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List of Resource Soil Scientist's that are available to provide
soils information, material, and come into the Schools and teac~
soils classes.

Resource Soil Scientist Counties Covered

Rick: Bandy
12 3rd Street NW
Great Falls, MT 59404
453-9641

Broadwater, Meagher, Lewis & Clark,
Cascade, Teton, Fergus, Petroleum,
Judith Basin, Wheatland, Golden
Valley, Musselshell, Phillips,
Blaine, Hill, Chouteau, Liberty,
Toole, Glacier, Pondera

Steve VanFossen
3120 Valley Drive East
Miles City, MT 59301_
232-2782

Valley, Daniels, Sheridan, Roosevelt
Garfield, McCone, Richland, Dawson,
Yellowstone, Big Horn, Treasure,
Rosebud, Custer, Prairie, Wiba~,
Fallon, Carter, Powder River

Torrv ~olfes
37:0 ?allon Street # B
Bozesan, MT 59715
5:87-6988

Stillwater, Carbon, Sweetgrass, ?a~k
Gallatin, Jefferson, Madison, Silver
Bow, Beaverhead

Neal Svendsen
51:5 5ighway 93 Sou~h
Missoula, MT 59801
252-~226

Ravalli, Granite, Deerlodge, Powell,
Missoula, Mineral, Sanders, Lake,
Flathead, Lincoln
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Or:;~c :o.or:":onof pa:::"all.y decomposed· o=:;a:.;:.c ::..a.t:eer. (0:..&:ldDeusually absent: 0::' ;::rairie

soils)

S=~a.ca ~eral hori:on wh::;chhas an acc=2.a:::ic::. of vall decc:::posedorganic ::a.eea: v~ch ccacs

:he ::Une::.-a.lpa:::"cles &:lddarkens :he so:":'. ~ is used when su:!ace layer is plowed.. Gran1.:.la=

sI:=-~c,:.:.=ac=::.

S~su:!acehori:on whie: has lose or;a:~c:a~~e=,clay, i=on, or al::i:c: ~~C~~ e~~~a:~onw~
co:cent:=a:':'Qn ot resist:a.n: sa:::.c.a.:!d s:i!: s.:.=ae. pa..--:.!=~es. Platy s:.:"".!c:~a c::.=cr:..

M:.:.eral. hori:on ~"a=c::er!:ed by one or =ra o~ ::he follow~g.

l.. =!..luv!a.l cOIlce:.:=ae:'on of clay, i=or., c:.=i.::.um, or o:;-:u:.ic: ::at:e:.

:2 • Rasidual cOIlcen::raeion of iron and al.-- -= oxides or silica::a clays.
:;. Coae::.::.gsof iron and al'-<n= oxides .••.~:::. s;:.ve darker, .s1::=;-ar, or red.<!er colors.

4. Al.earae:'OIl of ;::a:ene ::Ia.l:eriaI I:h::.-CUC;;!:.pl::ysioal. and chemical :uans ri.e!:.· fo=ae::.o::. of

.s:'licata clay lI1i:lerals, li.l:aratioll of oxicies and. fo=a.l:ion of gra:l~a:, blcckj-, 0: pris:::a.::ic

~e~ hc=~=cn c=a:ac:eri:ed by ac:~ae~=:s 0= soluble sal::s.

~...:!.:le=a..l hc:::'.:on t.!:.at ;as bee::. l':"::::"e a:!ec-=.ec. by so:'l-fo=.:::.i.:lq proc=sses ~ut may !:l:e ot=.e=-,.,ise

weatlle:ed_

Weakly con.so~:'da.t:ad1:lecirock. I:: can be d~C;;::h:::::ugh '!tie!:.soma di!!:'C".J.l::-!,.Rooes do :01: :;::ez:::el::a::.,

except al.=g frac:=e planes.
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3) Soil Color

Soil color is i~£lue~ced by ~= parent mater~a~ and/or pedo-
genic processes. It is recorded ~i~g inter=ztic~a~~y sta~dardizec
~ames a~d ~atatio~s of the Munsell Color Cnz~. ~u=$ell colors are
based o~ the EW~, VAL~ and ~O~_~. There are i c~arts (pages)
displayi~g 199 standard colors.

~u~ - The doo~ate color based o~ ~e relation of red and yellow
~..;a"llele!lg-:!ls ===lec1:ed. by the s~il· mater:.a.l. .:.ac..hpage ::e-pre-
senz s a part~cu.larcombinatior:.of these Vcivelengths. Most
(90%) of t::'ewell-drai~ed so~s in Monta~ !:aye color hues of
10'S. or 7.5"1"3..

V_~!J~ - Th.e light=.ess or da rkae s s c: a soil. The bc t z om of tlle
page, zero, ~s dark and as the numbers increase the color ge!:s
lig~:er. A cry soil commo~y ~ecomes dar~er (y~ue decreases)
as i: is moistened.

page is c.~_,
eigr:r:.

ween dete==~~~~g scil color hold a s~a1' sample c= ~cist soi~ ~de=
r:::'ec~~~- chi~s in t::'e~~se~ Color 30o~. Stand 50 ~~_ ~ght is comi~g

ove r you:' shcul.d e r a.=.c. :.:: c.=-==~1: l':"gb:: ::'::d. the bes t ::.a.~::~be twe et; the
soil a~d t~e cclo~ c~~?s. Recc=d t~e c=::r no~a~~cn ~ ~e approp=~at=
?lace O~ the ?~o=i~e ce5c~i?c~on shee~.
mot~les, concretic~s, noci~es ~~d o~er
~~e so:.~ ma~::-:':::.

Colors
s~ecial

-=ecorded tor

For Sc::':Color.....• . - ~.\.;'u:.c.e..!..~.:tes

"'O-:-~T"'!-_a. •.. coal.
Organic Matter A.ccu=lu2.ation(humus).

Black nO:::-::lal2.yi::,cicateshigh yegetz:ion prcciuc:ic:c.,especial.ly f::om
grasses.
Exception: Eigh Na (sadie) causes organic matter to dissolye and
coat soil particles.

Slow Decomposition of Organic Matter
From low tem?era~ures - high latituce, high eleyatio~, cold depres-
sion and possibly :earth slopes.
:owoxygen (poor aeration) as causec by a high water table.

anc 3lue:

peer
sometizes
aeration.

'!',.,"b.ite:

"G' "'v·1 so;i is fot:.::d--,J --

g=ay is reduced i=on
Thealor:.g:~ swa~ps, ma=s~es

~~ich fo~s uncer

Salts - Calcium car:onate (CaC03), 5j::~(CaS04~ an~ ot~~r salts.
Silica Highly leac::'edcuartz sand (~10_) that ~s ozte::.~n eluyia!:ed• i.E horizons.

Yellow and 3rown:
T.~is usual:y i~cicates a ~ell-drained site in a moist e:c.~ro~-ment.

-7-



4) Soil Terture

Soil ~ex~ure refers to ~he distribution of 3 soil se?arates (sand,
silt and clay) less than ~ in diameter. This soil material is common-
ly callecithe fine earth fraction. Discrete soil ma~eria:s greater than
~ in diameter tha~ can not be disperseciinto fine fraction

. 1 ~ • -Cocst~tuents ~re c~~ec coarse zragments. Coarse fra~ents range from
gravels (2-i6Jmn), to cobbles C76-250m0), to stones (250-5:'Cmm),to
boulcers (greater ~an 6lOmm in diameter).

Soil Se~arates - Determined
sand .05 - 2 mm
silt
clay

.002-.05 ;no
<.002 mm

by the size of the soil particle.
50-2,000 ~icrons
2-50 microns
<2 microns

Tertural Analvsis - ~e dete~ination of the soil se?arate distribution.
It is dete~ned in the field bv the hand te~ure ~ethod. A mech-
anical analys~s can be perfo~eci in ~~e lab to verify. T.~ehydrom-
et:= met~od of mec~a~ical analysis w~~l be pe==o~e~ ~~ the lab on
soil physical properties.

Eanc Ter:u:-e Metb.od - So=-:' sc i enz i s t s a.::.c. ~eo'Ole Lnvo.Lved ",.f'~:~cne Land
use tie nand t=~~u== ~e~iod to desc=~Je soil t=x~~=. Wi:h su=fi-
ci.=~'C 'Ora.c.~:"ce one can become ve.=: c.c=?1: at aete==.:'=.:'::'g soil tex-
ture. One way to do the hand te~t~re method is ciescri~edbelow anc
i.n Figure 1.5.

l. ?lace 15 ~o 20 g=ams of soil ~~ your hand ace ~c~sten slowly
·~.i!emanipula~i~g t~e soil w~t~ yc~= fingers. StO? acdi~g wa~e=
~,..-T..e~tie sa:':' has ~e c ocs z.s t ency 0:': bread dough..

z. Fi~y p~:ss pa=~ of t~e mois~ soi~ betwee~ ycu= =i=st :NO fi~-
ge=s and ~~uob. T=7 to ide~t~=7 t~e ?resence of =ac~ separa~;
(clay feels sticky, s:'ltfeels greasy or somet izaes l:':l:.eflour, and
sand feels grit~y).

It takes an est~ate of only 2 soil separates to ciete~ine a
?oin~ on ~~e t=~u=a: t=iangle (F~~=e
:ically inte=sec~s. The tHO "eas~es~
and sand.

l.~), the th:.r~one autcrma-
separates to feel are clay

Estimat~n~ t~e : cla7. Does it t~ke a lot of wa~e= to wet up?
Is it hard to work up? Does it =0== a ribbon ~at supports itsei;?
Is it sticky? ?osit:'ve answers in~:'catea high clay percentage,
but zemember , a soll rarely has more t~n 60% clay. ;'in.dthe value
of your percent clay estimation on the ~ ~~_y ~s. You can then
draw a horazoct a.l, line across oe triangle that .,.;j' 1 =-=.tersec-::all
possible so:'':'t axtruzes that have the % clay you have estimated.

Estimate t~e % sand. How grit!} does the mate=ial feel? If
only a few sand gra=-=.sare felt or oeserved there is probably 10-
15: sand. ~nen saueezeci coes a r:.=bonfo~? If it easily £~"s
apart rheze is a high percentage of sand. Find the value of your
pe=cent sand es~ima~ion on the % S~~~ axis. You can t~en draw a
line across the triangle that w~l: inte=sect all possible soil te~-
tures that have the : sand you have estimated. Your soil textural
class is indicated by the region of the t=iangle ~~ere your two
lines intersect.

-8-
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De£i~~:iccs of Tex~ural Classes - T.~e
basic scil tex~ural classes. !~ey are
the ki~c of field criteria t~at cae be

,
follo",""icgare deficitions- of the
include~ he=e as a~ exzo?le 0=
used..

Sacd : Sarid is loose anc s Ln.g.Legradned . Tae i~di'lidu.:.lgrains can
readily be seen or felt. Soueezed in t~e hand ~he!ldry it ",""ill
fa::2 a paz t wilen the pr e s suz e is z e.l.e as ed . Squeezed ,.,..-nen.moist, it
wi:: £o~ a C':'S:, but ~""illcr~ble when touc~ed..

Sacc'l'Loam: A sandy 10aC 1.S a soil coni:ai:li~gauch sand but which
has enoug~ silt and clay to ~~= i: some~~_a:cone=ent. The indi-
~dual sand grains can readily be seen and felt. Squeezed w~en
d7Y, it ~11 fo~ a cast w~ic~ w~ll readily fall apart, bu~ if
squeezed •..•"hen moist a,cast can be f orned t::'at;.~llbear careful
ha~d:~~g w~thout bre~~ing.

Lo azi: i-. loam is a. soil ha.",r:':='6 a relat:' ve Ly even mix"tu=e of C,';~~~..,.-
en t g:-aces of sane and of s:'l!: arid c.Lay , I: is lle2.low 'W--:' t::' a
s cc evaa t g=it:ty f e e l , ye: :2.:"=2..:;' srao o ta and. sl:'g.htl:r p.l.as zz.c •
Scue e zed ~-he!l d=:" i t ;.,---:.~.:..=:J::-::J. a cas t t2:!.a: -w:..l2. bear ca.===u..:
hz~d:i~g, wtile c~e cas~ ~c~eci by squeez~~g c~e mois~ soil ca~ be
t_a:=.c.,:,,=~ cui t e £===l~T w-:' t::ou:: b=:~k:'::..g.

Si:: l~~: A s~~~ ~oa= ~s a sc~: having a moa=rate amo~: of t~
£i~e grae.:s of sane.and OC:7 a s=all amount of clay, ove= ha.~£ of
t::e paz t i cLe s be i.ag of ~::e size called. si::. ~-r:.e:l. c.=y i= may
appear cloddy but the Luzips c an be reac.i:y br oken, and '.•-nen ?ul-
·.,.·...e=:..ze~ :': feels 50£-: anc ,:",:"ou=:.r. ifolne!l ~e~ "C~= soil :-eac.ily =-,'T~S

~oget~e= a~d pucidles. ~~:~e= c=y O~ mois~ i: w~::fo~ cas~s that
ca~ De :==ely ha~dled ~~~~C~~ b==~k~~g, bu~ ~~e~ mois~e~e~ a~d
s cue e zed be~,\Tee!':. t::cmb acd ==-~g== .;~ w-:.ll net "::'Jocn" bu~ w-:.ll

..:. ...::.

C:a'" Loazi: ~...clay Loan :"5 a fi::.e -ce:c-:u:::-edso i.l,'Wu:"C:l usually
br=aks i~~o clods or l~~s ~at a== ha=~ ~~e~ c=y_ wr.e~ =~e ~oist
soil is pinc~ed oetNeen ~~e t~~b ~d £i~ge= it w""ill£o~ a t~n
'·r:'bbon" T..n::ic!1 w~l br eak reac:'ly, barely susta::=.i:lg its O'Wn
•.•ez.gn t , T.-lemoist soil :'s plastic and will fon a cast:t~at:"'....;,L.
bear wuc~handli~g. w~e~ k~eac.ed in the hand it does ~ot crumble
r ead i.Ly but t ands to wc=k i~t:o a he avy compact aass.

C:'a-i:~
Lumps

.fl. clay is a fine te~urec. soil that usually for=s Yery' ha.=:i
or clods ween dry and is cuite ~last:icanc usually sticky

wnen the moist: soil z.s pi:::.ched.au: be:--.•een t::ethumb and.
£i::ge=s it w-ill f crm a Lcug , f:"=x':'~let·ri~bcn."

Soil Su=vey Staff.
USD~..• p . 212.

1 Soil Sur-ray Macual. .l..g::ic. Hancb . No. 18.
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_______ ..:.-:-a - - ." .

SAND

SILT

CLAY

TEXTURE COMPONENTS

2,0 - 0.05 mm diameter

Individual particles visible to the eye

Rounded or irregular shape

Gives texture gritty feel

Influences drainage and air movement

0.05 - .002 mm diameter

Magnify 10 to 100 times to see particles

lrrsqular shape
Gives texture soft! ·slippery, flour.y feel

Largely influences water holding capacity

Less than .002 mm diameter
I

Magnify 2,000 times to see particles (e!ectron
microscope) .

Gives texture sticky, greasy feel
Largelv. influences fertiJjty, permeability,

shrInkIng and swelling

---------



<s:

Soil texture can range from day, with mostly very fine particles,
to sand, which is mostly the coarse panicles. In between, soil scien-
tists recognize ten more groupings (called textural classes).

0~ __ ~~~ __ ~~ __ ~ __ ~~ __ ~ __ ~ ~ __ ~ __ ~100
100 90 80 70 60 SO 40 30 20 10 0

percentage of sand

Use this textural triangle to look up the relative pe==t:ages of sand, silt, and
clay. The area in which the three lines inrersecz wiil indicate the name of tha:t
soil's textural class.

~~- -------------



DETERMINING SOIL TEXTURE BY ~E -rt:E!.. METHOO·
:.;u

?!.2CQ .2!,?~::>;:::':: .• ~ely one ~bl~poon 0' soil
in poll:. t.e:) .".•.~e~ .2 drop al: A Use And
itnoad ~:le ::u'U. eo Dr eolt dovn &11 Aqqre~t~ ••
Soil i. 4C :''10 Fr::?" Q;J.ccllnc::-t wilen ;:.lAaC! c
.•nd Dooile, l!,ta ::oisc putty.

~I
r~ -.oil
:00 d:::y 7flO

l'l .•ar ~ll 0' seil !:Iet;;teen :b<mO and
!orefinqec ~n:!y pushinq t.!:e soil
"'i~ t..'le- :::1..:0 •. vo:l::ing i: 1.?-t4:d
l:1t.O ":i~n. r::-: a :::':0" of
:.:ni!or:'l :::icL-,cs.s £r:d 'fIi=•.h, Allcw

l
:!lC! c:.t;con ~= c.e:;e an d c;:::end ave:·-e·~-e~·~~-~~-e~~;~~_.-.~~o;~3_. ow, __ ., ••• , __ ~A_ •• ~ __

~ovn 'rI c!. g~:.

Z.::e::z:'·~cl,;· we: 11

!:l!ll ~~.~:~c:: soi!
:':1 ;=.:::. o! ~••"d ••rod
::~O .",!.:~ :o:-e':::::ge::.

I

I
..~
•• v

I :10:' ,s;:o:oc:::."css
~:" e-::.:Jo !..~.:.:'::: ..

c • Q:).a=_
lie. Koder At.aly ~r s.e
" • /Ie~\A
F • Fi •.••

~::essiTe.!.y we: 4
=d.ll ;:itJQ c: soi!
i:: ;:zu:a ::! !14nd and
r~o wl.~ :!::::e~i::qer.

::0

~!O

Se!. ,=-~er
s= ~~:;.:)tes.a.
~c: !:."loa:.!:ness
-;: ::::-o;:i:ta z e s ,

~ei:.:ler
q:.!t:inesa
nor DOO:.:lneSS
?t'e~::.:i::.!l ee a,

1I S4nu ;::..:r,:':'::~~ =~.:.:" :"lould be e::!.::.:.:t:'u (vc:.-y :':':-:e, !!.:'IC, ~ec!.t.r.'\, ee a r se I !:r t.."tcse :e:~:.l:C::.
IncJi"'lcU':! c;:~~.'1::: 0: or""·' ': •.,.. :..J.nu a r e :"10~v!.=l::'~e V!.:'::OU~ :nA~i!ic..:.1:!.on 4nd :...~c::~ l,i; ol .;=i:-:.¥
tt.:C!lnq::l,J "1.."::"1 :;'':'l.Jll ~plc 9!,ountl bc! .••.ccn ~c~::'1. Some ';"'A _ ••.;;.1 i4r:!;!..~~4y::>C j\,;.15~ vi&l!;)le:.
~ s..lnu ;:.:.r:..:..c!.,;,:: .lee e.J.llJ.ly vio,;1tJlc. ~.x.l:.pl.::~ ot &..lnd .a1.=4 desc::.1pt!.ona wnetc. one: a..o..:.a 1.
preWCIJ ..runt., a e c r very tine Qnd, :1no c.ant....'"y 10.;:1" lQ.a.Jl'ry CO.a,SQ ••. ncJ.

U C! -'y ?Ot' cone.,) (j!! "i:lntja ..
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SOIL S'!?.uCTh"'R.E

_ ___ s :.::-·...:c::'..:.::-:is the way i:: which the individual particles,____= I 2.~_c. c_=-::"f a=e ar::-a::gec. i::..to larger distinct
~;;::-~;~::s. '!~ese ~~g~egates a~e called peds and can usually be
S:~~::-~::2:~sily, :a~~icularly in d~~ soil. Agg~egation is a
______ - - :".::te==.,::~i.on be tween phy s i ce L and biological forces.
:::.::-....::::...::::-:__ ::::e",a::J~ factor determining how fast air and wa t.e z
:~:::::-- ~cve ::h~:J'..:.~hthe soil.

::::::-·..::::::..:.::-e car; ..:;e c.escribed by the type, g::::-ac.e,and size
_____ - '"."'-::',-:::esof soil st::::---.:.c::u.reare g::::-an'..:..!.ar,platy,
____ .. ;:::-.:..s:::a::.:..c,aric co Lumna.r . Some soils or horizons may lack
.3:' :: ....:.::: "__ -= 2..::::' 7':".2..}(::e labeled as si::Sl e g::-ai:1ed or mass:' ve .

. .~.:-.: ~.

::Jnsists of s~all, porous ags::::-:gateswhich
=e::c. to be s crnewh.at; zounde d :.:: snape .
~ra~ula= ags=eqates form ve~y cesi=~le seed
=ec:.s for cz cps aric, allow z ap i.d ent ry of water
i::~o the sc.:..~. Gra::ula~ st::::--~c~:..:.~:is
cornmon.ly f cund s~==ace laye=s de ve Lope d

:..:.::c.e::::- g::::-asslanc..

:onsists c~ as~::::-eqatesthat have lenger
~crizontal ~aces ::~a:: ver::ical :aces. The
~::-agments a::::-e:.:.a::a~c. thin. Ca:: be ca~sed
=y compactic~_ I~ c~n occur i~ any noriz8n
=ut is gene=a::'y fot..:::d i:: 2 r:c::-:'zor:s. Wate=
arid a.:..::- rnoverner;c
::::-es-=ricted.I~

-- the soil maybe
==~d in surface ho~izon

::::::--..:stir:gand seedli::g eme.::-qencycar: be a
:::::-eblem.

C:Jnsists of asqreqates clinging together in
::ea::::-lysq..:a::::-ecr a::q~lar blocks. It is
~air:ly feune ,~ t~e 3 horizon b~t can be
~~~nc. in the A & E horizon. Water, a.:.r,anc.
::::-:Jetpenet=ati~~ cc::~::::-smainly a~or:g
s~::::-~cturalf::::-ac~u=eclanes .



PRI SM.:;'TIC

Consists of agg~e=ates in which the vertical
faces are longe~ t~an the horizontal faces.
The tops of the u-~its a=e flat. It is founc
in the B horizon. Water and air movement in
soil occu~s along structural fracture planes.
Most roots c an also be f cund 1.:'1 the f r ac tuz-e
p:anes.

~~is type 0= st=uc~u=e is sim~lar to
Fris~atic. The main e.ifference is that it
has row~ded, wn~te tops. This ty?e of
structu~e ~n~~cates slow or ve~f slow
permeabil~~y and peer =~ot penet=ation into
t:~':"s hc.r i z cn . Tl:is c ond.i t i on :"5 caused by
exc es s sod.ium w : c::-=-:: t::e sc iL, .;~ :..S f ourid
in the B horizon.

Massi-'re
evidence of agg~e=ation of soil par~icles

Single grain

':~ey co net f':)=:TI
ass-=egates.

place

1..1:~C:-_
?eds are ea.si Lv obse~,ree:.in place ana.hold shape

'I •• ~ •nanc..l.J.ng.

s~a~e when hancled ro~s~ly.
stand out distinctly ., .C:le~rane.m2.in;:a.in

~- ""--
. - ------- 7he s~ze of the pee:.

7h.ic~-:.ess Diameter
of Prisrrs

Dia.:T:eterof
cf Pla.tes

Diameter
of Blocksc::a::t.:.les

<2 rr:.m
2-= mm

>= mm

<20 rom
20-50 mrr:

>50 ITIIT!.

<2 rnrn
2-5 rom

<10 mm
:'0-20 mm

>20 mm



6) Soil Consiste~ce

Consistence is a measure of a soil's resistance to deformation
or rupture. D=: and moist consis=ence apply to u=eistu=bed peds or
group of peds. wet consistence a~plies to a 'totallvsaturated
soil. Soil consistence is relate~' to the amount ~~'kind of clay
present (see Table 1.2). Re£er to the' terminology below to
describe dry, moist and wet c onsi.st ence .

DRY CONSIS7ENCZ - Peds are a;- cr~e~.
Loose ?alls apart without handling C?~~ot pick up aped.
Soft - Can be picked up as a mass but f~ a?a.~ w~th

slight pressure and barely indents tie fingers.

Slightly hard - A ped or clod can be picked up. Be£ore
bre=king between thumb and forefinger it indents the

- ':inge=deeply but =re"'ks wi. thou: strong pressure.

Hard - ~ust exert strong
bet-.•e en thumb and C:~--''l"''IaQ<:-...-- oJ-o-- '-

?~=ssu=e one can exer~.

MOIST CONSIs~rcZ - Ped has approxizately the aco~: o£ water held
t~e soil 24 you=s a£~ar a rai~.

Loose :a.llsapar-: .. .• - .---,....·~..,a!.J.c..:...--._- .•....o - canner 'Ji::k up aped.

Very ':ria.ble- Crushes w~:h c~y slight inden=a:icn of finger.

Friable - I~ae~~s fi~ge= w~e~ c~~hed bu~ only ge~tle pressu=e
is needed.

Fin C=ushes only w~en deliberate press~e is applied.
~ee?ly indents the ':ingers.

Very fi::::l- Can barely be crusaed bet-.•een bU!:lO and
fore£i:lger.

Extremely £ir::I.- Cannot be cr-.1S:::'ecbetween Ct::lD and
forefinger.
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w"ET CONSISTZNCE - 'ioietcons Ls t ency d e sc ra bes the stickiness and
plasticity of you= soil. It is determined at the
same time as soil te~tu=e.

STICL..'n/ESS- The
another object.
thumb and finger

amount; of ad~erence of soil material to
For field evaluation press moist soil be~een
~d describe as follows:

Nonsticky - ~ost none ac..~eres to either finger.

Slightly Sticky - Adheres to bo t.a 1:~ngers but finally pulls
cleanly free of one ••~thcut stretching.

Sticky - Stretches noticeably bezore breaking and leaves
mate::-ialon both. finge::::-s.

Ve~J Sticky - Stretches as one exerts strong effort to pull
fingers apa:--:.

PLASTICITY - The ability of moist soil to change shape under
pr essuz-e . For field evaluation roll the moist soil material
bet~een thumb and finger (0= the ?~ of your hands) and express
the degree of resistance as follows:
Non-plastic - Cann ct for::na ..••-=-re..by rolling in fingers.

Slightly plastic - Can fOr::la "m.re" by rolling. The "•."ire"
will not suppc rt its own ;.;eight. Easily def oztaed under
pressure.

Plastic Can !O:-:l a ";.;ire tha'l:~..•-:....:..L bear its own weigh!:.
Must press :0 cie£c~.

Very plastic - Can £or:n a s'l:rong·~re that w"ill"whip.
exert strong pressure to defor::l.

Mus"!:

CONSIS~~C:E A.1ID C-:....A"?:

.""lay increases
Drv Moist wet

Loose Loose Non-plastic, non-s'l:icky

Soft Friable Slightly pl2.s~ic,slightly
sticky

Hard Pl as t i c , sticky

Table 1.2. Change in dr~moist and wet consistence with increases
in amount of cLay .

-14-



Water Dis-:Jlaceme!1:: Method (c oaz se fraction)

b)

a) Dete~ine t:'e vc Lume of your soil sample by measuring the radius
(r) or a be aka z arid c.."le de pch (height) of you::- s:amp1e in that
beaker. Remember ch a c for a cylinder: Volume....~~rz-:i. -,

-":...c_:::::::.

Grind your soil wi th a mortar and pe s tLe to break up large
aggr egazes . Pass yo~r soil chrough a 2 mmsieve to separate the
f~ne earza frac::ion from che coarse fraccion.I.

c) ioirap c:'e coarse frag:::r.ents in a hai::- net and wei~;" in air.

d) Subme:::genettec coarse fragments in a bucket of wat:e::- and. weigh.

e) Det:enine c.."le volume of coarse fragments by~ t~e
weight: in -..;ater from the we i.gnc in air. This i111..:.5trates the
EuoY~'"1C7Pr:':lciple fi=s~ exp LaLned by Arch Imede s -mar..y c errcuz Le s
ago.

-weizht: of coarse ~rag::Je!lts in air -
~,-,,"e:'5~-;:of coarse r:-=g;;1e;-;=s in wC.~e~

r.
_ va Luzie of coarse fragment:s

- f) Calculate the % coarse fragments (C?) by volume by d:vid;ng the
volume of coarse f r a gzae n t s by the voLume of the ent~re soil.

% CF - -Jo'!.nme of c~a.::"se f:-=m.e!'!l:s
Val'~e of entire soil X 100%

T'.o.is pri:lciple states that there is a buoyant force (the buoyant
force acts in opposition to the force of gravity) exez t ed en a sub-
mer ged , suspended object tha:r: is equal to the weight of the fluid it

. displaces. Iotne!lan object is submerged. in water, it displaces a volume
of water e~ct:ly equal. to i 1:3 ow-n volume. The difference be m..•een the
weight of the object in ai= and its weignt suspended in water w.ill be
equal t o the weight: of the wate::- that it has dLsp.l.aced (t..b.e buoyant
force). The vo.Lumeof pure' water in m1. :!os equal to its weight in
gzaras , and so a volume can be calculated. from a weight measurement.
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2) Bulk Density

Densitv (n) is the ve ight (mc1ss)
per unit volume.

n _ ¥~ss (in grams)
Volume (in cubic cm)

Soil bQL< de~itv (3D) is the we~gnt of a ped (or peds) per unit of
total volume it occupies, including pore space. Soil buL< densities
typically range from 1.00 to 2.00 g/ce. Water and root permeability
are dependent on bulk density. Variabilities in buL< density can be
attr~buted to te=ture, organic matter and porosity (see Table 3.4).

Particle densitv (?D) is the density of individual particles of sand,
silt, clay, or coarse fragments. Cor:..siderPD to be 2.65 glcc, which is
the average density of rock.

BD
Weigh the saran coated ped i~ air.
Submerge t~e ped and weigh i~ water.
Dete~ine ~~e volume of the ped by
subtractin£ the weight in w~ter from
~he we~ght in air.

d. Calculate t~e 3D by dividing t~e mass by the volume.

Wi.: of ned- .- Wi.: of ned
in a{""a.

b.
c.

in 'f'.T- ~o-r".c::. _

Volume of ped

volume of ped = 3D

=~ne te~~ure (c, cl, sil)
-coa~se t excur e (s , 51)--

ccmpac~=d.sei.ls
organic or volcanic ash soils

1.00 to 1.60 g/ce
1.20 to 1.80 glcc
>1.8 glcc (but may be lower)
<1.00 glcc

Table , /.-'.~. Ty?ical bulk densities for soils.

3) Porosity

Porosi~ is~~e percent of a soil ~ occupied by solid material and
can be calculated from bulk density and particle denSity. It is
reduced w~en soil is compacted imped~g the movement of water, roots
and air (pe~eability) .. Decreased permeability will decrease ;n~iltra-
tion, increasing surface r~noff and t~e risk of erosion. Platy struc-
ture is of t en as sccz.at.edw"it!: soil compaction. ,",

~ J .

% Pore SDace Deter-~!lation

a. Calculate t~e : solids by
dividing 3D by PD.

% solids = BD X 100PD

b. Calculate the % pore space by
subtracti~g % solids f=om 100%.

: pore space = 100: - : solids

-28-
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SOIL CHE:!.IS7RY

Soil che=isi::-; involves pes:" -:ively c~rged caz Lcns , c.egat:"vely charged
anions, and caar ged exchange s z,z es on clay size particles. The elect::o-
chemical r eac t i.ons 6at occur ar e important in plant grovrh , To help
understand these reacz i ons we ;.-:'2.l deter:n.i.ne elec:rical couduc tLvtity , pH,
and other che=ica: data for yot;.::' assigned soil.

00 jecti ·:e

To be able ::0 under s t arid so:"': chemical data.

Procedure

Working i:l tezns , prepare yct:r- soil for a pH and Ee (Elec1:rical
Conducti'\rity) aaaLys Ls .

a) ?lace a. 50 g sample 0= dried, sieved soil into-ii 150 !ll2. beaker.
b) .~d 100 :L. 'of dis.:::'::"":ed wa.:er-.
c) S:i= cie solution -=2:.o::oughly a::d. let stand for at Lea s t 30

d) r- ."wo.:..;.e ..--~-..:..,O'
"'<::'_'---".0 , anc tne r sanp.l e of the sazie 50:'1.

% CY. c-::r -,..,J a·Qt".,.....,,~,.,e.;:: CoCO"a_, _ ..... , ~-- - ----~ -- c:. 3 is

1) Soi ~ Sa2.ts

50::"-". sa.':':s are cations (?osiciye charge) and anions (nega::iye
c!1a.:.-ge) i.:l 50:.2. so Lu't Loti (see Ta o.Le 5.1). .i oo auch salt i::... s o Lut Lon

r aduce s :::e ?:::)Q.uc:i-:ity c= a soil by holdi::.g -••rat er so tigh':ly (os4::o.:ic
po t en .. ::'a.:.) ::'a: ~::e p Lan t; c az.z o t; ext:::-a.ct it.

SoLubl,e saLt s :.:: s oLuz z.cz; az e mea suz ed w-:'= an. EC (Elec~r-::'cal
Cond uc t ; "r:":7) ae t e r , T'c.:"s :'::5 ~='U1:le!:!. t: measures 6e ease of el.ec -==ical
£lo~,.;-(c:::c:,uc::'7i,=y) as i:: tr-a-rals r;"'=ough a solution. An elec-==ical
cU:.-::"=:lt ,,«-:.:1..:.ot nas s thr::;ug::' ~u== ;.;a.::e= but ·",~l2.if salts az e pr e s enz .
1:1.er=£ore, :':':" :::C =eadi:::.gs c::>~r-espon.ci·.•-:'t~ high amounts o£ soluble
sa..!.:.

/

I I Solt:.ble I=.soluble
Ca::':::::.s P-..:::.::'c'" s Sa.l:s Sal::s

tNa~ .. - = CaCO..,'-I" C1 CO_ K2C03 MgC12--'" ,j ~
- = CaC12 M -0 MgCO..,Ca. ~. ECO.., 5°4

,.g=> 4 ..;. .j»; "-~

Ta::e 5.1. Common.ca ~::'::ms, anions, soluble salts and ::'::soluble
salts_
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2) pE (Soil ~eac~ion)

.:he amcua t of a+ cations in
and mic:::obial activity are

6 1\ 4 S 4". +
• v or .ies s - oil So.!.:.::::.cn nas so many a Lens t:hat:==-.....Lacs ot:_...._"'-_cat i o-s . . J __ 1.- '-_.... on .:..:.e e::.:::.::.a::.gesa tes w.Q.II.ing
~~e=abl= to leac~~g.

6.0 -•..~ -.I.~_ --4' • 4..• - r a .o:-a:l.l.e :::~ge z or mcst Montana.czcps ,
O?t~~a' £0::: nit:roge~ £~..:.g bac::eria.

p:: i ..5 to
soils

8 ~ -..... Seils C.O!!!':-;!f~=d. by ca2.cium
have reduced availabili t7
Dnosnna.te a:::.iC!:..S. -

cations·, Ca.l.ca:::eous
ot Fe, MIl·, and Zn-ca::iol:.s a~ci

pi: 8 ..5 or a=ove - Soils dc~.::.a::ed by
ca~ ca~se pnysi~al al~==a~~on of-..re;:-=:d..

sodium cations, Exce s s Na
.:he soil system. wIle.:I.

8 9

L

F!c •...z z 14: 3. R=!:lLiocs;;':~s ::.6~g ill =-2:=~ soils ~e~.::~= ?H on ::beone hand 01ll~
the activiry of :nicoorr-::is.::.s and the availa oiiiry of. pianr nutrieats 011 the om=::
The wide portions of :he cacds indicate ~'e zones of ~"::st microbial ac::ivity and th;
"'""cst readv availa ciiirv cr- actrieats Considericz !"-~ ccrreic cons as ~ wacle, a oF.
~ge '; appro:ti;;~~!y 5' :;-i"s';~ to ?~o~~~" ~~- :nos;~~dy :J.vail;bility ofp~
!:!.!t:-::=ts. In sbcrt, if soil :;.: :.s suitabiv adiustec Ict: :::'os.::hor.l5. other :::i.o..otl1~tric::tm

-- __:-:-...,..,-----...,..,.--__-if ereseat il: J.ce::~:e arricucts. will ~ sa(~:.s._~c:oriiy·a·r.:lUaoic: ~"'1 most ~c:s. J _



3) Org~ic ~~tter
O - ~rganic matter dissocia~es R-OH ---4 R-O h

Leavrng an expcs ed negati'Te caaz ge commonly known as an exchange
site. The more organic matter present, the more exchange sites and
the greater the abili':y of the sys t em to hold cations essential. f or
plant gro;n:h.

Soil organic ma1:ter is gi "Ten in. percent. It is sometimes
useful to exar ess it i:l paz t s per million (pP!1) or pounds per acr-e
rurr-ow slice-(.~S).

we know:
• =- par-t:s 100
"-

per
ppm :& pa=1:s pe= 1,000,000

Ibs/AE5 :& ::a=-:s pe= 2,000,000

A. sample of 30Z"'"'2'" silt loam (Mollisol) wi;-::'-oper-cent:o=ganic
matter has:

6 =lOa
60,000 = 120,000

2,000,0001,000,000

or, 60, 000 ppm organic :nc.tt:erand. 120, 000 Lbs , of or gana c ma t r er
per acre furrow slice.

A saonle of ScoDey clay ~o~ (Molliscl) with 2 per:en,: or-ganic
- matte:- has:

2 =100
20,000 = 40,000

1,000,000 2,000,000

or, 20,000 ppm organic :nc.t:t:erand 40,000 lbs. of organic matter per-
acre £u=r-owslice.

*OM Rating For Mon.ta.r.a.
Less t:lan1~ - Very low, organic matter should be incorporated. The

addition or stubble or ot~e= organic matter is orten. recom-
mended.

1 to 2.5% - Low, car-a-·shoul.d.be t ak en ~at organic !!latteris not
reduced. Bur:U.ng stub bLe reduces the organic ma1:::ercorrt en t
and is therefore not recommer.d.ed.

2.5 to 10: - High, orgoT"'! c m.a.tter is at productive Leve.l.s.

Greater t~n 10% - Too much organic matter may complex with essen-
tial nutr-ients making t~em unavailable. This depends on the
physical and ch~ical c:'ar-acter of t~e OM and w~l dirfer £r-om
soil to soil.

* Scur-c~ is Exte~sion Soi:s, MSu

-35-



4) Cation Ez~~~ze Canacitv(CZC)
rl

Clay size particles a~d org~~~c matter have negatively charged
sites (e~~~~ge sites) t~at hold and exchange catio~. Exchange
sites act as a storehouse for cations that are esse~tial to plant
gro~h. If ~ation exchange sites did not exist cations would be
leached £rOl:tthe root zone m.ak.i:lgthem unavailable.

The CZC is often deter.::li.nedby tb.eammonium acetate extraction
method. ':".:te soil is washed ~-::'t=-ammonium acetate (NE~C2E302)
solution. _~e ammonium (~~!..) cation replaces all tb.;ca~ions on
the exchange sites and they~go ~to solution. T~ solution is then
analyzed £or each cation. r~e sum of the cations replaced is the
cation e=~~a::lgecapacity.

CEC = Sum of cations
*C"EC R.a ti::lg

Low - a to 15 ~e~/lOOg
Medium - 15 to 30 meq/lOOg
H~gn - over 30 me~/lOOg

Tne ?e===~~ of 'clay a~d c=6e~c
make an est~te of potentia: ese.
CEe tiis ;;a7 is:

matter in a sc:': can be used to
Tne equation used to est~te

CEC = t(!clay)

For ex~le, CEC- ~(30) 2 (2.) - 19 meq/IOO g.

Anion exchange sites are pcsi::i-rely charged excaang e sites which
hold and exchange anions. Since ar~on exchange sites are not verj-
common, free anions such as :c.it=ate (NO.-) and S"'.:l£a.te (SO" -) are
easily Leacrie d .

Posi:i'.'"el:r charged ions ~at dominate in high pH soils.

C++a. (at. vc , - 40, valence - 2) Calcium is av-ailable to t~e
pl~"~ as a free cacion. I~ is involved i~ cementing cells
:::;::et-i.er, Most Ca L"'1. t..i.e soil is readily available to the
pl~~~. Deficiencies mav occur in soils where high
p:-eci.pitation and excensi';e leaching has rezaoved the base
cazLcris , lowering t::e pH. In zhe s e areas li:::e is added co
t.'1e so i1.

Lo.••· - a co 100 ppm
~edi~ - 100 to 10,000 ppm
Eigh - over 10,000 1'1'0

*So~=e is Extension Soils, MSU.
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++Mg (at. wt. - 24, vale~ce = 2) Ma~esium is available as a free
cation. It is par~ of t~e chlorophyll molecule and activates
many enzyme reactions. As w'"it~Ca, most Mg in the soil is
plant available. Deficiencies are commonly found in high
precipitation, low pH soils. ~Ast lime added to soils con~ains
both Ca and Mg.

Low - a to 100 ppm
Medium - 100 to 7500 ppm
High - over 7500 ppm

Na~ (at. w~. - 23, valence ~ 1) Sodium is not .an essential plant
nutrient but is common in dry soil environments. wnen sodium
domi~ated soils (sadie) become wet soil aggregates disperse
plugging up pore spaces. Upon d=y~g these soils become very
hard and lack the pore spaces necessary for the movement of
gas, water, and nutrients needed in plant growth~

Low - a to 50 ppm
Medium - 50 to 450 oom
E~gh - (sadie) over 450 ?pm

Sadie Soils - Soils w'"i~~>~5% E.S.? a~d a oH >8.5. These
soils are domi~at=d by Na.
ESP - Exc~geable sodium percentage -. 'l- -:

c/... : .-'

e::rchangeE.bleNa
ESP ~ Total CZC X 100

S~-R- Sodium acscrption ratio is related to ESP.

(at. wt. = 39, valence = 1)
La the plan~ . :r is LnvoL '.red.
move~ent, water rete~tic:J.and

Potassium is an essential nu~rient
~~ translocation, stomatal
enzyme ac~ivities.

Very Low - 0 to 75 ppm
Low - 75 to 125 ppm
Medium - 125 to 250 ppm
High - over 250 ppm

1t Low, inedium, and high rati:lgs a-o from Extension Soils, MSU.

7) Base Saturation (3S)
i (Ca++, ++ 17'+ Na+)The perce~t of exchangeable base cations Mg ~ ~ ,

on the excha~ge sites.

Total CEe
...

+ K' x 100: BS
Ca++ + Mg" + Na

-37-
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8) ExchangeAcidi tV'

Hydrogen, H+, and aJ.ur:d.num,Al+++, cations held on the exchange
sites.

wt:. - 1, valence - 1
.•.....•..

ll' ., at. wt:. - 27, va.Lence - 3

9) Soil Testing Lab

The Montana Soil Testing Laboratory, located on the 8th. floor,
Johnson Hall., has developed soil cllemical tests especially for
Montana.soils. Sampli.!lg i.!lstructions, sample con!:ai::.ers, price
lists, and fertiJ.izer guide sheets are available fro~ the Soil
Testing Lab or your County Extension Office. Feel free to visit or
c.al.l the lab or E::rt:ension Office for more information.-

---
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Flow of Essential Elements From the Soil During Food Production

~~.
s~nllgm \ i"-'., I/f

•. f

<8>

Carton and
ail elements

(leaves)
(stems)
(g:ain)
(seed) -

---------- Human Feed -------" City
meat and miik---------- Animal Food-.,;,:'=::":"'::::":'::~:;;,;,,-- City
I-m:..:..:.=an:.:,u:;1"a...::....__ • <8>

---------- Plant Residue --------<8>

<3>
I
I Mix with soii in

Organic Pooi
!
T

~\

I 78~~ I

\~'

I,
scrne elements (K) /'

ieac.'> cireczy :0

Avaiiacie 2:ci T'~-L~~~~ _
: ~ K~ c::%"'.tJ..~:-\H :r,'
j f,:.-=.!' .. \' 2' - ~
~iCa"'- I NO~'

/.
~iM9"'-_ .•..•., SO:'

_ (-_1 ie -
-NH- MO"

, ,:: '4 Mn~- o!
c:ay anc e:-z.., .•..•.

0 ..\1. surfaces cu~'" H3ae~

Available Pool

'. ions

/ •
Weathering

leacninq loss

•

\-
lleaC:,ing loss

Soii organic (C)
compounds
containing

all elements

e • N-iixing micrcces! •

Organic Pool

Fixation

i
I
I

I
I
i

,I
I
I
I

all elements in
mineral form as

Siiicates. Cart:onates
and Oxides

(almost no N)

Mineral Pool

<3> = All 8sential Plant Elements
as csrccn Compounds

•• Inorr;anic Ions from Availai::Je P"--d



;-;ITROGE;-; ..••..:-;;) St.:t:::UR ECONOMY OF SOItS Cll.16

these changes may be controlled ziore or less by man while others are beyond
his command, Tais interlocking succession or largely biochemical reactions
constitutes ·.•.hat is known as me niirog en cycle (see: Fig. 16: 1). It has attracted
scientific stucy fer years. and its ;;r::o::o:;1 sigaificance is beyond question.

FlOUR':: 16:!. Main portions of ±e aitrcgea cycle. Additions oi oe:mc::ll f~iz="
makeup all !!:c:->-Sing important source of t.iis eieraent,

r ne nitrcgea income of aracre soils is derived from suca materials as
commercial fertilizers, crop resi dues, g=eo and farm man ures, and ammonium
and nitrate salts brought down ;,y precipitation, In addition, there is the
fixation of atmospheric nitrogen acccnrpiished by certain mic::-oorganismS-
The depletion is due to crop removal, drainage, erosion, and to Joss in a
gaseous ccndiricn,

Muca cftae nitrogen added :0 the soil undergoes many transformations
before it is removed, The nitrogen :::. organic combination is subjected 10

especially comple .••changes. Proteins are: converted into various de::omposi-
ticn products, and finally some or the nitrogen appears in the nitrate for-:-

l
I
I
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SOIL WA.TER: CHARACTERfSTICS A.ND BEHAVIOR Ch. i

. 4.. .'

'- " . ,
~

SATURATION
1 J -.::...1 _~J
FiELD CAPACiTY WILTING POINT

-
,Solid Scace-I- Pore Soacer

l"7=:~lbC92~~'11@@!!~1j~~lli~:~::~~!II"@!11I1111i~~ ~u~A TED
\ . " ~

=-r .. ! Solid

11HU Water

Air

Aii

Air

FIGURE 7: 20. Volumes of SOlies, water, and air ill a well-granulated silt loam at
different moisture levels. The top bar shows the situation when a representative soil is
completely saturated with moisture. This situation will usually occur for short periods
of time during a rain or when the soil is being irrigated. Water will soon drain out oi tile
larger or macropores. The soil is then said to be at the field capacity, Plants will remove
moisture Irorn the soil quite rapidly until the wilting coefficient is approached. Perma-
nent wilting of the plants OCC'.!fS at this point even though there is still considerable
moisture in the soil (wilting coefficient). A further reduction in moisture content to til:
hygroscopic coefficient is illustrated in the bottom bar. At this point, the water is held·
very tightly, mostly by the sou colloids. [U pper drawings modified from lrrigution lXI

We5[ern Farms publishrd by rile U.S. Departments of Agriculture and illlerior.j



SOIL w.ATIR

Soil water mov~e~t is o£te~ very contusing. To hel~ underst~d it, in
your mind pic:ure water movi~g ~rough soil pores. we w~11 obse=ve how
soil texture a~d pore size influence water movement. Remember that PORE
SIZE controls the mov~ent o£ water.

Obiective•

:0 underst~d how pore space controls soil water mov~ent.
Procedure

Meet in lab for a movie and an exercise on soil water.
1) Soil water Movie --r~e movie c~o~trates the effect of pore size en water movement.

~"':tereach d~onst::-at:ionwe will stop the film to discuss the i.l!lpor"tant
concepts. YoU::'laa manual should be used as a guide duri~g the movie.

water
height

rne rise of water
bet~een the glass is
due to te!l.sion.

pull is
bars.

r~e :lUll exe::-ted
r:=e==ec to as t~e

on soil water by soil particles. This
mat::-icpote!l.tialand is measu=ed in

CAl'E.LL~Y R:SZ - The upward mcvenerrt of water due to adhesion and
cohesion. ?ore spaces must be small e!l.oughfor capillary rise to
occur.
car~SION The molecular att::-actionof water

molecules to one another.
F~~~SION- :he molecular att::-actionof water

to anothersur::ace, such as a pore
••-all.

DE-!O #'2 water remains acove the sand un~;i
saturation occurs because the
smaller pore spaces have tension
strong enough to preve!l.tthe
water from entering the larger pore

spaces of the sand. The upper soil can hold t·~ce as mu~ water
with the sand layer present.

soil
sand
soil
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t'NSATU""~.::.D FLOW' - Pore spaces in the uas at urat ed zone are not
completely £:J.led with water. hsteac. the water occurs as films
coating the pores. The fibs are thic..i<est aear the saturated zone and
thinnes't near the wetti!lg fro!lt. Mat=:"c pote::.tial, the pull of thin.
••zat er films through soil poz es by adhesion and cohesion, dominates in.
~aturated flow. .

S..:L'"UR•..U'ED FLOW' - Pore spaces i!l the sat"..l::'ated zone are completely
£::ll.ed with wat=::. Gravitat:'onal po t en tLa.L, the forc.e of gravity
pu.l..li!lg the water dcvn, doari.aa t es in saturated flow. In field solls
unsaturated flaw is more commonthan saturated flow,

D210 il3 The clay layer adsorbs wate:::-:::-eadily,
pulli!lg it f=om the soil above as
soon as the wetti!lg front touches it.
w~ter is t=a.~s~ ~-==d very slowly '--
through t~e clay o£~=~ c=ea~i~g a
pe=cned wate= table. I~ may t~~e

weeks to mcn6.s before gravi tational pozential takas over because of
te high t ensacn cr eat ed by the small pcr e spaces of the clay. Thi.s
s i tua tion is quite commonLn Mantana .

soil
clay
soil

J~O iJ4 T~e wett~~g ==on~ =~=e=s the agg=egates fi=st
____ -------- because of the size of the pore spaces.

SA..'ID \.~GREG~S Macropores are present: betn•.•een the sand and aggre-
____ ...lI gates, but: tn::.cropores, created. by silt and cla.y

?a=~icles, oc~u= tb=cughou~ t~e agg=egated soil.

D~O #5 '..iater does not e:l.1:er tae burzed sand u:ltil satu-
rat:'on occur s becaus e of the high tens.Lon(matric
potential) of t~e surrounding soil.

lGY POL'ITS TO ~ER

SMATT. PORE SPACZS HOLD wA:!-?" w"ITE ENOiJGE r:;::l'SION TO ?~Vl:.4'IT I! FROM EN'IERIN'G
LARGE PORE SPACES usrn, S.:LuPJ...!ION OC(.....;RS.

FINE TEX'IURE •• HIGE:~S ION HIGH MA::3...:C PO'EY.:'I.li. LOW w~ POTE:TI'IAL

". -
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2) Pe~eameter ~xer~ise

In this e~ercise you ~ll comnare water movement acd water content in 2
different soil samples. work"in teans. Be sure to observe both per-
meameters to see the differences in water movement rates. Remember to
record your data along -with the te~u=e of your soil s~ple.

a) ! Place a sccaen and then a
filter at the bottom of
the pe~eameter.

filter~

soil

filte!'~
~ scre~rlln-====

Per.neamete:r-
Using the plastic be~kers pro~ced, we~gn appror~ataly 200 ml of
soil. Pour the soil into tl?-e pe rmeaae ter . DO NC: C:)M?ACT IT, but
gently level the surface so t~t ~easurements c~ be made from the
top of the soil.

c) Mea.sure the a.ep"C.:l of the so:L:...

. - d) Measure the d:"~etar of the cyli::.cerand calcu.la.~= the radius •

e) CaLcu.Lat e t~e vo.l.ume of soil.
(Remember: vol. of a. cylincer = ~~b.)

=) Ca.Lcu.Lat e tae bulk d errs ; ty 0:: t:::e soil.
(bu.2...'< cens'ity = mas s /vo L'.:.:le)

g) Place a piece of fll cer paper on top of the sc i l.. ~easure 100 ml
of tap ~ater in a graduated cyli~der. Slowly pour ~~e ~ater onto
the surface of the soil column, a little at a tiwe, watching the
advance of ae wetting front in ce soil. PicC'~e how che water
is moving (fil~s of water in the soil pores).

h) At saturation, water ',I/'illdri:: out of t:..i.eoot-;om of the
permeameter. Collect t:..i.is-,I/'aterar.d stop adding wa:::erto the
soil. At t:..~istime, all the pores in the soil w~ll be full of
water. Ca Lcu La t;ehow much •.••ace r your soil holds at ~a.t:'.u;.a-r:ion.-
(ml water added) - (ml collec-;ed).

*Picture what your soil looked li~e at field capaci~r.
~hen all soil par~icles were wet, but soil pores were
full of water (before water began dripping out
per.neameter.

This was
not yec
of t~e

_i) Calculate t::e
for.nulas, page

% -,.;aterby -,I/'eig.~::
52, lab manual.)

at sat:urat::'on. (See key
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,

j) Using BDcalculated in step f. calculate the" water by volume at:
saturation. (Key formulas. page 52, ~ab manual.)

k) Repeat i and j for your sample at: field capacity (remember the
doubling rule).

1) Again, using the doubling =ule. est:imate the" wat:er by volume at:
wilting point.

% water by' vol. at: sacuration - 2 (% water by vol. at: field cap , )
% water by vol. at field cap. - 2 (% water by vol. at wilt point)

m) Estimate plant available water.
marrua.L,)

(Key formulas, page 52, lab

-

.' ".'! '."
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~eight of wet soil-veight of drv SO;1 x 100
weight of dry soil

Ava:'la.blewater :z -=::'eldCapacity (1/3 B~R)·- wilti::!.g?oint (15 BA..~)

.e The amount of •.•-ater at time of sazap.Lfng may be
substituted £or field capacity •.•~ter. -- ..

3) Plant Available water

Water available f:;r plant growth is tha t water held be-r--••een
fielc capacity and •.•~~t:'ng poi::!.t.This portion of water can be
readily absorbed by pla.:ltroots.

Tables i.l summarizes di££eret'.ces ~ saturation, ?C a.ndw~,
and should be used as a guid.e to help you undarscand tb.e
relationship of the te~s used whet'.disc~si=.g soil water. They
az e oc.lyball park f::'g-..:res,all values .r~ vary dependi=.g on
~:x~u=e,organic mat~:=, salts and st~c~ure.

Amcunz of
wate:=-i:1 nares % Moisture

Satu=atioD. o BAR 2
(0 los/in)

all pores filled 50

Fielci capacity 1/3 Bl-..R 2
C5 l.bsiin )

half of pores fi11ed 25

Wilti::.gpoint 15 B.!:?o.
(225 lbs/in2)

quarter of pores filled 12

Table 7.1. The ralationship of tet'.sion,pore space and
perce::!.twater for saturation, field ~a?acity
and •.•~lting point.
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PUUT AVAIl.ADLE \lATER CAPACITIES FOR SOU. TEXTtntAt. CLASSES ru }-KJtlTAIIA1

RANGE III EST WAHn
SO n, TE.XTUHAL ESTUIATEO AVEHAGE PLAlfT A~C (In/In)

CLASS PLANT AUe (in/rt) 2 (For U!H! on Soil
--. lntery_retat 10119 R~ord!l)2

Sandy SoU!! Coarse texture Sands 0.5 0.02 - 0.06
Loamy sands 1.0 0.06 - 0.10
Loamy fine Bands )
Loamy v. fine aands ) 1. 25 0.OB-O.12Fine sands )
V. fino Bnnc.lo )

Loamy :.ol19 Hoell.!rat a c oa r a e Snncly I.nnm I 1.5 0.11 - II.I~)
texture fine sandy lonm

HedlulII texture V. flne sandy loam )
Loam ) 2.0 0.\5-0.19
Silt loam )
Silt )

.•...,
lIoderately f Ine Clay 10011I ),~

texture Sandy clny loam ) Z.Z (}.16 - 0.20r-. Silty clay loam ),~
<,
\0

Sandy clay )~ Clayey so l ls Fine texture'-" sqty clay ) Z.O 0.15-0.19
Cloy )

Soluble s a Lt s nnd gravel \.1111 de c re as e p l an t nvu Ll nbl c \.later cup ac f t y ; vhe r e ns , o r gnn l c ma t t e r , r,ood s o I l
structures \.1111 increase it. The capacity increases nb ou t O. I In/fl" for each 17. o r gnn l c ma t t c r , Sol l s
\.11th \.later restricting Lny c r s like comp nc t nub a o Ll e , sb a l Iov bedrock or s t r n t Lf Lca t l.ou can l n c r c as e l'Alle
or the overlying layers. So Ll s that are deep. med Lum t.e x t u r e d al\.lulIlfonn c nn have cll'cJ"t!I1r.etl l'AIII'lIt
allo\.l for Jeeper rootillg.

2 SoLl de p t h measured to de p t h o f c r o p roo t Lnj; or .IP.plh to" root-llmltlnR layer.

) for the loamy 31\.\ clnyey 6011.a, the r nn ge In p l.nn t flHG I s 10 to 15 percent Oil un ch s t do of the me.II,\I\ A\IC

figure. For s andy 80118. (other thall """lIds") the rnugn III 20 to 25 po r cen t . For "ulillch" the plant AIle
Is e x t r eeseLy var Inb Lc , an.\ dependa upon the 917:e o I the Inc\Lvl.lunl Dnllt! I'.rnlnll. 1.e.: lied '"111 111111(15holt!
lJIote \.later than do coarse annda. 0'

Approved hy So l l s Committee, HSU, P'Lunt; an d So I L Science l'Tann Lng Conference, .Inuu a r y )1, 190/ ••
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PROC:=:DtJREFOR M.tlKING1 NORJl'lF..LECL

1. Determine concentration of ECL pu~chased.
2. Divide 30.78 ml by % conce!1.tratior: ECL (30.78/ .28 =
110 ml of ECL per liter)
3. Put 110 ml of your HCL in bottle 2..:.'1.dadd distilled water
UP to 1 1iter mark. This sol ut ion will be 1 Normal ECL.- .
1 Normal Hel is used to determine the effervescent class in
soils. Effervescent classes are used to estimate the amount
of Calcium Carbonate (lime) in the sc i.Ls.

Class Indicator CaC03 equivalent

sli.ght
no bubbling
some bubbling
low foam _
hlgn foam

0%
<5%.-0>,:)'"5

none

v i o.i e nt; >5%

D::::-~D se-veral C.=ODS of 1 N Eel on s c a ; .
ef=e:::-vescence.

Observe

2easons for interest an Calcium Ca~;:;or:ate.

Montana. The deeper to CaC03 =~e
develoDme::ltin
better developed

Ca:"ci'.lm
mose of

Ca:::-bcnate is an .i nd i c a t oz' cf s c i I

t~e soil generally is.

CaCC3 can be used as an
we::ei~g depth of soils
erOSlon occuring.

. .... .l:1c.:..ca'Cor of ::.::eaverage annua l
la~dscapes with littleon stable

CaC03 in the surface layer makes t~e soil more susceptible
to w i nd erosion and tends to tie 1..1'0 pr:csphorus.
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FOREWORD
Since loll lurveYI are based on all 01 the characterlsllcs 01 IIOUIIthat lnfluence their

use and memcqement, Interpretations are needed lor each 01 the many uses. Amonq
these interpretations the 'lroupin'l 01 soils Into capablllty units, subclasses, and claslel
11 one 01 the most Important. ThIs 'lroupin'l serves as an Introduction 01 the IOUmap
to larmers and other land users developing conservation plans.

As we have '1ained experIence In this groupln'l, the delinltlons 01 the cate'lorlel have
Improved. It 11 the purpose 01 thIs publica lion to let lorth these delinlUons. In uslnq
the capablllty clalslncallon, the reader must conllnually recall that It Ie an InlerprelatloD.
Like other interpretations, It depends on the probable Interactions between the kind
01 IOUand the alternative systems 01 mnnoqement, Our management systems are eon-
tInually chan'llng. Economic condltlonl chcmqe, Our knowled'le '1rowl. Land ulers
are continually belnq ollered new thln'ls, such as new machines. ehemleela, and plant
"arletles.

The new tedlDolo'ly applies unevenly to the varlous kinds 01soil. Thus the '1roupln'1
of anyone kind of sell doe. not Itay the same with chan'1el In technolo'lY. thalli,
new comblnatlonl 01 pracllcel Increase the productivity 01 some solis more than others.
10 lome are '1oln'1 up In the scole whereas others are '1oln'1 down. relallvely. Some
of our mOIl productive solis of today were considered poorly sulted 10crops a few years
0'10. On the other hand. lome other 10USthaI were once regarded as 'lood for cropplnq
are now bein'1 uled more producU"ely for qrowi'_'l pulpwood. These facts In no way
lu'l'1elt that we should not make interpretations. In lact. they become Increasln'1ly
important as technolo'1y '1rows. But these facts do mean thot 10UI need to be rein·
terpreted and reqrouped after Ilqnlficant chan'lel In economic condllions and technolo'lY.

Besides the capab1l1ty classification explained In thl, publication, other Important In·
terpretatlons are made of soil lurveys. Examples Include '1roupln<js of lOlls accordlnq
to crop·yleld predictions, woodland lultablllty, range potentiality. wlldlUe habitat. lull·
abllIty lor Ipeclal crops. and en'1lneerlnq behavior. Many other kinds of speclcd 'lroup·
In'll are used to help meel local needl.

CHARLES E. KELLOGG
Assillanl Admlnlstrator for SoUSurvey
Soil Conse"atlon Service
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LAND-CAPABILITY
CLASSIFICATION

By A. A. Klingebiel and P. H. Montgomery, soil scientists, Soil Conservation
Service

The standard soil-survey map shows the difTerent kinds of soil that are
significant and their location in relation to other features of the landscape.
These maps are intended to meet the needs of users with widely different
problems and, therefore, contain considerable detail to show important
basic soil difTerences.

The information on the soil map must be explained in a way that has
meaning to the user. These explanations are called interpretations. Soil
maps can be interpreted by (1) the individual kinds of soil on the map, and
(2) the grouping of soils that behave similarly in responses to management
and treatment. Because there are many kinds of soil, there are many in-
dividual soil interpretations. Such interpretations, however, provide the
user with all the information that can be obtained from a soil map. Many
users of soil maps want more general information than that of the individual
soil-mapping unit. Soils are grouped in different ways according to the
specific needs of the map user. The kinds of soil grouped and the varia-
tion permitted within each group differ according to the use to be made
of the grouping.

The capability classification is one of a number of interpretive groupings
made primarily for agricultural purposes. As with all interpretive groupings
the capability classification begins with the individual soil-mapping units,
which are building stones of the system (table 1). In this classification the
arable soils are grouped according to their potentialities and limitations for
sustained production of the common cultivated crops that do not require
specialized site conditioning or site treatment. Nonarable soils (soils un-
suitable for longtime sustained use for cultivated crops) are grouped ac-
cording to their potentialities and limitations for the production of perma-
nent vegetation and according to their risks of soil damage if mismanaged.

The individual mapping units on soil maps show the location and extent
of the different kinds of soil. One can make the greatest number of precise
statements and predictions about the use and management of the individual
mapping units shown on the soil map. The capability grouping of soils is
designed (1) to help landowners and others use and interpret the soil maps,
(2) to introduce users to the detail of the soil map itself, and (3) to make
possible broad generalizations based on soil potentialities, limitations in use,
and management problems.

The capability classification provides three major categories of soil group-
ings: (1) Capability unit, (2) capability subclass, and (3) capability class.

1



The first category, capability unit, is a grouping of soils that have about the
same responses to systems of management of common cultivated crops and
pasture plants. Soils in anyone capability unit are adapted to the same
kinds of common cultivated and pasture plants and require similar alterna-
tive systems of management for these crops. Longtime estimated yields
of adapted crops for individual soils within the unit under comparable
management do not vary more than about 25 percent.'

The second category, the subclass, is a grouping of capability units having
similar kinds of limitations and hazards. Four general kinds of limitations
or hazards are recognized: (1) Erosion hazard, (2) wetness, (3) rooting-
zone limitations, and (4) climate.

The third and broadest category in the capability classification places
all the soils in eight capability classes. The risks of soil damage or limita-
tions in use become progressively greater from class I to class VIII. Soils
in the first four classes under good management arc capable of producing
adapted plants, such as forest trees or range plants, and the common culti-
vated field crops 2 and pasture plants. Soils in classes V, VI, and VII are
suited to the use of adapted native plants. Some soils in classes V and VI
are also capable of producing specialized crops, such as certain fruits and
ornamentals, and even field and vegetable crops tinder highly intensive
management involving elaborate practices for soil and water conservation."
Soils in class VIII do not return on-site benefits for inputs of management
for crops, grasses, or trees without major reclamation.

The grouping of soils into capability units, subclasses, and classes is done
primarily on the basis of their capability to produce common cultivated
crops and pasture plants without deterioration over a long period of time.
To express suitability of the soils for range and woodland use, the soil-
mapping units are grouped into range sites and woodland-suitability groups.
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!•• ASSUMPTIONS
In assigning soils to the various capability groupings a number of assump-

tions are made. Some understanding of these assumptions is necessary if

I Yields are significant at the capability-unit level and are one of the criteria used
in establishing capability units within a capability class. Normally, yields are estimated
under the common management that maintains the soil resource. The main periods
for such yield estimates are 10 or more years in humid areas or under irrigation and
20 or more years in subhumid or semiarid areas. The 25 percent allowable range
is for economically feasible yields of adapted cultivated and pasture crops.

• As used here the common crops include: Corn, cotton, tobacco, wheat, tame hay
and pasture, oats, barley, grain sorghum, sugarcane, sugar beets, peanuts, soybeans,
field-grown vegetables, potatoes, sweet potatoes, field peas and beans, flax, and most
clean-cultivated fruit, nut, and ornamental plants. They do not include: Rice, cran-
berries, blueberries, and those fruit, nut, and ornamental plants that require little or
no cultivation.

• Soil and water conservation practices is a general expression for all practices
including but not limited to those for erosion control.
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the soils are to be grouped consistently in the capability classification and
if thc groupings are to be used properly. They arc:

1. A taxonomic (or natural) soil classification is based directly on soil
characteristics. The capability classification (unit, subclass, and class)
is an interpretive classification based on the effects of combinations of
climate and permanent soil characteristics on risks of soil damage,
limitations in use, productive capacity, and soil management require-
ments. Slope, soil texture, soil depth, effects of past erosion, perme-
ability, water-holding capacity, type of clay minerals, and the many
other similar features are considered permanent soil qualities and
characteristics. Shrubs, trees, or stumps are not considered permanent
characteristics.

2. The soils within a capability class are similar only with respect to degree
of limitations in soil use for agricultural purposes or hazard to the soil
when it is so used. Each class includes many different kinds of soil, and
many of the soils within anyone class require unlike management and
treatment. Valid generalizations about suitable kinds of crops or other
management needs cannot be made at the class level.

3. A favorable ratio of output to input 4 is one of several criteria used for
placing any soil in a class suitable for cultivated crop, grazing, or wood-
land use, but no further relation is assumed or implied between classes
and output-input ratios. The capability classification is not a pro-
ductivity rating for specific crops. Yield estimates are developed for
specific kinds of soils and are included in soil handbooks and soil-survey
reports.

4. A moderately high level of management is assumed--one that is prac-
tical and within the ability of a majority of the farmers and ranchers.
The level of management is that commonly used by the "reasonable"
men of the community. The capability classification is not, however,
a grouping of soils according to the most profitable use to be made of
the land. For example, many soils in class III or IV, defined as suitable
for several uses including cultivation, may be more profitably used for
grasses or trees than for cultivated crops.

5. Capability classes I through IV are distinguished from each other by
a summation of the degree of limitations or risks of soil damage that
affect their management requirements for longtime sustained use for
cultivated crops. Nevertheless, differences in kinds of management or
yields of perennial vegetation may be greater between some pairs of
soils within one class than between some pairs of soils from different
classes. The capability class is not determined by the kind of practices
recommended. For example, class II, III, or IV mayor may not require
the same kind of practices when used for cultivated crops, and classes I
through VII mayor may not require the same kind of pasture, range,
or woodland practices.

• Based on longtime economic trends for average farms and farmers using moderately
high level management. May not apply to specific farms and farmers but will apply
to broad areal.

4

.,

6. Presence of water on the surface or excess water in the soil; lack of water
for adequate crop production; presence of stones; presence of soluble
salts or exchangeable sodium, or both; or hazard of overflow are not
considered permanent limitations to use where the removal of these
limitations is feasible."

7. Soils considered feasible for improvement by draining, by irrigating, by
removing stones, by removing salts or exchangeable sodium, or by pro-
tecting from overflow arc classified according to their continuing limita-
tions in use, or the risks of soil damage, or both, after the improvements
have been installed. Differences in initial costs of the systems installed
on individual tracts of land do not influence the classification. The
fact that certain wet soils are in classes II, III, and IV does not imply
that they should be drained. But it docs indicate the degree of their
continuing limitation in use or risk of soil damage, or both, if adequately
drained. Where it is considered not feasible to improve soils by drain-
age, irrigation, stone removal, removal of excess salts or exchangeable
sodium, or both, or to protect them from overflow, they are classified
according to present limitations in use.

8. Soils already drained or irrigated arc grouped according to the continu-
ing soil and climatic limitations and risks that affect their use under
the present systems or feasible improvements in them.

9. The capability classification of the soils in an area may be changed
when major reclamation projects are installed that permanently change
the limitations in use or reduce the hazarcls or risks of sailor crop
damage for long periods of time. Examples include establishing major
drainage facilities, building levees or flood-retarding structures, provid-
ing water for irrigation, removing stones, or large-scale grading of
gullied land. (Minor dams, terraces, or field conservation measures
subject to change in their effectiveness in a short time are not included.)

to. Capability groupings are subject to change as new information about
the behavior and responses of the soils becomes available.

11. Distance to market, kinds of roads, size and shape of the soil areas,
locations within fields, skill or resources of individual operators, and
other characteristics of land-ownership patterns are not criteria for
capability groupings. .

12. Soils with such physical-limitations that common field crops can be cul-
tivated and harvested only by hand are not placed in classes I, II, III,
and IV. Some of these soils need drainage or stone removal, or both,
before some kinds of machinery can be used. This does not imply
that mechanical equipment cannot be used on some soils in capability
classes V, VI, and VII.

13. Soils suited to cultivation are also suited to other uses such as pasture,
range, forest, and wildlife. Some not suited to cultivation are suited
to pasture, range, forest, or wildfife; others are suited only to pasture or

• Feasible as used in this context means (I) that the characteristics and qualities
of the soil are such that it is possible to remove the limitation, and (2) that over
broad areas it is within the realm of present-day economic possibility to remove the
limitation.
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range and wildlife; others only to forest and wildlife; and a few suited
only to wildlife, recreation, and water-yielding uses. Groupings of
soils for pasture, range, wildlife, or woodland may include soils from
more than one capability class. Thus, to interpret soils for these uses,
a grouping different from the capability classification is often necessary.

14. Research data, recorded observations, and experience are used as the
bases for placing soils in capability units, subclasses, and classes. In
areas where data on response of soils to management are lacking, soils
are placed in capability groups by interpretation of soil characteristics
and qualities in accord with the general principles about use and man-
agcmvnt developed for similar soils elsewhere.

CAPABILITY CLASSES

Land Suited to Cultivation and Other Uses

Class I-Soils in class I have few limitations that restrict their use.

Soils in this class are suited to a wide range of plants and may be used
safely for cultivated crops, pasture, range, woodland, and wildlife. The
soils are nearly level 6 and erosion hazard (wind or water) is low. They are
deep, generally well drained, and easily worked. They hold water well
and are either fairly well supplied with plant nutrients or highly responsive
to inputs of fertilizer.

The soils in class I are not subject to damaging overflow. They are pro-
ductive and suited to intensive cropping. The local climate must be favor-
able for growing many of the common field crops.

In irrigated areas, soils may be placed in class I if the limitation of the
arid climate has been removed by relatively permanent irrigation works.
Such irrigated soils (or soils potentially useful under irrigation) are nearly
level, have deep rooting zones, have favorablepenneability and water-hold-
ing capacity, and are easily maintained in good tilth. Some of the soils may
require initial conditioning including leveling to the desired grade, leaching
of a slight accumulation of soluble salts, or lowering of the seasonal water
table. Where limitations due to salts, water table, overflow, or erosion are
likely to recur, the soils are regarded as subject to permanent naturallimita-
tions and are not included in class I.

Soils that are wet and have slowly permeable subsoils are not placed in
class I. Some kinds of .soil in class I may be drained as an improvement
measure for increased production and ease of operation.

Soils in class I that are used for crops need ordinary management prac-
tices to maintain productivity-both soil fertility and soil structure. Such
practices may include the use of one or more of the following: Fertilizers
and lime, cover and green-manure crops, conservation of crop residues and
animal manures, and sequences of adapted crops.

• Some rapidly permeable soils in class I may have gentle slopes.
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Class II-Soils in class II hrrve some limitations that reduce the choice
of plants or require moderate conservation practices.

Soils in class II require careful soil management, including conservation
practices, to prevent deterioration or to improve air and water relations
when the soils are cultivated. The limitations are few and the practices
are easy to apply. The soils may be used for cultivated crops, pasture, range,
woodland, or wildlife food and cover.

Limitations of soils in class II may include singly or in combination the
effects of (I) gentle slopes, (2) moderate susceptibility to wind or water
erosion or moderate adverse effects of past erosion, (3) less than ideal soil
depth, (4) somewhat unfavorable soil structure and workability, (5) slight
to moderate salinity or sodium easily corrected but likely to recur, (6) occa-
sional damaging overflow, (7) wetness correctable by drainage but existing
permanently as a moderate limitation, and (8) slight climatic limitations
on soil use and management.

The soils in this class provide the farm operator less latitude in the choice
of either crops or management practices than soils in class I. They may
also require special soil-conserving cropping systems, soil conservation prac-
tices, water-control devices, or tillage methods when used for cultivated
crops. For example, deep soils of this class with gentle slopes subject to
moderate erosion when cultivated may need one of the following practices
or some combination of two or more: Terracing, stripcropping, contour
tillage, crop rotations that include grasses and legumes, vegetated water-
disposal areas, cover or green-manure crops, stubble mulching, fertilizers,
manure, and lime. The exact combinations of practices vary from place
to place, depending on the characteristics of the soil, the focal climate, and
the farming system.

Class III-Soils in class III have severe limitations that reduce the
choice of plants or require special conservation practices,
or both.

Soils in class III have more restrictions than those in class II and when
used for cultivated crops the conservation practices are usually more difficult
to apply and to maintain. They may be used for cultivated crops, pasture,
woodland, range, or wildlife food and cover.

Limitations of soils in class III restrict the amount of clean cultivation;
timing of planting, tillage, and harvesting; choice of crops; or some combi-
nation of these limitations. The limitations may result from the effects
of one or more of the following: (1) Moderately steep slopes; (2) high
susceptibility to water or wind erosion or severe adverse effects of past
erosion; (3) frequent overflow accompanied by some crop damage; (4)
very slow permeability of the subsoil; (5) wetness or some continuing
waterlogging after drainage; (6) shallow depths to bedrock, hardpan,
fragipan, or claypan that limit the rooting zone and the water storage;
(7) low moisture-holding capacity; (8) low fertility not easily corrected;
(9) moderate salinity or sodium; or (10) moderate climatic limitations.

When cultivated, many of the wet, slowly permeable but nearly level
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soils in class III require drainage and a cropping system that maintains
or improves the structure and tilth of the soil. To prevent puddling and
to improve permeability it is commonly necessary to supply organic material
to such soils and to avoid working them when they are wet. In some irri-
gated areas, part of the soils in class III have limited use because of high
water table, slow permeability, and the hazard of salt or sodic accumulation.
Each distinctive kind of soil in class III has one or more alternative combina-
tions of use and practices required for safe use, but the number of practical
alternatives for average farmers is less than that for soils in class II.

Class IV-Soils in class IV have very severe limitations that restrict
the choice of plants, require very careful management, or
both.

The restrictions in use for soils in class IV are greater than those in class
III and the choice of plants is more limited. When these soils are cultivated,
more careful management is required and conservation practices are more
difficult to apply and maintain. Soils in class IV may be used for crops,
pasture, woodland, range, or wildlife food and cover.

Soils in class IV may be well suited to only two or three of the common
crops or the harvest produced may be low in relation to inputs over a
long period of time. Use for cultivated crops is limited as a result of the
effects of one or more permanent features such as (1) steep slopes, (2)
severe susceptibility to water or wind erosion, (3) severe effects of past
erosion, (4) shallow soils, (5) low moisture-holding capacity, (6) frequent
overflows accompanied by severe crop damage, (7) excessive wetness wi th
continuing hazard of waterlogging after drainage, (8) severe salinity or
sodium, or (9) moderately adverse climate.

Many sloping soils in class IV in humid areas are suited to occasional
but not regular cultivation. Some of the poorly drained, nearly level soils
placed in class IV are not subject to erosion but are poorly suited to inter-
tilled crops because of the time required for the soil to dry out in the spring
and because of low productivity for cultivated crops. Some soils in class IV
are well suited to one or more of the special crops, such as fruits and orna-
mental trees and shrubs, but this suitability itself is not sufficient to place
a soil in class IV.

In subhumid and semiarid areas, soils in class IV may produce good
yields of adapted cultivated crops during years of above average rainfall;
low yields during years of average rainfall; and failures during years of
below average rainfall. During the low rainfall years the soil must be pro-
tected even though there can be little or no expectancy of a marketable crop.
Special treatments and practices to prevent soil blowing, conserve moisture,
and maintain soil productivity are required. Sometimes crops must be
planted or emergency tillage used for the primary purpose of maintaining
the soil during years of low rainfall. These treatments must be applied
more frequently or more intensively than on soils in class III.
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Land Limited in Use-Generally Not Suited to
Cultivation 1

Class V-Soils in class V have little or no erosion hazard but have
other limitations impractical to remove that limit their use
largely to posture, range, woodland. or wildlife food and
cover.

Soilsin class V have limitations that rrstric.t the kind of plants that can
be grown and that prevent normal tilhgl~ of cultivated crops. Thcy are
nearly level but some are wet, are Ircqucnt ly overflowed by streams, arc
stony, have climatic limitations, or have some combination of these limita-
tions. Examples of class V arc (I) soils of the bottom lands subject to
frequent overflow that prevents tlw normal production of cultivated crops,
(2) nearly level soils with a growing Sf::lSOIl that prevents the normal pro-
duction of cult ivatcd crnps, (:3) level or ncarly level stony or rocky soils,
and (1) ponded areas where drainage for cultivated crops is not feasible but
where soils are suitable for grasses or trees. Because of these limitations
cultivation of thr: common crops is not feasible but pastures can bc improved
and benefits from proper management can be expected.

Class VI-Soils in class VI have severe limitations that make them
generally unsuited to cultivation and limit their use largely
to posture or range, woodland, or wildlife food and cover.

Physical conditions of soils placed in class VI are such that it is practical
to apply range or pasture improvements, if needed, such as seeding, liming,
fertilizing, and water control with contour furrows, drainage ditches,
diversions, or water spreaders. Soils in class VI have continuing limita-
tions that cannot be corrected, such as (I) steep slope, (2) severe erosion
hazard, (:3) effects of past erosion, (4) stonincss, (;») shallow rooting zone,
(6) excessive wetness or overflow, (7) low moisture capacity, (8) salinity
or sodium, or (9) severe climate. Because of one or marc of these limita-
tions thcsc soils are not gencrally suited to cultivated crops. But they may
be used for pasture, range, woodland, or wildlife rover or for some combi-
nation of these.

Some soils in class VI can be safely used for the common crops provided
unusually intensive management is used. Some of the soils in this class arc
also adapted to special crops such as sodded orchards, blueberries, or the
like, requiring soil conditions unlike those demanded by the common crops.
Depcnding upon soil features and local climate thc soils may be well or
poorly suited to woodlands.

'Certain soils grouped into classes V, VI, VII, and VIII may be made fit for use
Cor crops with major earthmoving or other costly reclamation.
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Class Vll-Soils in class Vll have very severe limitations that make
them unsuited to cultivation and that restrict their use
largely to grazing. woodland. or wUdlife.

Physical conditions of soils in class VII are such that it is impractical
to apply such pasture or range improvements as seeding, liming, fertilizing,
and water control with contour furrows, ditches, diversions, or water
spreaders. Soil restrictions are more severe than those in class VI because
of one or more continuing limitations that cannot be corrected, such as
(1) very steep slopes, (2) erosion, (3) shallow soil, (4) stones, (5) wet
soil, (6) salts or sodium, (7) unfavorable climate, or (8) other limitations
that make them unsuited to common cultivated crops. They can be used
safely for grazing or woodland or wildlife food and cover or for some com-
bination of these under proper management.

Depending upon the soil characteristics and local climate, soils in this
class may be well or poorly suited to woodland. They are not suited to
any of the common cultivated crops; in unusual instances, some soils in
this class may be used for special crops under unusual management prac-
tices. Some areas of class VII may need seeding or planting to protect
the soil and to prevent damage to adjoining areas.

Class VIll-SoUs and landforms In class VIll have limitations that
preclude their use for commercial plant production and
restrict their use to recreation, wildlife, or water supply
or to esthetic purposes.

Soils and landforms in class VIII cannot be expected to return significant
on-site benefits from management for crops, grasses, or trees, although
benefits from wildlife use, watershed protection, or recreation may be
possible.

Limitations that cannot be corrected may result from the effects of one
or more of the following: (1) Erosion or erosion hazard, (2) severe climate,
(3) wet soil, (4) stones, (5) low moisture capacity, and (6) salinity or
sodium.

Badlands, rock outcrop, sandy beaches, river wash, mine tailings, and
other nearly barren lands are included in class VIII. It may be necessary
to give protection and management for plant growth to soils and landforms
in class VIII in order to protect other more valuable soils, to control water,
or for wildlife or esthetic reasons.

CAP ABILITY SUBCLASSES
Subclasses are groups of capability units within classes that have the same

kinds of dominant limitations for agricultural use as a result of soil and
climate. Some soils are subject to erosion if they are not protected, while
others are naturally wet and must be drained if crops are to be grown.
Some soils are shallow or droughty or have other soil deficiencies. Still
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other soils occur in areas where climate limits their use. The four kinds
of limitations recognized at the subclass level are: Risks of erosion, desig-
nated by the symbol (e) ; wetness, drainage, or overflow (w) ; rooting-zone
limitations (s); and climatic limitations (c). The subclass provides the
map user information about both the degree and kind of limitation. Capa-
bility class I has no subclasses.

Subclass (e) erosion is made up of soils where the susceptibility to ero-
sion is the dominant problem or hazard in their use. Erosion susceptibility
and past erosion damage are the major soil factors for placing soils in this
subclass.

Subclass (w) excess water is made up of soils where excess water is
the dominant hazard or limitation in their use. Poor soil drainage, wet-
ness, high water table, and overflow are the criteria for determining which
soils belong in this subclass.

Subclass (8) soU limitations within the rooting zone includes, as the
name implies, soils that have such limitations as shallowness of rooting
zones, stones, low moisture-holding capacity, low fertility difficult to correct,
and salinity or sodium.

Subclass (c) climatic limitation is made up of soils where the climate
(temperature or lack of moisture) is the only major hazard or limitation
in their use."

Limitations imposed by erosion, excess water, shallow soils, stones, low
moisture-holding capacity, salinity, or sodium can be modified or partially
overcome and take precedence over climate in determining subclasses. The
dominant kind of limitation or hazard to the use of the land determines
the assignment of capability units to the (e), (w), and (s) subclasses.
Capability units that have no limitation other than climate are assigned to
the (c) subclass.

Where two kinds of limitations that can be modified or corrected are
essentiall e ual, the subclasses have the following priority: e w, s. Fa
example, we need to group a few SOl s 0 urm areas t at have oth an
erosion hazard and an excess water hazard; with them the e takes precedence
over the w. In rou in soils having both an excess water limitation and
a~ooting-zone limitation the w takes prece ence over t e s. n groupmg
soils of subhumid and semiarid areas that have both an erosion hazard and
a climatic limitation the e takes precedence over the c, and in grouping
soils with both rooting-zone limitations and climatic limitations the stakes
precedence over the c.

Where soils have two kinds of limitations, both can be indicated if needed
for local use; the dominant one is shown first. Where two kinds of problems
are shown for a soil group, the dominant one is used for summarizing data
by subclasses.

• Especially among young soils such as alluvial soils, although not limited to them,
climatic phases of soil series must be established for proper grouping into capability
units and into other interpretive groupings. Since the effects result from interactions
between soil and climate, such climatic phases are not defined the same in terms of
precipitation, temperature, and so on, for contrasting kinds of soil.
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CAPABILITY UNITS
The capability units provide more specific and detailed information than

the subclass for application to specific fields on a farm or ranch. A capability
unit is a grouping of soils that are nearly alike in suitability for plant
growth and responses to the same kinds of soil management. That is, a
reasonably uniform set of alternatives can be presented for the soil, water,
and plant management of the soils in a capability unit, not considering
effects of past management that do not have a more or less permanent
effect on the soil. Where soils have been so changed by management that
permanent characteristics have been altered, they are placed in different
soil series. Soils grouped into capability units respond in a similar way and
require similar management although they may have soil characteristics
that put them in different soil series.

Soils grouped into a capability unit should be sufficiently uniform in the
combinations of soil characteristics that influence their qualities to have
similar potentialities and continuing limitations or hazards. Thus the soils
in a capability unit should be sufficiently uniform to (a) produce similar
kinds of cultivated crops and pasture plants with similar management
practices, (b) require similar conservation treatment and management under
the same kind and condition of vegetative cover, and (c) have comparable
potential productivity. (Estimated average yields under similar manage-
ment systems should not vary more than about 25 percent among the kinds
of soil included within the unit.)

OTHER KINDS OF SOIL GROUPINGS
Other kinds of interpretive soil groupings are necessary to meet specific

needs. Among these are groupings for range use, woodland use, special
crops, and engineering interpretation.

The range site is a grouping of soils with a potential for producing the
same kinds and amounts of native forage. The range site for rangeland
is comparable to the capability unit for cultivated land. The purpose of
such a grouping is to show the potential for range use and to provide the
basis for which the criteria for determining range condition can be estab-
lished. The soils grouped into a single range site may be expected to
produce similar longtime yields and respond similarly to alternative systems
of management and to such practices as seeding, pitting, and water spread-
ing.

Soils suitable for range but not for common cultivated crops may be
placed in capability classes V and VI if they are capable of returning inputs
from such management practices as seeding, fertilizing, or irrigating and
in class VII if they are not. If these soils do not give economic returns
under any kind of management when used for cultivated crops, pasture,
woodland or range, they fall in class VIII.

Soil-woodland site index correlations are essential for interpreting the po-
tential wood production of the individual soil units that are mapped.
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Woodland-site indices are commonly developed for individual kinds of
soils. Soil-mapping units can be placed in woodland groupings according
to site indices for adapted species and other responses and limitations sig-
nificant to woodland conservation. Such groupings do not necessarily paral-
lel those for capability units or range sites; however, in some areas capability
units may be grouped into range sites and woodland-suitability groups.

Rice has soil requirements unlike those of the common cultivated crops
requiring well-aerated soils. Some fruits and ornamentals do not require
clean cultivation. Therefore, these crops are not given weight in the
capability grouping. Instead, special groupings of the soils for each of these
crops are made in the areas where they are significant.

With a good basic table of yields and practices the soils can be placed
in any number of suitability groups. Commonly, five groups-unsuited,
fairly suited, moderately suited, well suited and very well suited-are
sufficient.

Kinds of soil shown on the soil map are also grouped according to need
for applying engineering measures including drainage, irrigation, land
leveling, land grading; determining suitability as subgrade for roads; and
constructing ponds and small dams. Such groupings may be unlike those
made for other purposes.

CRITERIA FOR PLACING SOILS IN CAPABILITY
CLASSES

Soil and climatic limitations in relation to the use management and
productivity of soils are the bases for differentiatin~ capability ciasses.
Classes are based on both degree and number of limitations affecting kind
of use, risks of soil damage if mismanaged, needs for soil management, and
risks of crop failure. To assist in making capability groupings, specific
criteria for placing soils in units, subclasses, and classes are presented here.
Because the effects of soil characteristics and qualities vary widely with
climate, these criteria must be for broad soil areas that have similar climate.

Capability groupings are based on specific information when available-
information about the responses of the individual kinds of soil to manage-
ment and the combined effect of climate and soil on the crops grown.
It comes from research findings, field trials, and experiences of farmers and
other agricultural workers. Among the more common kinds of information
obtained are soil and water losses, kinds and amounts of plants that can
be grown, weather conditions as they affect plants, and the effect of different
kinds and levels of management on plant response. This information is
studied along with laboratory data on soil profiles. Careful analysis of
this information proves useful not only in determining the capability of these
individual kinds of soil but also in making predictions about the use and
management of related kinds of soil.

Basic yield estimates of the adapted crops under alternative, defined sys-
tems of management are assembled in a table. Where data are few, the
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estimates should be reasonable when tested against available farm records
and studies of the combinations of soil properties.

Where information on response of soils to management i~ lacking, the
estimates of yields and the grouping of soils into capability umts, su~classes,
and classes are based on an evaluation of combinations of the followmg:
1. Ability of the soil to give plant response to use. an~ ~anagement as

evidenced by organic-matter content, ease of mamtammg a supply. of
plant nutrients~ percen~age base saturation~ cation:exchange capac~ty;
kind of clay mineral, kind of parent material, available water hol.dl~t>
capacity, response to added plant nutrients, or other soil characteristics
and qualities. .

2. Texture and structure of the soil to the depth that influences the environ-
ment of roots and the movement of air and water.

3. Susceptibility to erosion as influenced by kind of soil (and slope) and
the effect of erosion on use and management.

4. Continuous or periodic waterlogging in the soil caused by ~low perme-
ability of the underlying material, a high water table, or flooding.

5. Depth of soil material to layers inhibiting root penetration.
6. Salts toxic to plant growth.
7. Physical obstacles such as rocks, deep gullies, etc.
8. Climate (temperature and effective moisture). .

This list is not intended to be complete. Although the soils of any area
may differ from one another in only a few dozen characteristics, none can
be taken for granted. Extreme deficiencies or excesses of trace elements,
for example, can be vital. Commonly, the underlying geological strata
are significant to water infiltration, water yield, and erosion hazard. ..

Any unfavorable fixed or recurring soil or landscape features ma~ limit
the safe and productive use of the soil. One unfavorable f~ature m the
soil may so limit its use that extensive treatment would be required. Several
minor unfavorable features collectively may become a major problem and
thus limit the use of the soil. The combined effect of these in relation to
the use, management, and productivity of soils is the criterion for different
capability units. .' ..

Some of the criteria used to differentiate between capability classes are
discussed on the following pages. The criteria and ranges in characteri~~cs
suggested assume that the effects of other soil characterist~cs ~nd qual~t~es
are favorable and are not limiting factors in placing soils m capability
classes.

Arid and Semiarid, Stony, Wet, Saline-Sodic, and
Overflow Soils

The capability-class designations assigned. to soils s~bject t? flooding,
poorly or imperfectly drained soils, stony SOlis, dry soils needmg supple-
mental water, and soils having excess soluble salts or exchangeable sodium
are made on the basis of continuing limitations and hazards after removal
of excess water stones, salts, and exchangeable sodium.

When assessing the capability class of any soil the feasibility of any neces-
sary land improvements must be considered. Feasible as used here means
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( I) that the characteristics and qualities of the soil are such that it is possi-
ble to remove the limitation, and (2) that over broad areas it is within the
realm of economic possibility to remove the limitation. The capability
designation of these areas is determined by those practices that are prac-
tical now and in the immediate future.

The following kinds of soil are classified on the basis of their present
continuing limitations and hazards: (1) Dry soils (arid and semiarid areas)
now irrigated, (2) soils from which stones have been removed, (3) wet soils
that have been drained, (4-) soils from which excess quantities of soluble salts
or exchangeable sodium have been removed, and (5) soils that have been
protected from overflow.

The following kinds of soil are classified on the basis of their continuing
limitations and hazards as if the correctable limitations had been removed
or reduced: (1) Dry soils not now irrigated but for which irrigation is
feasible and water is available, (2) stony soils for which stone removal is
feasible, (3) wet soils not now drained but for which drainage is feasible,
(4) soils that contain excess quantities of soluble salts or exchangeable
sodium feasible to remove, and (5) soils subject to overflow but for which
protection from overflow is feasible. Where desirable or helpful, the present
limitation due to wetness, stoniness, etc., may be indicated.

The following kinds of soil are classified on the basis of their present
continuing limitations and hazards if the limitations cannot feasibly be
corrected or removed: (1) Dry soils, (2) stony soils, (3) soils with excess
quantities of saline and sodic salts, (4) wet soils, or (5) soils subject to
overflow.

Climatic Limitations
Climatic limitations (temperature and moisture) affect capability. Ex-

tremely low temperatures and short growing seasons are limitations, espe-
cially in the very northern part of continental United States and at high
altitudes.

Limited natural moisture supply affects capability in subhurnid, semiarid,
and arid climates. As the classification in any locality is derived in part
from observed performance of crop plants, the effects of the interaction of
climate with soil characteristics must be considered. In a subhumid climate,
for example, certain sandy soils may be classified as class VI or class VII,
whereas soils with similar water-holding capacity in a more humid climate
are classified as class III or IV. The moisture factor must be directly con-
sidered in the classification in most semiarid and arid climates. The capa-
bility of comparable soils decreases as effective rainfall decreases.

In an arid climate the moisture from rain and snow is not enough to
support crops. Arid land can be classed as suited to cultivation (class I,
II, III, or IV) only if the moisture limitation is removed by irrigation.
Wherever the moisture limitation is removed in this way, the soil is classified
according to the effects of other permanent features and hazards that limit
its use and permanence, without losing sight of the practical requirements of
irrigation farming.



Wetness Limitations

\Vater on the soil or excess water in the soil presents a hazard to or limits
its use. Such water may be a result of poor soil drainage, high water table,
overflow (includes stream overflow, ponding, and runoff water from higher
areas), and seepage. Usually soil needing drainage ha~ some permanent
limitation that precludes placing it in class I even afte: drall1age.. .

\Vet soils arc classified according to their continuing sod limitations an~
hazards after drainage. In determining the capability of wet areas emphaSIS
is placed on practices considered practical now or in th.e foreseeable fut~re.
The vast areas of marshland along the seacoast or high-cost reclamation
projects not now bcing plann~d or co~struc~ed are not classified as class I,
II, or III. If reclamation projects arc investigated an.d f?und. to.be .feaslble,
the soils of the area arc reclassified based on the contrnumg hmltatl.ans and
hazards after drainage. This places the classification of .wet soils on a
basis similar to that of the classification of irrigated, stony, saline, or overflow
soils. Some large areas of bottom land subject to overflow are reclassified
when protected by dikes or other major reclamatIOn work. There are
examples of these along streams where levees have b:en .cons~ru.cte~. Land
already drained is classified according to the contmuing limitations and
hazards that affect its use.

Needs for initial conditioning, such as for clearing of trees or swamp vege-
tation are not considered in the capability classification. They may be of
great 'importance, however, in making some of the .Iand-ma~ageme~t de-
cisions. Costs of drainage, likewise, are not considered directly In the
capability classification, although they are important to the land manager.

Toxic Salts

Presence of soluble salts or exchangeable sodium in amounts to~ic to most
plants can be a serious limiting factor in land use. Wher: tOXICs.alts are
the limiting factor, the following ranges are general gUldes until more
specific criteria are available:
Class II-Crops slightly affected. In irrigated ~reas, eve~ after .sal~ re-

moval, slight salinity or small amounts of sodium remains or IS likely
to recur.

Class III-Crops moderately affected. In irrigated are~s, even a!ter sa~t
removal, moderate salinity or moderate amounts of sodium rem ains or IS

likely to recur. .
Classes IV-VI-Crops seriously affected on cultivated land.. ~sually only

salt-tolerant plants will grow on noncultivated land. In ~rngated ~reas,
even after leaching, severe salinity or large amounts of sodium remains or
is likely to recur. . . .

Class VII-Satisfactory growth of useful vegetatIOn Impossible, :xcept
possibly for some of the mos~ salt-tolerant Iorms, such as some Atriplexes
that have limited use for grazmg.
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Slope and Hazard of Erosion

Soil damage from erosion is significant in the use, management, and re-
sponse of soil for the following reasons:
1. An adequate soil depth must be maintained for moderate to high crop

production. Soil depth is critical on shallow soils over nonrenewable
substrata such as hard rock. These soils tolerate less damage from erosion
than soils of similar depth with a renewable substrata such as the raw
loess or soft shale that can be improved through the use of special tillage,
fertilizer, and beneficial cropping practices.

2. Soil loss influences crop yields. The reduction in yield following the
loss of each inch of surface soil varies widely for different kinds of soil.
The reduction is least on soils having little difference in texture, con-
sistence, and fertility between the various horizons of the soil. It is great-
est where there is a marked difference between surface layers and sub-
soils, such as among soils with c1aypans. For example, corn yields on
soils with dense, very slowly permeable subsoils may be reduced 3 to 4
bushels per acre per year for each inch of surface soil lost. Yield reduc-
tion is normally small on deep, moderately permeable soils having similar
textured surface and subsurface layers and no great accumulation of
organic matter in the surface soil.

3. Nutrient loss through erosion on sloping soils is important not only be-
cause of its influence on crop yield but also because of cost of replace-
ment to maintain crop yields. The loss of plant nutrients can be high,
even with slight erosion.

4. Loss of surface soil changes the physical condition of the plow layer in
soils having finer textured layers below the surface soil. Infiltration rate
is reduced; erosion and runoff rates are increased; tilth is difficult to
maintain; and tillage operations and seedbed preparation are more
difficult.

5. Loss of surface soil by water erosion, soil blowing, or land leveling may
expose highly calcareous lower strata that are difficult to make into
suitable surface soil.

6. Water-control structures are damaged by sediments due to erosion.
Maintenance of open drains and ponds becomes a problem and their
capacity is reduced as sediment accumulates.

7. Gullies form as a result of soil loss. This kind of soil damage causes
reduced yields, increased sediment damage, and physical difficulties in
farming between the gullies.

The steepness of slope, length of slope, and shape of slope (convex or
concave) all influence directly the soil and water losses from a field.
Steepness of slope is recorded on soil maps. Length and shape of slopes
are not recorded on soil maps; however, they are often characteristic of
certain kinds of soil, and their effects on use and management can be evalu-
ated as a part of the mapping unit.

Where available, research data on tons of soil loss per acre per year
under given levels of management are used on sloping soils to differentiate
between capability classes.
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Soil Depth
Effective depth includes the total depth of the soil profile favorable for

root development. In some soils this includes the C horizon; in a few only
the A horizon is included. Where the effect of depth is the limiting factor,
the following ranges are commonly used: Class I, 36 inches or more; class
II, 20-36 inches; class II I, 10-20 inches; and class IV, less than 10 inches.
These ranges in soil depth between classes vary from one section of the
country to another depending on the climate. In arid and semiarid areas,
irrigated soils in class I are 60 or more inches in depth. Where other un-
favorable factors occur in combination with depth, the capability decreases.

Previous Erosion
On some kinds of soil previous erosion reduces crop yields and the choice

of crops materially; on others the effect is not great. The effect of past
erosion limits the use of soils (1) where subsoil characteristics are unfavor-
able, or (2) where soil material favorable for plant growth is shallow to
bedrock or material similar to bedrock. In some soils, therefore, the degree
of erosion influences the capability grouping.

Available Moisture Holding Capacity
Water-holding capacity is an important quality of soil. Soils that have

limited moisture-holding capacity are likely to be droughty and have limita-
tions in kinds and amounts of crops that can be grown; they also present
fertility and other management problems. The ranges in water-holding
capacity for the soils in the capability classes vary to a limited degree with
the amount and distribution of effective precipitation during the growing
season. Within a capability class, the range in available moisture-holding
capacity varies from one climatic region to another.

Glossary

Alluvial soils Soils developing from transported and relatively recently
deposited material (alluvium) with little or no modification of the original
materials by soil-forming processes. (Soils with well-developed profiles that
have formed from alluvium are grouped with other soils having the same
kind of profiles, not with the alluvial soils.)

Available nutrient in soils The part of the supply of a plant nutrient in
the soil that can be taken up by plants at rates and in amounts significant
to plant growth.
Available water in soils The part of the water in the soil that can be
taken up by plants at rates significant to their growth; usable; obtainable.
Base saturation The relative degree to which soils have metallic cations
absorbed. The proportion of the cation-exchange capacity that is saturated
with metallic cations.
Cation-exchange capacity A measure of the total amount of exchange-
able cations that can be held by the soil. It is expressed in terms of rnilli-
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equivalents per 100 grams of soil at neutrality (pH 7) or at some other
stated pH value. (Formerly called base-exchange capacity.)

Clay mineral Natur~lly occurring inorganic crystalline material in soils0: other earthy deposits of clay size-particles less than 0.002 mm. in
diameter.

Deep s~U Gene~ally, a soil deeper tl:an 40 inches to rock or other strongly
contrastmg matenal. Also, a soil with a deep black surface layer; a soil
deeper than about 40 inches to the parent material or to other unconsolidated
rock material not modified by soil-forming processes; or a soil in which the
total depth of unconsolidated material, whether true soil or not, is 40 inches
or more.

Drainage, soil (1) The rapidity and extent of the removal of water
from the soil by. runoff and ~ow t.hrough the soil to underground spaces.
(2) ~s a condl.tlOn of the soil, SOlI drainage refers to the frequency and
duratlOr: of pC~lOds when th~ soil is free of .saturation. For example, in
wel!-dram~d soils, the wate~ IS removed readily, but n?t rapidly; in poorly
dra~ned soils, the root zone IS waterlogged for long penods and the roots of
(lr?mary crop pl.ants cannot get enough oxygen; and in excessively drained
soils, the water IS removed so completely that most crop plants suffer from
lack of water.

Drought A period of dryness, especially a long one. Usually considered
to ~e any period of soil-moisture deficiency within the plant root zone. A
period of dryness of sufficient length to deplete soil moisture to the extent
that plant growth is seriously retarded.

Erosion The wearing away of the land surface by detachment and trans-
port of soil and rock materials through the action of moving water wind
or other geological agents. ' ,

. ~ertllity, soU The quality.of a soil that enables it to provide compounds,
ill adequate amounts and 111 proper balance, for the growth of specified
plants, when other growth factors such as light moisture temperature and
the physical condition of the soil are favorable. ' , ,

Field capacity The amount of moisture remaining in a soil after the
free water has been allowed to drain away into drier soil material beneath;
usually. expres?ed as. a per~entage of the ovendry weigh t of sailor other
convenient urut. It IS the highest amount of moisture that the soil will hold
under. conditi?ns o~ f:-ee .drainage after excess water has drained away
fo!lowmg a !a.ll1 or lrngatl~n. that has wet the whole soil. For permeable
~l~ o~ medium texture, this IS ~b~ut 2 or 3 days 'after a rain or thorough
lTng~tlOn. Although generally Similar for one kind of soil, values vary with
preVIOUStreatments of the soil.

FIrst bottom The normal flood plain of a stream, subject to frequent or
, occasional flooding.

.Parent material The unconsolidated mass of rock material (or peat)
from which the soil profile develops.

. .. . ' Permeability, soil The quality of a soil horizon that enables water or air
~-t~". to move through it. It can be measured quantitatively in terms of rate of
v; "'4 ~~&wof water through a. unit c:~ss section in unit time under specified

temperature and hydraulic conditions, Values for saturated soils usually
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arc called hydraulic conductivity. The permeability <?f a soil may be
limited by the presence of one nearly impermeable horizon even though
the others are permeable.

Phase. soil The subdivision of a soil type or other classificational ~oil
unit having variations in characteristi~s ~ot significant to the classification
of the soil in its natural landscape but slgmficant to the use and mana~ement
of the soil. Examples of the va.riations reco~nized by phases of SOli types
include difTerences in slope, storuncss, and thickness because of accelerated
erosion.

Profile (soil) A vertical section of the soil through all its horizons and
extending into the parent material.

Range (or rangeland) Land that produces primarily native forage plants
suitable for grazing by livestock, including land that has some forest trees.

Runoff The surface flow of water from an area; or the total volume of
surface flow during a specified time.
Saline soil A soil containing enough soluble salts to imp~ir its productivity
for plants but not containing an excess of exchangeable sodium.

Series, soil A group of soils that have soil .horizons .similar in their dif-
ferentiating characteristics and arrangement in the sad profi.le, except for
the texture of the surface soil, and are formed from a par~lcular. type ~f
parent material. Soil series is an important category in detailed SOlIclassi-
fication. Individual series are given proper names from place n~es near
the first recorded occurrence. Thus names like Houston, CeCIl, Barnes,
and Miami are names of soil series that appear on soil maps and each con-
notes a unique combination of many soil characteristics.

Sodic soil (alkali) Soil that contains sufficient sodium to interfere :-vith
the growth of most crop plants; soils for which the exchangeable-sodium-
percentage is 15 or more.

SoU (1) The natural medium for the growth .of la~d plants. (2) A dy-
namic natural body on the surface of the earth in which plants grow, c~m-
posed of mineral and organic materials and living forms. (3) The collection
of natural bodies occupying parts of the earth's surface th~t support p.l~ts
and that have properties due to t~e integrat~d. effect of c1~mate and ll'-:,mg
matter acting upon parent matenal, as conditioned by relief, over periods
of time.

A soil is an individual three-dimensional body on the surface of the earth
unlike the adjoining bodies. (The area of individual soils ranges from less
than Y2 acre to more than 300 acres.) ... .
A kind of soil is the collection of soils that are ahke III specified cornbina-
tions of characteristics. Kinds of soil are given names in the system of soil
classification. The terms "the soil" and "soil" are collective terms used for
all soils, equivalent to the word "vegetation" for all plants.

Soil Characteristic A feature of a soil that can be seen and/o.r measure?
in the field or in the laboratory on soil samples. Examples include .soll
slope and stoniness as well as the texture, structure, color, and chemical
composition of soil horizons.
Soil management The preparation, manipulation, and treatment of soils
for the production of plants, including crops, grasses, and trees.
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Soil qucdity An attribute of a soil that cannot be seen or measured directly
from the sot! alone but which is inferred from soil characteristics and soil
behavior under defined conditions. Fertility, productivity, and erodibility
are examples of soil qualities (in contrast to soil characteristics) .
Soil survey A general term for the systematic examination of soils in

_"t~e field ar:d in the laboratories, their description and classification, the map-
pmg of. kmds of s~tl, and the interpretation of soils according to their
adaptability for various crops, grasses, and trees, their behavior under use
or treatment for plant production or for other purposes and their pro-
ductivity under different management systems. '

Stru~ture, soil The arrangement of primary soil particles into compound
,partlcle~ or cl~lsters that arc separated from adjoining aggregates and have
~ropertle,s unll~e those of an equ~l mass of un aggregated primary soil par-
ttcJ~s. 11~e principal forms of sod structure are platy, prismatic, columnar
[prisms WIth ro~mdt:d tops), .blocky (a.ngular or subangular), and granular.
Structureless sods arc (1) smgle gram-each grain by itself, as in dune
sand, or (2) massive-the particles adhering together without any regular
cleavage as in many claypans and hardpans. ("Good" or "bad" tilth are
~rm; for the general structural condition of cultivated soils according to
particular pla nts or sequences of plants.)

Subsoil The B horizons of soils with distinct profiles. In soils with weak
profile development, the subsoil can be defined as the soil below the plowed
soil (or its equivalent o~ surface soil), in which roots normally grow. Al-
though a common term, It cannot be defined accurately. It has been carried

from early days when "soil" was conceived only as the plowed soil
d that under it as the "subsoil."

mace soil The soil ordinarily moved in tillage, or its equivalent in
ultivatcd soil, about 5 to 8 inches in thickness.

~e, .soil . Tl~e relative prol?ortions of the various size groups of indi-
idual sOI.lgrams in a mass of soil. Specifically, it refers to the proportions
(}lnd, Silt, and clay.

ype, soil A subgroup or category under the soil series based on the
~ure .of t?e surf~c~ soil. A soil. trye is a group of soils having horizons
ilar 111 dllTerentlatmg ch.aractenstlcs and arrangement in the soil profile

4 develope? from a particular type of parent material. The name of a
~ type consists of the name of the soil series plus the textural class name
tthe upper part of the soil equivalent to the surface soil. Thus Miami
.t.loam is the name of a soil type within the Miami series.

~ table .The upper limit of the part of the sailor underlying rock
terial that IS wholly saturated with water. In Some places an upper
perched, water table may be separated from a lower one by a dry zone. '
• .hol~g capa.city The capacity (or ability) of soil to hold water

• .st gravIty (see .Fleld capacity). 1~he water-holding capacity of sand}
.. - 15 usually considered to be low while that of clayey soils is high. It i3
ten expressed in mches of water per foot depth of soil.

citerlogged A .condition of soil i~ which b.oth la~ge and small pore
ces are filled with. water. (The sod may be mtermlttently waterlogged
use of a fluctuatmg water table or waterlogged for short periods after:)
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TECHNICAL GUIDE
SECTION II-C-2

GUIDE FOR PLACING SOILS IN LAND CAPABILITY SUBCLASSES IN MONTANA

Groups of Soi Is as Defined bYl
Selected Features as Fol lows:

1. Moderately Slowly, Moderately, and
Rapidly Permeable, Wel I Drained Soi Is
(Over 20" deep) with Fo~lowing Surface

Textures:
a. Fine textured
b. Moderately fine textured
c. Medium textured
d. Medium textured, high I ime content
e. Moderately 'coarse textured <Textural B}
f. Coarse,' textured

2. Slowly Permeable, Well and Moderately Wefl
Drained Soi Is (Over 20" deep):

3. Very Slowly Permeable, Fine Textured, Wel I
Drained and Moderately Well Drained Soi Is
(Over 20" deep):

4. Wet, Somewhat Poorly, Poorly, and Very
Poorly Dralned Soi Is (Water table at less
than 3 feet):
a. Moderately coarse to fine textured

surface so iIs
b. Coarse textured
c. Deep organic soi Is

5. Wel I and Moderately Wel I Drained Shal low
So i Is:

,a. Rock within 10-20" of surface
b. Rock within 0-10" of surface

6. 'Excessively~ Wel I, and Moderately Wel I
Drained Saline and Alkal i Soi Is (Moderat~
to strongly-sal ine and alkal i):
a. If capabi Iity class is 4 or 6
b. If capab i I i ty c Iass is 7

7. ,-Stony Soi Is (Class 2, 3, 4, or 5 stonintSs):
a. g~ony (qlass 2 and 3 stoniness)

15+X slipe = subclass "e"
b. Very stony (class 4 stoniness)
c. Extremely stony (class 5 stoniness>

USDA-SCS-MT 1

Subclass by Slope Classes
ABC 0

__5_2 -~'-
c,' 2 --'-

~2-~e-.-£...s....!L e
e __ e_

__ 8 ' _

__ 101_

__ 101_

__w_

5

__5_

__5_

--!-

__5_

__5_

--'-

__ 101_

101

--'-__e_
__8_
__e_
__ e_
__ e_
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TECHNICAL GUIDE
SECTlON U-C-2

Subclass by Slop.-CI~S5'S
A 8 C D

8. Other Soi Is with Coars. Fragments (Very
Cobbly, Very Flaggy, Extremely Gravelly, and
Extremely Channery) __ 5 I_ ~ __c_

9. Soi Is Subject to Damaging Overflow:
(Occasionally and Frequently Flooded) __w_ ___w_ ~

10. Available Water Capacity
a. IRR «2.5 inches in SO-inch profile> 5 ___e_ -L.. __e_
b. NIRR (2.0 to 3.75 inches in

SO-inch profi Ie) __5_ __ s _ ---L-; ---L-
c. NIRR «2.0 inches in 60-inch profile) ___5_ __ 5_ ...i- ....i-

"So!

.1Many··kinds of soi I differing' in other characteristics are included' in each
group. Se:eSoil Survey Manual, p , 213, for texture: pp. 169-172 for
drainage:;ip'.~ '168 -fc r permeabi I ity: and pp , 217 and 218 for stllniness.

2SIight hazards of: soil blowing and water erosion, use "c" subclass.

3S1 ight hazards of soil blowing and water erosion, use ~IS" subclass.

USDA-SCS-MT June 19882
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(When used as ~ key and switching of next lower .Iass, soil lust satisfy ~II criteri~ for that class.)
Capa- :Hinilu,:
bi I ity: Depth:
class :To Root:

:Liai t- :
: ing
:~:
: IRR and: IRR and OONIRR : IRR and
:OONIRR: :OONIRR

:P.rlea- HaximuI: Haximut : Hinim~1 :Orainagt: Haximul :Hinilua:Hiniaul: Salinity
:bility Slope: Erosion :~-_: Class : Overflow : frost-: P£ (LC.)
:Classes : Hazard : Surface-: : (flooding): fru . : Index. :

: (Wind and/: foot : Water :f~11 .:Su•• er: Days
: or water): Profile: Tabl. :Winter: : 32°f

to 60" : (Inches) :Spring: I
: IRR:tlW-: : mru :

: IRR : : Jun.):

Surface 7 inch,,! :7 to 30"5
:<35% Clay >35% Clay
: EC : EC EC : EC
: (4 : >4 (4 : )4

: IRR :/OIRR:
:0-16" :
:16-30": With SAR of:

Soi I Texture
f or Surface

7 Inches

:Below 1"

Sod i c i ty--SAR

IRR ind
OONIRR

DRY

6

40 :COSl, s., rs., VfSl, :Hod. s Iow :
:L, SIL, 51, SQ, CL,:thru lod. :
:and SICL :rapid

2 : None or : ~:~ :W.II and :Rar. :Nont
: Slight : 7.5:7.5 :Iod. well:

: >60"
2a6 ; <4; ~ : (4 : NA <13

140 44 (4: <4 (4: NA (4: NA
<4

<13

2 40 :COSL, SL, fSL, VfSl,:Hod. slow:
:L, SIL, 51, SQ, CL,:thru aod.
:SICL; lay be gravel-:rapid
:Iy, organic

4 : Hoderate : ~:~ :W.I I thru:Occas.:Rar.
: 5.0:5.0 :solewhat :

: poorly :
: >36"

90- ::::::::;<63; <4 : <4 : <13: <4: <13: <20

105 <4 : NA
<4

3

4

20. :COSL, Sl, fSL, VfSl,:Slow jhru :
:L, SIL, 51, SQ, CL,:rapld :
:SICL, ~, SIC, C; :Hay b.
:Iav be cgbbly or :very slow :
:gr~ Iy' :below 20" :

2Q :COSL, Sl, rs., VfSL, :Very slow:
:L, SIL, 51, SQ, CL, :thr~ 2uy :
:SICL, se, SIC, C :rapld :
:M.u LfS ind lVfS if:
:IRR:
:Kay b. cob~h or : '
:very uavilly.

a : Hoderate :0.75:~ : Soaewhat:freq. :Occas.:
:3.75:4.5 : exces- :

: si vel ~ . :
: thru :
: ill.!ll3 :
: >Ia"

70. ;;;;;;;;;<162; ~1 : <13: <20: <4
::::::::: <16 :

<13: <60

::::::::: <a. .......... \....................................
t5 : High : 0.6:0.75: Soaewhat:freq. :Occas.:

: 2.5:3.75: exces- :
: si ve 12 :
: thru :
: ill.!ll 3:
: >18"

...........................
t •••••••• or

if
<8
<8

......................................................
5 10 :AII tuturti :Very iilow :

:thru very:
:ripid

4 : Non. or ::::::::::: Poorly :freq. :freq. : Any::::::::: <a: <a
': Slight ••••••••••• or very' : frost-::::::::: <a

;;;;;;;;;;; poorly 3; : frel :::::::::
: (4 < 13: (4: <13: <20

...................... : period:::::::::
10 :AII textures except :Very slow: 3S :~TE:

:liand. Extrelely :thru v.ry :(for shal- :Severtly
:grivilly, stony, :ripid :Iower ioili:.roded
:very cobbly (class.s: :ibov. 15% :Ianda
:2 ind 3) :go to class:gulli.d or:

: 7 :chinn.1 ed :-~-~:---~:---'T-~;---~: :C!.:~::C!.:.!..;::!..!:_~_-=,~-'!'-:----'!-:-----'~_'- _
: All, :~IRR. Any--dunts :Very slow: 10 :ilrlili ilrt ::::::Any : Exclii :fr.q. :freq. : Any ::::::::::::::Any EC:Any :Any :Any :Any :Any
: D'pth :ind stony (t!UilS :thru very: :clil55 6 ::::::OC: sivlly : fr05t-:::::::::::::: :SAA:SAA:SAA:SAA:SAA

:4 ind 6). Alliu iny :ripid :or 7 :::::: : thru
:.xtrel.ly cobbly or : :::::: : v.ry
:utr ••• fligg, :::::: : poorly
:hxturu. • •••• r

7

: 0.3:0.3 : Exces- :freq. :freq.
: 2.0:2.0 : sively

: thru

: Any : : : : : : : :: <20:
: frost-:::::::::
: fret :::::::::
: period:::::::::

ill : <20: <40: <20: <20: <100
<16 :

: very
: poorl y ..................

: f rt. ::: :::::: :::::
: period::::::::::::::.........................................................

: "isctllintOUI lind tYPI' liuch ilf rock outcrop. rubblt I~nd. riv.rwillih. bldland •• lilicklpot •• ttc.8

Nott: flctor. not considered for I capability Clilili ar. blocked out.

••• ..:...- •••• ~~---. & ••••• , •••••• -~.,~~ -'-. __ ~_ •••• _ •••• ••• ~ •• "" •••••••••••••••• -....._~ •• , •••••••••••.•••••••••••••• _ •• ; • .......:..,,M ••.•••• ,.:,, 5' . June 1~.~ .Su-t··
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f ooinohs:

'S- soils plated in capability class 6 arl known to havi producld variou. cultinhd crop. sutcenfully. Th.y ar. not, hOwtVlr, knoWIIh product
crops succlSsfully on a dependabl. or con• .ishntly long hr' basi. (at lust SlVln out 9f.tu yurs). The bast rlfer.nce crop is spring ""lit.

Ilf perlubi I ity is slow tr Vlry sl~ and EC valun betwun 16 and 30 inches art 8 t. 16 lIhos, place in clill 6.

2lrriglhd soils that are very slowly p.ntubl, with:
I. EC walu•• of 8 to 16 Mhos, ,Iatt il ellSs 6.
~. EC villu••• f >16 MhOI, pllce iA elall 7.

31rrigahd loill that art slowly p.ntubl. and poorly drainld with:
.: EC Wllun of 4 to 8 lIhos within a depth of 30 inchn, pilci in clns 4 •
• ~ EC valuts of >16 MllOi within I depth of 30 inchu, platt in claSi 7.

~tfl.ch soil dispersion II it affects It.dling e.ergence. (Ius li.its for SARI wtre inhrpr.ted fro. thl publication "Wahr Quality fer Atriculture"
sponsDred by thl food and Agriculturl Orgillintion of United Nations--llo.e, Ihly, 1976. The tins li.its and rusoninl for the. are ill folloW1i:

I. less than 4-effeds .f 50dicit, il nine or .ini •• l •

•• frOi 4 to 13-effeds of sodicity are .isibly rlcognilld by clay dispersion, surflce crusting, and effeds on plant growth and plant sptcin.

c. f rOi 13 thru ZG-bas.d on laboratory data on so i I5 in Honhna, the .ajor i ty of th•• art pi iIC.d in capab i I i ty e Iau 6 because rusona.le rnpon" e an be
up.chd f rOi •• chan i" I truttent for range i.prove •• nt.

4. Greahr thill l3-cill h d.ter.ined i. field by: Ethanol-Crnol red tnt; by use of Hath hsting kit; or fro. laboratory dah.

lIerlecb 50diUl 'fhcta II plant production.

6rtr ntnirrigah4 crop., n"d 80 percent probability of recliving 7 inch•• tf •• isture frOi April 1 to July 31. R,fer t. Bulletin 712, PrUi,ihtioa Problbiliti.,
ift Konhnl, Konwi Agriculturill EJplri •• nt Shtion.

7111enAll: ring" significantly inti two ciplbility ellSsn, tht lost li.iting clln is uhct.4. Soils that have insufficilnt IVii lilble wlhr for growin, dryllnd
crops dn tt lack of ti •• ly preci,itation .ay b. placid .in I hnd cljla.ility cllu ~ If 6.

Blf the tutur, of the surf"e 7 inch•• is •• re than 55 percent clay, g. h clau 4.

Abbreviations: All: " Availabl, Water Capuity; EC = Eltdriul Conductivit,; PE: Preci,ibti •• Effectivity;
SAIl : So4i ••• Adsor,tio. Rati.

o.filliti •••• f floding r"quuc,: Rare 2 floods Its. than onCl i. 20 ,I.rs; OcU.ionll- fl •• 4. tnci il 2 h_ 20 Yllrs;
'. ,., :; ". frequent = floodl at hut tnc.· ,,;ry ,2 ylln.
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