-M L L-M L-M
ST9 M-H H L-M M-H L-M M L
ST10 H VH L - M-H H L-M
ST11 M M L-M M-H L-M L-M L
ST12 VH VH M H M-H H L
ST13 VH VH L - H VH L-M
ST14 L VH - - - VH -
ST14-U L H-VH - - - H-VH -
ST15 L-M L H VH L VH VH
ST15-G L L H VH L H VH
ST15-L M L-M VH VH L VH H
ST16 M-H M-H H VH M-H VH H
ST16-G M M H VH M H VH
ST16-L H H VH VH H VH H
ST17 L-M L-M H VH L-M H-VH M
ST18 M-H H VH VH M-H VH M
Notes: For erosion and frost heave hazards, ratings assume exposed mineral soil. Where well

developed forest floors remain intact, ratings can be reduced.

Dashes mean ratings are not applicable.
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Appendix 1.

List of Probable Soil Types Associated with Nova Scotia Soil Survey Units

| Soil Name | | Likely FEC Soil Type (in order of probability) |
Annapolis 3 3L 9 3G 16
Arichat 4 14
Aspotogan 4 14
Avonport 3 2 6 1
Barney 2L 3L 5 6
Bayswater 3 3G 16 16G 14U
Berwick 2 2L 8
Bridgetown 2 2L 8 2G 15
Bridgeville 9 12 10 13
Bridgewater 2L 8 2
Bryden 2L 2 3L 3
Canning 1 2 15
Castley 14 4
Chaswood 10 13 14
Cherryfield 9 8
Cobequid 2 2L 8
Comeau 3 16 4 6
Cornwallis 1 2 15
Cumberland 8 8C 9
Danesville 3 3L 9
Debert 3 16 3L
Deerfield 3 3L 9
Dighy 1 2 15
Diligence 6 3L 7
Economy 4 14
Elmsdale 5 2L 6 3L
Falmouth 5 11
Farmville 2 2L 2G 1
Fash 6 7 12 13
Folly 2 3 16
Gibraltar 2 2G 1 15 15G
Glenmont 2L 8 2 17
Gulliver 8 8C 2L
Halifax 2 2L
Hansford 2 2L 3 3L
Hantsport 6 3L 12 7
Hebert 1 2 15
Hopewsll 2L 8 8C 15L 17
Joggins 7 14 13 6
Kentville 3 3L 2 2L 8
Kingsport 3 16 6
Kingsville 7 14 13
Kirkhill 2L 2 8 3L 1
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Appendix 1.

Continued...
Kirkmount 2L 8 2
LaHave 1 2 15
Lawrencetown 7 13 14
Liverpool 3 3L 9
Lydgate 16 16G 3 3G
Mahone 7 4 14 13
Masstown 4 14 3 10
Medway 1 2 15
Merigomish 2 2L
Mersey 2 2L 8
Meteghan 4 14
Middleton 6 12 3L
Middlewood 4 10 14
Millar 4 14 10
Millbrook 6 3L 12 9
Mira 3 3L 9 4
Morristown 2L 8 2 5
Mossman 8 9
Nictaux 1 15 2
Organic 14 4
Peat 14 4
Pelton 2L 8 2
Perch Lake 2 2L 8
Pitman 4 14 10
Port Hebert 15 15G 2 2G 1
Portapique 2 1 15
Pugwash 2 2L 3 3L 16
Queens 6 7 12 13
Rawdon 2L 8 2
Riverport 3L 9 3 16L
Rockland 15 2 15G 2G
Rodney 2 2L
Roseway 4 14
Rossway 2L 8 17 8C 151
RML 2 3 4 14 15
Roxville 3L 9 18 16L
Seely 4 14 10
Shulie 2 2L 3 3L 16
Somerset 1 2 15
Springhill 3 3L 16
Stewiacke 8 9 11 12 8C
Swamp 14 4 10
Thom 2 2L 8
Tiddville 4 10 14
Torbrook 1 2 15
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Appendix 1. Continued...

Notes:

Tormentine 2 2L

Truro 1 2 15

Westbrook 2 2L 8
Wolfville 5 2L 11 8 6
Woodbourne 5 2L 6 3L 8
Woodville 2 2L 3 3L 16

Wyvern 2 2G 1 8
Y armouth 2 2L 8

Soil survey unitsarelisted in al phabetical order and include only those unitswhich are
reasonably expected to support forest cover.

Where drainage classisincluded in soil survey units (Colchester and Pictou County soil
surveys), users can refer to the soil type matrix (Figure 3) to adjust predicted soil types
based on drainage.

Soil surveys cannot account for changesin soil characteristics caused by previous
management or use. In particular, old field siteswith Ap horizons can be associated with
many different soil units. Where sites of interest are known to be old fields, users can
refer to the soil type matrix (Figure 3) to adjust predicted soil types based on increased
richness ratings.

RML = Rough Mountain Land. Thisrepresentsalarge, essentialy unsurveyed, section
of Northern Cape Breton which may contain several different soil types.

Dueto inherent variability in soil morphology, soil type should be confirmed at the stand
level beforeimplementing management prescriptions.
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Appendix 2.

Chronological List of Nova Scotia Soil Surveys

Cann, D.B., Hilchey, J.D., and Smith, GR. 1954. Soil survey of Hants County, Nova Scotia. Nova Scotia Soil Survey
Report No. 5. Can. Dept. of Agric. 65pp. (plusmap).

Cann, D.B. and Hilchey, J.D. 1954. Soil survey of Antigonish County, Nova Scotia. Nova Scotia Soil Survey Report No.
6. Can. Dept. of Agric. 54pp. (plusmaps).

Cann, D.B. and Hilchey, J.D. 1958. Soil survey of Lunenburg County, Nova Scotia. Nova Scotia Soil Survey Report No.
7. Can. Dept. of Agric. 48pp. (plusmaps).

Cann, D.B. and Hilchey, J.D. 1959. Soil survey of Queens County, Nova Scotia. Nova Scotia Soil Survey Report No. 8.
Can. Dept. of Agric. 48pp. (plusmaps).

Hilchey, J.D., Cann, D.B., and MacDougall, J.I. 1960. Soil survey of Yarmouth County, Nova Scotia. Nova Scotia Soil
Survey Report No. 9. Can. Dept. of Agric. 47pp. (plusmaps).

MacDougall, J.1., Cann, D.B., and Hilchey, J.D. 1961. Soil survey of Shelburne County, Nova Scotia. Nova Scotia Soil
Survey Report No. 10. Can. Dept. of Agric. 38pp. (plus maps).

Hilchey, J.D., Cann, D.B., and MacDougall, J.I. 1962. Soil survey of Digby County, Nova Scotia. Nova Scotia Soil
Survey Report No. 11. Can. Dept. of Agric. 58pp. (plus maps).

Cann, D.B., MacDougall, J.I., and Hilchey, J.D. 1963. Soil survey of Cape Breton Island, Nova Scotia. Nova Scotia Soil
Survey Report No. 12. Can. Dept. of Agric. 85pp. (plus maps).

MacDougall, J.I., Cann, D.B., and Hilchey, J.D. 1963. Soil survey of Halifax County, Nova Scotia. Nova Scotia Soil
Survey Report No. 13. Can. Dept. of Agric. 53pp. (plus maps).

Hilchey, J.D., Cann, D.B., and MacDougall, J.I. 1964. Soil survey of Guysborough County, Nova Scotia. Nova Scotia
Soil Survey Report No. 14. Can. Dept. of Agric. 55pp. (plus maps).

Cann, D.B., MacDougall, J.I., and Hilchey, J.D. 1965. Soil survey of Kings County, Nova Scotia. Nova Scotia Soil
Survey Report No. 15. Can. Dept. of Agric. 97pp. (plus maps).

MacDougall, J.1., Nowland, J.L. and Hilchey, J.D. 1969. Soil survey of Annapolis County, Nova Scotia. Nova Scotia Soil
Survey Report No. 16. Can. Dept. of Agric. 84pp. (plusmaps).

Nowland, J.L. and MacDougall, J.I. 1973. Soil survey of Cumberland County, Nova Scotia. Nova Scotia Soil Survey
Report No. 17. Can. Dept. of Agric. 133pp. (plusmaps).

Webb, K.T. 1990. Soilsof Pictou County, Nova Scotia. Nova Scotia Soil Survey Report No. 18. Research Branch, Agric.
Can. 183pp. (plus maps).

Webb, K.T., Thompson, R.L ., Beke, G.J., and Nowland, J.L. 1991. Soilsof Colchester County, Nova Scotia. Nova Scotia
Soil Survey Report No. 19. Research Branch, Agric. Can. 201pp. (plus maps).

Moreinformation on soil survey in Canadaisavailableon-linefromAgricultureand Agr-Food Canadaat:
http://9s.agr.gc.calcanss
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Appendix 3.

Soil Type Field Assessment

Use of the soil typekeysrequiresdigging asmall soil pitinan arearepresentative of theforest stand being
assessed. Attention must be paid to d ope position and micro-topography, aswell assignsof loca disturbance.

Note: Soil pitsdo not need to be as large as those shown in the soil type photographs - those
pits were used for data collection and research purposes. To key out soil types, pits only need
to be large enough to expose and assess the soil to a depth of 50-60 cm, approximately two
shovel head depths.

Thesoil typekeysare hierarchical, with the user working down through decision pointsuntil the soil typeis
determined.

Starting with the main soil typekey, the user determinesif the soil isan organic soil or ashallow/cemented
mineral soil. If either of these casesarefound unexpectedly, it isrecommended verification be madewith a
second soil pit (seeAppendix 4 for moreinformation on cemented and fragipan soils). Organic soilsarefurther
divided based on whether they are associated with wetland or upland vegetation (Note: wetland organic soils
are by far themost common type).

If the soil isnot organic or shallow/cemented, the next decision point determineswhat the dominant particle
sizeclassisfor thesoil. Thisdictateswhether the soil isconsidered fineor coarse. Dominant particlesizeis
achieved if aminimum of 50% of the thicknessrange being assessed (30-60 cm) containsone or more of the
particleszeclasseslisted. Alternatively, thesoil isalso considered finewhena minimum 10 cmfinesoil layer
isfound near the surface, regardless of the dominant particle size classbelow (Note: thesefine over coarse
layered soilsare not common).

After being directed to the coarse, fine, or shallow minerd soil keys, the next decision pointsdeterminewhether
theA horizon hasbeen s gnificantly enriched with organic matter (either naturaly or through human actions) and
whether thereare mottlesor gley present near the surface (related to drainage conditions).

Lastly, somesoil typesrequire an assessment of coarsefragment content, dominant surface soil texture, and/or
surfacestoninessfor final determination.

Onceasoil type has been keyed out, the user should consult the appropriate soil description to verify the
decision. If the description doesnot fit, the soil type should be re-assessed.
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Appendix 4.

Soil Terminology

In describing soils, thisguide generally followsthe terminology and conventionsoutlined in The Canadian
Systemof Soil Classification (Soil Classification Working Group, 1998) and The Canadian Soil Information
System (CanSIS) Manual for Describing Soilsinthe Field (ECSS, 1983). Reference should be madeto
these publicationswhen more detail ed information on soil termsissought.

1. Soil Textureand Family Particle Size Class

Soil texturerefersto the percentage distribution of sand, silt, and clay inasoil (sand rangesin sizefrom 0.05-
2.0 mm, silt from 0.002-0.05 mm, and clay < 0.002 mm). Inthefield, soil texture can be described using
texture classeswhich have specific rangesof sand, silt, and clay. Textureclassrelationshipsareshownusinga
texturetrianglewhich has% sand asthe horizonta axisand % clay asthevertica axis(%osltisinferred based
onthelevelsof sandand clay). Particlesizeisabroader termwhichreferstothegrain sizedistribution of the
wholesoil andwhichisusually applied to aspecific section of the soil which may include severa horizons(see
diagramsbelow).

Both classficationsare usedin thisguideto alow differentiation of soil typesbased on features of management
and ecological significance. For example, the boundary between coarse-loamy and fine-loamy particlesize
classesroughly coincideswith clay percentages associated with high plagticity and compaction hazard (Curran,
2001). However, these unitsaretoo broad for other interpretations such aserosion and frost heave hazards.

Soil Texture Class Triangle Family Particle Size Class Triangle
100 100
% Clay % Clay
HC Very-fine
60 60 dvey
c Fine-clayey
SC
40 SC
35
8 SICL CL scL Fine
& Fine-lcamy
L 18 sty
12
» Coarse
5 SiL SL Ls silty Coar se-loamy
S Sandy
0 20 50 70 8 %Sand 0 14 70 % Sand
HC = Heavy Clay SC = Sandy Clay SCL = Sandy Clay Loam L= Loam S=Sand
SiC = Silty Clay SiCL = Silty Clay Loam Si = Silt SL = Sandy Loam
C=_Clay CL = Clay Loam SiL = Silt Loam LS = Loamy Sand
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General TextureGroupings:

Fine-Textured Medium-Textured Coarse-Textured
Heavy Clay St Sandy Loam
Silty Clay SiltLoam Loamy Sand
Clay Loam Sand

Sandy Clay Sandy Clay Loam

Silty Clay Loam

Clay Loam

2. Mottlesand Gleying

Ironisacommon dementinsoils. Oxidizedironisrespons blefor much of thered, orange, and yellow colours
associated withwell aerated soils. Inwet soils, which are poorly aerated, iron undergoes chemical reactions
which canresultin sgnificant changesin soil colour. Wet soilsdominated by anaerobic (low oxygen) chemica
reactionsareknown asgleyed soils.

Colour changes associated with gleying depend on thelength of time under anaerobic (reducing) conditions,
and ontheorigind soil colour.

Non-red soils: Soilswhicharenot derived from reddish parent materia stend to turn greyish, or even bluish-
grey, under long-term gleying conditions. However, under partia gleying, these soilsdo not change colour
completely, instead they usually contain orange or reddish mottles. Mottlesareareasof contrasting colour
againgt an overall background colour, and are produced when pockets of reduced soil iron become oxidized
asair re-entersasoil. Faint to distinct mottlesindicateregular water tablefluctuation (for example, duringand
after spring snow melt). Prominent mottlesindicateirregular or short duration water tablefluctuations, where
air only occasionally re-entersasoil. Non-red soilswith prominent mottlesare considered to befully gleyed
soils (see photoson page41).

Red soils: For reasonsnot fully understood, soilsderived from reddish parent material sdo not undergo full
colour changewhen gleyed. Instead, these soilstend to have a* bleached” |ook and may contain greyish,
brownish, or yellowish-red mottles. 1n somereddish soils, black manganese mottlescan also befoundinthe
poorly aerated subsoil. Partidly gleyed red soilsmay beidentified by the presence of mottlesnear the surface
of the soil (see photoson page41).

Note: Mottling in soilsis not always associated with imperfect or poor drainage. Other
factors may cause these colour patterns (eg. the presence of weathered coar se fragments,
or the physical mixing of soil horizons). The presence of drainage-related mottles should be
in keeping with other indicators of potential drainage problems such as slope position, high
clay content, etc.

Photographs. Top L eft: Closeup of faint todistinct mottles(drainagerelated).
Top Right: Closeup of distinct to prominent mottles(drainager elated).
Bottom L eft: Poorly drained soil with fully gleyed (blue-grey) lower horizon.
Bottom Right:  Poorly drained (gleyed) soil derived from reddish parent material.
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3. Mineral Soil Horizons

Mineral soil horizonsare described using various|etter combinations. Capita lettersare used to symbolize
mansoil horizons(A, B, C), andlower caseletters (suffixes) are used to describe horizon features. Explanations
of themore common soil horizon descriptorsare given bel ow.

AHorizon: Minera horizonformed at or near the surface of the soil, generaly immediately beneath the
forest floor. Itisusudly formed:

(i) by leaching or loss of iron and aluminum, clay, and organic matter content to form an Ae horizon,

(i) by accumulation of partially decomposed organic matter from the forest floor to form an Ah horizon,

(iii) by acombination of leaching and organic matter accumulation to form an Ahe horizon, or

(iv) by incorporation of organic matter through cultivation (or other human disturbance) to form an Ap
horizon.

B Horizon: Mineral horizon characterized by enrichment of material |ost from the A horizon above, and/or
through transformations (chemica reactions) withinthehorizonitself.

C Horizon: Minera horizon relatively unaffected by the soil formation processesactiveintheA and B
horizonsabove. A transition horizon between the B and C horizons (and onewhich hasfeatures of both) is
caledaBC horizon.

Minerd horizondescriptors:
b Indicatesaburied horizon.
¢ Used with B or BC horizon, it denotes a naturally cemented horizon.

e Used with A horizon only, it denotes a horizon that has been leached of iron and aluminum, clay, and
organic matter (alone or in combination), resulting in ahorizon with agreyish-white colour (or pinkish
colour inred soils).

f  Used with B horizon only, it denotes an accumulation of iron and aluminum from the A horizon above.
Theincreased iron content is evident by achange in soil colour.

g Usedwith A, B, or C horizon, it denotes a horizon characterized by gley colours, prominent mottling,
or both, indicating permanent or prolonged reducing conditions.

h  Used with A or B horizon, it denotes an accumulation of organic matter by various processes. Inthe
A horizon, the accumulation isthrough physical means (mixing); inthe B horizon, theaccumulationis
through chemical means (solution deposit). In both cases, accumulation isindicated by achangein
soil colour.

j  Used asamodifier, when placed to the right of another suffix it denotes aweak expression of the
horizon characteristic. For example, Bfgj denotes a Bf horizon with partial gleying.

m Used with B horizon only, it denotes ahorizon mainly formed through in-place weathering with minor
accumulation of materialsfrom the A horizon above.
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p Usedwith A horizon only, it denotes asurface horizon disturbed by human activities (eg. cultivation,
logging, habitation).

t  Used with B horizon only, it denotes an accumulation of clay from the A horizon above.

X A dense, compact horizon of fragipan character.

WEell devel oped cemented and fragipan horizons (Bfc, Bhfc, Bhc, Bx, BCx) act asbarriersto rooting and
restrict or reducethevertica flow of water. Inthisguide, these soilsare considered equd to shallow soilsover
bedrock (when encountered at lessthan 30 cmin depth).

Cemented and fragipan horizons strongly resist penetration with ashovel, and areadmost rock-likeintheir
consistence. Cemented horizonsare generally associated with well drained, sandy, and/or gravelly soils.
Fragipan horizons areloamy, dense, and frequently show bleached fracture planes. 1n both cases, these
horizonsarefound below morefriableor |oose surface horizons.

WEel| developed Ah and Ap horizons can beidentified based on several features:

Increased organic matter in Ah/Ap horizons gives the soil amore brownish or blackish colour
compared to horizons below. Thisisin contrast to the leached, light coloursfound inAehorizons,
or themixed coloursfound in Ahe horizons.

Ah/Ap horizons often have a high percentage of fine roots because of the availability of nutrientsin
these horizons. Thisisin contrast to the low rooting levelsfound in most Ae horizons.

Ah/Ap horizons often have a distinctive granular structure (rounded aggregations of soil particles) due
to earthworm activity, and worms may also be visible during sampling.

4. OrganicHorizons

Organic horizonsaredivided into four maintypes:

L (Litter): Anupland organic horizon consisting of relatively fresh organic material in which entireorigina
structures are discernible (eg. leaves, needles, twigs).

F (Fermented): An upland organic horizon comprised of more-or-less disintegrated plant residues, but
whichisstill identifiable asto origin (even though decomposition isvery apparent). Finerooting isoften
abundant in this horizon because of the release of nutrients during decomposition.

H (Humus): An upland organic horizon dominated by fine substances in which the organic materials are
no longer identifiable asto origin. Finerooting iscommon, but often less so than in the F horizon.

O (Organic): Horizons devel oped mainly from sphagnum mosses, rushes, and other plant material
associated with wetland ecosystems. They are divided into fibric (Of), mesic (Om), and humic (Oh)
horizons, depending onthelevel of decomposition.
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5. Soil Parent M aterial

Soilscandevelopfromavariety of parent materid types, the characteristicsof whichinfluence soil devel opment
and sitequality. Parent material typesfound in Nova Scotiaare described below.

Glacial till: Unstratified deposits of sand, silt, clay, and rock which have been released from glacier ice.
Types of glacial till include: basal till (laid down and compacted at the base of an advancing glacier) and
ablation till (loosetill deposited as a glacier receded). Some glacial deposits also have recognizable landform
features such as drumlins.

Glaciofluvial: Glacial deposits which were partly or wholly stratified by glacial meltwater. Many glacio-
fluvial deposits have distinguishable landforms (such as eskers) and are often high in sand and gravel.

Alluvium:  Sediments deposited by streams and rivers (flood plains, deltas, etc.) - these deposits are younger
than glacial deposits. Alluvium sediments can range in texture from fine to coarse (with or without rock).

Lacustrine: Sediments deposited in quiet waters (lakes and ponds) which may or may not have been directly
associated with glaciers. These deposits tend to be high in silt and clay and generally do not contain rock.

Organic: Built up plant debriswhich does not easily decompose because of high moisture and low soil
temperatures, or which isunderlain by bedrock.

Bedrock: Near-surface bedrock which has been weathered in place.

Marine: Sediments of variable texture deposited in salt or brackish waters which are now above sealevel.
These deposits generally do not contain rock.

Aeolian: Materia deposited by wind action. Aeolian deposits are usually high in silt and fine sand and may
show internal structures such as cross-bedding..

Colluvium: Generally unstratified deposits of sand, silt, clay, and rock which have reached their position by
gravity-induced movement.

6. Drainage

Soil drainage classreflectsthelength of timeit takeswater to beremoved from asoil in relationto supply.
Severd factorsaffect drainageclass, including: (i) dopeposition, (ii) dope percent and aspect, (iii) soil texture,
(iv) depth to impermeabl e layer, (v) coarse fragment content, and (vi) abundance and type of vegetation
(evapotranspiration). Drainage classesused inthisguide are described bel ow.

Rapid: Water isremoved from the soil rapidly in relation to supply. Excesswater flows downward if
underlying material is permeable, or laterally if vertical flow isrestricted. Thewater sourceis precipitation.
Soilsarefreefrom any evidence of mottling or gleying throughout the profile.

Well: Water is removed from the soil readily, but not rapidly. Excesswater flows downward if underlying
material ispermeable, or laterally if vertical flow isrestricted. The water sourceis precipitation. Soilsare
usually freefrom mottling in the upper 1m, but may be mottled below this depth.

Moderately Well: Water is removed from the soil somewhat slowly in relation to supply - due to low
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permeability and lack of slope, shallow water table, seepage inputs, or some combination of these. The water
sourceis precipitation in medium to fine-textured soils, and precipitation and seepage flow in coarse-textured
soils. Moderately well drained soils are commonly mottled in the lower B and C horizons.

Imperfect: Water isremoved from the soil sufficiently slowly in relation to supply to keep the soil wet for a
significant part of the growing season. Excesswater moves slowly downward if precipitation is the major
supply. If seepage water or groundwater (or both) is the main source, the flow rate may vary but the soil
remainswet for asignificant part of the growing season. Imperfectly drained soils are commonly mottled in
the B and C horizons. The Ae horizon (if present) may also be mottled.

Poor: Water isremoved so slowly in relation to supply that the soil remains wet for a comparatively large part
of the time (when not frozen). Seepage inputs or groundwater flow (or both), in addition to precipitation, are
the main water sources. There may also be a perched water table with precipitation exceeding evapotrans-
piration. Gleyed soilsand organic soils predominate.

Very Poor: Water is removed from the soil so slowly that the water table remains at or near the surface for
the greater part of the time (when the soil is not frozen). Groundwater flow and seepage inputs are the major
water sources. Precipitation islessimportant, except where there is a perched water table with precipitation
exceeding evapotranspiration. Organic soilsand gleyed soils predominate.

7. Seepage

Seepageistheinput of soil water from upper dope positionsto lower dope positionsthrough laterd subsurface
flow. Seepagewater runsalong thetop of massive, compacted, or cemented subsoil horizons (or bedrock)
and can be an important source of moisture and nutrientsin some soils.

8. Moisture Regime

Moistureregimerepresentsaveragemoistureavailability for plant growth. 1tisassessed by integrating moisture
supply (asrelated to climate) with soil drainage and moisture holding capacities. Moistureregimeunitshave
been included with soil type namesto indicate general moi sture conditions associated with each soil type.

In general, dry moisture regimes are associated with moderate to severe moisture deficits; fresh moisture
regimeswith dight to moderate moisture deficits, moist moistureregimeswith littleto no moisture deficits; and
wet moistureregimeswith excessmoisture during the growing season.

9. Coarse Fragments

Coarsefragments (CF) arerock fragmentsfound inthe soil which arelarger than2 mminsize. Abundance
classesusedinthisguideare: Low (< 20%), Moderate (20-40%), and High (> 40%). Sizeclassesinclude:

Gravd: Rounded/Angular  0.2- 7.5cmdiameter Sone Rounded/Angular 26 - 60 cm diameter
Flat 0.2-15cmlong Flat 39-60cmlong

Cobble Rounded/Angular  7.5-25cmdiameter Boulder: Rounded/Angular  >60cmdiameter
Flat 15-38cmlong Flat >60cmlong
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10. Surface Soniness

Stoniness describesthe percentage area of asite covered by exposed stonesand boulders (minimum 25cmin
diameter or length). Stoninessclassesare (adapted from ECSS, 1983):

Distance (m) Between Stones

Class Sones25cm Stones60cm Sones120cm
Non-stony > 25 >60 >120
Slightly stony 8-25 20-60 37-120
Moderately stony 1-8 3-20 6-37
Very stony 05-1 1-3 2-6
Exceedingly stony 0.1-05 02-1 05-2
Excessively stony <01 <02 <05

11. Slope Position

Slope position describesthe rel ative topographic position of asitewithin thelandscape. Position classesare
illustrated and described bel ow (adapted from ECSS, 1983):

A. Crest: Thegenerally convex upper-most portion of ahill, itisusualy convex in all directionswith
no distinct aspect (direction of slope).

B. Upper: The upper portion of ahill immediately below the crest - it has a convex surface profile
with a specific aspect.

C. Middle: The area of ahill between the upper slope and lower slope with a specific aspect.
D. Lower: The area toward the base of a hill with a specific aspect.
E. Toe: The area below the lower slope usually demarcated by an abrupt leveling of the slope.

F. Depression:  Anareathat isconcavein al directions, generally at the foot of ahill or in alevel area

G Level: Any level areanot immediately adjacent to ahill. The surface profileis generally horizontal
with no aspect. Level areas can be lower or upper elevations.
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