| ecture 6: Crash course in solil

* Ecological definition of soil
* Why are soils so crucial to ecological studies?
*Typical soil profiles

— Soil horizon designationsin the U.S. Soll
Taxonomy

 Major process of soil development

* Elements of describing a soil

» S0il properties (physical and chemical
properties): focuson properties we will
examinein class (pH, texture, color)

e Trendsin soil properties along toposequences
and chronosequences

« S0i| taxonomy



Ecological definition of solil

Soil isa mixture of mineral particles, organic matter, water, and air that
IS capable of supporting plant life.

— Mineral component
» Anchorage for plant roots.
» Pore space for water and air.
» Source of many plant nutrients through weathering.
» Exchange sites for plant nutrients.
— QOrganic component
» Source and exchange site for nutrient cycling.
 Influences soil structure, pore space, and water holding capacity.
» Energy source for soil microbes and other heterotrophs.
— Water component
« Solvent for many essential plant nutrients.

* Maintains equilibrium between cation and and anions that are held on
exchange sites.

— Air component
» Contains O, for aerobic metabolism of plant roots and soil organisms,

» Exchange of CO,from soil respiration and which facilitates weathering.
» Provides N, for N-fixing soil organisms.



Why are solils so crucial to ecological studies?

They provide all or part of all essential factors for plant
growth except light.

Rooting material for the plants: the platform on which
trophic levels of the ecosystem are built.

Contains most of the decomposers that recycle energy and
nutrients of the ecosystem.

Contain the history of the site, which can be interpreted
through paleoecological reconstructions.

The soil Isan ecosystem in itself (producers, consumers,
and decomposers)



Major process of soil development

Physical weathering: The breakdown of rock (the regolith)
Into finer particles through weathering.

Chemical weathering: The breakdown and redeposition of
organic and inorganic substances primarily through the
processes of oxidation, dissolving, and leaching.

Decomposition: The breakdown of organic matter by bacteria
and fungi into ssimpler organic substances (carbohydrates,
lignins, proteins).

Mineralization: The ultimate breakdown of organic

substances into nonorganic substances (minerals, carbon
dioxide, water, salts).

Nitrification: The transformation by soil bacteria of ammonia
compounds into nitrates and nitrites.
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Soil horizons

O - organic horizons.

A - predominatly mineral horizon that is mixed with humified organic
material (an eluvia horizon, i.e. a source of organic material, clay, and
cations to lower horizons).

E - light colored, bleached mineral horizon underlying the A horizon that
occurs only in highly leached acidic soils.

B - mineral horizon that shows little or no evidence of the original rock
structure and which has been altered by oxidation, and illuviation
(addition of minerals, clays, and organic matter from the A horizon).

K - asubsurface horizon that is characterized by accumulation of calcium
carbonate. Occurs mostly in desert and dry areas.

C - asubsurface horizon that is basically the material from which the soil
formed (loess, alluvium, till, etc.). It lacks most of the properties of the
A or B horizon, but can be somewhat oxidized (Cox horizon).

R - regolith (consolidated bedrock).



Horizon modifiers

Highly decomposed organic matter
Hlll‘il'ti :-lril h{:-ri;.r',nn

Concretions or nodules

Intermediately decomposed organic matter
Frozen soil

Strong gleving

Huvial accumulation of organic matter
Slightly decomposed organic matter
Acceumulation of carbonates

Strong cementation

Acceumulation of sodium

Residual accumulation of sesquioxides
Plowing or other disturbance
Aceumulation of silica

Weathered or soft bedrock

[Huvial accumulation of sesquioxides
Accumulation of clay

Plinthite

Color or structural B

Fragipan character

Accumulation of gypsum
Accumulation of salts



Spodosol with aleached E horizon
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Elements of horizon description

Horizon name
Depth, top and bottom of horizon

Color: Munsdll color chart (name, hue,
value, chroma)

Structure

Consistency and field texture
Other notes

Boundary
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Example soil description

Plgt SWT-5 Soil Description

Locaton: Sowth side of Toolik Lake, 58737 M, 1497368 W,

Physlographic posidon: Top of glacial oursash ermace,

Topography: High centered polygoes 6-8 m diameser, 2080 cm height. Microrelief
heighe: 2-5 cm.

Ciraénage: Wiell dradned rerrace Bluff.

Vegemgion: Diry Arcrous aiping, Hierochiod aipiag. dwearf-shneh, fnsticose-Tichen
fundra,

Parent material: Itkallik [T outwash

Samnpled by: DA, Walker and C. Wemberg, August 2, 1989,

Remarks: Deep nctive luyes, bat very moky soil. Weather: cold, mining.

Calors are for mais soll.

O 0-8 om. Very dark brown (T.5YE 2.2) sapric arganic meterial with e, < §
percent Silt loam; moderse fine gramuoler smactume; damp; smoath, slightly
stichy slighdy plasde (wet); pH = 410 many fine ana very fine root; abrup,
Ereguiar boundary, (Ssmpie T-008),

B1 8-12 cm. Broen (7.5YE 4.5/} cobbly sandy loam; wesk medium
sabangulsr blecky srucre; damp; friable (molst), grimy, sligly sicky,
sliginly plasric; pH = 4.1; commoa fine and masny very fine roois; es,

75 percent gravel and cobbdes io L0 cm diameter, clear, irregular boundary.
(Sarnple T-009).

Bw |33 em Smong brown (73YR 4.596) very gravelly sandy loams moderans

medium subangalor blocky soucture; damp; slighely gristy, smoath, plasiic;
piH = d.f; common fime roots; est. B0 percent gravel and cobbles o 20 cm
diamneier; wavy, clear boundary, (Sasmple T-0100,

C 35-d45+cm. Dark yellowish brown (10YER 3/4] very grovelly loamy sand;

single grained; damp; griity, nonsticky, nonplastic; pH = 4.%; no noois; est
W) peroent gravel w0 15 ¢m diameter. [Sample T-011L



VALUE

Soil colors
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Quantification of color using the Munsell

notation: Hue, value, chroma

 Hue (pagein Munséll color book): The dominant color, (e.g.
10 Risred; 2.5YR has someyellow, 7.5YR aretans and browns, 2.5 Y

iIsyellow, G is green). As soils age they oxidize and change from
yellow to brown to red (e.g., 2.5Y to 10YR to 7.5YR to 5 YR to 10R).

« Value (rowson each page): Therelative darkness or lightness
of the hue from 1 (dark) to 8 (light). The value is often a function of
the amount of humic organic material in the soil. Darker soils have
more organic material. Very black horizons may be buried charcoal or
accumulations of MnO,. Whiter horizons may be the result of
leaching as in an E horizon, or the accumulation of carbonate or

gypsum.

e Chroma (columns on each page): The strength or intensity of
the color from O (least with none of the hue) to 8 (most vivid). Thisis
indicative of the amount pigmenting material present, but it is strongly
Influenced by the texture of the soil.

Example: asoil with color 10YR5/6 is 10YR hue, 5 value, and 6 chroma,
ayellowish brown in the U.S. system of color names.



Soil structure

Table 171 Clasafication, descripitiion, amd Shistration of vartouws typses ol snil structure. RModified from

Mubyre and’ Praperties of Soits, 1likod.. by BOC. Brady and E. B Weil Copyrighd © 9. Adapied by permmis-
mon o Prosice-Flal, Teac

Classahicalsan

Stmacbareless
Sargghe graan
LI FTETTERS

Structared
Sphusruiclal

Matrfik e
May b plary-
kraby o Haky

By

Prismatic

Cdurrnar

Sirucbane destroped
Puddlesd

Description

s bratiom

Each rodl particle mdopendent of all
ofhers.

Entise sl muss clings fogetier, no
hines ol weakness

Cramular: Primary soil particles
Erouped into roughdy comcmlar
el such thee there 1= space
Eebwren them as they do mok fil
tightly eogether. Enhances
permecabiliky,

Cramib: Crusnb sirachene = a mone
ponoes verssom of granular

Pids welithy barizonial dimerssoes
Ereaber tham wentical. L omenson al
sl smrrfce ard ofter associated
sopih lateral e crreent of wader

Pedds approsimately equal in
vertical ardd horizontal dimen-
g, bt it well together, unlike
granudar peds. Moy be argular or
subargralar.

Piexds allier tham wide, oormersom n B
horizons of well-dereloped sciis

Columeear TI-r-d:-q. ey develop foom
prismuatic peds doe foobd age or
high sodium comiloma

Sonls disturbed wien wet, puddled,

or nan ogethaer; stnoc e =
destrryved, pores collapse

3 5

<}

Cmarredar [parmess

Subargular
Financksd

» The bonding together
into aggr egates of
individual soil particles
Into peds.

» These aggregates
persist through cycles of
wettting and drying.

* The amount of organic
material isimportant in
sphericalor granular
shaped peds. Clay is
moreimportant in
angular, blocky,
prismatic, and columnar
structures. Platy
structurescan result
from ice-lensformation,
sedimentation, or
accumulation of organic
layers.



Soll structure

§3:10 AGGREGATION AND ITS PROMOTION IN ARABLE SOLLS

A
. .

J'Hll.[.{”"'-" J:8. A puddled soil (left) and a r.!'r*l'!-,l_:.rf.!riu.!'re.r-r'r.l' soil (right) Plant
roofs and especially humus play the major role in soil granulation. For that
reason a sod tends to restore the structural condition of cultivated land. (Photo
courtesy U5, Soil Conservation Service, )



Soll particle sizes

Gravel, >2 mm
Sand, 2 - 0.05 mm
Silt, 0.05 - 0.002 mm
Clay, <0.002 mm
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Consistence
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Soll texture triangle
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Percent of sand, silt and clay in various textured soils
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Combination of mineral, organic, water and
air in aloam soll

Mineral




Soll particles and void space

Solid particles
(av, specilie gravity = 2.65)

I'nl||||,'~

Fig. 1-5 Sketch of soil sample to show solid particle and void space distribu-
tion. The mineral grains in many soils are mainly quartz and feldspar, so 2.65 1s
an adequate average mineral specific gravity for the sand fraction. Bulk density
and porosity are calculated as follows:

- A s . 31— —— . + — e = kW - ' o i




Saturation, field capacity, wilting point, and
hygroscopic water

Field capacity: The percentage of
water compared to the dry weight of
soil that is held in the soil after

e drainage of the excess water, at 1
~~1 | atmosphere of pressure.

Wilting point: The amount of water
P . — held in the soil at 15 atmospheres of
pressure. (Thisis a standard that
depicts apoint at which many borad-
leaved plants wilt.)
te— Solid Spoce —»—a—— Pore Spoca— - Available water: The difference

= - FER gl = between the Field Capacity and the
100 gms 40 gms saturated o .
Solid Water Soil Wilting Point.
K - Hygr oscopic water: The water held at
7T - 20 gms sriy pmmiy | 30 atmospheres of pressure. Thisis
Salid Water R T o representative of the amount of water
- / gms. Water that istightly held to the soil particles,
T o and which is not available to the plants.
Solid iy Coetficie
| |
——— = . fd gms '.:'-.'-_'*Er
0 gms P Hygroscop




Influence of soil organic matter on water
holding capacity




Clay particl
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An idealized cluster of clay particles
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Clay crystal with adsorbed cations

Figure 4:3. Diagramatic representation of a colloidal clay crystal (micelle)
with its shectlike structure, its innumerable negative charges, and its swarm
of adsorbed cations: Note that Ca ions are dominant, but that some H, K, and
Mg, and Na ions are present. No attempt has been made to show the adsorp-
tion of cations within the crystal (that is, between the platelike erystal units)
or the numerous molecules of water that are held by the crystal surfaces and
by the individual cations (hydrated ions).



Cation exchange capacity (CEC)

* A measure of the number of negatively

charged sites on soil particles that attract
exchangeable cations.

 Factors that influence the CEC include clay

content, kinds of clay, humus content, and
PH.



Base saturation

e Base saturation isthe percent of the
exchange sites that are occupied by
exchangeable bases (Ca™, Mg™, K¥), which
are important plant nutrients.



Percentage base saturation
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- Figure 4:10. Diagrams cxplanatory of pereentage base saturation. Three soils
are pictured with percentage base saturations of 50, 80, and SO respectively.
The first is a clay loam; the sccond, the same soil satisfuctorily limed, aned
the third, a sandy loam with a cation-cxchange capacity of only 10 m.e.

Note especially that soil pH is correlated 'more or less elosely with pereentage
base saturation. Also note that the sandy loam (right) has a higher pH than
the acid clay loam (left) cven though the latter containg more exchangeable

hases.



Relationship between soil pH, cation exchange

and Al
60

Cation exchange capacity (%)

N

capacity, and base saturation

7

7,
¢ /4

g ﬂclhla‘:)g'elaha ﬁ‘;‘jﬂﬁr
20 - % Oy, Sig
=
3 4 5

Soil pH

Fig. 1-9 General relationship between pH and exchangeable cations. Precise
values vary from soil to soil for many reasons. Bound H" is that H* held so
tightly to colloid surfaces that little of it is exchangeable. (Taken mostly from
Buckman and Brady,” Fig. 14.1, © 1969, The Macmillan Co.)



Range of pH in soils
NEUTRALITY

- ACIDITY --——\IT/,'-—-— ALKALINITY—=
T_

WERY MODER- MODE R= VERY |
L ~ STROMNG ATE SLIGHT SLIGHT ATE ETEDHI'G STROMG
= . —r——— = -

5
. |

Acid peaty soils Humid region soils Arid region soils Alkali soils

Extreme Range in pH jor —— =
Most Mineral S01IS

Ficure 2:6. Diacram showing the extreme range i pH for most mineral soils
and the range commonly found in humid-region and arid-region soils re-
spectively. The maximum f.'fk:.'firrff;; for alkali soils is also indicated, as well
as the minimum pH likely to be encountered in very acid peat soils.
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Relationship between pH and selected plant nutrients
and the activity of soil fungi and bacteria
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Soil depth (meters)

Soil genesis through time:

Chronosequence

Entisol Inceptisol Alfisol Ultisol
—= 2= >0 - = 0~, — O
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Soil or pedogenic time




Toposequences
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General trends in soil properties
downslope

 Increasing
— Depth of O horizon
— Depth of the A horizon
— Percent clay in the B horizons
— Soil moisture
— pH
— Soil nutrients




Soil taxonomy

e The names of the soil units impart a great
deal of information about the soll.

 TheU.S. Soil Taxonomy isahighly
systematic system that is now used in many
parts of the world.

|t issimilar to vegetation classification in
that gradual changes from one type to
another may be partitioned into discrete
types despite the gradient.



Great soil groupsin the U.S. soil taxonomy

Young soils

Entisols. “new soilswith little horizon development (e.g., soils on floodplains,
sand dunes, mountain tops).

| nceptisols: shallow moderately developed soils on new, very cold, or very wet
substrates (e.g., many tundra soils).

Histosols. organic soils, peats.
Grassland soils

Mollisols: prairie soils and soils with dark surface horizons, high in organic
mattter and high base saturation.

Deciduous forest soils

Spodosols: highly leached soils with a distinct bleached (E) horizon (e.g., podzols
of northern humid forests).

Alfisols: well developed, soils common in many midwestern deciduous forest.

Desert and Tropical Soils

Vertisols. soilshighin clay and salts that crack deeply when dried (many desert
soils)

Aridisols. red desert soils, highly oxidized.

Ultisols: intensely leached soils of warm climates, with strong clay translocation,
and low base content (e.g., some laterites, red-yellow podzols).

Oxisols. high weathered soils of the tropics with high oxides.



Formative elements of the names of soil orders

Table 17-7 Formative elements in the names of soil orders. Modified from National
Soil Survey Harclbook 1997, hllp:,.-",.-"www.ﬁlnﬂ.lb.iahtﬂtc.udufwilsfnﬁﬁhf. Courtesy
of the US. Department of Agriculture, Natural Resource Conservation Service.

Mame of Formative element

Derivation of

Pronunciation of

Typical vegetation

order in name of order formative element formative element on soils of order

Alfisol Alf Al and Fe, symbols for Pedalfer Deciduous forest
aluminum and iron

Andisol And | ando, “dark”™" Andesite Many types

Aridosol Id L. aridus, “dry” Arid Desert scrub

Entisol Ent Meaningless syllable Recent Many types

Gelisol El L. gelid, “cold”™ Celatine Tundra

Histosol st Gir. histos, “tissue” Histology Marsh

Inceptisol Ept L. inceptum, “beginning” Inception Cool grassland

Mollisol ]l L. mollis, “soft” Mollity Grasslands

Ohasol O F. oxide, “oxide” Ohride Tropical rain forest

Spodosol Odd Gr. spodos, “wood ash” Odd Coniferous forest

Ultisol Ult L. wltinus, “last” Liitimate Forest

Vertisol Ert L. verto, “turn” Invert Many types

| meaning, Japanese

Hoehisnls, o new order (sodls with permafrost], added in 15998,



Common soil physical properties analyzed in the
|aboratory

Soil moisture

Soll particle size - texture
Bulk density

Color

% organic matter

Soil water retention properties
— Field capacity - 1/3 atm
— Wilting point - 15 atm
— Hygroscopic water - 30 atm
— Avallable water = field capacity - wilting point



Common soil chemical properties analyzed in the
|aboratory

pH
Cation exchange capacity - total amount of cations
(including H*) that can be displaced

Base saturation - the percent of the cation exchange
complex occupied by exchangeable bases (mostly plant
nutrients such as Ca, Mg, Na, K, etc.)

Nutrients - amounts of macronutrients and micronutrients



