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Laboratery Check List ———- Soils I

Drawer

glazed papers

box matches

brush, camel's haizr ¥

crucible tongs SR

evaporating dishes, large

evaporating dishes, small

set fractional weights

graduated cylinder, 25 cc.

graduated cyvlinder, 100 cc, Lol i

pinch cock gyl ST R B B il 00 4 2

rod glasses

ruler, 12 inch Class.ESoph__“ i

spatula; steel "

test tubes (Sen.

towel (Grag

triangles, pipestenm

watch glasses, 4 inch Desk No.
Shelves

beakers, 400 cc, Seotion No., _

beakers, 250 cc,

burner, Bunsen and tubing Class Adviser

dessicator

filter stand - Date 192

flasks, Erlenmeyer, 3C0 cc.

wash bottle, complete, 500 cc.

funnels, 22 inch

funnels, 4 inch

pipette; 10 cec,

pipette, 25 cc.

ringstand and 2 rings

wire gauze

Mohr burette

fO PO OV - OV - OVRO H D

e R R SR IVN VRSN S SRS STN S H )

Directions for checking out at beginning of semester.

1. See that the supply of apparatus in your locker checks
with the above list.  In case of error report to instructor and
have your supply complete before signing above. Finally hand
this signed list to the instructor.

Directions for checking in at end of semester.

1. With this list returned to you, check up your
apparatus, replacing from the stock room all missing pieces.

&yl apparatus, which you have signed for at the stock
“oom but which is not listed above, should %e returned to the
tock room and a return slip made out for it.

3. When the apparatus supply in your desk checks with the
above list, ask instructor to check it over, then lock desk and
give theé key to instructer.



TABLES OF WEIGHTS AND MEASURES

LINEAL MEASURE

L oom. = L.3997 1n.
T me = 39.37 in. = 1.0936 yda.
1 in.- 2.54 om.
CUBIC MEASURE
1 o o w061 vu. i,
1 Tater = 1.0567 qt. 1iq,
1 dk, 1., = 2.6l17 gallons
1 gt = .9463 1liters

WEIGHTS
1l gram = ,03527 ounces
1 kilogram = 2.2046 pounds

1 cu. ft. water = 62.42 pounds = 7.5 gallons
1l gallon water = 8-1/3 pounds = 231 cu. in.

Area of circle IT R°

Cire. of Cireleia TI R

Aree of cylinder 2 TI R H

Vol. of cylinder II R® o

Area of sphere 4 TT R® or IT D2

Centigrade degress = .555 times (Fahrenheit® - 32)

Fahrenheit degrees - (1.8 times centigrade®) + 32

T - 3.1116
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- INSTRUCTIONS CONCERNING LABORATORY WORK IN SOILS.
ATTENDANCE:

Prompt attendance at the beginning of each laboratory period i;
imperative. Studcnts w&ll be expected to be in the laboratory and
ready for work at the appointed time for ths period to begin.

Whenever a practice is assigned the instructor may devote some
time at the beginnirng of the laboratory period to explaining the pur-
pose ,0f the practice, and to calling attention to details that cannot
be included in the outlines.

REPORTS:
7 Fach practice must be written up promptly after it is completed.

All questions should be clearly and fully answered in the note
beok. Note books will be graded on accuracy of results of the ex-
periments, the way in which the practice is written up, and neatness
of work.

Laboratory reports are due within 7 days after completing the
practice. Five points will be deducted for each day that a practice
is overdus. |
ARRANGEMENT OF CONTENTS OF REPORT

The Laboratory report presented for approval must be arranged
in the following order.

1, Brief statement of the object of the practice.

2. Brief statement of method used.

3. Data neatly and logically tabulated )

: )On the right
4, Type calculation in full. hand side cf
book.

5
€

. Maps and graphs or curves

. Conclusions, including answers to questions.
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7. Synopsis of reference reading assignment other
than text,

Note: There only page reference is made, refer to "Lyon and
Buckman."

Credit for the course will not be given until all required
practices are satisfactorily performed, and the results written up
in ink and accepted by the instructor. No practice will be con-
sicdered compléte unless all the questions are answered., If the
work is unsatisfactory, the report will be returned to the studen}d
with the errors indicated, after which the work must be corrected
or the experiment must be repeated as indicated, within one week.

Note books may not be taken from the labofatory without per-

mission. 11l note books must be 1 eft with the instructor in

charge when called for.
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PLANT FOOD ELEMEZNTS REMOVED BY HARVESTED CROPS

(Pounds per acre per year)

-Yicld per :Nitro- :PhosphorPotag- :Lalciuii
CROPS - acT g ceen (N):us (P) :sium(K): (Ca) -
RGO P e e B EehE T\258) | £5.6 : 155.0 ¢ X85.0 :
Bavley, unls . ..o HDEA. e R R el THiG s
Barley, Bteaw.. . .... aant Lol o 418 e ded 2 190 Q;é_;
Bsricy, e Erenp.. .. ot.. i B 2 B S ]t JeF ©
Beet, SUEST ‘Teots).i. ... < 15 toms T 718.0 10.2 §9:5 < i
Blue grass(Eentucky)..... : Etons - HALe T Sl 79.0 : 12.9 :
Buekwhaa b, orain . = ... ..7 BOBd. 22108 b 5B £t Gl
Buckwheat, 86raw. . ... .v.0? 3/4 ton: = 12.F 0.85 L 30
Bueckwheatl, TOtal GTop....1.v.ov . ave. : 34,3 Gign o 21 1D.6 Y
UhBbate \NEads)... ... ...~7 1o boms TI05,0 9.2 {20 7 50,0
Bliover hay, medium red ..: , 2 toms :(82.0) : 6.8 BLIO- . Bl:6
Clover hay, alsike. . ... .yt & LOaE :(80.0% =D Bl s 39,8 .
Olover hay, Japan......;ab o 2 kol TA750) ¢ 120 6%.8 0.5 1
Coxm., Fralll, . v ian s R 5 o D S R Ded el Qs .
Corn . Bbover®. o it o ot dar toms o 3.0 6.8 TR S S 7L
Corn, d@bas. i a0 . 900 s, < 3.0 0.3 4.0 : 0.1 :
Corn, totat erer. . .. ... RRRGR R O R T T el s 3.4
Cern, \sor sskgpe). " .....: lc toms : &1.b  : 1o.f Elaa . 140 ¢
Cockapadlie -0 . ... ¢ B00 18, 2 LD O3 2.5 ¢ .6
Cobten, =ecdy . ... ... ... 24000 Ypa. : 31.5 Bl G R
Uobton; L8l ¢Top....... Y e e 0 8 6.0 SR 2
o R R = ks v 0 .5 bior ] 2T
Flass Sipaw. .. .. .. . come DS den ~ » 2006 = 1.2 16060 L
Cowpeas hay........ ... .2 .2 tons  -(124.0): 16, 137.0 : 36,0 ¢
Plam, TORMl GT00.... ... @le oo o: 1Al . e0 - R P
Hedp tauy Stadis) . o - 0 sy tong . . 20,0 ¢ 0 o « 30.0 :
Millet hay (cexmon)......: '3 toms £80.0 % 9.5 eyl S A R
2T SRR o i o s R P 5¢ bu. 5.7 1 Byb 7.4 : b £ Gl
Qage, Bhraw. .. .-, ..., g seme e = ARG e By ORI
Oato, total Caln. . . .. r .. ... T AR b el S .. 60 -
Cnion (bulbs @niy). . .. ... :500 ou. To 1e0RE LR EEs O 50
Peam, plbiflae . oo B0 ba ool e s U R R B 1 0
Begs, ghtaWwe. .t iaiias : 14 tone 2 30,0 v 2,5 26,4+ Up.3
Feas, toual erop.... ..., AR PR L L T R
Feag, green, total crop,.: (.5 tons : (85) (ST S R
Potatoes, Irish (tubers; segovbns = a0 . g3 ol 1l
Potatoes, sweet {tubers).: 200 bu. : 35.0 : 5.0 Sl e SR
e PRGN, v i cann il e e BT v 20 B BLG £ 7 Qo
Aye, SbPEW.. ... oo coner A6 Tome 2 13,0 2 3.0 8.8 > 5,5
SOFE . LOLAL BT06. . o s SR T R T
gOybeans, crain ....... Sy te k) B, Zo 0 ek PE =
Soybeans, BEraW. . wevs. i 1 ton 35,0 ¢+ 5.4 Bl & ket
SONCEANE ., oAk, O 0D e s t(IeE Ty 1206 ey & 33.§~7
,Ei;othy BEve . T i R~ T TR o e Ho o v T0. 0 %
Lichacee, dedvestt L. . v A500 dbs.c  BE.D . 27 590 H1LO
LODaCeG, Btk an e B0 1BEy P60 o BUB o R 6.8
E:bacco,Jtotal S e e N e s T R R
1uTnips \vCOoLE ORly ). T . 15 tone ¢ 600 - 130 * a0 150
Theat, @tain. ... ... e - PR T i e S Tl B o
Theabty HEPEW..L. ..., .00 Ak tomes 100 - 3B i 196 K3
-onoat, tefal erep.... .. .. e BE BT RE e By
*THen corn 18 shocked in tho¥ field weathzring causes i{ipsgjpf eie:

ff?ts, especially potassium, from the stalk and lsaves
wheaves and. stalk containing 30 per cent moisture.
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Practice I
INTRODUCTORY EXAMINATION OF SOILS

The object of this practicum is to familiarize the student witn
the stock soils that are in use in the laboratory and to call atten-
tion to some of the factors that serve to differentiate these soils.

The following stock soils will be in use in the laboratory:

1. Sand (Plainfield) Silt loam (Miami)

Clay loam (Clyde)

6.

. Fine sand (Coloma) 7. Silt loam {Carrington)
. Sandy loamr {Miami) 8.
9.

2
3
4. Fine sandy loam (Miami) Clay (Superior)
5. Loam (Marathon) 10. Peat (Decomposed)
11. Peat (Raw)

Obtain from the soils stock room approximately 25 grams of each
of the stock soils. Exawmine each soil in its dry state, noting the
following characteristics:

1. Color. :

2. Texture, relative amounts of various sized grains,

%. Structure; single grained, pulverulent, crumbly, cl oddy.

Moisten a small portion of the soils and note the "feel® by
rubbing some of the so0il between the thumb and finger.

1. Is it gritty, smocth, plastic?

Pinch soil out between thumb and finger to form a thin "ribdbon".
(If.the soil contains a high percentage of very fine particles

called clay, a "ribbon" can readily be formed) Usually the soil
will break over the finger and fail to "ribbon" if it contains a

low percentage of clay.
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Place about 5 gréﬁs of the soils in beakers and add to each
beaker 25 cc. of dilute HCL, stirring the soils with glass rods to
break up lumps. Pour off the acid and wash by decantation‘with
water, Transfer some of the washed matérial to cover glasses, and
with the aid of a tripod magnifier, study the character of the large
fragments of the stock soils., The fine fragments are really of
greatest importance in relation to plant feeding and growth, but the
large fragments are important physically and to a lesser degree
chemically. The fine portién of each soil was lost by decantation
through the process of washing. Note the relative amount of fine
material in each stock soil. The composition and character of the
fine fragments will be studied later, '

1. How many kinds of minerals can you detect in each soil?

Name them by color and shape.

2, Are all of the minerals of the same size in the same soil

~and in the series?

3. If the minerals are of different sizes, what does this fact
indicate with reference to the rate of decomposition of rock
and soil minerals?

-4, What is the predominating color of the large grains in the
coarse soils?

Moisten another small portion of the soils and spread it in a
thin ldyer on cover glasses. With the aid of the tripod magnifier
study the relation of water to soil grains..

1. Does the water fill the spaces between the soil grains or
does it tend to form films around the soil grains? Of what importance
is this relationship to plant growth?

o Wﬁat is the‘dark material that coats the soil grains? Is

all of the dark material found in these soils in a finely divided
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condition? What is the gouree of this dark colored material?

You will now see that s;il is composed of two general classes
of material, mineral and organic. This mineral and organic material
makes up about 50 per cent by volume of a loam soil when in good
condition fo: plant growth. The mineral portion, except in the case
of peats and mucks, makes up from &5 to 99 per cent by weight of the
dry substance of the soil. The organic matter, being present in
relatively small amounts, is vital because of its influence phys-
ically, chemically, and biologically. Both mineral and organic con-
stituents contribute to the nutrition of plants.

The other 50% by volume is pore space. In this pore space are
found the soil air, and water containing salts in solution, and the
soil organisms. The proportion of air and water varies from time
to time in the same soil and in different soils. The relative pro-
portion by volume of solid material and pore space in soils 1s in-
fluenced by inherent soil conditions and by cultural practices,

factors that will be studied in succeeding practices.

"Reference: Lyon and Buckman, Chapter 1.
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Practice 2
THE COMPONENTS OF A SOIL

Scils are composed of a mixture of mineral matter and organic
matter. The mineral matter 1is the residue from broken down rock,
and the organic matter, the residue from the incomplete decay of
plants and animals. The mineral matter exists in the soil in the
form of soil grains, ranging in size from easily recognized bits of
gravel or undecayed rock, to tiny clay particles less than .005 mm
in diameter.

Soils vary as to the relative proportion of the different sizes
of soil grains - or, scientifically speaking, we say that soils wvary
as to their texture.

In most soils these individual grains, especially the smaller
soil grains, are found grouped together into little clusters, or soil
crumbs. The soil mass, therefore, possesses an irregular structure
that may be called a "crumb structure".

tAlthough the two general groups of matter - (1) inorganic and
(2) organic - exist in very intimate relationship in a normal soil,
it is possible to learn much regarding the character of the groups
and their functions by studying them separately and in a more or

less pure condition.

INORGANIC CONSTITUENTS OF THE SOIL
Soil Minerals
A mineral may be defined as any inorganic substance ocourring in
nature which poOssesses a defiﬁite chemical composition; and which
usually has a definite crystalline structure; and definite physical

properﬁies.
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The soil is made up of the fragments of minersls rather than of
bits of the original soil forming rocks. These minerals are of two
kinds:-(%) those that persist from the original rocks; and (2) thosc
that are forméd by weathering during the processes of soil formation.

Find on your desk a set of minerals numbered and named. Study
each specimen in_order, using the following descriptive data-(After
Buckman, Cornell

Your knowledge of these minerals will be tested at the beginning
of the next recitation period by a ten minutes written guiz on the
soil relationships of these minerals; and at the beginning of the la
oratory period by a set of unknowns. .Study chapter 1 of the text boo
laboratory notes, questions, and lecture notes.

You will be held for formulae and reaciticns marked thus (*)

Work ocut the answers %o the questions that follow the discussion
of each mineral before proceeding to the next.

Tabulate your observations as follows:-

et | e ey e e Wi o s e, o it i — | —— oo, _—_

—_— e e e e e om— o e e e S — — — — — — — f— —— w— S — — —
- . . - -

- "
- - . -
. -

1. Quartz —- *810o (The most abundant of all minerals in soil,)

While in a pure state quartz is colorless, its many impur-
ities give it various tints such as rose, smoky, milky, ete. The
crypto-crystalline varietiés include chert, flint and agate. Quartz
is very hard (Qoes not scratch with knife) and has no cleavage, break-
ing with concoidal fracturs. It is quite insoluble in water. It is
distinguished by its glass-like appearance, its hardness, its fracture
and its resistance to acids. It occurs especially in granites and
gimilar rocks and in sandstones.

1. Why does quartz decompose slowly!?
2. What percentage of the earth's crust is quartz?
3. What percentage of the average soil is quartz?

4. Why does aquartz (sand) make a soil friable?
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2. Orthoclase - *K,0.A1,0,.6 SiO, (Source of potash in many soils)

3
Feldspars are silicates of aluminum forming a series rang-
ing from potassium thrcugh sodium to calcium with many transitions
especially in the plagioclases (see group 5). Orthoclase (microcllng
differs from it only in crystal form) is one of the most imPOrtant'o:
the group because of its potash content. Its color ranges from white
through yellow and pinkish to red. ‘The mineral can just be scratehsu
with a knife. There is one distinct cleavage with a second less dis-
tinct cne at right angles. The luster is usually pearly to vitreous.

In the presence of water énd carbon dioxide orthoclase de-.
composes forming kaolinite (a clay mineral) and KECO3' The latter is
soluble and therefore available to plants.

"2 KA 81308 + €O, + 2 Hy0 = HuAlaSiao9 * Kgco3 + 4 510,,*
1. What percentage of the earth's crust is feldspar?
2., Give two reasons why orthoclase is importent in soil
formation?

- Muscovite - HoKA158:i 0., vith g and Fe .
. Biotite - KHMgFe “(AJFs)> €i5010 (Both are sources of potash)

The micas are very complex aluminum silicates. The muscovit
carries more potash and less iron and magnesium than the biotite. They
are both very common in igneous rocks and in schists. Their flake-lik:
character, their color, softness and luster make identification easy.
In soils they are quite noticeable because of their glitter.

The micas are wvery important soil builders since they decom-
pose into kaolinite (stained with iron) =nd soluble carbonates espec-
ially of potassium. A simplified reaction is as follows:-

+ .l ' -
2 HEKA135i3012 COs + It HZO -3 HuA1281209 + £2003
1. Give two reasons why the micas are important in soil
formation?
2. How do the two micas differ in appearance? Why?

5. Pl agioclase

The plagioclases are mixtures in varying proportions of
sodium and calcium silicates. Albite and auorthite are taken as types

Albite *Nas0,4150,.68i0, very often occurs in rock inter-
laminated with orthoclase ffom which it is distin%uished by ite tabul:
crystals with fine striations on certain faces. he color is usually
white to bluish gray. There is one perfect cleavage with another al.-
at right angles less perfect.

Albite is as important in soil formation as either ortho-
clase or the lime plagicclase although sodium probably performs no
such important function in plants as either potassium or calcium.
It decomposes into kaolinite as illustrated under orthoclase.

Anorthite (*Ca0.41503.2 8i0,) decomposes as*-
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1. Reaction for decomposition of albite?
2. Why is albite as important in soil formation as
orthoclase?
3. In what two ways is anorthite important in soil
~ formation?
6. Calcite — #CaCO ¢

Dolomite - Cal03, MgC
olomite - CaC 5- e O

Calcite is a common rock mineral found especially in lime-
stone and marble but also occurring in some igneous and metamorphic
rocks. Upon changing to the bicarbonate the calcium is soluble and
is lost from soils by leaching to a greater extent than any other
element. (See text, page 210)

27 I N
\*caco3 + €0, + H,0 - Caffy (uo3)2*

In color calcite ranges from white to black, the luster is
vitreous and the cleawvage highly perfect giving characteristic
rhombohedrons. The mineral can be cut easily with a knife. I%
effervesces readily with cold acids, which distinguishes it from
dolomite., It is important for the calcium that it carries and in
the form of ground limestone is added to the soil in large amounts
t0 correet soil acidity.

Dolomite like calcite is often tinted. Vhen gramular
either coarse or fine, it resembles marble. Dolomitic limestone
may be used as agricultural lime and as such has a greater neutral-
izing power than calcite.

1. Calecite isg’ treated with HCl. W Reaction?

2. Why does dolomite have a greater neutralizing power
than limestone?

7. Augite - .
Hornblende -~ Both yield clay minerals and soluble bases.

: Augite and hornblende are chemically quite similar, the
latter being often considered a double molecule of the former. They
are calcium, magnesium, iron silicates of aluminum. Both occur
especially in igneous rocks, while hornblende is prominent in
metamorphic rocks as well, X

Augite is generally greenish in color with only occasionall:
distinct cleavage. Hornblende is generally black, often glossy an
is distinguished by its columnal form. Many small clearage faces
at acute or obtuse angles are apparent.

Both of these minerals are important as scil builders,
decomposing into kaolinite, serpentine, talc, chlorite and epidote
and setting free such bases as calcium, ma gnesium, and irom, A
simplified reaction is as follows:-——

6 Callg ,Fe)Sis0p + 9 CO, + 2 Hy0 = § CaC03 + #3 FeCO,
; + Eyllg=Sis0g9 *+ 10 Si0p
(Augite} (Serpentine)

3
R 4
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1. What is likely 'to be color of a residvwal soil from
rocks containing augite or hornblende?

2. What nutrient elements are carried by augite and
hornblende?

g, Olivine - (Mg,Fe)28104

-Olivine is found commonly in basic igneocus rocks and is
rather unimportant in forming soils. It is present very sparingiy
in soils. Its olive-green color, hardness and granular character
are sufficient for its identification. It alters readily to ser-
pentine and iron oxide. The serpentine later yields magne?ium
carbonate (see group 11) and the Fe0 changes to red Fe203 See group

3 MgFeSiO)_J' e ) HEO il Mg Sl o
useépegtgne
1. Why is olivine of secondary importance in soil

formation?
2. Why is it seldom found in soilt?

9. Apatite - *3 Caz(POy), + Ca(Cl1,F) Scurce of phosphorus.

Si02 + 3 Fe0

Apatite exists in many rocks although in small amounts.
The color is generally brown although greens and whites occur.
In decomposing little phosphorus is lost due to the absorptive
power of the soil. Soils therefore often contain more phosphcric
acid than the original rock (See analysis page 33). Apatite is
the original source of all so0il phosphoric acid.

1. In what other forms may phosphorus occur in soils?
See page 11).
2. Write the reaction showing how tri-calcium phosphate
becomes available. (See page 455)

The nine groups studied above are important rock minerals
and persist to a greater or less degree in the soil. The six groups
following arise to a great extent through the weathering of the
minerals just considered and atre largely secondary in character. They
are important constituents of the clayey portion of the soil.

10. Kaolinite - *HpAl,(S1dy),. ff H50

Kaolinite is a decomposition product of other minerals,
rarticularly orthoclase (which see). In the soil it of course
contains many impurities, especially absorbed materials which may
be plant nutrients (as potassium, calcium, and phosphorus). Its
, soft earthy unctuous feel is characteristic. It belongs with the
many indefinite hydrated aluminum silicates, called the clay
minerals, which occur in socils, formed by the decay of the varicus
original silicates.
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A secondary mica called se ricite is quite often present 1L
clayey soils. It arises from the decompositicon of the feldspars and
with kaolinite, chloriet, epidote, serpentine and talc makes up ﬁhét
ig called the clay group of minerals., It is difficult to distinguish
sericite from kaolinite.

3 KalSiBOg ) GOE o HEC = KH2ﬂ13Si3012 + KECO3 + £ SiO2
Orthoclase Sericite
11. Serpentine - Hy(lg,Fe),Si,0
B ¥ 2°9
Talc Z hamg3é14o%2

These minerals are similar ir chemical composition and
character. They break down into highly magnesian clays stained with
iron as follows:

H;gﬁig;ssigo9 + 3 005 = 3 MgCOz + 2 sio2 + 2 Hy0

Serpentine is usually massive and oF a dull greenish color.
It is readily cut with a knife, The talec is generally white and
greasy in feel. I% is quite soft, often flexible and has a pearly

Iuster.
12, Chlorite ~ Type Prochlorite. Hydrated lg,Fe aluminum silicates

A considerable numper of minerals are grouped under this
name of which prochlorite is used as =2 type. These minerals are
.generally greenish because 0f ferrous iron. The chlorites resemble
the' micas but are much more highly hyirated.

The chlorites are usually secondary minerals arising in
the soil through —eathering of hornblende, aucite, mica and similar
minerals., With kaolin, sericite, serpentine, talc epidote and other
indefinite materials they make up the clay mineral group, giving to
;oilf high absorpiticn and the sticky plastic character so well known
in clay. -

13. Epidote -~ Ca,Fe aluminum silicate.

This mineral often has a peculiar yellowish green although
many other cclors occur. The prismatic crystals are usually
longitudinally striated.

Epidote arises thircugh nmetamerphisir and usually occurs in
the soil from the weathering of such minerals as augite, hornblende
and mica. in the soil it is finely divided and mixed with kaolin,

chlorite and sericite helps to make up the clay mineral group.

1. List the common clay-mineral group.
2. What are the important characteristics of the group?,

14, Hematite - *Fe,0_*
s e =3
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Hematite is only in certain cases an criginal mineral of
soil forming rocks. It is a heavy metallic oxide arising from the
weatnering of any wineral carrying iron. Generally the iron staining
of such a mineral is the first indisation of weathering, The process

;s cne of oxidation, the ferrous oxide appearing first (see olivine).
This is further oxidized:--

L4

*} FeO + Op = 2 FepOs*

Hematite may be dark and coapact or red and unctuous. Its
streak is cherry or reddish brown. “heﬁ flnely divided as in scil it
impsarts a arz:nt.red ealor. See ﬁuce 36 of text becok)

-

15. Linonite - *9F33 BHBO*

] Lizonite (znz s gllar hydrcus Cx 1ies) iz formed reaAJ;y
ros hematite egpeylaliy in aoil;

ggFeeOB + 3 HC = 2 FeEOB'BHEO

Lironite may be concretionary, massive or earthy. It
varies, ir celer from brorm tc yellow. Then finely divided as in
SOl;S 1t is gensrally distinctly yellor., It is distinguished from
heratite by its yellow streak. Limcnite stands as a reﬁresenta*lve-
of a grea? mber of jindefinite hydrous iron oxides that may occur
in soils (see nage 37). The admixture of these with heratite and
organic matter give the various gkades of reds, yellows, and browns
g0 chearacteristic of many residual scils. i

Both hsiatite ani limonite cscur in

. intimate mixture with
the clay minerals.

1, "hat is the usual significance of the red color of
a s0il? :

2., There in tkhe U. S. are red and yelloww soils most

typicslly feu nd? Séa tov of vpaca 12)

g
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Exercise 3
COMMON" SOIL TORMING ROCKS

A rock is 'a considerable mass of one or more minerals. Sometimes
one mineral may form almecst the entire rock. Rocks may te classified
according to their origin, texture and structure. From the soils peian”
of view we are even more interested in another kind of classificaticn,
a chemical classification, based upon the relative proportion of Sil.
that the rock may contain. Rocks high in total silica are said to L
acidic, while rocks in which the metalliic oxides predominate are said
to be basic. An intermediate group lies between these two extremes.
The physical and chemical make-up of the rock from which our soils arc
formed, determine quite largely their chemical and physical propertiss.
On the bavis of origin we have three important classes of rocks.

1. Igneous rocks: Rocks which have been brought up from below in a
molten condition and which owe their present structural peculiarities
to variations in conditions of sclidification and composition (Merrili)

2. Sedimentary rocks: Rocks which are formed largely through the
agency of water, being deposited in beds. The term "aqueous rocks" is
more inclusive, since we always include under sedimentary rocks those
" .xocks which have arisen as chemical precipitates.

3. Metamorphic rocks:. Rocks changed from their original condition
through pressure, heat, or solution and precipitation.

: Examine carefully the specimens provided; determine their c}ass,
texture and color. Name distinguishable minerals. Arramge data in
tabular form. Use following terms in describing class and texture.

Class: Igneous, Sedimentary, HMetamorphic.
Texture of Igneous Rocks:

Grained - coarse, medium, fine
Dense

Glassy

Porphyritic

Texture of Sedimentary Rocks:

Grained - coarse, medium, fins.
Dense :

Texture of Metamorphic Rocks:

Grained - medium, fine.
Dense
Foliated structure

An igneous rock is named according to its predominant minerals
and its texture. Thus a rock that is made up largely of quartz and
orthoclase and has a grained texture is called a granite. The name
of a prominent accessory mineral is often added as, biotite-granite,
hornblende gabbro, etc. Porphyritic specimens (crystals set in a fine
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groﬁnd mass) often oocur marking one tyre of transition between the
zrained and stony textures.

Granite . (After Buckman, Cornell)

Granites are granular rocks composed largely of feldspar {ortho:
clase and soda~lime) and quartz. Generally, more or less mica Or houc
blende is present. The quartz is generally cbserved as formless graii:
cf a greasy luster. The general color of the rock Jepends upon the pro
portion of feldspar and the accessory minerals. The oolor'thus shade ¢
from white into gray or dark gray resulting from the mottling of the
- mica. The rock is spoken of as acid due tc the free Sioa. It usually

carries some apatite.

As a granite weathers it alters markedly. The mica ble aches, 1 ¢
ferrous compounds washing out and coxidizing to the ferric, staining btu.
rock red., The feldspars hydrate ani carbonate, giving up soluble con--
stituents. The firm texture is lost and the rock crumbles down 0 a
mass of sandy clay stained red from the rion compound present. The sc
is likely to be acid and need lime. It carries considerable potash an.’
phospherus. ¢ '

Gabbro

Gabbros are granitic igneous rocks coemposed of pyroxene and feld
spar (usually soda-lime). Mica, olivine and hornblende often occur as
accessory minerals. The rock is usually black or greenish black. It
is classed as a basic rock.

Babbros give rise by weathering tc heavy clay soils stained brow
or red with iron and often mingled with fragments of the undecomposed
rock materials. Such soils are likely to be low in potash and phos-
phorus but -high in iron and magnesium, The calcium is likely to be
lost by leaching. The soil is usually benefitted by an application of
lime especially if of residual origin. i

Basalt

These rocks are dense, very dark and of fine texture. The cclox
varies from grayish or greenish black to pure black, with often a vel -
vety appearance. Basalt is generally composed of plagioclase feldspa:
and pyroxene (augite) with iron ore, and often tolivine. It is fre-

- quently porphyritic.

Upon weathering the basalts soften to a brownish or greenish mucc
with the formation of chlorite, serpentine and carbonates. The iron
tends to oxidize and a ferrugineous clay is produced high in iron and
alumina but low in potash and phosphorus. The reaction of the soil is
generally acid.

SEDIMENTARY ROCKS.

Sedimentary rocks consist of materials, which have already been
a part of preexisting rocks, and which have been shifted from theix
formér position. In general, they consist of layers and have litiie
verticle extension. The texture depends upon the size of the partici.
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and the kind and amount of the cement, A1l degrees of firmness are-én-
- countered. The color is variable, Quartz, feldspar, kaolin, mica, ca.
cite, limonite and hematite are the minerals c¢ommenly found in such roth

LimgstOng and Dolomite

Limestone is one of our commonest rocks. It is usually fine grai:
ed, dense and variatle in color., It effervesces with dilute acid anc
scratches easily with a knife, It is usually impure, containing quariz.
clay, ircn, phosphorus, etc. WTith increasing amounts of magnesium 1t
grades into dolomite, which has the same general appearance as the lim.
stone. The dolomite is somewhat harder and will effervesce with cold
dilute acid only on scratching.

In weathering the calcium and magnesium are removed in the bicar.-
benate form leaving behind the impurities, which form the soil.

Impure CaCO3 + CO, + Hyd - Ca,(C05), + Impurities.

‘The residual soils formed therefrom are clays ¢r loams, usually
colored red or yellow by iron. OChert and masses of limonite are commo:i:,
The soils thus formed are usually acid. Limestone scils formed by
glaciation are of course rich in lime. ' :

a to

E’)

Typical sandstone consists of quartz ceménted together. Other
cemented minerals may occur as feldspar, mica, garnet, etc. The ceusnt.
ing material may be quartz, calcite, iron (hematite or limonite) or even
clay. - The colors vary from gray through buff, yellow, red and brovn to
white. The fracture is usually along thQEOement. The texture may vary
from coarse to fine.

Sandstone in weathering usually gives way first along the cement,
crumbling down to a mass of sandy debris which gives rise to sand or
sandy loam soils. Such soils are generally low in all of the plant food
constituents, and are apt to be acid. The rate of weathering, of course
depends largely on the cement. :

e

Szales

Shales are compact clays and muds often thinly laminated parallel
tc the bedding, They are generally so fine grained that the individuz:
particles can not be seen with the naked eye.  The minerals are mostly
kaolins with related substances. The color ranges from white, through
red, yellow, gray and blue to black. Shales are soft and cut readily
with a knife. With an increase of sand, shales grade into sandstone
while the presence of lime marks a change toward the limestones.
Lrenaceous, calcareous and bitumenous shales are common. All graduationc
between clays and shales are found.

Shales weather into shaly loams which are usually low in plant
food constituents and consequently are rather unproductive., They gen-
erally are benefited by lime.
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Conzlomerates and Breocias.

Conglomeratcs are formed by pebbles of various sizes cemente i LO-
gether by finer material. Many kinds of minerals and rocks may be
represented although quartz and. feldspar are most common. The cement.-
inc material may be consclidated sand, calcareous materials or clay
mixed with iron oxide., Often the cement is a mixture of all three.
Then the cemented fragments are angular the rock is called a breccia.

o

Conglomerates are genmerally formed by swiftly moving water. When
they weathsr into soil, the cement first gives away, yielding coarse
opzn debris which is of but little agricultural value.’ o

- METAMORPHIC ROCKS

Then igneous or sedimentary rocks have bcen so changed as to tex-
ture or mineral composition or both as to have entirely new character-
istics they are called metamorphic. "As might be expected no definite
line can be drawn since all graduations e xist. The agecmncies invoivel
are heat, chemical action of gases and liquids and the movements of
the earth's crust. Weathering with the formation of soil is really a
rhase of metamorphisum, : % 5 : ;

Gneiss

Gneiss im a limited way refers tc o rock with the same composition
as granite but with a foliated texture. In a broader sense the term
refers to any banded metamorphic rock composed largely of feldspar.

The specimens used here are granite-gneisses. The banding is often

ifficult tc see on hand specimens. The color passes from white:throust
shades of gray or red to browns and blacks. The varities are named
‘according to texture or from the presence of some mineral as banded
gneiss, hornblende gneiss, etc.

Gneisses are very common rocks and have had to do with the making
of large areas of soils, They weather much as do granites but less
rapidly, yielding a red sandy clay, —ith a fair amount of plant nutr i~
ents. They are generally acid in reaction. :

Schists.

The characteristic minerals of schists are mica and quartz, the
former giving the rock its peculiar character, called schistosity.
Many other minerals also are carried as hornblende, garnet, epidote,
etc, The chemical comgposition of such rock is extremely variable.
The cclor ranges from very light through yellow, brown and gray %o
black. Schists grade into gneisses on the one hand and into micagous
glates on the other, :

Such rocks produce micaeous sandy loams with a low amount of
available plant food although the potash content of such debris may"
ve high. In general, they yield much poorer soils than granites and
gneisses. The feldspar of the latter are an important feature,
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Quartzite ;

Quartzite is a very hard and: compact rock formed usually from sii
iciocus sandstone. The change is so complete that the rock will break
across the original sand grains. :Accessory minerals such as mica, fel
spar, epidote, etc. often occur. - The normal color of the rock is ligh
gray or brown although other colors may occur. The chemical compositi
of typical quartzite is almost pure silica.

This rock resists erosion and weathering so well that it offers
little toward a soil covering. Where it is present it usually forms
the prominent landscape features.:

Slate ;

Slates like shale are fine in texture. They are denser and barc
however, and split readily into sheets. A variety of minerals are pre
ent such as mica, quartz, chlorite, etc. The color is chiefly gray or
black although reds, greens, yellows and browns occur,

Slates weather less readily than shales and afford a soil even
less valuable from the agricultural standpoint. Slaty loams are the
common type. : >

Marble

Marble is formed from limestone and dolomite by metamorphic agen-
cies. Calcite is the essential constituent. The rock is seldom pure
and may carry mica, amphibole, phyroxene, apatite, garnet, clay, etc.

Pure marble is white but many other colors occur such as pink,
greenish, gray, etc., due to iron oxides, micaeous minerals or
carbonaceous materials respectively,

Marble weathers in the same way as limestone but much slower due
to its texture. The carbonates are removed as bicarbonates, the more
stable impurities making up the sbil. Marble soils are of small
extent and unimportant.

1. Why is a gabbro less desirable: than a granite in soil formation?
2. Why the difference in lime content between glacial and residual s<

Giir When?a residual soil is formed from limestbne what makes up the
- soil! :

4. A granite carrying quartz, hornblende, orthoclase and albite
weathers to0 a red gritty clay soil with a mottled yellowish bub-
soil. Account for the characteristics of the soil.

5. What plant nutrients are present in quartz, orthoclase, mica,
apatite and hematite, respectively?

6. A limestone carries 2% impurities, which in residual weathering
form the soil. How many feet of limestong, approximately, must
be dissolved to give ten feet of soil?
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Exercise U
ROCK WEATHERING AND S0IL FORMATION
i

CHEV¥ICAL ETFECTS OF TATER AND CARBON DIOXIDE UPON
ROCK-FORMING MINERALS

'1. 433 100 c.c. of distilled water %o a 300 c.c. Erlenmeyer flask. Boi
domm %0 a volume cf about 50 c.c. Add 4 drops of phenolphthalein scl-
u%ion. Do you note any aprearance of a pink color? Add 1/2 gran of a
powdered silicate mineral such as anorthite (Ca A1, Siy Og). “Boil.
sote any cnunge in colior of the solution. Write an ecuatlon which wil.l
explain the phenomena cbserved.

2. #dd 10 c.c of Ca{OB)o solution and 10 c.c. of distilled water to &
test-tube., Bubble COg gas through the soluticn for ‘/2 mimite. That
nazpens? Continue to bubble COo gas through the mixture. Vhat happens!
Trlue ejquations which =—ill explain the phenomena observed

EFFECTS CF WEATHERING UPON IGNEQUS AND SEDIMENTARY ROCKS.

In order to make the processes of soil formation clearer, a brief
study will be ma3ds of the formation of two residual soils. The speci-
2ens used in this exercise are samnles taken from vertical sections.
The following stages are reﬂresented.

1. Residual soil.

2. Very rotten rock. :
3. Partly decomposed rcck.
4. Undecomposed “ock.

liake observations as directed and answer questions in order. Make
use of following references.

Lyon and Buckman ~ "The Nature and Properties of SOl*S. Chapter TIL.
Merrill - Rocks, Rcck-Weathering, and Soils.

Teathering of a Granite,

Examine the fresh rock!-

. List the minerals which you can identify.
2. That is the condition of the minerals?

Examine the disintegrated material (5011 materisl) and answer the
folloving questions (Adapted parsly from Bucxman)

1. What minerals c¢f tne fresh rock are still present?

~

2. To rhat has the orthoclase changed? Trite reaction.
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3. To what is the red and yellow colors due?
4. What four chemical changes have been active? Give illustration.
5. Define hydrolysis, and kaolinization.

Correlate the changes observed with the statements in the para-
graph at bottom of page 29 of the text.

Place a spoonful of the residual soil in a beaker, and rub up rith
100 c.c. distilled water. Stir, and let stand 1 minute. Decant oIf *r
supernatant muddy water. Repeat until the supernatent water is nearly
clear. Now boil the residue in the beaker —ith 50 c.c. of dilute HCL,
(Under hood) Pour off the HCL soluticn, wash by decantation with wate:
Describe and identify any minerals ebserve4 in the residue., TVhat
minerals predomin ate?

Weathering of Sedimentary Rocks

1. What is the principal mineral in‘the fresh rock? "hat test proves
its presence? Identify other minerals. UName the rock.

2. Apply the same test t0 each of the other specimens in the limesticne
series. "hat do0 you conclude?

3. Describe and explain the color changes noted in the transition Iroum
rock to soil material.
Treat a spoonful of the residual socil the same way as the graniti
residual soil. Describe and identify any minerals observed in the

'-J

residue. What mineral predcminates

Obtain from the instructor a sample of the fine portion ol each
résidual soil., 'Examine this wmaterial by feel and by handlems. What
group of soil minerals Jdoes this material represent

You now have before you two portions of each of the two scils
divided roughly according to texture. [

1. What minerals predominate in each part?
2y In what portion of the soil wil

sium? Phosphorus? Why in each cas

N

o How about the comparative amounts of mineral nutrients in sandy
-and clayey soils 1*eepectlvel_’,'-"

=

That is the difference between soil material and soill?

--Analyses on Page 33 of Text—-

Ul

. That element practically 3iisappears in both cases during
weatherinz? :

N

What is the practical significance of this loss?
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. In what forms is thie element lost? See page 306, last par.

-~

g. Why is there 2 larger percentage of P50y in the soils than in
their respective parent rocks?

9. There is a larger percentage of K,O in the limestone soil ghan in
the parent rock. Why is this not true of the granite soil'

Note:— 4t the beginning of the next period you will be held for a
10 minute written quiz on the laboratory work on scoil formation and
on Chapter II of the text book.

e
LOSSES IN THEZ WEATHERING OF LIMESTONE

The ocbject of this practice is (1) to familiarize the student in
the construction and use of a simple piece of apparatus by means Of
which the carbonate content of limestone can be determined, and (2)
to impress upon him that the value of limestone for agricultural pur-
poses rapidly diminishes as the rock deteriorates in the formation
of a s80il.

‘Each student will construct a Kentucky calcimeter. ' The materials
needed are one 4 oz. wide mouth bottle fitted with a one-hold rubber
stopper, one 12 oz. wide mouth bottle fitted with a two-hole =htw
rubber stopper, one graduated cylinder, one 400 cc. beaker, a /3 oz
vial, 1 foot of rubber tubing, and glass tubing as shown in the sketcn
on the black board. :

Place 1 gram of pure CaCO: in bottle A. Place the swall vial in
bottle &, after filling it aboat 2/3 full with strong HCL., Fill bottl.
B with water, and insert stopper tightly. Now blow through the free
end of the rubber tube, and while the water is still running from the
end of the delivery tube, connect the rubber tube with 4. et the
water run into a beaker. When the water has ceased dropping, empty
the water from the beaker and replace it under the delivery *tube. Now
ineline bottle & so that some of the acid will spill énio the CaCOz,
The evolution of the CO, displaces the water in bottle B into the
beaker. Add acid until all of the CallO; is dissolved. Determing the
volume of the water displaced. This volume is equivalent to 100%
CaCO3 provided the remainder ¢f the practice is conducted under the
same~ temperature and pressure conditioms.

- To analyze an unknown limestcne, place a 1 'gm. sample in bottle
&, and proceed as directed above. The wolume of the water displaced
by the unknown divided by the volume of water displaced by 1 gm. of

the pure CaCOz multiplied by 100, equals the per cent of 0al0z equi-
valent in the unknown.

Each student will determine the per cent of CaCl, equivalent in
samples 1, 2, 3, and 4. Use a 10 gm. sample for the ;esiﬁual soil and
& 2 gm. sample for the very rotten limestonme.



Tabulate your data as shown.

Cubic Centimeters
water displaced by
i gnm,

Cubic centimeters
water displaced by
sample used

Material
Per cent Call

F@iivplmnt

e s ae oa

Pire CaCO.
o

s ab Av| 8% ae as a
“N A6 40| 2t b 23 e

68 v an

Typical calculaticn showing method of calculating per cent CaCl
Equivelent

Problem: Assuming that there have been no losses other than CaCOs, cai
culate the nuwmber of pounds of fresh limestone that must have weathered
to rroduce 100 pounds oi the very rotten rock.
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PLANT NUTRIENTS IN RESIDUAL SOILS STUDIED
- Adapted from Buckman)

Nitrogen

The soil nitroger is carried very largely by the organic matter
(original plant tissue and paertially decayed portions). Its type of
combination is very complex ranging frorm proteins (such as zlbumin) to
amino-acids (such &s alanin, CHz —CHNH, —COOH). Since higher planis
can utilize but small zmounts of organic nitrogen, tae ritrogenous :
compounds must be simplified. Ammonia is first produced {ammonification.
by biological action and later changed to the nitrate form (nitrifi-
cation). The amount of nitrate nitrogen maintained in the soil has
mich to do with its fertility.

Detection of nitrate nitrogen. Obtain from stock room a test
tube containing an inch of a humous sandy loam: Fili the tube to with-
in an inch of the top with distilled water. Place thumb over end of
test tube and shake for two minutes. Now add a little Ca(OH),, shake
thoroughly and allow to stand for about five minutes. :

Now filter the clear solution into a clean test tube until an inch
of the percolate is collected. Pour this into a clean evaporating disk
and evaporate to dryness over a small water bath.

Then dry add fifteen drops of phenol-di-sulphonic acid to residue.
Stzr-tnorougn;y with & glass rod. Then add one inch of distilled water
as measured in a test tupbe. Mix thorcughly.

Neutrzlize soluticn with ammonia. The development cf a2 yellow
ccior is an iadication of the resence of nitrates.
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Phosphoric Acid and Potash

The phosphorus and potassium compounds in soils are rather inscl
uble. The soil sample must therefore be digested in strong acids be-
fore satisfactory tests can be made.

Obtain about 10 grams of soil from stock room. To this sample
add about 10 cc., of HCl and 10 cc. of HNO;, Set on tripod and gauze
and bring to boil with frequent stirring.” Allow to stand for a few
minutes, keeping covered with watch glass.

Now filter and catch filtrate in beaker. The solution is now
ready for testing.

Phosphorus -- Place 1/2 an inch of the solution in a test tube and ad’
NH, U until a permanent precipitate occurs. Don't add too much ammon: .

Dissolve this precipitate with HNO:z avoiding excess. Reduce solu
tion to 1/2 an inch and add an equal ambunt of (NHy)5MOO, Heat gently,
A yellow precipitate (NH4)3P04 . 12 MOOy) indicates %he presence of
rhosphorus.

Potassium -- Place 1/2 an inch of the solution in a test tube and add
3 until permanent precipitate forms. Make acid with acetic acid
and reduce t0'1/2 an inch. Now add as much sodium cobaltic nitrate as
there is of solution. 4n orange yellow precipitate (Co(N03)p.3 KNO3)

indicates potash.

Calcium

Calcium may exist in the soil as a carbonate, bicarbonate, sulfate
or silicate. It is usually rather easily displaced by other bases.

Obtain a test tube from the stock room containing one inch sample
of soil. Add two inches of a KN03 solutiop and shake very thoroughly.

Allow sample to stand for about five minutes anqithen filter
until 1/2 an inch of clear percolate is obtained in tédt tube.

Test for calcium. Make solut%on cid with a drop of acetic acid.
Now add a 1ittIe ammonium oxalate (NH)),C,0,. & white precipitate
indicates calcium.
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Practibe'S
ORGANIC CONSTITUENTS OF THE SOIL
SCIL ORGANIC MATTER

Our study of the soil up to this point has been concerned orly
with the portion derived from the rocks. All soils contain more or
less organic matter derived from partial decay of the plaht forms
supported by that soil.

The soil organic matter includes not only the original plant
and animal matter that enters the soil but also the partially decay-
ed portions of such compounds. (See note, fa%e 99). 1t is, there-
fore §enerally considered under two heads (1) the original tissue
and (2 the partially decomposed materials.

PHYSICAL CHEMICAL EXAMINATION
Obtain a sample of soil organic matter (muck) from the stock

room. Examine under hand-lens and note the indefinite character of
the material. Observe the color and note that group 2 predominates.

The portion of the soil organic matter that can be disfolved in
ammonia after treatment with dilute HCl is called humus. It is oftex
considered as the more active portion of the soil organic matter.

Place a small amount of muck obtained from the stock room in a
filter paper fitted in a funnel. Moisten well with dilute HCl and
allow to stand a few minutes. Now wash with 25 cc. of distilled
water. Discard percolate,

Now moisten the muck well with ammonia. After a few minutes wash
with a few cc of distilled water. The black pergolate is humus.

While the organic matter makes up only about 5% of the average
soil it is very important in a number of ways (see page &) as it is
broken down into simple compounds by bacterial action. Chief among
these simple compounds are NH3 and CO,. Beginning with a rather
simple nitrogen compound the reéaction, which is generally cone of
oxidation, may be illustrated as follows:--

CHB-GHNHE_COOH + 0o = CHBzCOOH + NH3 + 002
alanin acetic acid

The ammonia is very quickly changed to the nitrate form (such as
Ca(NOy)o, NaNOz etc.) by certain bacteria and the nitrogen thus be-
comes available to plants.

The CO, that is produced in such large amounts becomes the most
important acid occuring in soil. It hastens solution, especially of
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such bases as calcium, to a marked degree.

Work out the answers to the following questions. You will be
held for these in the written quiz of next week.

1. Name the two portions of the organic matter.
2. Explain what is meant by soil organic matter.

3, What is soil humus? How does it differ from organic
matter?

4. Show how alanin might break down to ammonid and then
write reactions showing the change of the ammonia to
nitrates. See text, page U415,

5. What are these two processes called?
6. What is the importance of CO» and nitrate production?

ESTIMATION OF AMOUNT OF ORGANIC MATTER IN SOILS.
Rl

In this practice an estimate of the amount of organic matter in
the stock soils will be made by determining the loss on ignition,
Results obtained in this way are usually too high, for considerable
water is driven out of hydrated silicates and CUs is expelled from
carbonates. An accurate measuring of the total organic matter in a
soil is almost impossible because of the varying composition of the
material. Total carbon can be determined. The amount of COp obtaine.
from the oxidation of the carbon multiplied by the factor 471 is :
approximately the total organic matter. This factor was arrived at by
determining the proportion of carbon in a large number 6f sa mples ©Of
extracted humus.

Fach student will determine the loss on ignition of the stock
soils furnished, and in one subsoil.

These soils will be only air-dry. It will be necessary, there-
fore, to determine the moisture (hygroscopic) in each stock soil and
also in the subsoil,

Procedure:- Weigh out 5 grams of air-dry soil, 1 gram in case of per
in a small weighed aluminum cup. Dry at 105 degrees for at least 10
hours, cool in a desiccator, and weigh. Express the hygroscopic moi
ture as per cent of the dry weight. Tabulate the results.

Now transfer the dry 'soil to a weighed 3 inch evaporating dish
and ignite for 30 minutes over a Bunsen burner, cool in a desiccator,
and weigh. Express the loss on igniticn as per cent of the dry
weight. Tabulate the results.

1. Why is loss on ignition not a true measure of the amount of
organic matter in a soil?
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2. On which soil, black clay loam, or peat will loss on ignition
morelaccurately_reprasent the‘true amount of organic matter? Why?

Questions pertaining to hygroscopic water will be considered &
-1ittle later when the water relation to soils is considered.

The interrelations of organic matter and mineral matter will be
studied in appropriate exercises.
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Exercise 6,
CLASSIFICATION QF SOILS ON BASIé OF TEXTURE.

The object of this practice is to help the student to become
more familiar with some of the more important soil classes as recog-
nized by the Soil Survey.

The basis of the separation and grouping of soils into classes
is based primarily upon the varying amounts of sand, silt, and clay
which they contain, or in other words, upon the mechanical composi-
tion of the soil.

The physical characteristics of soils as well as their chemical
activities are determined in large degree by the sizes of particles
present. The question of size of particle or texture can best be
studied by separating a soil into its components. Such a separation
igs called a mechanical analysis. Study first part of chapter IV,

Learn the names ¢f the separates and their ranges in size of
soil particles.

In order to study soil separates it will be necessary first to
make a mechanical separation of a soil which will be assigned.

~A.

Mechanical Separation of a Scil into Separates. (After Buckman)

Find on your desk a shaker bottle, containing 50 grams of soil.
Add 10 drops of ammonia and fill to 6 oz. mark with water. Stopper
and shake for five minutes. The ammonia and shaking are to cause
deflocculation. The heavier the soil, the lcnger the shaking must
be. Eigh$ to twelve hours is not uncommon withrclay.

After shaking wash down the sand sticking on the sides of bottle
near the top, allow bottle to stand until only clay and silt are in
suspensicn, (Obtain aid from instructor at this point). Carefuzliy.
decant the suspended clay and silt, being careful to lose none o% the
sand.

Fill the bottle again with water, shake vigorously a few times.
wash down material sticking on sides and allow to stand until all san.
has settled. Decant clay and silt as before. As the sand carries
down silt and clay, this operation must be repeated a - number of times
until the supernatant liquid is clear when the sand has settled.

See schedule on board).

"hen the sands are free from silt and clay wash them carefully
into an evaporating dish. (Obtain aid from instructor at this point).
Drain as free of water as possible. Place over a bunsen flame on
triped and asbestos. Heat gentle with constant stirring until dry.

When dry let cool. Place in soil sieve and separate into the
five grades. (Obtain aid from instructor here.)
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. Pour the gravel and sand grades out on separate squares of
paper and obtain samples of silt z2nd clay from the stock room to go
with them, giving seven separates into which a soil is divided in mak
ing a mechanloal analysis.

Study these carefully under the hand lens with a view of later
identifying the samples if presented unlabeled. The sands can all
»2 seen with the naked eye, the very fine sand just barely. The
sands have a gritty feel. The silt has a characteristic talcum-powicyr
feel while the clay feel harsh. Why? Examine these separates until
you are absolutely sure of the feel when dry.

Now add water to the very fine sand separate, the silt and the
clay until they are moist, not wet. How is the feel changed and what
is particularly characteristic of each? Study these three separates
until the identification is absolute.

- T

THE NAMING OF SOILS BASED ON THE PFRCENTAGE CONTENT OF
THE VARIOUS SOIL SEPARATES.

Soils are grouped according to the percentage content of the
various soil separates into Soil Classes. Read par. 44 of text, and
learn the common class names and note that these names are blanket
terms for certain textural conditions. Read par. 45 and learn how
to use the chart on page &5. Check up the soils of Table XVI until you
are sure that you are using the chart correctly.

Each student will attach in his note book on suitable cross
section paper a graphic representatiorn of the mechanical composition
of Sands, Fine Sands, Sandy Loams, Fine Sandy Loams, Loams, 8ilt Loams,
Clzay Loams, and Clays. Use the data on page &% of your text book, and
use a separate sheet for each soil.

Copy the following table in your note book and determlne the
class name for each of the 7 soils.

Mech&nlcal Analyses

Scil o

Separate K B~ (o} D ) F G

¥ine Gravel &) 23 1.9 e 1.2 o5 C

Coarse sand igd . aY Sy 5 2.5 9D &.0
ledium sand A5y B8 - N 0 69 500 ARD
Fine sand 5.3 20,8 5.3 2% 11.5 5.0 10.0
Very fine sand S T e 8.6 14,7 6.6 25.0
Silt ; 2 SO 0 T 70.6 s R 5 R | O

Clay 0 380 1 16.3 24.6 55.0 35.0



29

A get of soils, representing seven soil classes, will now De
provided. Make a careful hand and eye examination .of these soils,
noting their dominant textural and structural qualities in the dzy
and optimum moisture condition. In studying these soils in the
moist condition, do not put water in the pans, but take a small
portion of the soil and moisten i% on watch glasses. Use an outline
as shown and express observations in following terms.

Dominant textural quality.

1, Coarse grit.

2. Fine grit.

a. Intermediate nmixture of gritty and non-gritty particles.
. Velvety, flour-like feel,

S Friability.

Dominant_structural quality.

0 loose :
1. No granmulation - - - - - - z ?plastic when wet

compact
(cloddy when dry

. Slight granulation.
. Well granulated.

AR

e
.

: : Dominant : Dominant !
Soil Class : Textural Quality : Structural Quality

"

g = ‘Modag = By . Moigt

- L3 -

.
s sa|sr se

. .

es we v

O

When you are sure regarding the identification of these type
soil classes, work out the classification of the set of unknown
soils, and record your answers in your note book in numerical
order.

(]
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Practice 7
THE SOTIL MAP

This practice is required to familiarize the student with scil
survey maps, and soil types as found in the county assigned.

=

Each student will be furnished a county soil report with soil
map attached. He will then be assigned three types of soil, the
mechanical compeosition of which is given. Copy these data into the
note book and then construct graphs by means of vertical bars to
represent the mechanical composition.

=B

Indicate the county and soil types and construct a profile of
each type studied under A.

S

Each student will now be assigned a township of a county, the
soil map of which is to be ;reproduced in the note boock. Make this
map carefully, locating soil types, streams, cities and villages,
railroads, and number the sections. Use a different coler for each
s0il type and give a legend indicating what type each color represents.
Study following key to common series found in Wisconsin.

KEY TO ¥HE COMMON SOIL SERIES FOUND IN WISCONSIN.
1, Loessial and Residual Section:
A, Mainly Residual

1. Dark Prairie
a, Shallow ridge top soil - Dodgeville
b. Deep soil on valley slopes - Bates

2. Light Colored Timbered
. a. On limestone - Baxter
b. On granite - Marathon
¢. On sandstone and shale - Boone

B. Mainly Loessial

1. Dark Prairie
a. Terrace
1. Poorly drained - Wabash
2. Well drained - Waukesha or La Crosse

b. Ridgetop - Marshall
2. Light Colored Timbered

a. Terrace - Lintonia
b. Uplani - Knox
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II. Glacial Noncalcoreous Section:
A, Alluvial

1. Wet Dark
a. sandy - Dunning
b, Heavy ~ Whitman

2. Light Celored Well Drained
a. Sandy - Plainfield
b. Heavy - Antige
B. Till on Sandstone or Shale

1. Light Colored
a. Deep sandy -~ Coloma
b. Shallow heavy - Vesper

C, On Granite or Trap

3. Bed
a. Iron range border - Mellen
2. Gray
a. Sandy - Vilas or Chelsea.
b. Heavy

1. Loose open subsoil - Kennan.
2. Tight mottled subsoil - Colby.

III, Glacial Calcareous Section:
A, Alluvial

1. Light Colored
: a. Poorly drained - Genesee.
b. Tell drained
1. Sandy soil - Plainfield
2. Heavy soil - Fox

2. Dark Colored
a. Poorly drained - Clyde
b. Well drained - Waukesha

3, From Red Lake Clay
a. Poorly drained - Poygan.
b. Upland - Superior



Geology:
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B, Till ]

1. Light Colored
a. Upland timbered - Miami
b. Thin sandy and gravelly soil - Rodman

2. Dark Prairie
a. Upland prairie - Carrington

\

Locate the county on a geological map of the state. What reck
formations constitute the base rock in the county? Is the County in
the glaciated or driftless part of the state?

Soilss

How many types of soil in the county assigned? In your township®

Arrange

-
- - L] & - .

00 oW\

3

these types in schematic form with descriptive matter as follce

So0il Type

Ulass

Series

Geological Origin

Torography

Drainage

Physical classification and color of soil O"-8", 8&"-16",
6"-4g" :

Amount, kind and vertical distribution of organic matter.

Needed Improvements in Order of Importance

. Read par. 46 of the text book and note carefully the answers to
the following questions. You will be held for a written quiz over the

questions of this exercise. (After Buckman)

1'
2.
3.

Of what does a soil survey consist?
How ig soil survey wnrk reported? Two parts?

What six factors are considered in classifying soil in

" s0il survey?

Which one of these is the geological classification already
studied? See page 38.

Turn to laboratory chart and note the subdivisions commonly
recognized within each of these six factors. Note that in
proceeding from Temperature to Texture the classification
becomes narrower.

. What is a 30il series? How is it named?
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7. What is a soil type? How names?

&. What is the difference between the textural name of a
soil and its type name? Illustrate by examples.

9. Why may there be a number of silt loams in any area with
different type names?

10. What are the advantages of the type names above described?

2. Turn to the colored map opposite page 86, of the text book and work
" cut the following:

1. Besides the soils shown in colors, list at least eight things
that are represented on this map.

2. What are contours and what do they show?
3. What is the contour interval of this map?
4. What is the highest elevation on the map? Lowest?

5. Six soil types occur in the area. Locate them in the
geological classification on page 38.

6. What are the approximate upper level figures for the
glacial lake in this region?

7. Vas the glacial lake deep or shallow compared with the
lake of the Cayuga basin?

8. How account for muck in the uplands as well as in the valleys?
9. What soil type has the highest elevation? Why?
10. What soil type lies at the lowest level? Why?

3. Find on your desk a soil ;survey report from Illinois.

1. Turn to the soil map. What is its scale? In what other
ways does it differ from the Bureau of Soils type of map?

2. Compare the written portions of the two reports as to
character of the material presented.

3, Which type of report and map would probably be best for
use by the farmer and county a gent?
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--Spil Survey Classification--

'Frigiad
Ty Temperature 'TVMPWRAiE
‘ 'Subtropical
:Tropical

. 'PUNID
11. Precipitation’ ! Semi-arid
X ;Arld
'In situ -- Residual and Cumulose
'Gravity -— Colluvial
'"Water ~— Ajluvial, Marine and
III. Agency : Lacustrine
'Ice — Glacial
:Wind ~- Aeclian

'Acid crystalline
‘Basic crystalline
IV, Materials * 'Shales and siates
'Sandstones
:Limestones

N

'D*ainage
*Joler
V., Special Properties Olganlo ratter
other than texture 'Structure
‘ *Acidity

:Nu+rlent needs

VI. Texture !Size and nroportlnate mlxture of
"particles.
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FIELD TRIPS NO. I AND II.

Scils are classified intc "soil series” on the basis of their

geoclozical origin, mode of formation, degree of weathering, color,
character ¢f the soil coluun (surface soil and subsoil), drainage
conditions and other facters that they ceuse differences in the soi.
material. Soils are further separated into classes, the texture
being the deciding fsctor. The "soil type" is the individual, and
is, within reascnable limits, uniform throughout the area of its
occurrence. The name of the soil iype is made up of the series naw
and the class name - i.e., diami +he name of the sariess an¢ silt
%Oam indicating the class, the two make up type name of ulaml eilt
oam.

The so0il trip will acquaint the student with several types oI
soil, in two or more series. 1t will alsc acquaint the student witc
some 0T the common rock formations. i

Equipment -- :
Scil augers, notcbcoks.

Observations ——

Each student should stuly the character of the scils examinsi,
noting the gsological origin of the soil material, the mode
formation or accumulation of the soil, the torographic rosition of
the so0il, the evidence of weathering or alteration of the soil
material since formation, the texture and structar the despth ani
character of the scil column, particularly 3dif eranoﬂs between sur-
face and subscil, the color o’ the scil andi the subsoil, the amcun?
of organic matter, the evidence of accumulations of lime or evidence
of leachinz, and other features that may help to distinguish the scil
from any other body of soil that may be encountered.

The name of %

e ies shoull be obtained from the
instructeor ani the cla

sexi
Jetermined, thus dsveloping the type naiae.

~

soil
ss

: Each student should asake at least one boring tc become famil-
iar with the use ef the SCll auger.

In your report, write up the trir fully, giving the itinerary
followed and a dascription of the scils -encountsrzd at each stop.
Discuss fully ths scil series and tyres studiei on this trin.

QUESTIONS
s Vhat is a soil series?
28 What is a soil type?
i. Phat causes differences in the color of scils?
- What causes differences betveen surface scil and subsoil?
RRFERENCES .

Scil Survey Report for Dane County.
Bureau of Scils Bulletin 55 and 96.
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Field Trip Yo. 3

It is highly important that students know something of the
experimental work being conducted by the various departments -in the
College of Agriculture. This field trip will include a visit to oue
of the plots being operated by the Department of Soils.

Students will be required to make careful field notes having
to do with {he piot experiment and the results that are being securs:

Manure Experiments
Ison Fielad
Madison

/

This field experiment started in 1912, has been plannsd to
furnish information regarding the following questions:

1. Should manure be plowed under or applied as a top dressing?

2. Are light frequent applications of manure better than heavy
less frequent applications?

3. Where in a rotation should manure be applied?

A four year rotation of clover, corn, cats and wheat is prac-
ticed making it necessary to have four fields in order to have all
the crops represented each year and also have all treatments repeat-
ed four times. Each field is divided into & plots which are treated
as indicated bzlow: :

.

General Outline of Treatments oua 4Acre Basis When in

e

2 Eleg L Clover : Corn : Oatg T . Wheat :
: : No : No 5 To : Ng -
¥ 1. -5 Manmre : Manure : Yanure :  HManure Ll
s B3 :Manure plowed  : : :
Bk tunder 16 tons ¢ 1 *
. :Manure top- . - % :
. tdressed 16 : 7 : :
?-3. : tons : ! : .
: 4. : No Manure : No Manure : No Manure : No Manure 3
: : :Manure plowed : :Manure plowed :
S e d :under & tons : sunder & tons :
: : : Manure top- : + Manure top- :
: : ¢ dressed - - dressed :
By ok - & ‘{ons : : & tons :
: N No : No . No - No £
mleis Momuve i Manure :  Manure :  Manure :
: : Manure top- :Mapure plowed : 3 3
: : dressed sander & tons > :

(]
"9 .
e

& tons' :
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Practice No. &

Soil Stmucture

Before coming to the laboratory read chapters six and seven in
the text book.

The arrangement of soil particles is very important is deternin: -
ing the chemical and physical nature of a scil. Water content, air
movements, and other soil processes are affected by the way soil part--
ticles are grouped together.

S0il particles are usually grouped into clusters, held together
when dry by a cementing material. This cementing material is present
esrecially in clays and in soils with a high percentage of organic
matter, and is known as a "colloid". Other cementing materials may .
present in soils but they do not function as colloids in the productic:
of a "cruab" structure except as they affect the natural behavior of
the cclloids, or act as cements directly.

Soils contain minerzl and organic colloids. Soils with a high
percentage of clay manifest certain properties because of their col-
loid content. BSands contain, as a rule, a low percentage of colloid
matter; therefore, they do not manifest the same properties as clay
scils with respect to the formation of a "crumb" siructure.

At this point become thoroughly familiar with the common proper-
ties of colloids, and with the properties imparted to soils as a re-
sult of their colloidal content. Learn the forces which tend to

develop a granular structure in scils before proceeding with the
practice. :

Each student will be provided with a set of eight soil pans.
Three 150 gram lots of each so0il are required. Add water from 100 c.c.
cylinder so as to obtain water content as expressed in the table.

After adding the water mix each soil thoroughly with your fingers.
Now describe the tilth developed in each pan as follows:

1. Loose (N? or very slight granulation).
2. Crumbly {(Good granulation%
. Plastic {Grarmules too large - adhering to each other).
. Pvddied (Granulation broken down).
5. Excess free water.

After describing; each s0il, mold each sample into a ball, place
on a board, and let dfy until next laboratory period. Now break open

each ball of soil and describe the ease with which it is broken as
follows: ;

1. Crumbled on standing.

2. Easily crumbled.

ﬁ.\crumbled with difficulty.
. Baked into a hard lump.



Tabulate data as indicated.

Description of Structures Neveloped by Wetting and Stirring.

:S0ils Low in ': Water added as per cent of air-dry soil.
:0rganic Matter ¢ g : ; ;
ReEBRREE . ) o Rk e

om s B AW
o0 o8 v evles @«

w«h 28 w0 b

Arrange a similar table to describe the condition after molding
and drying.

Each student will make observations on the eight stock soils pro-

vided. Arrange these into iwo groups according to their organic met. e
content. ;

List the soils studied in a cclurmn and place opposite them the
water content which in your opinion permits the best tilth.

1, What is the effect of organic matter on soil structure?

2. On which soils does an excess of water cause an extremely bad
tilth? Way?

E 9 What is the effect upon the tilth of cultivating very wet soils?

4. Which %lasses of scils may be safely plowed within wide moistuxe
limits

5. How can the farmer secure good soil structure?

Write a brief, concise discussion of at lsast 600 words on the
following topic, "Natural and artificial agencies that produce good
s0il structure.®

References:

So0il Physics and Management - Mosier and CGustafson.
The Nature and Properties of Seils - Lyon and Buckuwan.
Productive Soils - Weir.

Soils and Fertilizers - Lyon.

K
1
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Practice No., 9

The Determination of the Volume Weight (Apparent Specific

‘Gravity), and the Porosity 6f Soils.

Each student will be required to pass an examination over the
contents of chapter IV of the text before he will be allowed %0
proceed with this practice. The specific physical properties of a
soil which are manifested because of the textural and structural
make-up, such as specific gravity, volume weight, pore space, and
internal surface, are important from the standpoint of crop produc-
tion. ZEach student will determine the volume weight and the
porosity of the eight stock soils provided.

Secure from the store room one brass volume-weight cylinder, or.
special galvanized iron funnel to fit, and a large cork stopper with
which the tube ma y be tightly stoppered. Return these three pieces
of apparatus to the store-room at the close of your laboratory pericd

Obtain the weight, volume, and number of the empty cylinder.
Place the funnel in the cylinder., Fill the cylinder with soil to the
mark by gently pouripg soil from a cup into the eylinder, resting the
edge of the cup on the edge of the funnel. Do not compact the soil
during this process. Remove the funnel and weigh the soil and cylin-
der on the 1 arge Troemner balance. Stopper tightly, and let drop
six successive times through a space of 6 inches onto an asbestos
plate. Pour in soil just to the mark and let drop three times
through a space of three inches. Add soil until the cylinder is
filled just to the mark, but do not compact again. Remove funnel
and weightthe cylinder plus compacted soil. ake two determinations
for each so0il, and a verage the results. Since these soils are only
air dry it will be necessary to calculate the weight of the water
free soils. Use the figures for hydroscopic moisture obtained in
practice No. 5. Calculate the apparent specific gravity, and the
pore space of the eizht stock soils, arranging the data for each
soil according to the following scheme.
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Sand

-

.
.

Arrange the soils according
:Loose :Lompact: to organic matter content.

Weight of cylinder 1

and soil

-
.

Average weight of
cylinder and soil

Weight of cylinder

Average weight of
air dry soil

Percent of Hygrosc¢opic
moisture

Veight of water free
soil

. Give type calculations in

Volume of cylinder

Apparent specific gravity

Tl

: Give formula used to

Pore space

safse »

arrive at the results

Give formula used to

arrive at the results

The absolute specific gravities of the soils are as follows

Sand 2.65
Fine sand 2.65

Sandy loam 2 64
Gray silt loam 2.62

‘Brown silt loam
Black silty clay 1oam
Red clay

Peat

Calculations

oO~NoO o

(s AN AV R v}
UNJII\T O

1. Calculate the weight of a cu. ft. of each soil.
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1. Calculate the specific gravity of a soil from the following data

Volume of picnometer - 50 cc.

Weight of picnometer - 20 grams.

Weight of soil used - 6 grams.

Weight of picnometer + scil + water - 73.5 grams.

2. & core of moist field scil one tenth of a cu. foot in volume
weighs 12.5 pounds. One hundred pounds of this moist soil contains
20 pounds of water. Calculate volume weight.

3. & soil has a pore space of 50% and a specific gravity o 2.7,
Vhat is its volume weight?

Questions

N
1. What is the relation of soil texture to the total amount of pore
space? To the size of the pcres?
ructure to the total amount of
res

1l st
g Po

o

.

2. Waat is the relation of soi
pore space? To the size of th

3. What is the effect each of the following field practices upon
the amount of pore space and upon the size of the pores: plowing,
harrowing, rolling, subsoiling, deep-tilling, dynamiting, under-
draining, single-crooping, rotation of crops% Explain in full.
L., Waat is the relation of the amount of organic matier to pore
space?

5. Why is the appa
of a silt loam or

ific gravity of a sand higher than that

O
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Practice 10

The-entire alass wil? «~hserve the results of one experiment
and will copy poated data and recoxd the sama in their nots boake.
Observe heights of water at the end of 1 hour, 2 hours, 3 hours,
£ hours, etc. for a period of about 10 days. UNote time schedule
on bulletin board. |

The following soil wr will be used: Plainfield sand, Miam:i
silt loam, Miami silt loam and a layer of organic matter, Carringtor
silt loam, Clyde clay loam, Superior clay, Miami fine.sandy loam,

After recording the data obtained, plot on a sheet of cross
section paper, curves chowing the rate of rise of water, plotting
days as abscissae, and heights to which waler rose as ordinates.
Letter each curve neatly.

After you have properly drawn the curves, answer the following
guestions:

S Will moisture that is 10 feet below the surface of the soil

~ever become available for plants whose rcot systems are en-

tirely in the surface two feet?

2. What is the relation between the capillary movement of soil
meisture and the methods used for préventing the loss of soil
moisture?

‘. Vhen should coarse manure Or coarse green manuring ciops be
plowed under? Why? ;

4. That is the relation of texture to capillary rise of moisture?
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Practice 11.

Maximum Retentive Power of Soils for Water

Read paragraph 90 of the text before beginning this practice.

Carefully equip four 4" funnels with 18 c.m. filter paper, wetb-
ting filter paper with water to insure close fitting and saturation.

Weigh out a 50 gram lot of each of the follow1ng types of soil:
Plainfield sand, Miami fine sandy loam, Miami silt loam, and Carring-
ton silt loam.

Transfer each lot into a 250 c.c. beaker. Add to 'the sand and
t0 the fine sandy loam 25 c.c. of water, to each of the silt loams
50 (e, ad Ol watet.

Stir each lot thoroughly and transfer the wet soil slowly and
carefully onto the prepared filter paper being careful not to lose
any of the soil or water.

Cover samples with watch glasses and allow to drain for 15
minutes, being careful not to lose any of the water that percolates
through the soils. Now measure the drainage water in each case and
calculate the amount of water held by each soil. Tabulate the re-
sults. ©Since in this method the resulis are about dcuble the actual
field capacity, divide by two and express the water held as the per-
centage on the dry basis and also as surface inches.

Problems

Methods of Expressing Soil Moisture

Percentage Expression

A 50 gram sample of moist soil loses on heating 5 grams of
water. ﬁxnresg this water on the moist basis and dry basis-respective.

Volume Expression

& soil weighs 2,000,000 pounds per acre 8 inches and contains
20% of water dry basis.

Express the moisture content therein by the three p0551ble
rolume exp;9531ons

GalcuLate the volume weight of the above soil.
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Taking a Sample of Soil.

Frequently farmers wish to know the lime needs of
their soils for growing alfalfa or other leguminous crops. The
Soils Department will make acidity tests free of charge if
samples are sent ac€ording to the following directions:

In taking a sample of scil, any sod, or manure, OI
@ther rubbish on the surface should be scraped off before the
sample is taken. The soil should be taken to a depth of 3 or 4
inches, btut not below the plowed layer unless the bubsoil is
to be tested. i

Small portions should be taken from 5 or 6 differ-
ent places in the field; so as to get a pound or two of soil in
all. This should be sufficiently dried; so that it can be well
mixed and from this mixture a sample of about one-half pound
should be sent, placing it in a well cleaned tin can.

If the field vaties widely in fertility or topo-
graphy, it is best to take several entirely separate samples
from different parts of the field. If part of the field is
high land, and part low land, a separate sample should be taken
from both places, and in no case should the soil from high 1 and
be mixed with the scil from low land in meking up a sample, as
the results then will not mean anything. Samples from different
fields should never be mixed. Different parts of the same field,
and especially of the different fiel ds on the same farm, vary
greatly in acidity. If more than one sample is sent, be sure
that there is a number on each package corresponding with the
number in the letter describing the samples.

Always have your soil tested before applying lime
because some soils do not need liming. It is very profitable
to put lime on acid soils, but a waste of time and money to
put it on soils that are not acid.
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Collect the following information when taking samples for analysic.
1. Name of owner

P UB S S T S TS R DA T S e S e R R ol o B i

2. Address of owner

b B ot ol B Y T e s e D

— — e . - i Wt g amm e e e G wmas  emw e Sme e e s

U S e R T B T d

3
4. By way ¢f what railrocad
5
6

. Full information concerning the cropping history and manurial
treatment of the field. As far as possible this informaticn
should include the following:

(a) Number of years land has been under cultivation since
cleared

— e m— — a—— — e e e e e W e e st e e S mee e e

{(b) Cropping history. Rotation usually followed:

— e w— e — o — —

(c) Average yields of crops usually grown. (Express in

bushels per acre, or tomns per acre)

(d) Has the field ever received any special treatment such as
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Egxercise 12

Absorptive Properties of Soils

1e Causes >f Absorption -- Textural relations (Pars. 139 & 140)

Weigh out five gram portions of Plainfield sand, Miami
sandy loan and Miami silt loam resp. Place in evaporating dishes.
Adda 10 ce. of solution A of CaHy(POy), on each.

Mix each sample thoroughly with stirring rods and allow
to stand 3 minutes. Now decant liquid onto separate filter
papers held in funnels and filter.

Catch about one-half an inch of each percolate in test
tubes.

Test for phosphorus in each solution by adding a drop or
two of HNOz and then abcut half as much ammonium mclybdate as
there is of percolate. Warm gently. Yellow ammonium-phospho-
molybdate appears in proportion to the phosphorus present,

~-—Questions--
1. Which soil has the greater absorption?  Why?
2. What two types of absorption occur in soils?

3. Give practical examples of each.

2. Substitution of Bages. Par. 1k42

Fit out two funnels with filter paper as before. Wash
filter paper with distilled water.

Fill each filter half full of a soil which contains plenty
of available lime. (Clyde silty clay loam). Hollow well in the
center.

To one sample a2dd distilled water and to the other add a solu-
tion of KNO;. Add slowly. Catch percolate in test tubes, collect-
ing about ohe-half an inch in each case.

Now test for calcium in each by adding about a cubic centi-
meter of ammonium oxalate solution to each pereolate.

--Questions-~
1. Explain the results obtained using chemical reactions.

2. VWhy might nitrification increase the availability of the
lime in the so0il?

3. Absorption of Phosphoric Acid vy Soil. Pages 264 and U57.

VWeigh out two 5 gram portions of Miami silt loam from
stock room and one 5 gram portion of the same soil treated with
calcium hydroxide. Place in evaporating dishes. Use solutions
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of soluble phosphoric acid (CaHy(POy),) as follows:

Add 10 cc. of Solution B {carrying 1.2 mg. P20 per 1 cc,)
to one sample of the original soil. To the other-samﬁle of the
original ‘soil add 10 c.c. of Solution C. (carrying 3 mg. of PEQ- per
1 c.c.), Make the same addition of Solution C to the sample tredated
with Ca(CH),. Mix thoroughly with stirring rods.

After standing 3 minutes pour the mixtures into their res-
pective filter papers which have been fitted into funnels and
moistened slightly.

Catch exactly one-half an inch of perccolate in each case.
Test for phosphorus by adding two drops of HNO; and five c.c. of
ammonium molybdate solution., Heat gently over”a bunsen flame.
If phosphorus is present a yellow precipitate will appear, which
is ammonium—phospho—molypdate.

~--Questions--

1. What reactions take place when acid phosphate
(CaHy Pou)a) is added t0 a soil? See page U457.

2. Why have plenty of active calcium in the soil
when acid phosphate is‘added?
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Practice 13.
The Determination 'of the Total Amount of Phosphorus
Contained in Cropped Soils
Each student will determine the total amount of phosphorus in
two soils. One of these scils represents a field that is fertile;

the other.soil represents a field that is infertile. These soils
are marked A and B respectively.

Method:

Mix 4 g. of soil with 6 g. of magnesium nitrate Mg(N03)2¢6H20_
in .a 50 cc. porcelain crucible. FPlace the crucible on a triangle in
a slightly inclined position and place a low flame under the crucib..c
in such a position that the upper portion of the contents 'is heate¢
first. On first heating, the mixture bubbles and foams a great dea.
and there is great danger of the material running over, especially iF
the heat is applied at the bottom of the crucible. For scils hign i:.
organic matter it is best to stir up the mass with a glass rod as
soon as the magnesium nitrate melts in order to quickly wet up all tiL:
material and hasten the process. Gradually raise the flame and whewu
the mass becomes quiet and brown fumes cease to escape, put on the
cover and heat with the full flame of a good Bunsen burner for 20
minutes. Cool and loosen the mass from the sides with a spatula, anc
pulverize the lumps with the small end of a pestle. Brush out the
contents on a piece of smooth paper and transfer to a 150 cc. Erlen-
meyer flask with a 50 cc. capacity mark., Add 15 cc. of ccncentrated
HNOz to a flask. In case it is difficult to remove the last traces
cf material reasonably well from the sides of the crucible the HNOy
may first be put into the crucible and let stand for a few minutes
and then transferred to the flask. This will remove any phosphorus
and also make it easy to clean the crucible. Heat the flask under
the hood on a sand bath or over a flame so that contents boil moden--
ately for 15 minmutes. 'The flask should be sheken often while heating
to prevent caking and spattering. Dilute to 50 cc. and shake well.
Filter on dry filter paper and transfer 25 cc. of filtrate to 300
oc, Erlenmﬁyer flask. Add 12 per cent NMH; (1 cc. con. reagent dilute
to 2.3 cc.) from a burette with shaking uatil a permanent Xellow colo
or slight preoip%tate forms and note amount of NHy used. dd enough
NH%NOB solution (1/2 g. per cc.) from burette to fake with the Niy
added”’10 cc, in all. Then add 4 c¢c. of con. HNOz and shake. Plate t:
flask in a water bath and heat to 58°. Add 10 cC. of filtered Moly-
bdic solution. Shake gently by whirling ani let stan d in a water batl
at about 40° for 1/2 hour. Do not let stand over night or more than o
hour. Filter on 9 cm. ashless filter paper. Wash eight times with 3
per cent NHyNOzp rinsing out the flask with the first four washings.
Take 18 cc. of”solution D and make up to 300 cc. with distilled water.
Then wash four times with distilled water. Carefully transfer filter
Paper and contents to original flask, Add from a burette .10 cc. stan-
dard WalH. For soils wery high in phosphorus 15 cc. will be needed.
Close with a good stopper and shake until yellow pRecipitate is dis-
solved and filter paper is well broken up. Carefully wash off the storx
per with COp free water and also wash down the sides of the flask. Do
not use more than 25 cc. of water. Add 1/2 cc. of phenolphthalein and
titrate back with standard HNO3 till solution is colorless. COne cc.
0.148N alkali consumed represents 0.2 mg. of phosphorus. Calculate
Phosphorus to percentage and pounds per acre,
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Tabulate your results as follows
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Pounds of phosghorus over an :
acre of soil 8" Qdeep :

&mount of phosphorus taken out of : :
the soil by a rotation of clover 3
corn, oats. :
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Agsuming that 1% of the total s :
phosphorus becomes available each :
year, what would be the probable

maximim yields of corn that could :
"be grown on each soil. .
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Practice 14

The Determination of the Degree of Soil Acidity

The weathering processes in humid regions tend to deprive soils
of their native carbonates. Cultivation and cropping add to the
losses. Since soil acidity is a widespread condition, methods for
its detection and estimation are useful. i

Various methods of testing soil for its acidity are in wvogue
and differences in opinion as to their accuracy still exist. his
is due to the fact that the true nature of this soil allment is
not yet fully established and by no means common knowledge. ror
this exercise the Truog method of detecting soil acidity will be
used. This is a rapid method, simple in manipulation and it per-
mits estimation of quantitative results accurate encugh for prac-
tical purposes. : ;

Procedure:

Ten grans of mineral soil, or Eé_grams of peat are measured
out and placed in a 300 cc. Erlenmeyer flask. Dip the small brass
measuring spoon into the bottle of chemicals, strike off just level
full with a spatula or kuife, allowing the excess to fall back intc
the bottle; then transfer the spoonful of chemicals (Barium chloride
and zinc sulphide) to the soil in the flask. 4dd 100 cc. of distill-
ed water or rain water, shake the flask until contents are well mixed,
then place on a ringstand over a wire gauze and heat gradually. In
about five minutes boiling will begin, if the flame is properly re-
gulated. f too violent frothing occurs in the start, causing foanm
to rise up in the neck of the flask, remove the flask from the flame
for a few seconds until the foam subsides. After the contents have
boiled one minute (exact » pPlace a strip of lead acetate paper,
which has been moistened with a few drops of distilled water, across
the mouth of the flask and allow it to remain two minutes (exact).
Then remove paper and turn flame out. If the soil is acid, the under
side of the paper will be darkened. After drying the paper, compare
it with the color chart and determine the degree of acidity. ZFrom
the degree of acidity determine the amount of lime needed for growing
clover by reference to the lime chart. Finally record your results
as indicated in the outline, and paste the test paper in the place
designated. :

: The student —ill make determinations of the degree of acidity
in eight different soils. Answer the questioms.

Ajapt the following outline.

T o v e mm e B e e e e e e e e e e e e Lo Pt el ol o= R AR e ot o QR i e e B

:Degree of acidity: for clover growing :for alfalfa growing

- - -
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1. What two factors contribute %to producing the degree of
coloration shown on the test paper? ‘
2. Why does this test give a better index to the amount of
lime which should be used than any of the so-called lime

requirement methods?

3. State and ‘explain the effect of the following upon the
test:

(a) Using water from Lake Mendota.

(n) Boiling more or less than cne minute during
first boiling period,

(¢) Boiling more or less than two minutss during
the second boiling pericod.

4, What per cent of Wisconsin Soils are acid?

5. If you had no distilled water with which to make the
soll acidity test, what would you do?

6., Write a report covering bulletins 312 and 361.
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Practice 15

Aoricultural Lime and Its Use

The term lime correctly used refers to Ca0. In its popular and
agricultural sense it refers to all calcium and magnesium compounds
applied to the soil to correet acidity.

Ground limestone is produced by crushing limestone of suitable
purity. Its effectiveness up to a certain point depends upon fineness
of grinding, neutralizing value expressed as per cent of calcium car-
bonate and sclubility. :

Each student will determine:

1. The mechanical composition of one assigned sample of
ground limestone.

2. The relation of fineness of grinding to rate of solution.
3. The relation of fineness of grinding and quality to

rapidity of neutralization of acid soils.

Note:- The class will analyze the 1Y samples. The results of all
determinations must be recorded in note books,

Procedure:

L. In the top sieve of the set furnished you, arranged in order ¢
fineness with the coarsest uppermost, place 100 gms of the sample of
ground 1 imestone assigned. Place cover on tor of set and shake until
no moz: limesione passes any of the sieves. Now weigh the separates
accurately on the analytical balance. The sum of the separates shoull
anproximate 100 grams, 4&dd up the percentage which rassed the 60 mesh
sieve. Since 50% of a good quality limestone will pass a 60 mesh siev:
vou have made the first test in determining the value oI a given
gsarple for correction of soll =aeidity,

Arrange data in tabular form as followa:

Mechanical Composition of Sample Ne. :

Bimnsol s o SR G e s~ EelEARE T s Pex Capt 0
ol lt o OB e :_ _of Separate _ _:__of Separate _ _
Beldidn S0 Wl . oon e o e e e e
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2. To 23 grams (exact) 20 mesh sample of lim?stone afsigned placed
in a clean beaker, add 50 cc. of stardard HC1 (Pipette). Let stand _
for 15 minutes, stirring at intervals of 5 minutes. At the end of 15
minutes pour the sample onto prepared filter paper, catching the fil-
trate in_a clean beaker. Transfer a 1C cc portion of the filtrate
(Pipette) to a clean beaker and titrate the excess acid with standard
alkali, using Methyl orange as the indicator, Calculate the number
of cubic meters of acid neutralized by the limestone separate.

Tabulate the results as follows:

Relation of Quality of Limestone to Rate of Solution

— e e mn S e e e wmm Sem e e B e e i G e wme e e s e e e S s mme wee W e ame wem s S

+ c.C. Alkali : cec. acid neutralized
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HCl solution partly neutralized: :
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HCl solution partly neutralized: :
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¢l solution partly neutralized: :

bv_ 20 megh limestone Ng. 3 : A S N s e
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= Add to a 100 gram sample of acid soil supplied, an amount oI

L0C -mesh limestone equal to an applica tion of 5 tons per acre 8 in-
ches (2,000,000 1bs.) using the grade of limestone assigned. Mix the
limesiune intimately with the soil and add to each the same amount

0f distilled water ¥25 ce.), sufficient to moisten the soil well but
not make it wet. Cover the container with a watch glass to prevent
evaporation and let stand until next period. Then run twoe Truog
acidity tests on the sample and one on the original soil. Paste one
test paper in notebock and pasts the other test paper on chart pro-
vided for exhibition, and determine the degree of acidity by compari-
son with a chart. Compare the degree of acidity of all fourteen
treated soils and record results in note book., It would be of inter-
est to study different degrees of fineness of materials to rate of
neutralization of acid soils, but it is obvio's that the finer the
material the greater the rate of neutralizati n.
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Relation of Quality of Limestone to Rapidity of Neutralization
of Soil Acids.
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ZnS-lead acetate test on same soil s
after 1 period’s contact with 5 tons! s
per A. of 100 mesh limestome No. 1 : __ _ _ _ _ N o e
ZnS-lead acetate test on same soil
after 1 period's contact with 5 tons:
per A. of 100 mesh limestone No. 2 :
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~--Lime Problems--
1. Ground limestone is often guaranteed in terms of "calcium carbon-
ate equivalent", the magnesium carbonate being calculated to calcium
carbonate.

Calculate the equivalent Ca003 of the following limestone:

CaClz - - L&k Ca = 40
YgCOz - - 43 3% = 24.3

Imputities - - 9 C -~ 12

100 0= 16

Hia 1l

2. Which is the more valuable of the lIimes quoted below as a
neutralizing agent?

eht, - 38%
goEE. MZ% Cal(CB)s - - 5
MgCOZ - - 3 Mg GOz = 58
Imputities 19 Impurities 19

100 100

3. Check up the calculation at bottom of page 369. A&lso see table
of factors on page 367. It will be necessary to understand this cal-
culation in order %o solve the next problem. Work it thru carefully.

4, Calculate the amount of burned lime {carrying 90% Cal and 5%
Mz0)necessary to equal an application of 2000 pounds of limestone
analyzing 90% CaClz and 5% MgCOB)

5. & farmer receives the following guotations:

Burned 1ime, 80% Ba0 saudv. .. ... . i% ivesiihie. $ 5.50
Biirarate?. on o GUa(CH)S eouives. | vonoins s 6.00
Limestone, 90% CaCO eq%iv : 2.75
Linestone, b0% CaCO7 and 21,1 iigbls . 11 11 2.65

Freight, haul and application is to cost $2.00 per ton.

Which form of lime would give the greatest neutralizing power for
every dollar expended?

6. Why is MgCO, more effective as a neutralizing agent pound per
pound than éacog?
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Pracéioe No. 16
STUDY AND IDENTiFICATICN OoF COMMON
FERTILIZER MATERIALS ERD
COMPOUNDING - COMMERCIAL FERTILIZERS.
(After Albrecht and Buckman)

] Primarily the function of commercial fertilizers is to add plant
nutrients %o the soil, usually in a more readily scluble form than
those already present in 1 arge quantity. Uther beneficial effects
may result but they are of secondary importance.

Prepared fertilizers, commonly found on the market are designed
to supply either some or all of the three elements, nitrogen, phes-
rhorus and potassium, whose addition in soluble form usually increases
plant growth. These elements are supplied by varicus ingredients,
and it is upon the compositicn and solubility of these plant food
carriers that the value of the fertilizer depends. For this reason
a knowledge of the properties of the common fertilizer materials is
of interest to every user of fertilizers and of valuable aid in
their purchase. :

A study will be made of the different ingredients that enter
into commercial fertilizers. Labelled samples will be studied and
their characteristics tabulated, Fill in the table for the differ-
ént materials. After you are thoroughly familiar with these, you
will identify unlabelled but numbered samples of thex as individua 1s
or mixed samples, to be recorded in the sheet given herewith.

The use of fertilizer is developing so rapidly in Wisconsin that
agricultural students should be familiar with their application and
methods of mixing. OSome time will be given to the calculatiog of
fertilizer formulas, and the method of mixing fertilizers.

In calculating fertilizer formulas students will be required
to determine the amount of given raw materials ne cessary to supply
the needed nitrogen, phosphorus and potassium for mixing certain
standard fertilizer formulas. The following data are necessary in
making these calculations.

Fertilizers are usually designated by formulas such as 2-8-2,
2-12-2, ete. The first figure refers to NHz not N. N may be trans-
formed into its equivalent in NHz by multipiying by 1.21. The second
figure refers to available Po0c Dot P. P may be transformed to its
equivalent in P205 by multiplying by 2.29. The third figure refers
to soluble K50 not K. X may be transformed to the equivalent of
X50 by multiplying by 1.20. :

Find on the center table a set of fertilizers and warious
forms of lime. - :

Examine each materizl in the order indicatedi and record the
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Name of ;Availability of: Per cent of :0gdor, Color:Application:Cost

Fertilizer: Fertilizing : Fertilizing : Physical :per acre  :per
: Constituent 3 Elements : Condition : facre
2 : : : % etc. : ¥
Problems

1. Using sodium nitrate COntaiying 15% N, , 16% acid phosphate and
muriate of potash containing 4% K_0, how mach of each fogether with
filler must be used in mixing 5 tofis of: (a) 2-10-2, (bp) L-&-U4?

2. Usin% dried blood containing 12% N. acid phosphate containing
6.8% of ., sulfate of pot ash containi 27% K,O0, how much each with
filler must be used in mixing 5 toms of (a) 3-855 and (b) U-10-672

3. & farmer wishes to apply the equivalent of 150 pounds per acre

of a 2-10-2 fertilizer. He cgn get from the local dealer the follow-
ing? (a) Tankage containing 7% NHz and 5% P05, acid phosphate con-
taining 16% PoOz and muriate of potash containing 4&k Ks0. How

much does he neg&d of each to mix a ton of 2-10-2 and how much should
he apply per acre if he puts in no filler?

(b) Leather Scrap containing 6% N. anda 2% P 05, acid phosphate

containing 14% PoO- and sulphate of potash ca%rying BOOﬂKEO, how

mich must he apply per acre without filler to equal 15C% of a 2-8-U47
Table of Composition

Commercial Fertilizer Materials

Nitrogen : ~ Phosphorus : Potash

Carriers Carriers Carriers

Per cent Per cent Per cent
Sodium Nitrate-—---19 Acid Phosphate----14-16 Muriate of
Ammonium Sulphate-22-25 Rock Phosphate----26-30 Potash---146-148
Dried Blood---~--- 8-16 Treble Phoschate--46- Sulphate of
Tankage---—-=——-— 6-11 Steamed Bonemeal--22-28 Potash---48-52
Leather Meal----—- 6-& Raw Bone Meal----- 20-25 Wood Ashes--5
Hoof & Horn Meal--15-17 Basic Slag-——-—-—— 16-18

The following reports should be completed at this time.
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Report 1. Use of Phosphorus.

1. Name of experimenters

— — — — — — T mw— m— — — S——— S w— m—— —— —

(If cocperative or demonstrative
test give name and position of
superviscr as well as name of
farmer).
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5. Area of plots cor fields under experimentation

6. Form of phesphorus fertilizers used and ger cent of P con-
tained therein
7. Amount of phosphorus fertilizer applied per acre, and

equivalence in pounds of P

—— e e e e e ae mmn omm— — e —— S——

g. Cost of fertilizer per ton

g, Crop grown

i a— — o — " o——) +—— - T o . —__—_—_— . — | __———,', e ", o_—

10. Yields per acre

(Straw and grain, or corn and

Phosphate Plot

Untreated Plot

(Stalks sepafately if possible

11. Increase due to rhosphorus

—— — —— — — — f— on— e omm— e d—

12. Value of increase due to phosphorué

13. Cost of fertilizer per acre

i ———" — i — L — T — — | — o _— o ——" ——. __| -_——

14, Net gain per acre, (@@ducting cost of fertilizer)

b Sotl (CléSSifiei as-tqrtexture)
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'16. Soil Reaction (acégfg} seeheal s _”T';fm'_
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Report 2. Uee of Lime, 22

- Nowe o eRporamenBere o0 e D s s
2. (If cooperative or demonstrative

test give name a2nd position of

supervisor as well as nameof

farmer).
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10. Yield per acre.g ””””””””””””””””
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11, Increase due to liming :

. 12. Value of increase duc to liuing
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13. Cost of lime per a
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14%. Net gain per acre (Jeducting cos

15. Soil {(classified as to texture)
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16. Degree of acidity of soil
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Reéort 3. Use of Legumes.

1. Name of experinenters _ _ _ ; L

(If cobperative or denonstrative
test give naxe and position of
supervisor as well as nane of
farmer).
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2. Vhen and where (State & County) was experiment conducted
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. Area of plots or fields under experimentation
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. Non-legume following legume _
. Yield cof non-legume following legume

10. Yield of non-legume following non-leguns
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11l. Increase per acre due to legumes -

e T

12. Value of increase dus o legumes
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13. Cost of legume seed per acre - stating number of pounds of

secsd dowed per acre s

15. Soil (clzssified as to texture)
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17. Supplenentary treatment.
3 Mineral fertilizers applied per A.
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Bractice No. 17

The Determination of Nitrate Nitrogen in Soils.

Object - A study of the absorption of nitric nitrogen by crops.

Each student will determine the amount of nitric nitrogen in 3
soils differing in cultural treatment. These scils will be brought
to the laboratory just before the class mzsts to perform the work
0f determining the nitrate nitrogen content of each scil.

Reagents
1. Phenoldisulphonic acid. - Profided

o ap e wa ey ey Ve mem  msie mm PR b g e e S O

2. Dilute Ammonium hydroxide - Provided

— e e e e e ae smme e mn e dpm e

3. Standard nitrate_solution. - Provided
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steam bath, treat as in analytical procedure with 3 cc. of phenol-
disulphonic acid, 15-25 cc. of cold water and dilute NH)OH $ill
yellow color is permanent and solution is slightly alkaline. Dil-
ute to 100 cc. The solution now contains 1 p.p.m. of N,

— e — —— — — v — — — — f— —— — —

5. Normal Copper Sulfate Solution. - Provided

g — w— — e o— — - —

(H. J. Harper's modification)

Pulverize and mix the sample of goil and pass it through a four
mesh sieve. Weigh out 50 g. of soil (in case of peat 25 g.! 0% 8
moisture determination. Weigh out a similar amount for the nitrate
determination and place it in a pint Mason jar or 500 cc. wide mouth
bottle. Add 250 cc. of water containing 5 cc. of the normal copper
sulfate solution provided and shake 10 minutes. If the soil is not
verg ?cid and does not give a highly colored solution add 1/2 g. of
Ca(0H), directly to the soil_and solution and shake 5 minutes more
to precipitate the copper. Filter on a dry filter and discard the
first 20 cec. of filtrate. If the soil is very acid or gives a
highly colored solution, allow to settle after the first shaking of
10 minutes and decant about 150 cc. of the supernatant liquid into
a flask. Add to this flask 1/4 g. of Ca(OH),, shake 5 minutes, fil-
ter on a dry filter and discard the first 20"ec. of filtrate. 1In
either case transfer 10 cc. (Use 25 cc. or more if nitrate content
is low) portions with a pipette to 3 inch evaporating dishes. Test
the remaining filtrate with phenolphthalein and if not alkaline, add
5 cc. of saturated Ca OH)B solution to each portion in the evaporat-
ing dishes, but if alkaline do not add the CalOH), solution. Place
the dishes on the steam bath and evaporate to dryness. Cool the
dishes and then add rapidly 3 cc. of phenoldisulpheoric acid directly
to the center of each evaporating dish and then rotate the dish in
such a way that the reagsnt comes in contact with all the residue.
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iLet reagent act 10 minutes and then add 15 cc. of cold water. Stir
with a short glass rod and when cool slowly dilute NHyOH +ill slight-
1y alkaline. Transfer the solution to a cylinder or Nessler com~
parison tube and dilute to 50 cc. If stronger in color than the
standard take an aliquot and dilute it to 50 cc. If comparison is
made in common Nessler tubes place unknown in one and add of stand-
ard to other until the colors match. If comparison is made in a
celorimeter set the length of column of unknown solution at some
definite mark and adjust length of known until colors match. Cal-

. culate parts per million of nitrate N in dry soil.

‘In case the soil contains more than 15 p.p.m. of chloride (this
only occurs in the case of alkali soils or soils which have received
a special or peculiar treatment) it is necessary to remove the
chloride, This is done by including a solution of Ag2504 4 g. in
1000 cc.) in the 250 cc. of solution with which the soil is treated.

A 10 cc. addition is sufficient to remove 50 p.p.m. of chloride.

e e s e G e S e —— wwma e — S — p— —

Data: Used a 50 g. sample. In moisture determination 50 -g. sgmple
logt 10 g. of water. Of filtrate, used 10 cc. and diluted it
to 50 cc. before meking comparison.

In comparison:
(a) Using hand Nessler.tubes.

Took 50 cc. or all of unknown.
And 40 cc. of standard to match color.

Calculations;

The 50 cc. of unknown represented nitrogen in 10 X 50-10- 40
“ con i ~—250+10 s B
gms, of dry soil. Zach c.c. of standard coler solution contains
..0C0001 gm. of nitrogen as nitrate. Forty c.c. would contain .0COCH
gm of nitrogen as nitrate. This amount of nitrogen as nitrate is con-
tained in Eg gms., of dry soil. . Therefore, parts per million would
&

be 26 x .00C0K . 1 million.
0
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Tabulate the results as follows:

— s G e e e e s e e maee e e e e e e

— e e e e e e e g e e e e ek e S S e et e e e e e

— e s ) . —— T — i — o — —| — i 2o o gt |

Total number of c.c. water used for
extraction

— e e - e v S e ek G e e e mmem e e wen meee e e S S e S e S e e

Total number of c.c. extract used
for determination

— e . R e e wmee s e e mae e w e wwma e wee e e e e e e S S e e =

— — . — o m— o mmme w— m m— wen mm— mee w— dwn e e S i e e e s m— e

e ey e T L L)

— " — — m— w— —— — — — — —— a—— — — w— ——— e m— e = W o ame wme gme e Smn e e e

e e T

e e e e e mma wm mmem  mees e mee e s e

— e e e e mee mm e s e Y e e e e e e e e e e e S e e e e e s e

— o e s e —— - — — T e e e — e i ey e o —— e m— - e e m— —
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Practice No, 18

The Effect of Color on Soil Temperature and the Relation

of Drainaze to Soil Temrerature.

Each student will observe the results of a single experiment.
Transfer the data to the note book, draw the curves on suitable
graph paper and answer the questioms.

A, Effect of Ccler on Soil Temperature.

Arrance the data as follows:i-

) b4

Thermometer Thermometer : Thermometer Thermometer

e o2

11"above surface:l™selow surface:2"below surface:4"elow surfac=
sodolack T Gray  : 3 . : : e
v gexl : soil 2 s : 2 :
S . SRS R R : . : : =
6 A M, s : . : : : :
7 AM, s : : : 3 s : :
g A M, s : : ' : : :
ete,- ¢ - 2 s . s s 2
6 P M,: : S : : : : :
: - - ® . - - :
725 - . . - » : .
B, Relation of Drainage tc Soil Temperature.
Arranze the data as follows:-
e : Drained 3 Undrained
. e W B T T R
Wsather' : TEE L e T S BT ol e R
Conditions: Time tabove:ibelcw:bhelow:below:above:below:ibelowibelow

- 1Sur- :Sur- :sur- :sur- :sur- :sur-. :sur- :surface
2 : face ;face :face :;face :face :face :face

R s U, i SO T, f0.F. tO.E.t 00D,

M. . .

.
e vo wbjesr a

(X3

a4 we 4% oo oo

3. : :

-
ae 40 s@ 40 04 ue
e a9 o

8 88 bR AP wa em

* 40 w0
er se 89 ae

- -
-

ae
.

\

T Draw curves to show variations in temperature due to soil
conditions suprlied.

2. There are tw€ reasons why a "wet" soil is a "cold" scil.
That are they? See page 241).

1 Thich is more 'important in influencing the temperature rise
of soil, texture or moisture?

k. Does the soil temperature vary at the same rate-agsntha’'gir
temperaturz?

5 Draw a diagram showing the influence ¢f North and South
exposures upon soil temperature.

I
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POT TESTS FOR DETERMINING THE FERTILIZER
NEEDS OF SOILS. (TRUOG)

x k %k %k ® X k Xk % ok o % X ® Xk Kx k Xk * F ¥ R ¥

Pot tests when properly conducted give reliable information
regarding the fertilizer needs of soils. When thus conducted the
results check with field tests. To insure reliable results it is
3osolutely necessary that the soil be properly collected and
thoroughly mixed; the fertilizing materiales be used in proper
amounts and thoroughly mixed with the scil; the planting be done
oroperly, uniformly, and with good seed; and the cultures watered
and otherwise taken care of uniformly ani regularly which means daily.

EQUIPMENT NECESSARY

Two gallon glazed earthenware pots costing about $ .gh apiece
are the most satisfactory c¢ontalners for most purposes. ne gallon
jars may be used but they are too shallow. Four gallon jars are very
good but they are more expensive, require more soil and material

and are more 2ifficult to move about. Wooden boxes and unglazed
flower pots may be used but they are porous and become contaminated
after the first use, so that they should be permanently marked and
the same container always used with the same treatment. It is im-
portant to have a drainage hole in the bottom of the containers %0
allow the drainage of an excess ¢f water which may have been applied
vnintentionally or have gotten in otherwise., Jars may be epecially
oriered with a 3/4 inch Arainage hole on the side, flush with the
inside of the bottom. Holes may be made in jars by tapping gently
with a hammer and sharp punch. This is most easily done on ths bottc
of the jar.

A glass greenhouse is of course the best place t0 carry on a
pot test. The test may also be made at a window having a southerlg
exposure. The pots may also be placed in a hotbed or cold frame, if
there is no danger of freezing they may be placed directly outside
and protected from birds and other animals with wire netting.

FERTILIZING MATERIALS

Commercial acid phosphate, muriate of potash, nitrate of soda
and ground limestone may be used. To avoid possible chance of con-
tamination it is safer 10 use pure salts in place of the commercial
Torms of the 2irst three. It is also preferable to use monosodiunm
phosphate in place of monocalcium phosphate because the former is
more soluble and does not carry calcium which might confuse the test
in regard to lime. The amounts of fertilizing materials 1atir
indicated are for a two gallon jar which has a diameter of & inches
and an area of 53.4 square inches. A& gram of fertilizer to a jar is
eq uivalent to approximately 300 lbs. \exactly 286 1bs.) per acre.
1¢ containers of different area are used the amounts should be
calculated accordingly.
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The best materials to use are:
P. Potassium chloride - KC1 containing 63% K00
P. Sodium nitrate - NaNO3 containing 16.5% N.
P. Monosodium phosphate = NaHp POy H20 containing 51.5% Pao%
Goed grade ground limestone - consisting usually of a mixture ©of
Cal03 and MgCO; and containing the equivalent of 95 to 105% of CaCQ3

T A g |

It is best to make a separate stock solution of each of the
first three by dissclving in each case 100 g. of the salt and diluting
to cne liter, This will give enough stock solution in each cass for
100 treatments. If only a few tesis are to be made the amount of
stock solution should be cut down accordingly. The stock solutions
should be thorocughly shaken. In each case 1C cc. of stock solution
(1 =6 00 salt) is used. This is approximately equivalent to using
per acre: 350 1lbs. of commercial muriate of potash, 300 lbs. of
~ommarcial sodium nitrate and 900 lbs. of commercial acid phosphate
assuming the followin g:

Commercial muriate ¢f potash contains 48 - 52% Ks0

. sodium nitrate " 14 - 15,54 N
" acid phosphate " 16 - 20% P205

I? commercial fertilizers are used in the pot test, use one
gram each of the muriate and nitrate and three grams of the phosphate.
Tue limestone should be used according to the degree of acidity as
directed in Wis., Bul, 312, Seven grams per jar is equivalent to
one ton per acre.,

PLAY OF THE TEST

I a complete test is to be oonducted the treatments in the
Zollowing series should be included.

1. Check, no fertilizer,

.  Phosphorus.

Potassium,

Nitrogen.

Phosphorus, potassium.
Phosphorus, nitrogen.

. Potassium, nitrogen.

. Phosphorus, potassium, nitrogen.

L

03— OWIT £ (0

If the soil is acid repeat the series just given using lime in
each case. The ideal plan is to run the whole in duplicate. If this
is not practicable, at least the check should be in duplicate. if a
legume is grown as the test crop the nitrcgen treatments may be
eliminated but the cultures should be inoculated. This will, howeber,
not give information regarding the nitrogen needs of a non-legume on
this soil. Alfalfa and medium red clover are ideal plants to test
the lime needs of a soil; but corn and small grain cannot be used for
this purpose.

In many cases a soil is knom to contain sufficient nitrogen in
which case the nitrogen treatment may be omitted. In some cases
only the lime needs of a2 soil are tested. It is usually better, how-
srer, t0 include the others because often soils show an unsuspected
need of certain elements.



P
CONDUCTING . THE TEST

After the soil has been collected it should be thoroughly pul-
verized by breaking up the lumps and mixed by shoveling over several
times, It is also a good plan to pass it through a quarter inch siev
to remove stones, large roots and trash., If the soil is too wet for
mixing, it should first be spread out and dried. After mixing and
sieving, the soil is potted. The pots should first be numbered and
weighed and the weights properly recorded. The pots are then filled
¢¢ vithin one half inch of the top. The soil should be firmly packed
in the pots just like it is in a good firm seed bed. The same weight
~f 50il should be placed in each pot. At the time of potting a sample
of s0il should be taken for a moisture determination.

The next step is to apply the fertilizers. Lime is applied first
and mixed —ith the soil by first emptying the pot and spreading the so:
on a tray or table and then sprinkling the lime over this and mixing
with the hands. If commercial fertilizers are used for the various
elements, they should be applied and mixed at the same time and in the
same way as the lime, If pure salts are used in place of commercial
fertilizers, they are dissolved as previocusly direeted and applied in
solution. To do this 10 cc. of the required stock solutions for each
pot are all adled to a quart of water and mixed and this is poured
over the soil. If the pot is smaller than a 2 gallon one the amount
of water should be decreased accordingly.

I1f the fertilizing elements are applied in sclution it is more
convenient to plant the seed before applying the solution, because it
eliminates the necessity of working the scil when very wet, which 1is
disagreeable and may puddle the seil.

Of clovers and alfalfa, aboutLSO seeds should be planted unifornm:
over the ayea at a depth of about % inch. The best way to do this is
tc remove & inch of soil, scatter the seed and replace the soil, Whe:
well started the cultures are thinned to 15 of the most vigorous plan
uniformly distributed. The small grains may be planted in the same
way as iust described except that the depth is increased to about one
inca. Avout 25 seeds should be planted and later thinned to 15. Corn
should be planted about 2 inches deep. The corn seed should all come
“om the same ear and about 5 kernels should be planted in the center
wortion of the jar, leaving a space of several inches between the
.arnels. The corn is later thinned to three plants. Other crops are
slanted and thinned accordingly.

After the seed is planted the solution of fertilizer salts are
apriied unless previcusly mixzed with the soil. In pouring these onto
the pot a watch glass or piece of glass should be laid on the soil and
the solution poured onte this to prevent washing out of the seed. &
niece of porous weod should not be used for this, The pots should new
be watered 4o standard weight or cptimum water content which for
different classes 0f s0ils is as fellows:

Sands 10 - 15%
Sandy loams 15 - 20%
Silt loams 25 - 30%
Clays 30 - 35%
Peats 20C ~ 300%
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The finer the texture #and the higher the organic matter content
the more water should the soil receive. Using this as a guide the
experimehter must judge as to the exact moisture content to be main-
tained. Either distilled water, rainwater or snow water should be
used in all cases.

CARF OF THE CULTURES

The cultures should be looked after daily. After the plants are
srowing rapidly they should be watered daily. It is best to apply thi
vater in the evening with a sprinkler allowing it to thoroughly wash
and wet the plants. This wettini of the plants washes off dust and
2e2lps to control insect pests. fter a little experience a person c¢can
judge by appearance ¢f the soil whether or not sufficient water is
applied. t is well, however, to weigh a pot occasionally so as to
check up the watering. Often the upper portion of the soil appears
sufficiently wet while the lower portion is much toe dry. If the pot
has a drainage hole the condition of the soil at the bostam may be
observed. The soil in the jar should be cultivated occasionally t0©
prevent it from cracking away from the jar, and all weeds should be
pulled cut.

OBSERVING RESULTS

The effects of fertilizers are often apparent a-few days after
the plants are up. Notes should be recorded cnce a week or _at some
other regular interval. Pictures make a splendid record. _In taking
picsures the pots should be neatly arranged and labeled. Sometimes th:
effegt of a treatment is hardly noticeable with the naked eye and yet
2 2h% increase has been produced. To show this it is necessary to
narvest the crop. The legumes and small grains may be grown to matur
ity or cut at the hay stage. Corn is best cut ~hen it reaches a heigl
of 2 or 3 feet. This is done by cutting the crop and placing the har-
rest of each pot in a separate paper bag which has the same nunber as
she pot., The untied bags are then placed in a room to air dry to con
s3tant weigh+t. This may be hastened by placing them in an oven which
1oes not heat to over 100° C. If dried at too high a temperature Or
00 long at even a lower temperature, there will be a loss of other
material than water, After the weight is practically constant, the
iry material is emptied onto a sheet of paper and then placed on a
:cale ani weighed.

The test from beginning to end should be recorded in a note book.
The data is convenientl y kept in tabular form.

The results should be carefully interpreted in comnection with
the previous history of the field, yields secured, fertilizers and
manure applied, chemisal data available, and physical conditions like
character of subsoil in relation to drainage anl droughtiness.
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PROBLEMS
A Compaxative Study of Fertility Balances Based on Different Types
of Farming (Michigan)
FERTILITY REMOVED FROM A SOIL BY ONE ROTATION.

e  fmbme oo DB . B BBy W SO L
Thezt SOlbu. i2 1bs. 1% 1lbs. 1 dh, T1 1bvs.
Wheat siraw 2:-tons 4 45 9.5 25

Corn 100 bu. 5L 19 ) 00

Corn stover 3 tons 6 52 21 Lg

Oats 100 bu. 74 16 2 66

Qat straw 23 tons 5 52 15 31

Clover seed 4 bu, 2 3 5 7

Clover hay 4 tons 20 120 it 160

On & farm are rotations of corn, cats, wheat and clover.
The ;yerage yields for one year are: corn, 50 bu, of grain, and
3000 of stover. OQats 60 bu. of grain, and BOOO% of straw. Wheat,
20 »u., of grain and 2000% of straw. Clover, 3 tons of hay, and &
bu. of seed. The grain, straw, and stover are removed from the
s0il in the oats, wheat and corp rotations, For the clover there
are two clippings. The first 1z tons of hay are removed. The
sscond cytting is for seed, 2 bu, of seed are removed, and the straw
{11 tons) returnei to the land. Granting that 2/3 ¢f N in clover
ig in the top and that 2/3 of the N used by the plant comes from
the air, how much fertilit¥ is removed from the soil by each crop
and by the entire rotation

What could be the cost of returning tg the soil the P and X
Tor the rotation, using acid phosphate at $2§ per ton, and potash
at 45 per ton? Acid phosphate contains 9.9% of P and potash
centains 43% of X,
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DATRY FRRM
20 cows - 5 horses - 10 cattle - 20 hogs

_______ :—PTant_f00d in_produce_ _:_ _ — ~ConSumed By Stodk  _ _
Crop produced:Nitro-:Phosphor-: Potash :Produce:Nitro-7Phosphor-: Fet
_______ .gen jeaoid ¢ - - 2 . - _:-gen :ie acid 1 2sh
toy 200-20K c-ve0e = 2005 = o 0 2 20 1 . . cnide=

Orh - 10 B, 2 . - s : 3 s
Crain U4CO bu.: 371.2: 146.56: 88.0 : 250 bu: : s
Stover 12 T, : 280.0:  J3.88: 5336.0 : Ta5 T.: _ i _ __ % _ _
Torn 10 1. : : : : : s :
Silege 100 T.: 680.0: 229.00: #£0.0 ° 3100 %% . .z = & . _
Jats smiet A : 3 + 800 bu: : .
Grain 1200 bu: 768.0: 318.77: 230.4% :Fed 6.5: : 3
oteawi 30D, - 5El.0: 120.01: 7NE.8 Bedd¥.5: s o o2 o
Sarley-10 X.7: : T : : : :
Grain 3UC bu,: 285.6: 124.57: 81.6::340 bu.t : :
Stxew il L o e HEIBIR BUD a0 o a. o o SR

gans — 1C 4.: . s : > T
Grain 2C6C bu.: 480.0: 1U46.56: 156.19: : : :
Straw B I. . = 202.0: - 4%.63i g e s
Eosture MO A sljie .  WOS T TOL 0D L b L i et
ggrcﬁasedT : : : <. - . Yoo 5: e :a :

an 7. Sy g s stea BB SR S e . sadl,
Total 3256333:326679? 193%,19: 5238775
from soil : . s .

Taken from the air®

Nitrogen PhOSgacric Potash
Plant food in feed consumed by stock e
Loss during digestion

Loss in handling manure

Returned to soil in manure

Plant food in pasture grass

Loss during digestion

Returned to soil

Returned t0 soil in bedding, stover,ete.
Total returned to soil

Removed from soil in crops

Total annual loss from soil

o Sdiafrom fexm . . _ ... . Deturned to soil .
Crops produced o : : : . :Pot-
sroduce : Nitrogen :Phosphoric:Potash:Produce:Nitrogen:Phosphoriciash
o e 1bses. caeld 1bs. @ Ibs. ¢ . % 3bs. ":scid, 1bs,:lbg,

— g e e e Gshm e we e ——er  mew e ren S ek GRS e mew  mme W G e ke Wt e emm deme  whm wwe ey S Swe e

— — —— — g — dmt— = e e Gwte G e e ame  Wmm Sme e e e e A e Sen G Amm e e

Per cent
N PBOE K20,
Loss during digestion 4.3 5 20.
Loss in hg%dling manure %0 3% 0
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GENERAL FARYM
Carrying 6 cows ~ 14 hogs - 4 cattle — 5 horses

T “Plant food in produce Consumed by stock — _

- e g G —

Crops produced:Nitro-:Phosphor~:Potash: Produce: Nitro-:Phoesphor=:Fot~

—— e wm e Lgen t3C @edd -3 3 gen  TiC Andd Ccoash
Hay 10A - 20T 800" - : 200.5 :720.0 = ¥7 1, ¢ : :
Tozrn 15 Z. ones. i SPanente s s : :
Grain 6CO bu. :556.8 : 219.87 :132.0 : 2&7 bu: : 2
Stover_ 18.1 I.izéalq_:_;;q;iz.,:595.§-i11. L VRN e S
Oats 15 E K,” : : v BoC bu: : :
Grain 900 bu. :576.C : 239.11 :122.8 :Fed & T: : :
Siew B T bmmlo . G070 cBeL. G B AT i .t
Total consum~ - : : s : : :
el L e R S S S Ao e P S T S S R
Barley 108, : : : : : :
Crain 380 .bu. :285.6 = .12456 : 81.6°: 5 : :
Strawdi-2." 282:00: ML SRR e e et e e
eat %;EA. :450 5 : i o : S : : : :
Grain bu, 45C.C 2,00 .3 20y : : :
SeE L 1 ea0 - BEIGR Gf0BR 6 v 3 et et
eans 15 A, . : : : : . :
Grain 300 bu. :720.C : 21£.87 :234.28: . : :
80 B 0 TIMo lBB.O0:. Bl it U iRl v
Potatoes 5 A, : : : : : :
Gieicain o SRR T Lol s B BN R e IR L s S M SR T L R i iy
Pactugs d5 Al SERC OB "ORD N8 o BE Lt e i i

— — s aDe e e A

* Taken from the air
Nitrogen Phosphoric Acid Potash

Plant food in feeds consumed by stock

Lost during digestion

Lost during handling of manure

Returned to soil

Plant food in pasture grass

Loss due to digestion of pas-

ture grass.

Returned tosoil.

Returned to soil in bedding,
stover, etc.

Total returned to soil

Total removed from soil

Total loss from soil



GENERAL FARM 2.

— — - pem S e e e e e mwe e e G mmes G e WS S weie S weer e AR mten e S SR Gl A st G

Sold from farm : Returned to soil

T T et L o T T ST T R ey
Produce:Nitrogen: _ Acid _:Potash:Produce:Nitrogen:ic Acid :Potash _

0
ve s
e

o
|3
-

I Ly
1

[

I

!

i .

[

|

1

[

!

!

[

[

oo o
!

t

[

foe o
r

!

i

[

|
|
t
|

]
29 g8 #6 4% 0 e® sy *®

29 44 ba mo

.
-
.
.
.
°*
-
. .
. H
- -
- LA
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W Cete Wiee e Sree s e dame Sl e weed Wi WA sem e nBeat sl semer e Onin G s e e O s apee aew e S pe—
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- - . . . . -
e e A e wew  wew  cump e e G e ases e S e wwn em  wph  www ek e e e e Sve  Swr e e e e e e G
s A - » - - .
- L . L] - - .
u_obu- . s . o n - -
4 e . - . . = . -
llT . e - ® . - -
L] » - . - o - -
- L] - - - » -
- . . . - - .
U S U U, S0 UG PRI . [ i U G . S R s
= . . - Py - .
a . . - - - .
but - - . - . -
e = . . . - . H
15.6 Pt : : . . . >
- + s . . . . . .
- L - ° L] L -
- - - A - L -
B e ctam e e e e e e we— s e mer e e s e e G Gmm gbd s tmme  mem A e ame  dem e e e e Mmm ws e
-~ - » L] - - -
. . - . - . .
00 bu.: - 3 1o T, : :
s . - - ¢ o . -
L - - L] - - -
- . . o . .
Tt R o ¥ e et it o Lot 1T cumen 1 e I a1 s, a1 . s o . = . i ol o o S o
. - » . . . .
- . - - - L L
1000 bu: : : : : : :
. . . - . . .
. - < - . . .
. - » - d - -
- G e B e A e e e e e e e e e Gp e ame e fem e - e e e wme e e W e W o
. . - ¢ - . ™
. . . M . - .
- - - L] L] - -
. - ® - v . -
ey — - va—a i oy i - oy W A wwm mme e ew eal e e Gem ebee  mpm min w  mm e eese e

Per cent

Loss during digestien 27.3 34,3 16.7
Loss in handling manure 45 25 40
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Experiment
Plant fcod balance on a 100 acre Grain Farm, carr;;ng 2 cows, 1% hogs,
5 horses.,
SPLant e elementE 40 0 T o =
S BHAILE S S Consumed by _stack _ _
Crops produced™Nitro-:Bhesshor-:Potashs Produce: NitTo-: Phosyhor—": PGt
Yioon 3o apdd ;o bbs, .. : pen  tic @oid cash
________ e . - hns, ono . « Lps, : Ubs;  2E0D8..
Bag il 0 e, 00 @l b g s I ag e T . T T s
Ceorn W morags T e e e
Grain, 600 bu.:556.& : 219.37 :132.0 : U5 bu,: : -
Stover J8,1 L0620 o310 B SECR 0T 30, LB ot et
dats, 20 acres: s R e O Er b e st i ol !
Grain,1200 bu.:768,0 : 318,81 =2zg.4 t 613 bu! 3
Straw, 30 T, :384,0 : 120,93 :748.8 :Fed.5 T % :
_""'—“"“""‘-"":"——-—: ————— :.-__.-_.?..BEG'LB.L5E.._~_= ***** :......‘_.—_
Total consumed: : : : : : :
by _stock .- : : : s o e )
W 2eEemRs . o o o= e R T 2
Grain, 625 bu.:750.0 : 320,00 :15Q,0 @ $ : :
Straw, 30 3. :310.0 z S4.2H  :371.0 : P e RdERa
Beans, 15 &, e e T T T :
rain, 30C bu.:720,0 : 219,87 234, 28: : : 2
Shzam, MA .. c5UE.B . 7B M6 . sHBB.0O: R p Lt oo L S
Potatoes, 5 A : : " ' : : : :
S e st B e
Pasmipe 10 S ool 16000 RBLEBE 8T P L Ll L o e
Total removed : : : ; : : :
from spll . :4945.5:1927.53 326,33 GG i o b . _ et
Per cent
¥ P?OS K20
Loss during digestion 20.5 288 12.8
““““““““ gold From farm & _ _ _ _ _ “Returned to_soil

=~ T:Ni¥rocen:Phosphoric:Potash: INItT ogen:Phosphoric: Fotash
Produce: Lbs., :acid Dbs,: bbs, :Produce: Lbs._ _:acid. Lbg.: Lbs.

poige St Roih <L o AN SR e et S e g, S T = e e I e — e i G S i R B R
l
—— e e e e e gt St e S e cp e e Ghem s G Wwer Seem S dee e Gme R eee S

e e s et L e A e o 1 e il S B SO | i o B O e\l W) | o (WY

Nitrogen Phosphoric Acid Potash
Plant food in feeds consumed by stock
Lost during digesticn
Loss during handling of manure
Returned to soil
Plant food in pasture grass
Loss due to digestion of pasture grass
Returned to soil
Returned to scil in bedding, stover,sfc.
Total returned to soil
lotal remored from soil
Total losa from soil



SCORE CARD FOR JUDGING SOILS
General Farming with Dairying as Leader.

® % & * %

tPar- :0tu- &
sfeot :dent ;Corrected
$800reQ: 800re: SQ0TEe

: g
le===Drainage; 20 points

() Land havinz good artificial drainage:
and good slope giving good matural
drainege - = - = = = = - - - - - = =3 18

(b) The abascnce of an impervious sub=
soil or hapdpan = - = = = = = =« -« § 8
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B.---Torkability; 10 points
ic} S8o0il having good texture - - - - - - 8
b) Seoll havins good tilth = = = « =« =« - 3

#R jem 4% o e S o jap e s PR B0 SR 8 Fe s

AR w9 48 68 2@ 40 e

3.~--Fater-holding; 40 points

e *8 *e

(=) Subsoil to at lesst 8 ft. not gravele
ly or “open, but of firm texture, $
favoring capillary rise of water - -: 20
{b) Soll having a fine texture - - - - ~: 13
@) Soil well supplied with orgsnic mat-

ter-’-"-"' ----- - ww
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4.---Cherieal composition 30 points
Phosphorle acid (total zmount)- - -

(a)
(From 0.00 to 0.20 percent
sb; Lime carbomate (total amount)- - - -
¢
d)

Nitrogen (total cmount) = = = « - -
(From ©.00 to 0.25 percent)
Potasch (total Bmount) = = = = = =

(
(From 0.00 to 2.50 peréent) - - -

-
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TOTAL _ :100

Reduoce from Total score for-
Erosion - from O to 40 points
Stones, stumps, gullies - from O to 30 points
Soil "exhaustion® - from O to 10 points.
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