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DEVLL.OFLENT AID CLASSIFICATION OF SOLLS

1., Evolution of Mineral Soils. The parent materials from which sol s
are produced zre formed through weathering of rocks, Both disintegration and
decomposition zre involved ‘n this transformatiorn, the ilmportant forces being
temperature, vind, ice, gravity, weter, oxygen, 2nd carborn dioxide,

Fal

Concomitant with or following the formation ¥ parent material, plants
appesr in the mass, and the trends in weatherine become modirfied and intensifiied.
The plants evertually d¢ie, fall baclk into the earth, °nd sre decayed by the microbes.
Carbon dioxide both from living plant roots and from the deceying crgenic matter
increases the rate of decomposition of the mineral materisl. Weathering may alsc
be augmented by the ection of intermediate products of organic decpy. Sutstitution
of iron, megnesium, and aluminum in the crystal lattice of clays mey occur at this
point, &nd new clays may be synthesized. Humus scon appesrs end beccmes intim
mixed vith the minerel colloidss This humus-clay mixture covers the more iuactive
soil particles, and bsgins to dominate such soll properties es water adsorpti
and movems :t, and to modify the rate of weathering unrough adsorption of gase
water end ions. It is now evident thet the ch anges occurring in the upper re
are acgomplished by biclogical as well az by tThe physicel and chsmical
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As a result, then, of destructiv. and coastructive actions, rocks may
be converted into soile The horizons thot are formed have ¢ ~ertein color, depth,
texture, chemicel compo. ition, orgenic wmotter content, structire, consistsncy,
and welght -- properties characteristic of itself en?! diiferent from any other
horizon in the same scil or in other soils, even thougl th ve adjacent. . new
natural beody has come into being, i.¢., soil,

2. So0il Forming Factors. TYThe general action of zoil formation =as
pictured in the preceding paragreph hss been discussecd in detoil in a previous
lecture. However, no attempt wss made at That Tins to account for the causes of
specific differences in profiles, for instance as .ne woulda find them in crossing
this country from the Pacific to the Atlantic. It should be kept in mind that
about the rame general physical, chenical, and biolozicel reactions are invelved in
the development of all scoils in all regions. Differerccs in profile appearance
ars not so much corrslated vvith different winds of weather ng, as with dirferences
in intensity of weathering, vegetation, parent materiels and topography. The
factors influencing the kind of profile formed have beoin summarized by Shaw as
follows:

S = M(C « V)T £D
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This identity stetes thet soil (S) is formed from persnt material (¥) through
the action of climate (C) and vegetation (V) acting tiirough 2 period of time
(T)e It mey or mey not be influenced by erosion and torography (D),

Parent Materisl

The kind of parent meteriel has an important bearing on the nature

the soil evolved, especially in regard to the coarseneszs or finensss. Soil
materials originating from granite, quartzite, sandstone, slate, gneiss, sandy
limestone, sandy shalss, end conglomsrate tend to result in sandy or coarss
sollse Fine~textursd soils are usually formed from weathered limestone, shsle,
feldspar, micas, dolomite, and the secondery miner-ls as hemetite, clays, and
talcs Loess, a mixture of fine-greined minerzls, perhaps of meny kinds, results
in fine-textured soils, { generel mep giving the disbSribution of parent meter-
ials in the United States is given in Figure 1, The glacizl zccumulations are
mixtures of sandy to gravelly materials of meny Jifferent kinds. The grest plains
material consists also of many differsnt parents, but probably windlaid deposits,
shales, and sandstones are the most abundant,

Climete
Climete has a profound influez.e or soil genesis. The relations of
climete to degree of weethering of parent materials have already been emphasized.
Suffice it to say that a veriation in 2 temperature affects not only the decay
of organic matter, but also the speed of chemical, bio-chemical, and physicel
reactions.,

0f grest importance to soil genesis are the nrocesses of eluvia-
Tion and illuviation. Any factor thst afi-~ts the amount of water percolating
through a soil will necessarily influence the development ~r horizons, Conse-
quently, the total rainfell, tempersture, relative humidity ry ana length of fro=t-
free season will affect it. For instancs, with a given Vﬁl;fal7 the smount ¢?
weter left free to percolate through the soil will bes incressed w1th en increase
in reletive humidity, a decrease in temperature, a long frost-free seascn, and a
decrease in rate of fall., Rainfall-evaporation lines (effective prﬂ0101tatlo n)
of similar ratio conform more nesrly to soil group boundariss than a any other
climetic data, The dis trihutﬁon of precipitation Tor the United States is given
in Figure 2, and for Colorado (in more detail) in Figure 5. It should be pointed
out that climate is an important factor in determining th typbs of native vege~
tation which also have an important bearing on the deve lo nt of soil,
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FIGURE 1. DISTRIBLTION 0O PARENT | ATaclild OF SOLLS

soepted fror fibtles of Arec lcem Apriculture (1955)
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LIITRIBUITION OF PRECIPITATICH IX THE UNITED STATES

Adapted from Atlas of American Agriculturs (1935)
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Vegetation

That orgenic matter influences soil devsloument is zlready clear
when one considers that synthesis or constructional processes begin with the
appeerance of plants in the soil materialse. Further effects cen also be ettri-
buted to plants. For instance, shallow-rooted grasses take more water from the
surface soil than desp-rooted trees, and less remains tc percolste to the lower
soil, and such soils are legs leached, The type of plant cover also influsnces
the base content of the surface soil. Conifers hsve a low base requiremsnt,
therefore, upon decav of litter from such trees, few bases are returned tc the
soile Because of the latter, and due to deep penetratiocn of the water in soils
thus orested, the soil generally becomes acid. Litter from deciduous trees is
hith in bases, and their liberetion upon decay helps to keep the soil less acids
Grass ve;etation is still higher in bases and the soills usuvally are not highly
leached and acid. Generally, plants can be ssid to "mine" nutrients found in
the B horizons and return them to the surface soil upon decay. £As noted above,
this effect varies with the type of plant,

Soils formed under deciduous Jorests usually have a shallow top-
soil that is medium in orzonic matter, witlle s-~ils formed under coniferous
forests have shallow surface moils thst are low in organic mattsr. Coniferous

)
litter tends to accumulate on top of the mineral soil, while deciduous litter
tends to become mixed with it to a greater extent, dus to its more rapid
rate of decay and due to incorporation by earthwormse

Thick blaclk surface soils occur under tall -r
fairly thick dark brown surface soils ar= formed under short

The netive venetation of Tthis country is given in Flgure 4, while
a semi-detailed vegetative mep for Colorado is pressated in Figure D.

Time

It talktes consideratle time for the constructicoral forces in scoil
cenesis to come to eguilibrium with its enviromment. When this dces occur,
a well-developed or "mature" profile occurs. Thus the time factor refers to
degree of development of = profile anc, depending on the deqree of develop-
ment, soils are variously described as recent, young, immature, semi-mature,
and mature. Recent, young, and immature soils resestle the parent materials,
thet is, they still heve "th rited" characteristicss Semi-mature and espe-
cially mature soils heve "acuuirsd" a new appearance, and after such old
soils may give no hint of the character of the parent material from which
they were formed, Fresh depcsits of alluvium, deltas, lake and ocean deposits,
sand dunes, and recent deposits of rock materiel that still heve inherited
characteristics are good evamples of recent or young soils, The time factor
does not necessarily refer to a "period of years" for socils formed from two
different parent meberials, lying side T side in the same euvironment, may
be in different stages of development evin thoagh they have been weathersd
for the same length of timee Difference in raturity or age may be associated
vith differences in kind of parent meterial, slope of land, dralnage, etc.
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LLCULE 4. NATIVE VEGETLTION OF 175 UITITED STATES

Adaptea from Atlas ol American Agrieulture (1935)
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Erosion anid Topogrephy

Normal zonzl solls ere found on undulating uplends, The drainsge

e b s}
is good but nct excessive and removel of soll by geolegical erosion is countsr-
balanced by further weathering of the parent meterizl, Tne thickness of the
solum remains constent. On steep slopes destructive ecrosicn mey occur, and th -
soil becomes thin and less productives £ badly eroded scil is said to have a
"truncated" profile.

Depressions or basins encourage sbnormal climecic Torces, Runoff
may accumulate in such spots, and if the drezinage is good, =icessive leaching
may occur. Lf drainsge is poor, bogs and swemps forme In semi-arid and erid
regions lovland areas often bscome saline, especially 1 drainage 1s poors

Erosion and topography, therefore, may have & profound iniluence
on the development of soilse.

3. Nomenclature of Horizons. The principal charact
distinguishes soil from an ordinary mass of rosk particles
which shows the presence of more or less well-defined hori

Z
mature a soil becomes, the more evident become tiie horizons

ristic that
i s profile
onise The mors

s The following
~diagrem shovs a hypotheticsl profile having all of The principal horizons. All
of these zones, of course, will not be Found in every scil.
A e . .
f LuOO[’_“ L _‘"f Loos= ga~es -~ ugde?omposed litter
. . - TTTTTTR T Fartielly decasyved litte
sLone of orgenic r {50 - ; ) N o .
matter acoumule- LAy T Humus laj?r; rat her completely
tion i S 1 decayed
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N
I £ Dark colored; relatively high in
| e | OTg@NLC mATLET
Zone of eluvia- } Ao Light c:lored; region of maximun
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vone of illuvia- e ——| 5.1ts
tion .
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In dry regions, 1t is often very hard to divide & soil into A and B
horizons without a detailed chemical analysis, Consequently, layers in such
soils are often described and given a location in the profile by indicating
their depth from the surface,

The symbol A, 1s reserved for layers of incorporated organic matter
lying on top of miner:z]l saltss Sub~horizons within this lsyer are named as
indicated in the diagram, or are given the letter designations L, F, and H,

The "L" layer is the litter of recent times which is practically undecompcsed,
As the lower part of the L layer decays a new mass ol material is evolved.

It is partially decayed organic matter and so many plant parts can still be
recognized. This is the zone of fermentation or "F' layer, The "H" horizon

is the zone of humus accumulationes No plant parts can be identified. This

ls the zone of accumulation of the end products of organic matter decay ==
especially humus.

The A and B horizons collectively are knovm as the "soluma"

4. Soil Forming Processes, Depending upon the nature of the environ-
ment, there are seven general processes of soil development: podzolization,
laterization, calcification, salinization, solonization, solodization, and
gleization, The zonel soils are produc .1 by modifications of the first three

processes, end the last four are operative in the genssis of intrazonal soils,

Podzolization

Podzolization occurs in areas of high humiiicy and forest vegeta-
tion. This process is involved in the L.omation of several soil groups, but is
typical in northern humid regions end in high mountains under coniferous vege-
tations Under such conditions, a highly eluviated prnfile having a matted
organic layer on top of the solum appears.

The salts and bases are first leached fr.m the soil and it becomes
very acids Organic acids from the decaying forest litter :zlong with carbon
dioxide hasten the decomposition of the soil particles, and iron and sluminum
go into solution or suspension snd are carried down in percolating water. Humus
1s also illuviated, A dark browmish B, horizom is formed through the illuvia-
tion of the iron, eluminum, and humus, erd a lighter brownish—yelIQW'32 horizon
results from the deposit of iron and sluminums Due to the excessive leaching
of the surface soil, a gray or whitish-gray & horizon resultse Often the top
of the A horizon becomes intermixzed with humus from the organic accumulation on
the surface of the soil and nacessitates its division into the Al and A hori-
zonss Because of the intense acidity developed in such soils, fungi prédominate
all others forms of micro-organisms.,

The characteristic features of a podzolized scil include the ashy
gray Ao horizon underlain Ly e dark brownish By zone, The A, horizon is often
called the "bleicherde," while the By zor- is called an "ortsrde", unless it
1s tightly cemented by the precipitated iron, zluminum, and humus, in which
case it is called an "ortstein,"
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Podzolized soils are usually lowr in bases and are thus quite acid,
An unincorporated layer o: orrenic matter occurs on the surface, and fungi are
the most abundant of the microbes present, Highly podzolized soils are quite
infertile for farm crops, bubt sustain forest cover, espescially of the conifer-
ous type, since such irees have a low requiremsnt for buses such as calcium and
potassiume

tlost of the solls of eastern United Stetes are influenced by this
process. Howvever, the intensity of podzolization decreases from north to scuth.
The soll groups involved are Podzols, Gresy-Browvn podzols, Browm podzols,
Prairie, and Red and Yellow podzolic soik. Typical profiles for some of the
latter are presented in Figure 6. Ses Table 1 for general conditions of forma-
tion of these soils,

Laterization
Laterization is essentially the rether complete weathering cf
minerals, and i1ts full development results in the formetion of silica, iron
oxide, and aluminum oxide, It occurs in humid areas of high rainfall, warm to
hot climates, and under forest, semi-tropical, and troplical vegetation,.

Due to the intense weathering, original m.nerals almost entirely
disappear and iron oxide, eluminum oxide, and silica begin to appeer., Bares
are also rapidly released. Luxuriant vegetation grows, and it decays rapidly
when dead, liberating relec:ively large quantities -7 bases to the soil, Conse-
quently such soils do not become highly ecid, Due to a lack of acidity, silica
is leached out of the surfeace and iron and aluminum ovsiides {as ell as resistant

minere ls) remain in the surfece,

Laterization results in scils hign in iron and alumina and low in
silicas, The colloids ars thus of the hydroxide type and have a low base ex~
change capacity, water adsorbing capacity, plasticity, and cohesion. These
soils are often very deep (up to 100 feet) and typically red with mottlings
of red, light gray, buff, or white colors. The subsoils usuelly grade into
yvellowish colors. Hard red crusts of irc:. oxide are commonly found in the pro-
file., These soils are rather defigient in plant nutrients, and successful
cropp ing depends upon the libveral application of fertilizers.

As laterization proceeds, and hydrolysis decrcases, the soil may
become acid and podzolization may occur. This is especially true if the parent
material contains considerable acidic rock material., This is what has happened
in the southern and southeastern United States, Red =and yellow podzolic soils
have been formed, Thus, these soils have been influenced by two processes,
laterization and podzolization, (See Figure 6 and Table 1.)

Calcification

Calecification cccurs in regions of moderately low to low rainfall
under grass or brush vegetatione The process simply refers to the redistri-
bution of lime (Ca and Mg carbonates) in the soil profile without its complete
removal s Because of low rainfall, the percolation of water through the pro-
t3ye 1s not sulficient to remove the limes However, through carbonation, the
bicarbonates of calcium and magnesium go into solution to a limited extent and
are leached downward where they become illuviated, Therefore, due to this process,
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a zone of lime accumulation occurs some place in the profile. The grass i
is high in bases, and when this cover dies and decays, ' the agh is return
the solle This further tends to keep the soil high in bases.

The colloids of such solls are high in e:xchsangeahle calcium which
tends to promote aggregation of the soil particles and to reduce the eluviation
of clay colloids to some extent, The snils arc generally very productive, pro=-
viding sufficient water is availableos The Chernosem, Chestnut, Brown, Sierozem,
end besert soils are formed by calcifications (See iigure 7, Table 1)

Salianization

Salinization is the process .. accumulation of wvarious kinds of
salts in the soil, including the sulfates, chlorides, and nitrztes of sodium,
potassium, calcium, and megnesiums Such salts are knovm as white slkali salts,

Salts tend to accumulate in basins or depressions. They may be
washed in from the surrounding area, or brought up into the soil as water rises
from lower layers by capillaritys. Drainage fecilities are poor, othsrwise salts
would be washed from the soile« Because of the excess salts, the soil colloids
are highly flocculated; the soil itself is quite sbructureless, Streaks and
spots of salts are prosent throughout the profile, and often thick crusts of
salts appear on the surface of the soil. Such soils are not highly alkaline,
but the productivity is poor due to the excess salcse

1t 1

Soils containing accumulations of white alkall are called "saline
or "€ lonchek" soils., Such soils occur primarily in semi-arid to arid regions.

Vhen drainege conditions on saline solls are improved, the salts
are grad 21ly dissolved and are leached -.eway, If calcium salbs predominated
the originel soil, a calcium soil is formed upon drainage, and the now profils
will probably be typical of the normal soil of that aresz, However, if a
sodium Solonchak is drained an entirely di ferent soil is formed. This process
is discussed in the neit section. (Se= rloure 7, Table 1.)

Solonization
As a sodium Solonchak is drained, soluble salts are removed, The
colloid becomes highly saturated with sodium, and ths colloids become rather
deflocculateds This is the process of solonization,sud the resulting soil is
called & "Solonetz" or "alkaline" soil,

Such soils are highly basic, and have a structureless surface soil
and a hard prismatic or columnar subsoil, The sodium colloids hydrolize te
form sodium hydroxide and subsequently scodium carbonate., The total salt content
is not high, the principal ones being the carbonates and bicarbonates of
sodium (and potassium)s Such salts are called "black alkeli" salts since they
ere very alkaline and tend to dissolve or deflocculate the soil hwmus which
glves them a black to brownish coloratione

These soils are very unproductive due to their high alkalinity.
Reclamation of such soils often involves the addition of gypsum to them as a
source of active calcium,
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Table 1 .

Zonal’soils

Prefile

A few inches of leaf mat Coniferous, or mixed

and acid humus, a very
thin dark gray A&, hori-
zon, s whitish-gray

a few inches thick, =
dzrk or coffee-browm By
horizon, and a yellow-
ish--brovn B_,. Strongly
acide 2

Native wvegetation

General Characteristics of Solls and Their ¥nvirons

Zonal

T Watural drein-
Climajf_ age

Soil-development
_ processes

coniferous snd de-—
ciduous forest.

Brovrn Fodzolic Lesf met and acid humus Deciduous or mized

Gray-Brewn

podzolic

over thin dark-gray A,
end thin grayish~brovm
or ysllowish~broim Ao
over brovm B horizon
vihich is only slightly
heavier than surface
scil, Solum seidom
mere than 24 inches
thicl:,

Thin leaf litter over
rmild huwms over darl-
colored surface soil 2
to 4 inches thick over
grayish=brown leached
horizon over browne.

heewry B horizone. Less
acid Than Podzols.

deciduous and coni-
ferous forest.

lostly deciduous
forest with mixture
of conifers in
places.

Cool-temperate, Good to imper-
except in cer=- fect

tain places

vhere the

climate is temp-

erate; humid,

Cool-temperate; “ood
hurad, Effective
molsture slightly

less than in Pod-

zol.

Temperate; humid Good

Podzolization

Podzolization

Podzolization



Zonal soils

Profile

2
Takle 1 {cont.)

Hative vegetation

Climate

Watural drsin-
age

Red Podzolig

Prairie

Laterite

Chernozem

Thin organic layer over
yellowish-brovm or gray-
ish~brown leached sur-
face soil over deep-red
B horizon. Parent
meterisl frequently re-
ticulately mottled red,
vellov, and gray; acid,

Very dark-brown or gray-
igh-brovn soil grading
through brom to lighter
colored parent material
2t a depth of 2 to 5
feeta

Red-browvm surface soll
Red deep B horizon.

Red or reticulately
mottled parent materiala,
Very deeply weathered,

Black or very darl gray-
ish-brown frisble soil
to a depth ranging up

to 3 or 4 feet grading
through lighter color to
whitish lime accumula-
tione.

Peciduous forest
viith scme conifers,
("ith cogoneles—-
burned~-over sreas
covered with cogon,
tall coarge grass-
€S )

Tell-gress wprairie.

Tropical selva and
savannaeh vegetation,
(Some cogonales)

Tall- and mixed-grass
prairie,

Yarm~temperate to
tropical; humid.

Temperate
temperete, humid.

Tropical; wet-dry.

High to moderate
rainfall.

Temperate to
cool; subhumid,.

Good

to cool~ Good

Good external~
lye Good or ex-
cessive in-
ternally.

Good

So0il development
processes

Podzolization
and lateriza~-
tion.

Caleification
with wezk pod-
zolization.

Laterization
and a little
podzolizations

Calcification
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Tar'= 1 continued

- - Natural drain- Soil development
Zonsl soils Profile Netive vegetation Climate age L processes
Chestnut Dar¥-brovm friable rized tall- and Temperate to cool; Good Calcification

and platy soil over short-grass semiarid.

brovn prismatic scil  prairie,

vith lime accumulation

at a depth of 1% to 4%

feet,
Brown Brovn soil grading imto Short-grass and Temperate to cool; Good Calcification

a vwhitish calcareous hneh-grass arid to zemiarid.

horizon 1 %o 3 feet prairie,

from surface,
Desert Light gray or light Scattered shrubby Temperate to cool; Good To im~ Calcification

brovmish-gray, lov desert planis, arid, perfect.

in orgenic matter,

closely underlain

by ecalcareous

material,

Intrazonal
Intrezomsl O TTTTTTTooTTTTTT T T T Factors res- " Wetural Soil-develop-
solls Profile Hative wvegetation  Climate ponsible for drainege ment pro-
o o __development ~ cesses

Solonchal: Grezy thin salty crust Sparse growbh of Usually sub~ Poor drainage with  Poor or Salinization

on surface, fine halophytic humid to arid. evaporation of imperfect

granular rulsh just grasses, shrubs, day be hot or capillary water.

below, and grayish and some treese cool. Salt: accumule-—

friable salty soil tions.
belovre Salts may be

centrated above or
below.
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Table 1 contimed

Intrazonel
soils

Profile

Natiwe vegetation

Climete

tors responsible
for
dewelopment

Waturel
drainage

Soil-dewelop-
ment pro-
cesses

Solonetz

Solodi

2
=
e’
il
[a}
4]

Rendzina

Plenosols

Very thin to a few
inches of friable
surface solil under=
lain by darl, hard

columnar layer,
wsuelly highly
allraline,

Thin grayish-brovm
horizon of frichle
soil over whitlsh

leached horizon

underlain by dark-

browm heavy
horizon.

Daric-brovn soil
grading, ot =
depth of 1 or 2

feet, into grayish

and rust soil,
stresked and
mottled.

Dark graylsh=brovm
to black granular
soil underlain by
gray or yellowish,
usuzlly soft, cal-
careous materials

Strongly leached sur-
face solls orer come

Halophytic plents
and thin stend of

otherse

Mized prairie or
shrub.

Gresses, sedges,
and flovering
plen®s.

Usually grassy.
Some broadlesved
feorest,

Gross or
. Forest

pact or cemented clay-

pon or hardpane.

Some

Usually sudbhumid
to arid. May be
hot or ccol.

Usually subhumid
to senmiaride Moy
be hot or cold,

Cool—-temperste
to frigid (al-
pire)

Cool to hot; hu~
mid to semiarid

Cocl to tropicel;

Imy oved drainage of
a sodium Solonchalk.

Improved drainage
and leaching of
Solcnetzs

Poor drainazge and
cold climates

High content of
available lime
carbonate in
parent material.

Flet relief, ime~

hunid to subhumid.perfect drainoge,

and great age.

imperfect

Imperfect
to goods

Poor

Good

Imperfact
or pooOr .,

Solonization
{desalinization
and allraliza-
tion).

Soledizatiocn
(dealkaliza-—
tion)

Gleizetion and
scme calcifi-—
catione

Calcification,

Pedzolization,
gleizatione.

Also lateriza-
tion in tropics
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Table 1 continued

Intrazonal T """ Tactors responsible RNetural Scil-development
soils Profile Native vegetation Climete for development drainage processes
have normal A B T T
Planosols and B horizons
(continued) ahove the clay-

pan or herdpan--
& secondary pro-

file.

Azonal areas Profile Vegetation Climate Drainage Soil~development

processes

Lithosols Thin, stony surface Depends on All climates, 4 wide range, mostly good T.iose character-
soilg--1little or no climate. Most character~ to esxcogsive, istic of the
illuvietion., Stony istic of deserts; region. Little
par-nt materials, leart so of effect has bezn

humic Iropica., MACE o

Alluviel soils Little profile Depends on A1l climates A wide range, Those character-
development. Some climate. except oxtreme- mostly poor to istic of the
organic matter ly frigid omes. good, region. Little
accumuleted, effect has besn
Stratified. made .

Teken from "Soils and Men," 1938 Ysarbook, ppe 986-1001.
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Solodization

Continued leaching of a Solonetz results in the removal of sodium
carbonate from the systeme Hydrolysis of the adsorbed sodium occurs and it may
be leached from the soils As a result, e soil having a slightly acid surface
soil is developed, The process is called solodization end the resulting soil
is knovm as a "Solodi" or "degraded alkal." soils,

A Solodi has a thir, dark Ay horizon underlain by a white, silty A,
layer which is slightly acides The B horizon shows & degraded or indistinct
prismatic or columnar structure,

Solodi soils are rather uncommon, being found primarily in the Chernosem
soil regions. (See Figure 7, Teble 1),

It should be stated at this point thet many transitionsl stages -re
found between the Solonchek, Solonetz, and Solodi anc normal soilse¢ For example,
certain soils are found in western Colorado that hive accumulations of black
alkell salts, and yet do not have the structural charescteristics of a true
Solonetz, These soils are usually referred to as "slick spots" or "buffalo
wallows,"

Gleization

Gleization is the name given to tlhe process causing the formation
of "glei" horizons in soils, It is nothing more or less than the formation of
bluish to grayish strealks in the mineral prrt of soil that is water-logged.
Under such conditions, there is a lack ¢ oxygen and iron is reduced to the
ferrous state, Such salts are bluish, Where the watsr table fluctustes, giving
rise tec alternating oxidizing and reducing conditionms, the glei horizon is
characterized by mobttlings of yellow, rusty brown, and bluish colors, especially
along structural cracks and root channels,

Peat, Muck, ¥iesenboden, ard Alpire leadow, ¢s well as poorly drained
alkali soiis, may have glei horizons,

5, Classification of Soilss The first attempts at soil classifica-
tion were generally mede with & view to their practical significance, and it
is only during comparatively recent years that the purely scientific approach
has seocured general recognition,

The earlier classification schiemes were based on such features as
adaeptability to certain crops, texbure or color of the scil itself, the nature
of the parent material (geological) or upon some envirommental factor, These
differentiations were valid since they dealt with true soil differences, but
were inocomplete and served only local or limited purpcses.

Of these schemes, the one advanced by the Russians, based largely on
the climate, was the most satisfactory., In Russia, the vegetation closely
followed the climatic ohanges, and rether sharp boundaries existed between plant
associations, soil tvpes, and climetic zonese In the United States a classifi=-
cation on the basis of climate, while superior in some respects to any on a
geological basis, is still inadequates
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This recognition led to the abandonment .f these schemes for the
development of a strictly scientific classification based on the character of
the soils themselvess Thus, the logical basis of soil classification is the
complete soil profiles

The system of classification now used in the United States is arranged
categorically in order to facilitate the study of the scil characteristics and
the interpretetion of their interrelationships.

The comstruction of a scheme of 3lassification by categories is based
on the recognition of all the soil characteristics, The number of eharaecteristics
taken into consideration in eny category depends upon the comprehensiveness of
the groups in the category.

Such a scheme of classification is somewhat similar to the schemes
of grouping of plants a-d animalse. The soil type corresponds to the plant
unit, The higher categories in the soil scheme undertake to show the broader
relationships of soil units just as those in the schenes for plant and anirmal
classification do the samc thing for plants and animals,

Beginning -ith the lovest category, soil tyve, soils are classified
on the basis of progressively fewer charscteristics into groups of progressiva.y
higher or more inclusive categories, namely, series, family, great soil group,
suborder, and order. See Table 2 for the schematic classificetion of soils ss
used in the United Stz es.

Type refers to a group of soils thet is aevelopsd frem a particular
type of parent raterial, and similar as to profile characteristicse This category
differs from the series in that the surface texture rmst be constmnt,

A phase of a soll type is recoguized for the separation of soils within
the type., Such soil Types may differ in some rinor characteristics, The latter
should heve special practical significance, such as relief or stoniness., For
instence, & soil type. such as sandy loar, and sandy loar, stony phase, may be
found,

Serics

A group of soils that is developed from a particular type of parent
raterial, and similar as to profile characteristics, except for the texture of
the surface soil, is called a series, These profile characteristics include
structure, color, content of lime and sslts, reaction, and humus content, Tex~
ture of the surface soil is the only variable allovable, Soil series sre named
after the tovm, county, river, or other i ll-known landmarls in which they were
first identifieds Ior instance, "Fort Collins," ™ield", and "Larimer" are all
series names applied to soils in northern Colorados.

Feamily
This category includes groups, the units of which have ocertain pro-

file characteristics in common, and which have developed through local rather
then general environmental conditions. This category has not been as completely



TABLE 2 ~ CLASSIFICATION OF S

OILS ON Tiw BASIS OF WHEIR CHARACTERISTICS

Category VI Category V

Category IV Category III Category II Categzory I

Great Soil

Order _Sub-order Group Family Series Type
Cold zone Tundra
Light~colored [Red Desert
~ soils of Sierozem
Pedocals arid regioas |Brown
Reddish Brown
, (Exauple) Rosebud fine
[Dark soils of |Chestnut Roscbhud Rosebud gandy loam
semi~arid eddish Chest- Keith KLeith silt
sub~humid & nut l}oam
humid grass- [Chcrnoscn
Zonal lands
2ohay L
Forest—-grass— 4}ra1r1e
land transi-
tion
Tight—colored odzol
timbered Bre—
Pedalfers < reglons odzol
fWarm temper-— Eellow podzolic
ate to ed podzolic
tropical aterite
forested
L region
- [Solonchak
Halomorphic Solonetz
Solodi
Intrazonal < ﬁﬁeisenboden
Hydromorphic (Alpine meadow
Bog soils
Planosols
Calomorphic {éﬁendz ina
Lithosols
Azonal = e Recent alluvial
Sands (dry)
For complote diséussion, sce "Soils and Men", 1933 Ye:.rooolk of Agriculture,

UeSeleds PDe. 979-1001

(5903)40
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investigated and standardirzzd as the other=.

Great Soil Groups

Soils falling in this category all must have the same general sort of
profile, They may differ from one another in parent material, relief, and age,
but the internal profile characteristics rust be similare The soil groups fall-
ing in Category IV are listed in Teble 2.

Suborder
This is a grouping of soils differentiated on the basis of the general
composition of the resultant products of the soil-forming processes. The basis
of classification in this category is primarily temperature, Terms used in this
category to designate soils varying from the normal are: Halomorphic, Hydro-
morphic, and Calomorphics,

Helomorphic ~- a suborder of intrazonal soils, the properties of which

are determined by the presence of neutral or alkali s lts, or both,

Hydromorphic -=~ & suborder of intrazonel soils owing their chief
characteristic to impeded leaching and pocr drainage.

Calomorphic -~ a suborder of intrazonal soils owing their chief charac~-
teristics to the high content of calcium aveilable to plants (frequently, but
not always, in the form of scft calcium carbonate) in tle parent meterial.

Order

On the basis of common cherecteristics, soils mey be segregated into
various broad groups. The degree of development of a soil as influenced by
the soil-forming factors constitutes the basis of this category. Three orders
are reccgnized,

Zonal soil (Horial) -- This includes any one of the great groups of
soils having well-developed profile characteristics that reflect the influence
of the active factors of soil formetion ~- climate and vegetation. This order
is further divided into Pedocals and Pedalfers, The former soils have & horizon
of accumulated lime in the soil profile, ./hile the latter soils have no horizen
of lime carbonate accumulation.

Intrazonal -~ This group includes any of the great groups of soils
with more or less well-developed profile characteristics that reflect the lomi-
nating influence of some local factor of relief, parent material, or age over
the normal effect of the climate and vegetation, Intrazonal soils mey be
present in one or more of the Great Soil Groupse

Azonal ~-- This includes any group of soils without well-developed pro-
file characteristicss Because of their youth or conditions of parent material
or relief, the development of normal soil profile characteristics is prevented.

Figure 8 shows the distribution of soils in the United States, while
Figure 9 gives a more detailed picture of the soils in Colorados
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6o Mountain Soilss, The distribution of soil groups in mountain areas
is governed by the pr mciple of vertical zonation, Iour esample, in passing from
the pl-ins of Colorado to the highest mountains, the following soil groups are
traversed: Brown, Chestnut, Mountain Prairie, Grey-Brown Podzol and Podzol,

In addition, Bog solls snd Alpine Meedows are found.

The regularity of alternation in groups of soils in mountain regions
is conditioned by the chenpe in climete, and vegetation., Altitude, slope,
exposure, and general landscape configuration are the topographic features that
infiuence climate,

As altitude increases, the frequency of rains increases, and the
amount of fall increases up to a certain pointe 2~lso, due to cleaner, drier,
thinner air, great variations between night and day temperatures occur, and this
is not fevorable for rapid microbial decay of organic matter., The latter, comm
bined with the fact that in Colorado an increase in elevation of about 1,060
feet decreases the mean swmer temperatur: about 3 degress Fe, allow for the
accumulation of organic matter in such arcase. Vegetative cover also changes with
altitude, so that a succession of gress, forests, and finally Alpine vegetation
occcurs between the base and top of the mcuntain ranges.

Ylope influences the genesis of soils due to efiects of runoff, erosion,
temperature, vegetation, etcs Rain runs off the steesper slopes, and increases the
moisture content and leaching of the bottom soil. Slope e:gosure affects not
only the type of vegetetion but elso the soil formed., South:rn slopes are warmer
and drier then northern slopes, having r.rled fluctuations in temperature and
molstures The northern slopss oftean show very highly dev=loped soilss For
instence, in one area above Estes Park, the soils on tue northern slope of a ridge
are true podzols, while those on the southern are Giay-Brovm podzols.

Effective moisturc percolation, total temperature values, exposure to
sun ra,s and wind, and variation in flora are all potent factors in determining
the type of soil that is formed in mountai=nous areas. Figure 10 shows & schematic
arrengement of soils in Cclorado from the Brown group through the Alpine headow,

Brown scils are found in the Plains region in Coleorados They extend
up to about the 5,000-foot, 15-inch rainfsll lines, as a conbtinuous body.
Betwsen about 5,000 and 7,500 feet elevation, and rainfall of 15 to 20 inches,
Chestnut soils begin to apprar along with the Brown soilses The locations of each
ere determined by local micro-relief and micro-climatic ei.ects. Extending from
7,500 to 9,000 feet (20 to 30 inches precipitation) are found the Gray-Brown
Podzolic and the liountain Prairie soils. The forrwr arc forred under conifsrous
forests, while the latter are found under tall grass on moderately well-drained
sloping lands, Often mucks and peats are found in the depressions in the valleys
of this area. True podzol soils are found in the foreste? areas between 8,500
feet and timberline. The precipitation is rreater thaun 50 to 40 inches. The
best podzols are found on the northern siopes. Above timberline, Alpine vegeta-
tion appearss The soils of this area ere usually shallow, usually quite moist,
and high in preserved orgenic residues. BSuch soils are called Alpine Meadow
solls,

7o Classification of Forest Humus Layers, Due to confusion in the
classificetion of humus leyers in forests, a system was proposed and adopted by
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the International Congresz of Soil Science (by Bornebusch and Heiberg), This
classification vvas meant to apply to well-drained forest soils. The type names
proposed are to be regarded only as examples of typical kiuds of humus alread;
recognized; other types will; undoubtedly, be added to these as more informavion
is gained. The term "forest floor" is tc be regerded as including the whole of
the organic material on the soll surfece and includes the recent litter.,

The two kinds of humus layers recognized are "mull" and "mor™., Iull
is a mixture of organic matter and mineral soil, of crumbly or compact structure,
with the transition to lower layers not sherps. Three forms are recognized,

Coarse mull -- Coarse grain structure, orgenic matter very conspicuously

mixed with minerel soil. (Usually 5~20 percent orgenic content; exceptional
cases even higher.,)

‘ Fine mull -- Fine grain structure, orgenic content high, usually over
50 percent,

Firm mull -- Dense, compact structure, usually low organic matter,
often less than 5 percent,

lor refers to organic layers procticelly unmixed vith mineral soil,
usually more or less mottled and compected. Transition to mineral soil is always
dist incts It is often composed of two layers -- F-layer (zone affermentation)
end H-layer (humified layer)as This type wss formerly called "duff", Three kinds
of mor are recognized,

Grenular mor =~ H-layer pronounced and fine grunular in structure;

lower part somevhat compected, In dry cc-dition, very easily broken into fine
powder when pressed by haud,

Greasy mor -- F-layer usually relativel: little developed, often mor :
or less fibrous, H-layor thielt, compact, with a distinct greasy feel when wet,
hard and brittle when dry.

Fibrous mor -~ F-leyer well developed, Both I-and H-layers fibrous,

but not compact. ieny plant remeins visible also in H=layer,

tlor types predominate under the coniferous forests of the Rocly
Hountein region. Mulls are occasionally found undor open stands and under aspens.



Figure 10, Vertical zonation of Soils in
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Revisw Questions

Revi:w the changes that occur as (1) rocls ars converted into parent material,
aend (a) as soil material is converted into soil.

List the five general factors influencing soil forr-tion (equation),

Prepare a statenent concerning the ef“esets of each factor on soil formation.
Ythat cormon soil materials have contributed to the fornation of soils in the
great plains region?
I: what stetes cr general sreas in the U.S. are the following parent materials
of importance: loess, lake deposits, crystelline iocls, glacial accumulations.
sandstone and sheles, limestone, marine deposits?
Yhy is there a close relation between rainfell evaporstion lines (effective
precipitation) and soil boundaries?
“here are the highest rainfall belts in the U.S.? The lowest? How about
Coloraco?
How does the folloding types of vegetation differ in content of bases (ash):
grass, coniferous, deciduous? What effect does base content have on soil
forration?

Compare the effect on soil development of forest vegetation and grass.

zplain how s '"mature" and a "yourng" soil may lie side by side in the sare
environment,

In what general regions in the United States ere the foilcwing vegetative
types found: short grass, tall ersss, hardwrods, coniferous, dessrt shrub,
mized forest?
There in Cclorado are the followdng vegetative types found: short grass,
shrub, coniferouvs?

Under what conditions zre '"mormal" soil profiles developed?
Yhet is the "A," horizon? Listinguish between the L.F. and H. horizons.
Explain "soil development®™ in terms of the "-ge" factor.

Explain the process of podzolization. Give the genersl conditions necessary
for the process to occur,rnd the great soil groups iniluenced by this process.
Be atie to draw a Podzpl and a Gray-Brown Fodzolic profile. Label them
completely.
Define or explain: bleicherde, ortstein, orterde, solum, truncated profile,
"inherited" characteristic, "acquire: characteristic.

Deseribe the process of laterizatior, and give the corditions necessary for
the process to occure
Vhere are laterite soils found? How has laterization influenced the
formation of the red and yellow podzclic soils of the u.S.7

Deseribe the process of calcification, and give the conaitions necessary for
this process to occure

Be able to draw a chernosem, brovn, and chestnut soil profile. Label con-
pletely., (How does a Prairie soil di Jer from a chermosam?)
Why is there little cor nc sluviation of colloids end hurws in soils formed by
calcification?
Distinguish between the processes of salinizetion, solonization, and solod .-
zation., How do the profiles differ? :
¥hat salts are present in saline soils? Allraline soilsg?

Define or expleins Solonchelr, solonetz, soledi, salin~, alkaline, gleization,
glei horizon.,
The complete soil profile is the basis of soil classification. UThy?

Give the present system of classifying soils in the Uniced States, Exprlain
the basis for each stage.

Distinguish betwsen the Tollowing and explain vachi soil (1) type, (2) phase,
(3) series, (4) family, (5) group.
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30. What is a 1lithsol? Planosol? Bog soil? ¥Veisenboden? Rendzina?

31, Explain: halomorphic, hydromorphic, calormorpaic soils; pedalfer, pedocal,
zonal soil, intrazonal soil, azonal soil, .

32, Be able to sketch a mep of the United States showing the location of all the
great soll groups,

334 Vhat great soil groups are found in Colorado! Where found? General vegeta-
tive types?

34s Vhat soill groups are found between eastern Colorado plains and the highest
mountain regions. Explain,

35e Vhere are peat soils found in Coloraco?

36+ Distinguish between mor (duff) and mull. Describe three subtypes of each.

37+ There in Colorado are nor layers found? Iwmlls?

38. Given: Fort Collins cley loam, Traze it through the cix categories of the
classification.

394 "hat is a soil survey? Purpose?

40, Give five uses of & s21l survey.

41, Be able to discuss the principal soil management prcblems involved in the
handling of each of the great soil groupse

The following references, from which the greater part of the abtove
material was telken, are cited for further reading,

1. 19334 Soils and ien, Yearbvool: of Agriculture, U.S.D,A,
2e ‘ Soils of the United States, Atlas of American Agriculture,

ITII, UsSeDals
3 Emerson, F. V., 1928 Agricultural Geology, John Wiley and Sons. N. Y.
4. Kellog, Chase Es, 1036, The Developnent and Significance of the Great Soil
Groups of thne United States, UsS.D,&., ifisc. Pub, 229.
Se Lyon, T. L., and Buclman, H, O,, 1937, The Natvre and iroperties of Soils,
The ilaciillan Co., New York,
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