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. .This pamphlet. discusses the im_ponénce of
soll to plant and animal life, the evolution of a

United States. On a field. tfip students examine
different kinds of soil prafiles; they also measure
soil acidity and water-holding capacity.
" Dr. Henry Foth is Prafessor of Soils at Michi-.
gan. State -University ‘where he teaches soil
science with an emphasis on investigation. He -
L is interested in studying soils in the field, and .
i many of his publications have_ dealt with the
relationship of soils o plants. He coauthored
| the book Fundamentals of Soil Science and was
i .2 writer for the ESCP text investigating the
L Earth. L
‘Dr. Hyde S. Jacobs is Professor of Soils and
Djrector -of the Water ‘Resourceés Research in-
stitute® at Kansas State University. His interests
include the effect of irrigation on the chemical -
properties of soit as wellas evaporation of water
from both soils arid plants, He has coauthored *
1wo soil ‘laboratory manuals and was 8 writer
fgr the ESCP text Investigating the Earth. He .
E served as Chairman of the Student. Activities
_ Subdivision and Chairman-Eiect of the Resi-
dent Education Division for tiie American Society
of Agronomy. : Lot :
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INTRODUCTION E

- It would be hard to. 1magme a less promxsmg
place for life than the earth when it was first formed.
No one'is sure precisely when this occurred, but
eanh scientists place the date about five billion
'years ago. Many scientists believe that the -earth
. was originally composed of molten rock whtch
\g‘owly copled, forming a thin crust of solid rock. -
here was no anjmal or p'lant life. In'fact, there was
-‘: ngs;ml jn wmch plants could have grown.
' ome plants can grow on bare rock today. You
~have probably..seen the beautiful grayish-green
-plants called lichens that commonly live on rocks
- (Figure 1). In Hawaii, fantastic tall plants called
silver swords grow on bare lava. But most plants
need soil in which to grow, and all animals need
- plants to survive.
==--——How is soil formed froth bare rocks? What role -
does soil play in supportinig plants and ‘animals?
== How does soil supply -essential nourishing ingre- -
. dients, or nutrignts, to living things? What is the
- sourge of these nutrients? How does the soil absorb-
- water that falls as rain?. Why are some soils femle '
. and others not?
.. 'Earth scientists ask all-these questmns Sori sci- -
" - éntists study the role of soil in the balance of life
. ' on earth, searching for ways to help people in areas.
- like farming, city planning, or flood control.

6
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A Source of Plant Nutrients -

THE IMPORTANCE OF SOIL

Saoil supplies waler, mnricp!x. and support for
plants, T atso serves man i many . other ways. -
Homes. roads, and cities are built on sail. Proper
filtration through soil purifies water contining
sewage and similar yv;:xfc products. Water evap-
orated from the soil cools and hefps regulate the
temperature on carth. ' : '

8

- ' AS

Almost every growing plant requireg 16 chemical
clements as nutrients. Twelve of the 16 clements
essential for plant growth are supplied by rock and

7



" air, hydrogen from Water stored i

-

nﬁne‘rél.paftiéles'in the sc;i! (Figilrl 2). .Of‘the re- frf B

: mamm; four, carbon and oxygen are taken from the

nitrogen from crgamz matter prese 1t in the soil.

Thus soil links the noaliving woild \of rocks and"
“minerals with the living world of plants\and animals. -
‘Even plants growing in the oceans yse:mulrients
from the soil. In a process cafled: Iedschmg rain- .
water seepmg through the soil desﬂIves‘and carries -
away nutrients, some of them as fir as the oceans.

- 'There microscopic' plants utilize these: \nutnents.

' the soil, and "

I . they, in turn, serve as food’ fqr dmmals. mcludxng.
. fish. _ . \

SOILS/3"

.
: - -
o R

thure 2 Lack of any

“of the essential ele- <
' ynents_produces chat-

acteristic symptoms
in plants. Syniptoms -
of manganese deft:- -
ciénty Include dark -
green feaf veins and

yém;\.g ﬁitervein areas.

Lo



" assois "

K

- 'gmwth The extent;

In humxd aredi the- abrhty of the soxl m supply -

. . ‘_' nutrients'to plants'is reduced asmutrients from dead
plants and’ ammals ake Ieaehed ‘carried away by S

“water seeping 'through: the. soil, Leaching.  thus
- makes - soils Icss femle or dble 10 support plant

" degree of soil, temh{ affects the value of the land-
far cmp produt:tmn \l-ore;ts mdy grow in leached
) soﬂs ‘however, because 4rees have deeply penetrat-

~ing roots.and may fake many yearsto obtain all the
: vv’-numen'ts they néeg By. contrast..a corn plant must
. obtain all of its nutfients within four or five months

* Consequently, crops that grow rapidly require fer-

tile soils. .In colonial days. settlers found that many

 soils where forests had-prown could not support

rapidly growmg crops. Squanto, an Indian, showed

the Pilgrims how to bury a dead fish.near each hill -
of corn to supply nutrients to the corn as the ﬁsh
decompose ,
" During th westward rmgr;xtmn in the earty hrs— ‘

tory of the United States, land was. rapidly cleared
and crops were planted unul the soil’s fertility was
exhausted.- Then the settlers moved farther.westto .
sgek more fertile land.. In 1906, Hilgard, an early.

. American soil scientist. observed that corn yields

dropped from 25 bushels. per acre the first year to

" fess than .10.the third year in soils that.had devel-
" oped under !qngh!eavedr pines on  the uplands of the

-cotton-producing states. In an area where the short-
jeaf pine was also present, however good crop’

~ production would last ipnger. 'And the presence of-
oak and hickory meant \a still longer period of good

production without added fertilizer. In other words,

s Hilgard showed that the native vegetation was an

B indicator of the soil’s productivity for asﬂw“m'al' ] ', :

crops.

Moving to find more, fertile land was.4 common -
practice throughout the world until man’ began to
understand the needs of the soil and the crops he
grew. In the mid-nineteenth century it was’ dis-
covered that leachmg produced ac:d sml which

-

- : . * 9
' .Q' " l“ .

of lmchmg and the resulting *



',"lnmted phmt gmwth It was also found that lxme

L (calcium ‘oxide) or limestone {Calcium carbonate)

rn{ ;)‘3‘, ’

‘A Source of Water

- neutralized the acidity and improved crop produc-
tion. Lm;e and other fertilizers are now comfiionly .

added to soils to replace nutrients that have been

( leached out: This practice stabilizes crop produc- -

tion, not only in former forested areas, but. wherever,

calciuin or other essential nutrients are !ac,kmg L
.Toddy. the manufacture and sale of fertilizers is an.
“importang indisstry in the United States. In fact, the

addltxon of fertilizer is estimated to account for

- over "S-—percent of ‘agricultural production. In-
~ creased crop producuon thmugh the use of fertil-

_izers'is considered one of the major ways to ¢nable .
. many underdeve!oped counmes to .feed their -

people.

. In the carly history of the Umted States. when ‘
* - much less was known about soils and the crops

we grew, most of our population lived on farms.

'Today the art-of soil management is part of the
. technology that énables each American- farm

worker to produce erough food for himself and 34

. -other people. This striking eﬁcxency resu}ted from
* ‘studies of both soils and crops

A

G' . -
. Cem ot

¢

The Water held in soil is essennai to all hvmg‘

thxngs on our planet. inclyding man. Plant roots

~absorb the 12 essential nutrients froni the soil in
_the form of a solution. Water is held in the soil irr

~thin films on the soil particles, usually less than™
.~ -0,000008 millimeter thick. Plant roots are espe- .
. - cially effective in obtaining this film of water from :
the soil. For example, a single rye plant grown for -

only four months in 0.03 cubxc‘mcter of soil devel-

“oped 620 kilometers of roots, plus 10,600 kilom-
-eters of root hairs. Together, the roots and root
 hairs gave an estimated area of almost 650 square
;. meters of plant tissue through which water could be .

,absorbed Roots penet?ated every. crev:ce of the -

#

B

“10

‘.
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Fsgure 3, Apparatus ‘

8sed at Cornell Uni-

T versity 1o determine

the -water “require-
- ments of plants under
naturail conditions.

44

‘soil because, on the average, there was less than

- 0.05 millimeter between root surfaces.
“The soil is a great.reservoir of water. Dig in the
soil almpst’ anywhere a a day or two after a rain; you

will find it moist within just a few centimeters of the

: surface. In Kansas, more water is stored i in the soil

at one time than is carried by thé rivers of that state

in'an entire year. Most people know that plants ob- -

tain water from the soil through their roots; how-

. ever, few realize just how much water plants ‘actu-

ally need (Figure 3), To grow a single kilogram of
wheat requires about 500 kilograms of water. Plants .

w11

are
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‘<

require quantities of water n‘mny times your weight ‘, P
o each day to gmw&nough to supply your daily food: o -
- ‘Water evaporated from the soil and through plant <= | '+,

leaves also’ serves to ar«:ondxtmn the earth. To
evaporate a gra.m of water tequires almost 3000 _ _ .
times more energy than to heat a gram of soil one -~ © .
~degree Celsius. Bécause -the energy to evaporate | .t - 1 .
. water from the soil comes from the heat in adjacentj ' . .
- soil particles. evaporation is a cooling process. E S ;
-Without water to evaporate, the sun would quickly - \ o SRR
hieat the eurth to a temperature that man nrobably ! R
o could not sumve '

A'SOLPROFILE =~~~ o

~ The physical and ‘chemical breakdown of rock | - -
‘at the earth’s surface, known. as wearhermg, pro-.
duces a layer on the earth’s surface which we call
sgil. Weathenng continues even after the soil mate-_ oo .
rial is'formed. Other changes also occur, so'that  ~ . -
"\ layers developin the upper few meters of the weath{f
ered debris. Each of these layers differs from adja-
cent layers in'some way. Collectively, the vertical
soil layers are called a soil profile. , : E
Soil profiles” are - produced over hundreds or
3 “thousands of years. The time required for a sojl
- profite to form depends on whether hard rock must . ,
. first be weathered down or the pmﬁle formsinloose ,. - B
~ sediments. The climate also plays a role in detgr- = L
mining the rate “at which soil profiles devebp As - o L
- 'you may have gucssed soil pmﬁles with few layers =~ - : :
. are youthful or immature soils. Mature or old soils o
will have a greater number of layers, called Hori- . Co
zons, and the horizons will be more shaiply differ- . ‘
entiated (Figure  4). Thé evetopment of seil hori-.
zons is like the develépment of «Whinkles on a, o
-person’s face. ()ld ag% is assocmted thh mxgny St

P
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Figl:re 4. ALaizeré ]
. talled horizons make .
“up the .soil- prefile. -,
Each horizon differs
" from adjacent- horl-
* 2Bns in one on more -

properiies. A A L & PR TV vt
IR - deep-seated wrinkles, while. youth is“associated -
B with smooth skin‘and few, if any, wiinkles. '
VR Immature Soil Profiles

Cefte oo . If moistre and temperature are favorable, plants ’
T ( _'quickly gain a foothold in the loose mineral debris
- - gn the earth’s surface. Growing plants protect the -
Lo 0T sail froin the action of raindrops and slow the move-
LR o ment of water over the soil; As a result, more water -
..., enteérs the soil and is “stored- there to speed up .

T .. weathering and be used by plants. Since vegetation %~
b _reduces both raindrop splash and ruiioff, the, rate

) ; ' " -of ergsion; the removal of rock depris" and “soil, -
g ~under vegetatianis much less than gnx_a.hare'sﬁrface..
- . Once plants are established, the small weathered.

.
. O L] - * e . . -
Tooedas . ‘e .
. - . " L S ’ .
. ) ‘N R . .
A Y .. : : o < .
3 s Y e :j‘ PR .. ) . ) ‘ . _. 0
" ¢ ’ I . ‘ . ‘ . . . : . I
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'

" particles that might otherwise be easily eroded tend o
to remain inl plage. In this way the plant cover helps -

* weathering and soil-forming processés- keep ahead- -
of erosion. Cunsequently. the soxl becomes thncker S

}thhtlme :

Plaats al$o promote. weathermg and soil develop-

ment in a nunber of other ways, Roots expanding
oein cmcks in-rocks help break the rocks apart. Have -

you ever stubbed your toe on a_ sidewilk: that hus
-‘beén cracked and thég lifted- by tree rodt growing
- underneath? Plant roots also give off cdrbon dioxide

immerals wee‘ther o

foz + Hgo — H,aco., -

The Weathenng process, n tum, ma.kes soluble and

ready for use 22 of the 16 essentxal elemems pIants :

: chroorgamsms also contnbute to weathenng e
-~ There are probably more microorganisms’ such as.

. bacteria and fungi in a teaspoonful of soif than

people on the earth. They exhale carbon dioxide, .

- which conmbutes to carbonic acid formation. While -
- soil minerals’ generally ‘do not contain’ mtmgen,

.. nutrient essential for plant growth, certain bacteria
-convert nitrogen gas, taken from the ajr, to forms
*that plants can use. When the plants die and decay.

- Jemains 'in the' Aiunius, the orgamc residue forfed
by the decompomtmn process. Humus is a-primary -

source of nitrogen for: phmts and is éhﬁrefare a’

valua’oie soil constituent. .
The dark~colored humus causes the uppermost

' layer to become darker than the" underlymg sm!

‘The -dark-colored lziyer containing humus is the
:opsmi and is called fhé A herizon. In the immature '

sml shown in hgure S5A, the topsoxi he‘a du'éctly on . '.

. as they. bredthe Cdrbon dioxide (CO,) reacts with -
the water (H,0) if the soil fo form carbohic acid” .
" (H &C ). which dincreases. the raté at whnch many.

1

.-._some of this nitrogens feleased for use by the next
' generatmn of growing plants. Much of it, however,

' .SoILS/8
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Figure 5. (A) Imma- - top of the. bedrock, which ds solid or consolidated’
ture solf formed 'di- pock. - ST T
"g““‘" | ”"".“" b".‘*mc“,;-‘ Most soils and loosé rock above bedrock are sub-
. Eozma‘dm?::n:"euncic:- . ject to,some degree of erosion. The materials being
. solidated sediment. carried from one place are eventually, deposited - -
UL T elsewltere as sediments. Youthful or immature soils
‘may develop on these deposited sédiments (Figure
5B). Immature soils are thin and ‘have only two

:  major horizons, the topsoil or A horizon and the

- S uhderlying parent material, called either a C or an
) p, " Rhorizon. If the matérial isunconsolidated or loose- -
" A+« a5 in Figure 5B, the substratum or parent material '

B T called a°C_horizon. if the underlying méterial is
Ul 7 . consolidated rock as in Figure SA, it is called an
. .77 R harizon. Mature soils have an additional horizon;

' “‘the Subsoil or B horizon, sandwiched between the

A horizon ‘and {he substiatuns-(Figure 4)..

- *Mature Soil Profiles "~ R

: o ; :Supgoseyéﬁucahf&kréiéii'n éﬂér'.lﬁi};myears ta_,
; © . ' examine the site shownin Figure SA. What changes -
T - would have takeén place? A number of possibilities . -
" exist! If the rate of weathering and soil formation - .

BT A

" . ‘- " h . . .
L 15 S T [ ;‘
- v . o s ‘. L . )
. © N "‘.- N ! - .

LIPRN



. continued tu exceed the rdte of emmon, the soxl
" would have become deeper. On- the other hand, if

“the erosion raté had increased, the soil could have

. ~been rémoved, If the weathenng and soil formation
" processes were balanced with the eposmnal forces. o

. : the soil would appear much the same as it dnes now.

Immature soils exist in some places because of

the slow rate of" bedrock breakup. Rapid erosion

- most soils in the Umted States being mature .~

L)

may also keep soils’ thin and immature. The abun-
dance of sediments, and the slow rate of erosion
under most natural vegetfmon covers account for -

. THé soil shqwn in Figure 6. has"morc horiZons -

than the soils shown in Figure §. Notice that it has

-both a subsml or B horizon and an A horizon com-

- posed of two subhorizons. . It is a mature soil de-

veloped from glacial debris ‘that was - deposited-

.‘ ?hen a-continental glacier—a great sheet of ice

hat extended downward. from Canada-—metted in
southern Michigan about 12,000 years ago:

" As the glacxers spread southward they picked up

and carried both soil material and rock fragments

i with them.. When the ice melted, it left the ground”

P
frai-atit

P
\‘\_.

- . the air between the mineral particles to form irop .
.. oxide [iké that produced when metal rusts. Removal

. £

+ . covered with a mixture of rock debris ranging from

‘boulders to clay, known as rill. Plants quickly in-
vaded the area. In-time a forest was established.

.Most of the organic matter added to the soil came

from tree leaves which feff onthe ground. Conse-

‘quently, a thin topsoil rich in hunius developed
Afier perhaps 100 years a thin soil, similar to that

——in F:gulﬁqgggwd in the upper part of the till.
Witer d small ‘amounts of carbonic acxd

downward through the soil. After a few hundred -
_years,. enough'.cdrbonic acid had passed through:

(.the soil to-dissolwe the t;ed:hsh -brown i iron oxide.

coatings from the minéral particles in the surtace
layer. Iron jn these oxide coatings had been pro-
" duced by the release of ‘iron from minerals by - /
fwmhermg -Later thé 'iron reacted with oxygén {p

pf iron ox:de coaungs fmm the mmemj grams Jjust

\)4 . w fi‘_:s ot et et A
- . ~ -

AR L

| sos/m
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tafscm..s

-, Figure 6. - Mature for- -}
est soil formed: from " - &

. glacial tilt, and corre--
" sponding graph'show-
. ~ing clay distribution. -
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under the. humus-ennched !a-ycr pmduced a hght L
gray zone. The topsoil remained dark because of ,

“its high humus céntent.

~ The thin dark-colored topvsoll lay’xs called the

Al horizen. The gray or light-colored luyer, where

the rémoyal of iron oxide is most apparent, is c.alled,_'
. the A2 horizon. Both subhorizons, which together -
‘ makéwp the Jemn'e A honwn he above the subsmt ‘
to orBhonma RS

Some™af the sn‘lallest mmeml ga.mcles (clay ancl
;mn oxide) wer¢ darried-downward out of the A c
"horizon us water seeped. thmugh the soil. The fine

pores of the upderlying soil acted. mmewhat,.i:ke”-; -
a sieve and the snjall particles weére sifted-and cal- .

. lected in the subsoil. A typical clay dnsmbunon
“curve fora mature forest soil is shown {n"Figure 6,
Clay: content is lowest in: the A horiz n because

- clay has been removed _Clay content iy hq,hest in

_ the B-horizon because the clay transorted from

-the A honzcm has accumulated there: The same* is

~ true for iron oxide; so the B horizon is darker. Be- -

cause of"its higher clay. content,-the B horizon is

mugch Harder to plow or dig than the topsoil. ‘As the )

clay content increases, clay particles block. the’

-spaces between the larger particles. Plant root °
_ penétration becomes -more difficult. and wates

"' moveés ‘more sjowly through t  horizon.

Below the B horizop fies the relatively unaltered
g}acml till. This is the C horizon or parent material.
Soil “scientists - believe that. calcium carbonate

_ (CaCO,) was ‘once’ present thr(sughg)ug the entire
~ soil depth, because if.is still present.in the C hori-
zon. M is thought that frequent’ ieachmg with water

sontaining small amounts of carbonic acid removed

* the calcium carbonate from the A and B honzons .
: Because calcmm carbonate is one of the more solu-
bl subs{a.nces found in soil, its preseénce in the C
_horizon indicates that weathering has been léss
_severe thew:than in the ‘A and B horizons. Co
-7 Farésts. generally occur in areas of hi gh rainfall

where the climate is humid, whereas grassy vegeta-

- tion develops in ageas ot moderate or Iow rainfall .
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 where the climate is drier. The same basic processes
of weathering, plant growth, and -movement of -
materials by water which'occur in forest soils also
_occur in grassland soils. However, grassland areas ’
L have less rain and less water séeping through the
% soil. Therefore weathering gdpes not proceec as.
. rapidly. Furthermore, grass grows much differently .
-+ .. .. -from trees. The humus content-of grassland soils is’,
e . -, much higher than'that of forest soils because the
.. .- growth of the fibrous root system of the grass -
.+ .+ rapidly xdds organic mattgr to the soil. Conge- . .
- . .quently, grassland soil§ differ from, forest soils in
= .. ..:séveralimportant ways. The A horizonin the grass-- .
@ - iand soil (Figure 7). is much- darker and much ~, .~
- . thicker than the topsoil or Al horizon in the forest
. soils (Figure 6). This is because of the fibrous grass
~ roots that contribute organic matter to a thick layer
. of soil. The boundary between the' A and B horizons .
-iri the grassland soils is diffuse and hard to see.
" "-Evidence of leaching. g} the depth where the A2
" horizon shows in thé forest soil is not present inthe -
~ grassland soil, so the 'A2.horizon is absent_ The. -
" dark color go€s so deep because of the high amount
of organic matter dgep in the soil. The B horizon
| .can be differentiated from the-A. horizon by its. "
— greater stickiness of clay content. Some clay moves
- downward from the Al.horizoh to’ the B horizon™
. so that the clay distribution pattern for maturée
grassland soil (Figure 7) is similar to that for forest
' soil (Figure 6): It is evident that the major horizons
.+ . inthe grassland soil are a thick Al horizon, a B~
~ L ( horizon, and a C horizon. =~~~ LT Te T
I ‘Leaching and nutrient removal is much-less se- .
"+ ‘vereinlow-rainfall areas than in forests. Asa result, -
.+ = - grassland soils usually contain more plant nutrients©
'\ than do forest spils. In addition, the A and B hori- "~
-~ ‘zons of grassland soils usually ‘contain calcium *
. ™ &' . carbonate begaus¢ rainfall has not ‘been ‘great
T e . enough to dissolve it and leach it from the soil In
o . contrast, the A and B horizons of forestsoils are .
" - typically-leached.of calcium carbpnate. InFigure 7, <
o : J - ® . . fo. ,

- e - et .
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a large quantx:,y-m mksum carbonate is present in
“the soil bélow a depth of one meter. The calciuin
carbonatg leached from the upper ‘part of the soil
has been, deposited there by water penetrating to
~ that depth during the wettest season of the year. .
" Calcium carbonate imparts a. gray-white- color—m-
the soil :and aupphes abundant ca!c:um to gmwmg
pldnta. _ .. S s

A HORIZON

R HORIZON

C HORIZON

o sons/1s.

“Rigure 7. Typncalma-'
ture” soil davelaped

under grass in a sub-

“humid climafe. and
corresponding -graph.

showing 'clay distriQu-

- tion,

!
20 |25
LT

PERCENT CLAY
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| _ MAJOR KINDS OF SOILS..
~IN THE UNITED STATES,

T " ( Immature soils occurwhere the hardneséot mch -
« T e . rapidity~of erosion, or lack of time h‘we prevented
« . 7«7 the develppment of matyre. soils. They are thereforg
- .. common in mountainous regions. Soils located
S whicre flooding occurs regularly are commonly im-

‘ - magure because new parent material is depesnted
* with each flood and the soil horizons have little time
* to.develop. On the other hand, mature soils reflect
.the, weathering pattern where ¢limate and vegeta- .
"e  tion have been able Lo’ ‘work their full effect For
%« =" this reason, mature soils-may. develop in a given
B ‘locality from, materigls rangin from glacxal till to
hmestOne, granite, or. sedxmqn S, , o
. .. The" generalized soil map in Figure 8 shcws the
Ty  distribution of the major kinds of mature- smls in’
B "the United States.” Representative soil profiles—
“vértical cross sections of soils—are depicted for
+ each major ared. While these pmﬁles are basically . .
o repreaenmtwe of the soils in the areas.-local varia- -
- tions must be expected From the map, you can tell
whether you are located- in an area thdt is pre-
dcmmately forest or grassland B T

1

Forest Smls

o _ ‘The great forested area extends overthe eastern
... part of the United States (hgure 8). Sozis that L
' : " . develop throughout this region have many proper-
ties in common. For example, the soil ina northern
forested area has a thin topsox! and the same ‘hori-
zon sequence (A1, A2,B,C) as the soil i in a seuth- :
o N | ern forested area. ‘In each, the iron- oxides have
U C been removed from the A2 horizon to leave a light-.-
= S ~ volored layer. dxrectiy underneath a thin togso‘nl/
However, there is” a difference in subsoil colors.
- associated. with these ‘two different forested soils.
o Gray-brown subsoil colors predominaie” in -the.
' northern smls, whereas in the southem soils red

A .
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Figure B. Goneralized. . ..

soil map of the conti- -
nenta) United Stales,

- and profiles of thesoil '

types shown.
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and srelfow celoré pf*edomiiia:e Gfeatéi‘ oxidation
.and deﬁydratmn of iron oxides produces the bnghter‘ .

L«
‘e

cnlors in regions. of higher:temperatures.’

When forested soils are plowed, the thin ‘topsml‘

or A1l horizon is often mixed with the' A2 horizon.

The resulting mixture is relatively low in nutrielits

because of thé intense' weathering and leaching that

~ occur during soil formation. Lime and other fer-
tilizers must be added for pmﬁtable crop produc- .

tion.. '.ff.p o . s
PrameSoxls : fi R

The prame soil reglon on- the map {thure 8) is

unique. Rainfall is sufficient_for forests, but the.
: natural vegetation is grass. ‘American Indians used -~ .,
. fire to drive game; this is pelieved by some to be one

. reason that the area was not forested. Prairie soils
- that developed here resemble forest soils becauisg. '

there has been enough rainfall to leach the calcmm‘ '
carbonate from the topsmlfmd subsoil; on the other:

hand. they resemble grassland soils of -the ‘sub-

" humid’ regions because their. high humus content
results in a deep, dark topsoil. The area of prairie *

- soils comprises most of the Corn Belt and ‘incllides

parts of Iilinois, IOW&. Minnesota, and ad_)dcem ‘
states Prairie soils. are’ among the most productwe .

. ¥
. ’

.Grassland Soxls of the q}reat Plains

m the world ‘because of their deep topsoil with a’ o
" high humus contént and ample ramf‘dl dlmng the
_ .summer o :

‘ A great area of grass and shrubs ties between the )

Rocky Mountains and the forested areas of -the

eastern states. This region generaliy coincides-with -

" the area called the Great Plains. Mugh of the land
“ in the more arid westem part is used for grazing

.cattle. The area is also known as the Wheat Belt,

‘Wheat is better adapted to the subhumid and semi-
arid-climate of this area than are corn ind soybeans.

_ which gmw beuerm the more humid chmate of the . ,.

* P
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‘Corn Be!t Nou. that the pramc sails are very |
similar to the grassland soils (Figure 8). Both have, |
: thxck topsml horizons, and neither has the A2 hori- .

zon that is charactenstnc of the forest soils. The

absence of the A2 horizon indicates that weather-. .

. ing and leaching have been less severe in the soils

, developed under grass than in the forest soils. Be-
cause of this; grassland soils contain calcium ‘car-
bonate, as i,hown by the gray whlte. colors in t.he C

horizon. .

. .The topsml m the prame. regxon is somcwhat," ‘
' thxcker than in the grassland soils, but dxfferences .
in.topsoil thickness are most striking when grass-.
land soils arg compared to, forest, soils. Because
 relatively few nutrients have been leached fromthe - .
. grassland soils and the topsoil is ‘high in organic =~ ¢

matter. grassiand soils are. mheremly more fertile
, -than fm‘ested smls . . ‘

. Desert. Soils N

.
*

Desert sm!s occur in thearid reg.mns of the W‘e.ﬁ. '

‘ Due to fow fainfall, vegetanon is sparse, and little

" ‘organic matter accumulates in the soil. Few nutri-
ents or soluble matenals are leached from the soil ~

~because of the low rainfall. Consequéntly, these
soils are ordinarily fertile. Many ancierit civiliza-
tions constructed irrigation systems to supply water
to their degert soils. Some authomxcs believe it was
easier for these people to supply water {o a dry but

' othefwise fertile desert than it was to supplz nutri-

- ents to the re;},attve)y infertile forested areas..

B RPN R
f - 4 LI . .
2. o P

.’B‘:' . .. ',_* '

o The apeclﬁc pm}fa;ﬁms and’ appearance of a sml ‘
are determined by, the kind of parent matenal and.

the’ env:,ronmentr-mqlu&ng climate, ‘vegetation,

__dnd slope=“under which the soil developed. These .

factor& act over a penotl’ of time to trarisform soil
_material jnto soil proh s.” Similarsoil preﬁles de-
velop whenever simyar c@ﬁmbmatxons of these

.
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L . deIO!'S are found For example. deep topsoils are
.+ characteristic of ‘maturg soils developed under -

... . grass. Fm*e:t :o.ils charactensncaily have thin top-

. 'soils. Soils in humid regions usually contain little

or no calcmm carbonate, whereas soils. in the sub-

. B ' P - humid regions and the dnar regions usually contam ‘

' c.alcmm carbonate

ot STUDY OF A sou_ PHOFiLE

e We commanly observe the surface ofa soxi but- .

'rarely make the ‘effort to gxamine the “whole soit -~
profile. A'growing plant, however, “examines” the

e . entire soil. The plant germinates in the topsoil and
' .. its roots grow downward, through the subsoil (and

“sometimes’ ‘throughi“the parent”material) to -obtain

- water, oxygen, and nutrients. All of the soil hori-

e 0T zon$ penetrated by the roots contribute to plant .
P . growth. Be sure to examine the whoie soxl broﬂle"‘.

' . o and not jﬂst the surface . .

¥ Field Trxp Preparanan{ L
L Wedr old cIothesand take the follong matenals
Ce T ' to the field: - B _

o : - - Pencil and nctebmk

. " Ruler .. A
.- Pocket knife ‘. = . .

( - . " . . - Dilute hydrochlori¢ adid (10% aolunon inat-oz - '
SO T dropper bottle; available in mosuimgsmres), '
L ' Spade or shovel - ' :

. . _ . About eight small paper sacks for bulk samplea
R e Matenals 0 construct miniature soil profiles:
L e ‘Bottle of glue (white.glue or, model glue)

N . Soil sample:r {construct. sampier by punching a
e S hole in half of a metal aspirin box)

- 12 pieces. of cardboard or manila folder cutto-.
fit into the soil sampler '

. Two 13 cm X 20 cm pieces of cardboard ‘

‘Be sure to ask permission from the owner to do

~ " <y your study if the site you'f:hodse. is located on

i

e

o as »ﬁﬂﬁd" -
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gnvate pmperty Seiect sm,s that hdve honaans“‘y_ S

that aré the result of natural sQlt foxmmg processes

~ " and not due to man's earth- -moving activities. Areas

e

LY

.

-
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where the topsoil has been scraped off or that have

been filled during construction acXivities should be -

" avoided. For your first site select an @pland loca- "

 tion.that is not subject to flooding,-so that the soil

is not merely a recent accumulation of water-depos: .

1ted sediment. You may want to ask an earth sci-

gnce instructor for help- in selegting & Site. Your
_ goal is to find a location, where natural processes .
"have had sufficient time to: devcmp sonl hogizons.

Ghuose a second location that contrasts with the

| mll at the first site. Generally the kind -of soil |
: changes each time topngraphy, vegetation, or.
-parent: ‘material changes. LonsequentlyA soils at the
' Vtop-of a hilk commonly differ from those at the bot-
tmp, soils onan: upldnd site from those. in the low- .
taqu along ‘& stream, and soﬁs in. forested areas '

" frofir those in gdsslands

* To examine the entiressoil profile extendmg from - .

the ‘topsoil down to the parent material you will

"have to expose one‘to two meters of soil. So try-

tc select soil that is already exposed in a roadcut, a
gravel pit. a ravme. oran excavatmn fora bmldlng

A Look at the Whoie Sml

Kl

After the soxl pmﬁle has been eXposed for study.
make sure that the surfage represents fresh soil and

_is riot marred with distracting shqvel marks. Use

_ _‘yaur pocket knife to chip away the oufer matenal_
_ to expose fresh soi]. Start at the top and wotk' down

"through dxe underlying horizons. The Tresh surface

“-gxposed in this mariner will give you a clearer.view
~ of the soil horizons and their properties; When this -

_is finishiegd,. stand back about two- meters 'to get a

- good look at the entire ‘profile. Now decxde whether
" the soil is mature or immature, and whether it is a

forest, grassland, or desert soil. Use Figures 5A,

5B. 6, 7. and 8 for comparison. ‘An immature soil ~

.q.w:il have only'A and C {ur R) honzons A m.nure _
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) ;,r.tssl‘md soil wnllhaveA B. and(.‘(er R) honmns, -
3whlle 4 mature forest soil wﬂl have Al, A2, B, and’
- C(or R) horizons, . ;
" Now move close to the sml and locate the bmmd— '
aries between horizons. Generally each horizon
 has a distinctive color by which it can be distin- .
guished from adjacent horizons. In soil$ the true .
. ‘color of the mmeral particles may be. masked be-
~cause many of the partxcies,become coated with -
~ humus-or iron oxide. The surface horizon-is dis-
" tinctive due to the dark-colored humus “present.

The A2 horizons can be recognized by -their light

colur In forest soils there is a sharp cogfrast be-

_ tween thxlark-eolored topsoil and the light gray.

A2 horizo® Which lies directly below it. An abun-

gray-white. . o

The presence of calcxum carbonate in sml can. be .
‘detected\_ with dilute hydrochloric. acid. Hydro- -
- chioric acid reacts with calcium carbonate to re- *
" lease carbon dioxide gas. To test.for calcium car-" -

" bonate, add a drop or two. of. ’pydmehtonc acid to
the soil.-If calcium carbonate is preserit, bubbles of

carbch dioxide wm form and break rapuily

EHCl + CaCOg — co, ? +

(hydmchionc (catcrum ‘ (carbon .
acid) carbonate) +  dioxide)
- H,O + CaCl,

.
4
.

&tdrt dt the -surface and check for calcium c.ar-

the profile. The junction where a layer containing

. calcium carbonate meets a calcium carbonate-free
layer usually represents 2 soil horizon boundary.”
"In humid areas there may beho calcmm carbonate
~ in the entire seil depth ex;)osed :

27
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_~ “dance of calcmm carbonate in any horizon willtend -
" to give that horizona lighter color. Seme layers of
. calcium. carbonate gccumulation may even be- .

TTre ST (water) T }{cafc;um”"'
T Co chloride) )

"bonate about every 15 centimeters as you go down |
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The .sm! .vtructure, the way sml pamcies are ar-

" TYPICAL SOIL STRUGTURE TYPES _

thure 9 Shapes ot ‘

mnge&"‘" ill also help you dlstmguxsh one horizon, S° 3519'398‘35

from another. The soil structure in most surfdce‘
soils consists of rounded aggregates, smgle masses
or clustérs of soil particles- loosely. cementéd: to-
'_gether In the B horizons the aggregates are more

anguiar or blocKy. Use Fxgure 9 to help- deude the -
‘u"kmd of structur¢ present. .
, held" together mamly by the

- binding action of the clay and humus they contain.’

Aggregates F

co

In-a muddy area soil sttcks t0 your shoes. chxeﬁy ," '

because of the stickiness of clay. “You can often

walk on wet sandy- sml without gettmg muddy and - -

without compacting the soil. This is one-reason .
‘—*-**that goifgmcns contain a high proportion of-sand. -~ -
Soil horizons that contain .very little clay and - -

humub usually do not contain aggregates. In these

- horizons the structure is called single-grained; it is.
- comimon in highly sandy soils. Aggregates are also’

. absent from some fine-textured horizons where the
. soil material exists as large campact masses. Such

structure s caned massive. .
. The clay content of the. sybsoil or B hnmon is

- typlcally greater than that of the A honz.on (Figures

-~
€ < ‘ -

.;..-.T o 28
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- 6 and 7) Mmsten a small ball of soil and knead it
- with your finger$ to the consistency of putty. The.

higher the clay content, the stickier and more plas- . - |

’l “tic the soil mass. will be. On’ the other hand, the -

higher the clay content, the harder it will be to -

crush. dry soil. aggregates. As you exposed fresh.

. soil with  your: pocket knife, perhaps you found

- . some layers from which the soil chipped away

" more: éasily than from others. The soil mass is

“firmer and harder to penetrate in' areas high in clay
*.content. Likewise the structure is usually best de-

veloped and easiest to see in the B horizon where .

. the clay content is highest. A blocky type of struc-

ture is most commonly found in the B hnnzon. '

Tahle 1. chmaq;eﬁsiics- of a’_Samplé. Soil Profile

o 'Honmn S ~ Lime Number -
~ .. bnd Dépth Color  Structure Test- ~ of Roots. pH

dark ~

ycllﬂw ~weak, -

- *A! 0—,’,0 cm  brown granular negaﬁvé _.mavny' 5.7-

A2 ZO-SQ'Em! brown _p!aty '. negat‘iv"e‘ - few 5.5 ‘

&

B 50-130 ' brown blocky . negative - few - 6.4

cm light blocky to

Using these instmctions; decide which ﬁoﬁzoné
are present. If you are still in doubt, use your knife

to take a small sample (about a tablespoonful) of

- soil every 15 centimeters fromthe top to thebottom'

of the exposure Lay these samples side by side on
a piece of paper and in the same order that. they

existed in the ‘soil. This will' make the chaages in
. color, structure, and clay ccmtent more apparent
* and provide clues as to the locatmn of homon .
~ boundaries..

' ,C_ 13() cm+ brown massive. positive‘ ‘ few- 7.8

Sometimes the boundanes between hcmzcms are -

~ sharp and cIear. sometimes they are indistinct and
, marked by a transition rather than a aharp dividirig
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~ -;'hne After you have. located the honzon boundahes,

'clcarly mark them on the exposure face with your

knife so thit you can locate the horiZons quickly..
Set the results of.your tests as in Tgble 1. See Boil
Acndnty for a chsc!ssmn of pH. ;‘A

Making a Miniature Sml Proﬁle C \ :

- When you havc xdenuﬁed vthe honzon bdundziri S,
you are ready to make a miniature soil profile thht-

" will serve ds a permanent record of your observa- .
-tions. This consists of small samples:of each honj-

zon.mounted. on a piece of cardboard (Figures 1
and 11). By making a miniature profile, you will bg.
able to take home a répresentative sample. of thi
entire soil profile in addmon,,you will be able W

SOILS /25

Figure1Q. Construct-’

ing a miniature sos!

" profile.

see¢ more clearly the fifferences between soil hori-":

zons and be’ able to compare the horizons and prop- -
‘ erties of the two soils you “examined. When you =
- have couected various kinds of soils in your com- -

mumty, you can easily compare their propemes

. The procedure for making the m:mature proﬁie is .

“shown in Figure 1(0:
: I) Place a cardboard chxp in the batmm of your
- soil sampler.. - -‘
2) Spread some glue on the cardbcard chxp
3) Press. the samp!er into a chunk. of sozl taken,
from the uppermost horizon. .

| -‘-4) Break off excess earth with yaur pocket kmfe. -

leavmg a -natural surface about the thickness

i _' of thé sampler depth. Do not cut the sample off

even with the edges of the sampler; as the

-process .of cuttmg destroys the. natural ap- :

. pearancg. & .

5) Push the tip.of a pencxk thmugh the hnie in

- the sampler to remove the sample.

'6) Draw the soil profile to scale on the mcuntmg‘ -

" board to show the relative thxckness of each
horizon as in Figure 11..

7) Glue your sample to the center of the arca of

mounting board altocated for the uppermost

Q

»
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" Figura 11.
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_ Completéd
- ., minigture/gail profile: "
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" horizon: o
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8 Repeat the procedure for {he other soil hon-' |
« zons and the second sail’ proﬁlc. When fin-: ..
_ished,. place’ the mples ina box for safe

tmnspon home. "

- «'If you hdve dxﬁ‘lculty detcmnmng where the hon-‘

zon, boundaries are, take some drbxtrary length
(for-exampte. 200r 30 cenumeters) aid take sample
. chips' this distance apa.n from the top.m the bottom‘

-of the expcsure
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SOIL ACIDITY

Dunng your study of the sml proﬁle, you. tested

for calcium carbonate by, adding a few drops of . )

" - dilute hydrochloric acid.to the'soil sample: A bub---

bling indicated that the hydrochloric acid had re- .

acted with - calcium carbonate present in the soil. :

‘These bubbles, and the presence of calcium car-
bonate, meant the soil was alkaline rather than acid:

- If the test did not produce any bubbles, then the -
. sojl you tested may be €ither acid, neutral, or alka- -

* line. Unfortunately, this test does not tell you any-

aud and still others in soil -that<4s alkaline, if is

smportant for the fdrmer or. gardener to know pre- - |

cisgly the degree of acidity or alkalmlty of hissoil.

“Then he can change it to pmwde the best posmb!e

“soil for his crop.:

 Fortunately, scientists know that the aud content ,
of soil is caused by an excess of hydrogen ions in-.
-the soil. The concentration of hydrogen ions, or .
pH, can be measured on a-scale called the pH scale’

_(Table 2). The pH scale shown here ranges ‘from

0.0 to 14.0. Extremely acid materials, such as -
battery acid, measure about 0.0. At the opposite -
 extreme,’ very alkaline substances like. household

ye measure about 1470. Neutral substances like

' ‘d:smlﬁd water measure about 7.0.

oil usually measures somewhere between 4‘0

if it is ‘strongly- acid, ‘and 10.0, if it is strong!y alka.
Tne “Most plants grow bést in soil rangitig from 5.0
to slightly over 7.0 on the pH scale. The supply of

~calejum, potasslum, magnesium, and many other
nutrients is lowered when leaching makes the soil

“acid. When soil becomes toe acid; lime (whnch is

‘an aikaline substance)-can make the soil mére alka-

‘line. On the other. hand, the low. solubility of iron.
in alkaline:soil can cause afi iron deficiency in many

plants, so the amount of lime. needed must be care-
fully calcut:ﬁed o . .

.. thing more. Since some plams grow best in‘soil
that is shghtly acid, others in soil that is even more
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- TABLE-2: pH of Some Common Substances -
- . —— ' " "
. REACTION -

ALKALINE

© - also-wish to.test soil from your lawn, a
" flower box. The pH of tap or well water may also -
, be tested. Most municipal water contquns enough ‘

- pH SCALE "
. 140 -

130

120

10 & .
. 100 f—T_MI‘LKGF,Mm‘N‘ESM
- TRe—BORAX

g BLOOD
& DISTILLED WATER
= MILK

70 =

S

"&0 n‘.

w COMMON RANGE OF SOILS 3

5,0 —f6— BORIC ACID

10 —fJ = ORANGE JUICE-

ACID

g— VINEGAR

— LEMON JWICE -

1.0 ’
- [ e

&~ BATTERY ACID-

Test the pH of soil samples obtmned dunng your
ﬁeld trip.. Most garden supply centers and hardware
stores sell inexpensive soil-testing kits, with com-

plete directions for their use. Or perhaps you can. .

adapt. pH tests%uvailable in your school. You mdy -
field, or a

e
;t”
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calcium carbonate to make the water alkaline.. - = * &
-Jawns and “garderis that .are watered for long R
penods of time,with such- ‘water will bccome alka- .~
‘line even if the soil was once acid, -
- If you find an acid soil, you may wish to cl\pen- R
Amentally determine its. lime requirements, the -
~“amount of lime needed to raise the pH of the soil.”
to 6.5. Obtidin some calcium carbonate or lime
o from the chemxstry ‘laboratery and determine its
pH. This gives a measure of the maximum pH
-change possible through adding lime. From the pH
~values of the soil and the' lime you can figure out - ..
. 'what proportion of lime is needed. . S
" Take three 1000-gram soil samples with the same
pH. A 290z can holds about’ 1000 grams of soil. '
" Apply one, three, and. six grams respectively of .-
calcium carbonate or lime. Grow the same kind of
"+ plant in each sample. Follow the pH. changes by~
testing the soil at monthly. intervals. The pH change
will be most rapid if the soil is moistened regu!aﬁy
_ However, to observe the full: effect of liming on the -
" ®H of the soil may requme several months. Because .
. the effect of lime in neutralizing soil acidity' acts ‘ L
';alowly but lasts a long time, a single application of o o
. calejufn carbonate or lime may satisfy soil require- "~ L
- ments or five to ten years. Lime replaces that
_which was ongmany present in many smh but has
. been leached cut ' : -

3

o a0t

.___3TUDY OF sou_ WATER“,-___ o

e e e g

. Soil is an important reservoir of water for plants -
. and man. The rate at which water enters the soil -
. -' reservoir is critical in a number of processes. For -;
" example,. farms and. ‘some suburban arcas often
-+ dispose of sewage in private disposal systems con-
.. sisting of a septic tank and a filter field. All sewage
i dxschargeé into the septic tank and the water that :
. [/,' flows out of the tank is purified by filfering it slowiy
* through the soil. If the liquid flows from the tank
faster than it can soak- into -the soil, raw- sewage

.\n




| mssos

' - Two rubber hands to fasten ¢loth to.cans o
| ’;‘\h\’trcnlauon Test o
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- ,wm soon rise m the soil surface. contammaﬂng the -

arégand perhaps the community. :
. A porous soil helps guard against damdgmg_ .

floods. The amount of water that runs off the land

to swell the streams during most rains is sinall if

_the soil is dry and-can soak up water readily. Floods
are most severe when the soil is wet and can absorb- -

little -additional water.. However, in a. heavy rain-

T storih- water falls much faster lhdﬂ it can enter the

soil. The excess water mins over the land, causing.

. erosion, Erosion may ruin farmers’ fields, fill stor- -
- age Teservoirs with mud and ‘debris, and poliute’

rivers-and streams. The amounts of runoff and ero-

- sion are directly. ) related to the rate at whnch water

‘enters the soil. .
There - are two 1mportant questmns abnut the .

_ soil ‘reservoir: 1) How fast can it be filled with

‘water? and 2) How. much water will it hold? Tq: -

B answer these questions, you will née(i the followmg »
. equipment:”

. Large can, fpreferably ﬁve to ten hters (two gal- -

lons), with both ends remoyed o
21/zcm><5 cmx30cmbo B *
2Y2cm X2Ya cm X 30 cm snck with a pomted end
Hammer , .
Ruler

" . Watch

" Shovel =~ * ey
Pencil and paper - . o

. About 12 liters of water -~ - *
_. Two empty tuna fish cans :

Two pieces of cloth 12.5cm %X-12,5cm |

The rate ‘at which water enters the sml reservmr

- may be determined using the percolation test. Per-

form' the percolation test on undisturbed soil near
the site where you examined the soil profile. Plage
the farge can on the soil where the percolation test

., istobe made. Place the board on the camy protect |
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Lk m e S SOILSTaE
- the edgch .md then: dmte the Can “into thie topsml '
" to a depth of five centimeters. Add water slowly to®

- ‘avoid disturbing the soil. Fill the can about thiea

. quarters full of water." With. the board in place,~ K

‘ Iower the pointed stick until the point just touches - - . -

© . the water, as showr:u&{xgure "12..Using the top. of - '
- the board as a str: edge, draw a line on the’

"+ pointed stick and- designate this meaaurcment .

« . No. 4. lmmedmtely record the .time at which

- the meaﬂurement was made on.a chart similar to .
-Tabie 3

e Table3 lnmke R.:teofaSml&ample S

: Eupsesl Tnme Changein " Intake

. Measure- Time - Interval’ ~ Waier. Level Rate Co 5\ .
ment No. Tfmc ~ (Minutes) (Minuies) «Centimeters) (emihr) - ¢ -, '\? B
| SRR 300?54 . 0 - (B
EIRE T T ST \S 3 ?.s, ! {
« . 3 C 320 .20 10 006 - 3.6 - TOW
' 4. 3:30 - 30 .10 T 03 . 1.8
5 400 - NS 300 06 - 1.2
6 . 430 T 90 30, 05 S K
. 7 5:00 1200 30 0 03 0.6 .
. 8 8&30am 1050 ~ - — . —
9 %00 0 1080 -30- . 0.4
B {1 N 930 - 110 . 30 0" - . 0.4
. \ : i .

_ Repeated measurements of the depthof the water -
~ will show how  fast the water is entering the soil.
"'Measure the depth of the water at tep-minute in-
- tervals for the first 30 minutes and at half-hour

I .
. Ol i
..t.‘-‘a . c‘.s !.‘o

Figure 12. .Setup for. .
mtervals after that. The. depth of water entering the 4 20;, pe,co;m;onpmg

=~ spil in the first termintite interval equals-the dis--
" . {ance between the hnes ‘representing. ‘measurement . .
~ No: 1 and measurement No. 2 at ten minutes of & ‘
o elapsed time. : i '
Calculate the intake rate in. centimeters per huur'
for eagh time xntewal and enter this valie in your
‘table. For example, the intake rate for the first -
. ten—mmute interval in Table 3 is 1.3 centimeters -
' _per ten minutes. Because -there are six ten-minute
intervals in each hour, the intake rate in cennmeters o o
.perhourxsﬁxl3==78 T T §

Q ‘ Co,
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: Did the water émake rate change with time?
Figure 13, a graph of the data if Table 3, shows

~ how. the intake rate for one soil changed with time. -

The intake rate was rapid at first but slowed mark-

- edly as the soil became wet. “The clay in some smls
swells when wet and shrinks when dry. As the soil

becomes wet and the clay swells, the porca in the

- soi} become smaller and smaller and the intake.

Tate dwremes In gddition, water attractcd to the -

surfaces of the soil particles causes a resistance to

flow. The greater the resistance to the ﬂow the
less the intake rate‘ | )

.4

iNiAAE FATE

100 . . 150 1050 1100 . 1150

HAPSH' HMT MNH S

- ﬂaﬂm 3. ﬂraph“ of ~ After fakxng seven read* ings, ﬁ“ the cafn wsth

the change in rate ot
" water intake in the
“topsail layer of a Soll

water and feave it overnight so that the undarlying .
soil will become thoroughly wet. Then carefully

.. refill the can-to the three-quarters mark and take

two additional intake-rate measurements at half-
hour intervals. These two readmgs represent the
infake rate when.the soil is wet and would appmx—~

“imate “the. rate of water intake dunng the wettest

season of -the year. This, procedure allows for
making the test in either a wet or a dry season, $O -

.tha! the resuttsﬁwm be generaliy us.efu!
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“Ata nearby site dng a hole about 2.5 cenumetersi S

-~ ;~into’ the subsoil, curefully remove loose dirt, and

* repeat the percolation test. This site can be pre-- -

. pared between readmgs durmg the first fest.

. Compile your intake-rate data into tables similar -
_“to Table. 3 and glue them to the backsof the. minia- - -
ture profile mounting card.. Thxs will provxde a

permanent record of the data.
After compléting the pcrcol.:\uon test for both

- subsoft and. topsoil,. consider the Tollowing ques-.
. tions. ]f rain fell at that spot at the rate of 2.5 cen- .
" timeters per hour, how much* water would run off?. .

. Would it make any difference whether the soil was

. dry or wet at the beginning of the rain? Was the - .

. the -subsoil -eventually limit the rate at whxch the

intake rate in the subsoil as high as that in the top-
soil? In"a prolonged rain, would the intake rate in

‘entire soil absorbed water?
The Public Health Service recommends that no

soil for which the intake rate is:less than 2:5 cen-
timeters per hour when the soil is wet should be
* used as’a filter bed for discharging liquid sewage in .

aseptic tank filter bed. Is the soil you tested suitable

for 4 filter bed? Base your answer to thxs quesnon

~on your subsmf resuits.

~ Soil Pore Space and
‘ -'Water-ﬂoldmg Capacity

“'soil and thcrefure the xmportant watef-holdmg’.

Whlte _you, are waiting o take readmgs for the o
percolatmn tests, you can collect samp}es for a

" determination of the amount of pore space in the

E capacity. *

. Determme the wexght of water a tuna fish can -
- 'will hold. Then push one’ of the empty, tuna fish

. cans upside down into the topsoil. Remove it dare-

fully with a shovel and smooth off the soil so that

the can is levgl full. With the other can da the same -
_with the subsoil sample on which you ran the per- |

. .. colation test. Carry both sampies to your home or
- classroom for further work.

R i
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2 . reweggh the dish- aind record this weight. The differ-

- ex.umned contmned

Pl.ice a plece nf clolh over the tﬁp of ::ach dan

" and fasten it tightly enough to hold the'soilinthe .

c.an when it is mvened T
Turn'the ¢cans over and remove the! bottoms thh '

a can opcner Piane the cans in & pan of water and

let them soak thoroughly.. Now carefully put the
gaturated soil on a dish, weigh it to the nearest 0.1 -

. gram,. gnd record thxs weight. Next place the dtsh,‘ T

of soil in a warmi oven to dry. When the soil is dry,

ence is the. weight. of water contairied in pore -,
spices. of saturated soil. Compare this weight to ﬁ

o , ‘the weight. of water in the empty cans. The ratm isg -

an estimate of how much pore space the sml you

N B

DI the water from a2 ?*e:mmeter Tan entened

the soil, could all of it be retained in the upper .
i meter of soil for later use by. plants" What dbOl.lt
. a$-centimeter rain? R

“2) F‘“nd the charactensncs of. the most mtcnse

- rdinstorm likely to occur in your area oﬁer a
ten-year penod The U.S. Weather Bureau in
your afrea can. help you. Could your soil permit

—the ‘water 'to enter rapidly enough to prevent - -

, runoff? If not, calculate the percentage of water._ =

- that would run off. Could the soil you studied

¢ retain this amount of water in the upper meter
i the soil were drx at the begj_nmng of the storm‘?

;SUGGESTIONS FOR o
. FURTHER STUDY N

| Numemus addxtmnal studres of the smi can. be

‘made. You may find the futiowmg su@esﬁcn& in- -
_ teresting and be able to xmpmvxse or devetep the

procedures for carrying themont. =~ <

‘1) Observe dﬂd cmmt the ammal life in, the smi

4
1



Select a sample wheie'the soil is moistand rich ~ -
L .in orgm:c matier. Few animals will be observed
in cold soils; so make this study in the summer
or fall. The presence of both animals and pfants‘
like fungi or. molds, can best be observed after
'--mxxmg some bread crumbs mtc the soil and
- keeping it moist for a week-or two in 3 warm

e .

room. -Many_dormant plants and animals will .. -,

grow under ‘these conditions: and will provnde .
.- you with'additional observations, - . :
'2) Observe the coatings on soil partictes wuh a

¢ "hand lens or low‘puwer(m-m) nicroscope., - - .
. 3) Observe the 'intimate. . rclauonshxp between .

© grass roots and soil particles by usmg a handv L

- lens or low—mwermuosmpe \
© '4) Dig up some leguminous plants such as beans o
7 ~  clover, or alfalfa. Look for the small nodules on
" their - roots where bacteria live that' obtain
. nitrogen directly from the air and tﬁereby help
- supply it for the piants. ‘ .'
‘ S) Obtain a soil survey report of your- .county fmm
~ the Soil Conservation Service or the County
Agncultural Extensxon Agent. Find out the )
" maines and’ properties of some soils where you
live. Can you identify the soil at the place where
‘you made the percolation test or coltected the
' mxmature soil pmﬁles’? .
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A A bm*izan*the surface !aycr of a sml or the topsml .
o Hera the most biological activity or mm@val of
matenals by \vater, or both, occur. -
—u soil having an excess of hydrogen ions,
H*, over hydroxyl idnsy OH", in the soil solu— !
tion. Its pH is less than 7. . '

e mregatenmany soil paxﬁclc&fomunga mass wnh p
N ! charactemnc shape as granular biocky, or
. - platy.
| alialige soil-—-u soif h4vmg an excess of hydmxyl
... - ipns over. hydrogen ions in tl\e sox! salunon.
:°  ItspHis greater than 7.~
L B gorlmm-a soil horizon, usualty; beneath an A
y % horizon, or surface soil, ip which (1) clay, irdn,
o ;,, or -aluminum, ‘with accessory organic matter, ‘
.. & “ have .accumglated by receiving’ suspended-
S material from: the A horizon above it or by clay
.. development in place; (2) the soil has a blocky
o o ‘prismatic strycture; or (3) the soil has some
h combination: of. “these features. In soils’ with
S distinct profiles,. the.,B horizon  is- mqshly
SR ,sguu!m;mmcmchtm “suhmzt“ L
‘ C horizon-—thp unconsolidated rock or:parent ma-
‘ tenat found xmmadnately undemeaﬂl the A or,.

"B honqu ) ; ‘
diy--sml pasnc}es‘ with a dimncter iess than .()02 - R
v ‘mnm. . y

L 'humusmthe weu-decomposed more “or less stahie R
- ‘part of the organic matter of the soil, foundin &

Loy . 'the A horizon or topsoil. - | ®
© imimature soll—a young smi lhat lacks a weil-devei« :
R oped. proﬁic. r




. suge.of water through the sail. -
. istics,, produced by the natural processes of
environment.

- from whichsoil develops.™ . }
percolaﬁon*downward mcvement of water through
:a- B w‘l O
- pH scale—a. Way of descnbmg th&ac:dltyﬂf a sub-

stance. Very acidic materials have a pH of 0,

_hydrogen ions.

- ZOon.

. *horizons and extendmg into the parent matenal.
sml structm‘eﬁthe way in which the mdmd'uai sail
L parncfe.s, are -arranged. Soil’ structure in most
L surface smls consists of rounded aggregates;

or blocky

[

* soil formation, :md :n.eqmﬁbnum w:th the '

parent material—bedrock or unconsohdaied rock ;

S - neutral substances 7. and very- alkaline ones .
) 14. pH.is a function of the concentratxon of .

e —-removal of soluble matenai by the pas *. :

mature ®il-—a ao:l with well-developéd character«-;_« .

R horizon—consolidated rock or p.:u'cnt matenal'.‘. ,
" found 1mmedlately underneath. the BorA hon- .

mil profile—a vertxcalsectmn of soil through allits

:s;:rtace sdils the aggregates are more -
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