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1.

Introductione.

There has been a considerable amount of discussion
during the past few yeafs as to the value of a chemical
analysis of a soil as a means of studying its producing
power.lMany opinions have been ventured,a limited amount of
dauta has been compiled,and conclusions have been drawn which
vary between two extremes:the one held in the past by the
United Stutes Bureau of Soils that the productivity of
s0il is mainly dependent upon its physical condition,water
supply.,etc.,(23) the chemical condition és related to plants
being essentizlly the same in all soils;the other held
by Hilgard(6),late of California,Hopkins,etal,maintaining
that the productivity of a soil is almost directly
proportional to the amount of plant that it contains.

The effect of bropping upon the chemical composition
of a soilis also of considerable interest to both the
theoretical and applied phases of soll investigations.

To what extent the total ampunt,zs well as the amount of
readily available.nitrogen.phosphorous.potassiﬁm.sulfur
and calcium are decreased or increased by cropping and

in what way,if in any,the acidity of a soil is affected

ty cropping ,are questions of interest and practical value.
Each of these questions has been dealt with in this paper.

There has also been an effort made to touch upon
the variations in the relation between composition and
rroductivity ,caused by differences in type.Certain more
or less arbitrary standards have been suggested by various
workers,notably thiat of Maerckerof Halle Station,Germany,

and that of Hilgard.These standards are of a limited value,
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however,because of their failure to t:2:e into proper
consideration variations in composition,texture,and structur e
due entirely to type.

Itis hoped that this paper may throw some additional
light,of interest and value,upon this phase of the vork.

The work reported in this paper includes both
field and laboratory stuidies of the soils under consideration.
It was realized at the beginning that laboratory studies
would be of little or no significance ,unless as exhaustive
knowledge as possible was obtained concerning the field
conditionse.

The field studies include a consideration of the
climate,geology,rhysiogruphy,cropping systems,and soil
management in all of the areas sampled,as these factors
all have a direct bearing uron the solubility of the plant
food and consequent loss by percolation,removal by erosion,
crops,and the like.They also include a careful considera-
tion of the physical conditions of the soil as atfecting
bacterizl and chemical activity and plant growth.

The laboratory studies include a determination
of the total amount of nitrogen,phosphorous,potassium,
sulfur,and calcium supplemented by a determination of
the readily available phosphorous and potassium in at
least one sample of each type.The lime requirement of
each soil was also determined.

Finélly,an effort has been made to correlate
these laboratory and field studies,and to compare them
with the producing power of the soil. It is believed that
such a correlation is the most important part of a line

of work of this nature,and as such correlations have not






been extensively reported in the literature,it is hoped

that they may prove to be of a certain interest and value.

Je
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Review of Literaturee.

For purposes of review,the literature has been
divided into three groups:that dealing with soil depletion
by cropping,the factors affecting the availability and
solubility of plaﬁt food,and finally miscellanecus articles.

The literature which bears directly upon the matter
of soil depletion by cropping is ratlhier limited. Iéxé;yder
(1)reported the results of his investigations upon some
soils of Minnesota.He determined the amount of nitrogen,
phosphorous,potussium,sulfur,and calcium,and the readily
available phospnorous in both cropped and uncro:-red soils.
The greatest decrease was in the nitrogen content which
wag about 4Q% during the period of cropping.Similar but
smaller decreases were found in all the other elements.
The amount of soluble phosphorous was noticeable in the
rresence of a large amount of organic matter.There was
often a slight gain of calcium in the sub-soil of the
cro: ped soil,due to percolation.The length of time the
solls were crorped was not given. |

VanSlyke discusses in his text(2) various sources
of loss of piant food from the soil,and gives in the
following table the approximate amounts of nitrogen,
potassium, and phosphorous rémoved per acre by corn,wheat,

and oats when yielding 25 bu. each per acre:

Crop Lbs.N. Lbs.P. Lbs.X
Corn 39.2 13.8 27.6
Theat 42.5 16.6 21.0

Cats 24.0 9.0 20.4
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He summarizes the factors governing the loss by leaching
as rzinfall,adsorbing and holding power of the soil,organic
ma ter,and tne form of ..o plunt food,

King reports (2) in 1905 the results of some pot
experiments conducted to show the.depletion of plant food
by crorpingihe found the available potash and humus to be
depleted the most rapidly., In 1911 Hart and Peterson (4)
reported the results of their ivvestigations into the relat-
ion of sulfur to crop productioh and its losé from the
scil due to cro;ring.Tney Bound that the cereals and grasses
remove about 2/3 as much sulfur from the soil as phosphorous
and thet legumes remove more sulfur than phosphorous.

They zalso found that continuous cropping for a period of
fifty or sixty years reduced the sulfur content by about
40j. From these results they concluded that the sulfur
content of the soil ,the sgme as that of phosphorous,might
become dangerously low,and might become an important factor
in so0il fertility work.A similer work was reported in

1913 by Shedd (5).He had worked on some Kentucky soils
wnich showed the sulfur content to have been depleted as
much as the phosphorous.The rer cent loss of the sulfur
varied from 3. to 40 ,and that of the piosrhorous from

5% to 40%.

An important of euch of the two last named articles
is the high loss of sulfur noted.qhis point will be dealt
with more extensively later.

The literature having to do with the wvariocus factors
and conditions which affect the solubility of the mineral

plant food is somewhat more extensive.One of the earliest
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investigutions is that of Eilgard (6).His work w.: general
and very extensive,end e drew tue following conclusions:
1.A11 vircin soils having nigh per cents of plant are
highly productive unless rhysical conditions are adverse.
2.The reverse is not alwvays true because some soils having
low amounts of planf food are highly productive and are

lasting.Therefore analysis alone cannot be relied upon

to determine crop production.?.The coarse textured soils
seem to be able to produce with lower .mounts of plant
food than the finer texturcd ones.This he believes to be
due to the fact that in coarse textured soils the plants
could aevelope a more extensive root system than in the
fine solls and therefore come in contact with more plant

f ode 4. He believes that lime is often a controlling
factor in the producing yower of a soiljthat in very sandy
soils o.lﬂ is often enough,while in heavy clays o.@ﬁ is
cften irudequate.

A very considerable zmount of work has been done
on the factors influencing the solubility of plosphatic
comzounds.Most of the studies have been on phosphatic rocks
which are us<d as fertilizers,but the facts thus obtained
should a ply well tothe phosphatic minerals of the soil.
Jeffre (7) in 1CGC tes*ed the solubility of tricalcium
phosplicte and apatite in pure water and in water charged
with carbon dioxide. Ee found tlizct the water churged with
carbon dioxide dissolved on an average of fifteen times
as much of the tricalcium phosyhate and eight times as
much of thie apatite as tlie pure water,thius emphasizing

the role of carbon dioxide in the soil in connection with
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the availability of phosphatic minerals. Statstrom (&)
in 1904 Obt.ined results with hurmus,sour milk,etc.,which
also point to the solv:nt acﬁioq of cur:iondicxide wiien
dissclved in water. in 170 Cumeron and Be’l (9) published
what was largely a review of much of the work previously
done on the solubilit: of rhosilhiates. This included the
work of Maley and Dornath,Wurrington,Erlenmeyer,Terril,
and oters.All of the results by the authors in this uapey,
like thxe ones mentioned above,bring out clearly the value
of carcron dioxide as a solvent of 80il minerals. Perotti
(11) concludes from his investigations with different soil
orgunisms in culture mediu containing nitrogen as asparagin,
tartrates,sulriates, and urea, that in media containing
a'physiologically acid salt there is a uniformly impotrtant
solution of tne phospnhutes. Likewise,Suckett,Patten,and
Trown (12) concluded in 19CC that when bacterial growth
is accoripanied by acid formation,there 1s a decided solution
of the insoluble phosphates and that the presence of carbo-
nydrates increases the solvent acticn because of the in-
crease in the emount of carbon dioxide formed.
Prianishnikov (13) found in 1909 that the presence
of calcium carbonate in the solvent Lhiad a decidely depressing
effect upon the solubility of tricalcium phospnate, due
to the prescnce of the common ion,Ca, in both the solvent
snd solute. ilitscherlich and Simmermacher (14) found in
1915 that the same princiral holds true wiien any calcium
sglt is presentibut that the presence of otlier salts as
aﬁmonium sulphate,zmorniiunn chloride,sodium sulphcte,and

magnesium sulphate,increased the solubility of the pliosphate



Inl91%,Jordan (15) reported thut the solubility
of rock prospiizte increased with the fineness of the material
and Peck (16) found *the same thing to be true with bone
mezale.It vould seem th+t *the same principals should holda tru=s
with the phosphate minerals of the soil,assuming that the
composition of the minerals 1is the sume.

In 1917 Truog (15) reported results obtuinel by
compoéfin; r.w rock with manure anl grass.jle found tnat
there vas slignt,if any,solvent action of the fermenting
material.ithis he thought to bte due to the fact that the
vater ci rced with curbon dioxide had became saturated
withh the pnos hates and tiiat if it could be removed,as
under field conditions,the results would siow a greater
solvent scticn. In 191% Tottinzhiwm arnd offman (19)
reported results very similar to those of Troug.They
carried thsir vork further,nhovwever,and found that the
rhosypi.orous in the cell material of- the bacteria wus in
an insoluble form,and concluded that the consumption of the
pliospliorous by the btacteria after it had become solutle
rendered it once mor-e irsoluble.It is very possible that,
rad their results been taken after u longer pericd of
time,civing the bvactericl cells time to become troken
dowvn cgaln,thit they would have been different..icDowell
(10)obtzined results similar to these in 19C3.

T e work just revie.ed 411 deals with the solu-
bilit;y of phosrnorous;the principals should,nhovever, a ply
more or less directly to all tlie mineralconstituents of
the soil.The next work *o te revieved treats of the avail-
ability of an organic constituent of the soil,nitrogeh.

Winter and KRovson (I0) mude investizat ons along this line
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and concluded t:iazt orgunic comrounds of nitrogen Grcom:.ose
ard beconie zvzilable more intensely in sands tlhan in clays
and lozms vhen the vater con®en® is low,out if the vater
content is 1iigh the difference 1c much less narked.

Thus it wi?’l te seen that the factors which in-
fluence the solubility of *he mineral constitu-nts of th-~
80il liave been ratlier extensively studis=dstrhie exact reasen
for the relative insolubtility of these constituents has
received much less a“tenticn,lowever.It is taken for grunted
usuclly,thnt it is due to the chemical composition of the
riirerals in vwhich the elements occur.Th~ rext wcrk deals
vith this subject.In 1917 zrreared +he results (21) of
Tryv,8 work on the condition of the insoluble prosrhorous.

Ile of "ered *+ o hyvaotheses as possible explanations of the

insolaible coniition of the plhiospliorous andi worked on thesc.

4

First he éuggestei that the piiosphoréus might be in in-
soluble cosipounds;but upon investization he found that these
insoluble compounds occur ia only small .moints,not enouch
to account for all the inacluble phosphoroas present.iie

next su~cesta2d  thot 15 misht be present in soluble com-
poun 3 but protegted in some wuy from thie solvent action

of the acids.This 2e found to ve *true.lurge quantities

of vlosinintic minerails v-re protacted by insotable jri.rtz
Zralins.

A vork some.liat similar in nwture was reported

in 1215 by Plwuier (22). ie ca ried on inves*i_ations on

the relation betvcen the mineral com:osition of some typi-

ot

cal soils end their fertilizer reguircuents.After mineral

analvais of the soils and corrvesponiing fartilizer Fr=atient
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he declded that *here is a definite relation between the
slneral composition and the fertilizer reguirements.

Other literatures nore or less miscellaneous,but

having a bearinz ucon “he problems of this raper,will bve
taken up at this point.In 1915 Waitney and Cazeron (23)
rublished results of very extensive stulies and resszrch
upon thie relation of the chemistry of the soil to its
productivity,and they concluded that but very little can
be determnied concerniang the productivity of a soil by
its cliemical coanogition.Zhicy concluded thzat all soils
contain enougn »lunt food and ure pr.ctically inexliaustable:
andl that the greatest limiting factor,next to temperatur:,
is water supply.Thay consider that texture is a very im-
portant factor due to its close relation to water holding
DOWer.

Alimited amount of valuable and siznificant work
nas h2on done on the relation whih sulfur bears to soil
fertility,and some of tnat work will be reviecwéd here.
Hoprkins (25) believes that sulfur is of much less impor-
tance in soil fertility tian many other workers nave believe
He contends that in as nucn as there 1s a considerable amourt
of sulfur a des to the soil each yeur by rainfill,tuer=
is but slight possibility that it will ever become a limit-
ing factor in crop productiosn.iie se=ns,however, to nave
neglected in nais criticisms the fact,as estublished by the
Rothamsted workers,tlhiat more i3 lost in drainage water
hian is added by precipitatién. Shedd (26) has cwurried on
vot experiuents in an e“fort to determine whether or not

sulfur is an important element in plant food.Xe found that
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it increused tlis yield of certain of tle lezumes bat not
of clover.ze could find no rela*iun vetween tﬁc protein
content of the plant and the sulfur content.

Kossovitch (26) has made extensive studies on the
sulfur cycle in soils and concluies ~huat *hi2 cmount added
by rainfall wiil not reluce 11 that is removed by plants
and percolation.sThis lewds 1im to bellieve th.t sulfur auy
in time vecone as important a factor in soil fertility as
vhosphiorous.Peterson (23) in 1914,reported that he found
an increase in sulfur in plant tissues,with an increase
in the soil.nurt wnd Tottinciam (29) carried on a similar

work ani found ti.t fhe beneficiul results with sulfur

o]
($)

emed to te with plants hizh in protein.Brown and Kellogg
(30) ma e several analyses and found adbou* aulf as much
sulfur as pliosphorous and concluded taat it mi ht in time
become a limitinz factow.

lluprechit (%0) did work on the toxic effect of
iron and aluminum salts on clover seedlings.This &s a
diffefent phiase of the question of the relation between
chemical composition and productivity,but is of more
or less importance.ie found ferrous sulphate to be toxic
if present in as small amounts as four parts per million,
and aluminum sul;hate to be toxic if present in as
small emounts &s forty parts per million.He found that

this toxic action could be overcome to a great extent

by the addition of calciumcarbonate.
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Pescription of the Areas Studied.

The so0ils used in this work were taken from
tvo separate areas in MichiganiThe Wexford County Area
and the Allegan County Area.Both of these areas have
teen surveyed by the United States Burezu of Soils.

The Wexford County Area is located in north
western Michigan,at approximately latitude 44 deg.
20 min. N.It is about twenty-five miles from the Lake
Michig:n shore and consequently 1is not materially affected
by it.The climate is rather cool,ranging from 18 deg.F
to 68 deg.F in Augustithe mean for the year is 42 deg.F.
The rainfall is fairly well distributed throughout the
yvear and is sufficient for good agriculture;the mean
for the year is 72.4 in.The greater part of the area
has good natural drainage ,and most of it is level to
gently roliing;although there are some very hilly
sections.Thre s0ils are of glacial origin and were origin-
ally derived from the breaking down of igneous and
metamorphiic rockse.

Tne soil is nearly of the Colomu series;there
is a small emount of Dunkirk and Clyde.

The oldest parts,egriculturally,have been under
cultivation only wbout ‘wenty-five or thirty years:
otlier parts ten to fiftesn years,and a large amount of
the area is still unimproved.The éhief crops grown are
rotatoes,corn,some oats,rye,wneat,and hay.llo very definite
system of crop rotation or soil management is followed
except in a few isoluted cases.Originallr very gcod

cr-ys of potatoes could be raised,but continued cropring
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nas greatly reduced the yield.

The Allegen County Area is located in south
western lijchigan,about latitude 42 deg. 30 min.N.It
berders Lzke llichiigan and consequently the climate ,
especially that of the western part is modified.The
nean annual temperature is somewhnat higher here thian
in the Wexford Area,being 47.6 deg. F.The mean annual
precipitation is 30 in. and is fairly well distributed
throughout the year.The surface is rolling to hilly in
some parts.There are considerable areas of poorly drained
. land, including mucks «nd soils of the Clyde series.
Scme of the urland soils are characterized by numerous
Xettle-holes.

The soil is of glacial origin and has been
altered to some extent by water action.The soils are
quite varied and the largest areas are of the Miami
and Clyde sreies.The area has for tue most part been
under cultivation for forty to sixty years.The chief
crops are fruit and general farm crops in the western
part and wheat,corn,hay,oats,and some truck in the eastern
part.

In nany parts of the county very good systems
of crop rotation and soil munagement are in use;iin
otlier parts but very little effort is being made along

titax 1ihe.
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Descripticn of Samples Used.

—— -

The next few pages will be devoted to & des-
cription of the soils used.This description will in-
clude source,type,length of time crorred,chief crops
grown,and ang other points of value that could be learned

dore or less difficulty vw.s experienced in getting
a reliable history,esreciclly in the wexford Area,as
most of tue farmers had been on their farm but a short
time or ned kept 1little or nc account of the management.
Only those soils ure included.however.of which the
history is considered fairly reliable.Less dificulty
was met vith in this respect in Allegan County,and
perfect confidence is felt in the informatior obtained.

Iin the numbers which are used in the description
the letter is the initial letter of the county from
vhich the soil was taken,the number in the hundreds
place indicates the series to which the sample belongs,
and the rest of the number indicates the number of the
s0il in the order of taking.”"he 1 hundred series is
Miami,the 2 hundred series is Clyde,the 3 hundred series
is muck,and the 5 hundred series is Coloma.For example,
¥510 is a Coloma soil taken in Wexford County.The s
following any number indicates that it is a sub-soil;
A205S is the sub-soil of Az05.

n
W510)Taken from Sec. 16 Slagel Uwp.It has been

farmed about ten years with no treatrient.The rotation
used is corn,oats,beans,and timothy.The crops are rather

poor.A medium sand about 6 in.deep,very open.
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W5108. (2). A yellow sand to a depth of 24 in.

W511. (3).Avirgin soil comparuble to W510.
Covered with hurd-wood timber.

W515. (4) Taken from Sec. 26 Boon Twp. It has
been farmed wbout thirty years with no treatment.It
laid idle for four years and wuas prlanted to rye in the
fall of 1914.The straw is large but the heads are very
smulljit vill rrobably yield about fifteen bushels
per acre.The surface is a medium sandabout 8 in. deep,
oren.Lensuth this is a compact layer 4 in. thick.

w515S. (5).Medium sand;light yellow to 36 in.

w514, (6).v1rg1n of W51%;covered with hard-
wood timber.

W515. (7).Taken in SEc.6 Cherry Twp.Farmed
for twenty years with no treatment.Tne rotution used
is corn or potatoes,ocats,clover and tinothy fot tvo
yezrgswill yield about 25 bu. of corn per acre.An open,
medium sand,8 in. decp.

W515S. (&).Light yellov to 24 in.

W516. (9).Virgin of W5l5.liard-wood land.

A101. (10).Taken from Sec. 29 Gunplains T:p.
Twrmed for sixty years with a vwheat-clover rotation
and no treatment.The crors at present azre almost &
complete f ilure,but it would originally produce 40
to 50 bu. of wheat per acre.A medium sand & in. deep
and very opene.

| A161S. (11).Licht yellow to 24 in. then « hard
pan of loosely cemented gravel with quite a large number

of large stones just beneath the plow furrow.
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Al102. (12).Virgin of Al0l1l and covered with an
oak forest.The surface soil is 12 in. deep and dark
gray.

A102S. (14).Similar to AlO1S.

A10%2. (14).Similar to A101 and of the same
virgin conditions.

A103S. (15).Similar to A1l01S.

A164. (16).similar to Al0l znd A 10%.

A106. (17).7zken from Sec. %0 wartin Twp..
Fermed for sixty years,chiefly to wheat with some corn
and clover.Originally produced wbout 45 bue. of wheuat per
acre,but will produce neither wheat nor clover at
present.Rye will now yield about 10 bu. per acre.Avery
open medium sand,8 in, deepe.

A106S. (18).Alight yellow,medium sund.Some cement
ed gravel at 24 in. and much of it at 6 ft.

A107. (19).Virgin of Al66.Surface soil is
dark gray in color and § in. deepicovered with oak
timber.

A107S. (20).Similar to A106S.

A106. (21).Taken from Sec. & Murtin Twp.A
heavy.stony;fine sandy loam.Surface 10 to 12 in. decp.
Eaes been cropped for about sixty years,chiefly wheat
and clover,with no treatment.yt originally produced
40 to 50 bu. of wheat and 2 T. of clover per acreinow
it will produce about 25 bu. of wheat and 1 T. of cliover
per acre.In only fair tilth.

A10ES. (22)e A light ye.low,gravelly loam to
36 in.
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A109. (23).Virgin of Al10G.Covered with maple,
beecli,and some hicory.Ezthier compact.

Al110. (24).Virgin of Alll,and simolar to Al09.

A111.(25). History and type similar to Al03.

Al12. (26).Taken from Sec. 20 Wuyland Tv.p.
Adark colored clay loam,1l2 in. de~p.Cropped to wheat,
corn,oats,and hay for fifty years with no treutment.
Originally produced 40 bu. of ‘wheat per acre; now about
10 bu.Very compact and in poor tilth. |

A1128. (27).Light yellow to gray for 20 in.;
very compaét.

A113. (2€) .Virgin of All2.Very compact;covered
with hicory,oak,anu elm.

,  Al13S. (29).Similar to AllZzS.

Al14., (30).Taken from Sec. 14 Allegan Twp.
Agravelly,medium sand.Cropped to wheat,corn,and potéoes
for fifty years.%ill produce avout 25 bu. of corn at
present.

Al14S. (71).Light yellow in colorigravelly and
compact for 30 in.

Al115. (%2).Virgin of All4:icompacticovered with
oak.

A115S. (%%).Similar to All<4S.

A116. (34).Taken from Sec.l Trowtridge Twpe.
tmedium sand,b to 8 in. deep,und very open.Croprped to
wheat,corn,and a little clover for 40 years.Originally
produced 35 to 40 bu. of wheat and 40 bu. of corn per
acrejnow no wheat is grown and only about 25 bu. of

corn or 10 bu. of rye can be grown per acre.
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A116S. (35).Light yellow in color,and unusually
oren to 26 in.

All/. (36).Virgin of All6;5in.deep;covered
with oake.

A117S. (37).Similar to Allés.

A118. (38)eTecken fom Sec. 5 Trovbridge TWpe
A poorly drained clay loam about 6 in. deep.Cropped
for fifty years to wheat,oats,corn,and clover,with no
treatment.Originally produced large crops,but now only
about 25 bu. of oats,end &5 to 320 bu. of corn per acre.

A118S. (39).A conmpact,impervious,clay.T,ight
colored to 24 in. then darker and a blue clay at 30 in.

A119. (40).Virgin of Al1f.6in. deepicovered
with poplar,willow,soft maple and basswood.

A119S. (41).Similar to Al1Ss.

A120. (42).Taken from Sec. 16 mrowbridge Twp.
Cropped to oats,clover,and corn,for fifty years with no
treatment.Adark colored clay loam,about 5 in. deep.
In poor tilth.

A120S. (43).Clay,light gray to yellow in color,
compacte

A122. (44).Virgin of Al20.

A12%2. (45).7aken from Sec. 17 Trowbridge Twp.
A medivm sand,reddish in color,6 in. de~p.Spots of this
soil are scattered throughout what is otherwise =z very
productive field.The corn grows only to a height of
6to & in,,and is red in color.¥o virgin sample of this
s0il could be obtained but one wus taken about twenty

feet from it in a productive spot.
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A12%S, (46).Ared sand to 20 in. then a white
water sand.The water tuble 1s 30 ine. below the surface.
A small amount of blue clay is mixed with the sand
and forms a loose hiard pane

A124.  (47).Tz2ken ubout twenty feet from Al24;
Dark gray in color and 8 in. drep.The corn here is very
luxurient.

A124S. (46y.pight gray in color to 14 in. then
a white vater sandidid not strike the water table.

A125. (50).Tzken from Sec. 14 Casco Twp.A gray
medium sand,6 in. decp.Cropped to beans,corn,and rye
for thnirty years,with no treatment.Originally produced
20 bu. of beans,40 bu. of corﬁ;or 20 bu. of rye per
acre.lfow about one-haif these amounts.

Al125S. (51).The color is gray to 14 in.,then
white to 20 in.,then yellow to 36 in.Compact.

Al26. (52).0riginally covered with hemlock,
maple,and beecih. ,

A1268. (53%).Similar to Al25S.

£527. (54).Taken from Sec. 14 Casco Twp.A
medium sand,gray to yellow in color,8 in. deep.Farmed
forty years with no treatment.When new produced 25 bu.
of corn or 15 bu. of rye per acre;now only 10 bu. of
and 5 to 10 bu. of rye.Very open.

A227S- (55)«A perfectly open,yellow sard with
no variations for several feet.

A528. (56).Virgin of A527;covered with pine,
hemlock,wnite ash,and cherrye.

A528S8.Similar to A527S.

A529. (57)<Taken from Sec.2 Lee qWpe A light



gray,nedium send,6 in. deep.Cropped thirty years to
corn,teans,and rye,with no treatment.Originally producea
20 bue. of corn or 15 bu. of rye;nov about one-half that
amount; very open.

A5298. (5€).Yeldow and very coarse to a great
depthivery open.

A5%0. (59).Virgin of A529.Covered witn beech
and maple,and a few pine.

A5%0S. (60).Similar to A529S.

A204, (61).Teken from Sec. 17 Trewbridge Twp.
A cley loam 10 in. deep.Cropped 50 years to potatoes,
corn,and oats,with no treatment.At present will produce
atout 35 bu. of corn or 25 bu. of oats waich 1s only
one-Lalf the original yield.

A204S. (62)*A heavy,compact clayigray to 24 in.
than yellowish gr.y to 36 in.

A205. (63)eyirgin of A204.Covered with elm,
willow,and s camore.

A7058. (64).Similar to A204S.

A206. (655.Taken from gec.16 Allegan Tup.A
clay loam,about 14 in. deep.Farmed forty years to corn,
oats,wheat,clover,and timothy,with no treatment.At
present it produces wbout 20 bu. of wheat,and 35 to
40 bu. of corn per acre, which is only about one-half
the yield of similar virgin fields.

A206S. (66) A neavy,dark colored clay to 20 in.
then a light gray ciay to 70 in.

207. (67).Virgin of AZ06;covered with elm,

oak,and maplee.



AZ07s. (68)eSimilar to AZ06S.

A20C. (69).Tzken from Sec. 16 Casco Twp.A
ereylsh brown sand,l0 in. decp.There are patches of this
s0il scattered throurhout tlhie Clyde area of tkis part
of tlie county.It will procduce no*thirg; other parts of
the field are very productive.lt has beecn farmed about
forty yeurs.

AZ0CS. (70)eThe first 10 in. is dark brown in
color,then it becomes lighter,and from 18 in. to 26 in.
it is white.Wuter table at 26 in.

A209. (71).72ken from See. 18 Lee Twp.A medium
sand,durk gray to red in color,14 in. decp.

Farred twenty-five years to corn,oats,potatoes,and hay
with no treatment.The crors are a complete failure.

A209S. (72)«A medivm sand; haru,wet,yellow in
color,enl imperviouse.

A210. (7%).Virgin of A209.Covered with porplar,
elm,soft marle,and wnite ash.

A210S. (74).Similar to A209S.



Tarerimental

The sumples obtained in the field were taken into
thie lavoratory,trioroughly nmixed,and o srall sample of about
75 grse. taken.This sun:le vwas Zround until fire enougiy to
cas” turoush a sieve of 100 zeshcs per sguare inch.

Te firet work done was to determine the total amount
cf rlos; rorous,nitrocen,sulfur,rotassium,and cclcium in each
samilesne nitrogen was deterniined according to tlie Gunning
metiioa for totdl unitrosenithe pnospluorousw.s cdeiermined acc-
criirg Yo tle officicl rmeti.uw for %totol pliosriorousithe cule
iwe oy tle rethod used in the labora®ory of the University
of Illircis,es recorded in tlie apvyoandix of "S.il Tertility
and Perirunesnt Azriculture™cy ornkinsiond the zulfur by the
retlca used in the Undvsroity of Wisconsin,: s recorded in
Wis.ileselull.ldelie rotos dum s detirminad Ty tue Luvrence

[ 9 RO b 49
Smith metrod.

The results are recorded in Tuvle I

22.
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A comparison between tae per'cents of the vafious
plant food elements,and total plant food of productive and
unprodustive soils,of the same and of different types,brings
out some very interesting points.

First a comparison might be made between soils 12
and 25.The former is a virgzin medium sand and will produce
from 40 to 50 bu. of wheat per acre,and other gensral farm
crops in proportion.lIt contains fairly large ampunts of all
the various food elements with the exception of phospliorous;
in tais it is_deficient.It has a total of 1.9653 of plant foode.
25 1s a cropped fine sandy loam which will produce only 20
to 25 bu. of wheat and other farm crops in proportion.It
contains large amounts of all the plant food elements ,and
a total of 5.451ﬁ of plant foodeor nearly twice as much as
12,fet will produce only about half as much.That is to say
0,161 N,0.087 Py1.591 K,0.067% S,and 0.259;0 Ca will
produce as large a crop in a virgin medium sand as O.24@f
N.O.lSéﬂ P,2.2§Lﬂ K, o.mloaﬁ's. and 0.61L£ Ca0 in a cropped
fine séndy lozm.

We have a similar condition in th- relation between
soils 19 and %8.19 is a virzin medium sand which will
prolure 40 bu.~of wheat per acre;it is low in no essential
element with the exception of plhospliorous.It has a total
of 1.C65. of plant fooud.35 is a cropped clay loam waich will
produce about nalf a norm.l crcp.lt is very deficient in
paospnorous but in no other element,and has a total of 2.45%J
of plant food.Or in other words 0.1650 N, 0.0517 P, 1.752.X,
0.0405 S, 0.426); Ca0,1is producing about one-half as much in

a crooped clay loam as 0.173& N,0.086 P,1.365< K, 0.059,. S,
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Y
and 0.380,. Cal,in a medium virgin sand.

Other similar coaparisons might be made;32,a virgin
medium dand with a total of 1.5646,. 0f plaat food,produces more
than 21,a cropped fine sandy loanm,with 2.205% of plant food.
50,a virgin medium sand witih a total of l.SB;ﬁ of plant food,
produces more tnan 26,a cropped clay loam with a total of
2.2%52 of plant food.

Thus we have a series of comparisons between produc-
tive and unproductive soils of different types.It would also
be of value to compare produc*ive soils of one type with
productive soils of another type.Soil 12,with a total of
1.945 of plant food,19,with a total of 1.86&7 Of plant
food,are productive medium sunds;23 with a total of 2.7517
of plant food,24,vith a total of 4.55Qﬂ Of plant food,are
productive fine sandy loams;23,wita a total of 3.879;. of plant
food,40,with a total of 3.655/. of plant food,and 44 with a
total of 2.86%£ of plant food,are productive clay loams.

Here we have a series of soils of very nearly ejuul productiv-
ity,buy of different types,and varying in total amount of
plant food from l.éléﬂ in medium sand to an average of 5.430,.
in the heavy loams.

To make the comparison complete two or three more
soils should be mentionedwhich are virzin and contain fair
amounts of rlant food,but which are not productive.56 and
59 are medium sands,uncropped,and wi*a a total of 2.23527
2.310% of plant food respectively.This is considerably above
tie averaze for the productive sands men ioned above.?7% 1is
a medium sand with 1.803 . of plant food,only a trifle under

the average for the sanis but is very unproductive.



We now liavz campurative data on productive and un-
prroductive soils of the same and iifferent ' pes.One of the
most obrious facts broucht ont by these data is the great
aifference in the relation vetwesn composition and produc-
tivity ,due at least apparently,to type.A much lower amount
of plant fcod is needed in a sandy so0il to produce a given
crop than is needed in a finer,loam soil.This might be due
to a difference in the availability of the nutrient salts
present,or to a difference in tae piaysical conditions.Poor
tilth and drainage mizht easily account for the difference
between 19 and 33.lfuch of the orgunic has been removed from
58,leaving a poor condition of tilth and the drainags is
poor.Both of these coniitions are dertrmental to aeration
and bacteriul activity,and consejuently the plant food might
become available more slowly,and the roots of the plants
might be hindered in their development.Poor tilth might also
explain the differences between 50 and 26.I: would not,however
explaln the difference between 12 and 25 or 32 and 21.The
possibility of availability being the determining factor will
be discusséd later;but it is very probable that the different

ce is due in a large measure to type and consequent differmt
ces in texture.As pointed out by Hilgars,the coarser textured
s0ils are more easily penetrated and allow a more extensive
root development,and thus the roots may come in contacto
with a larger amount of plantfoode.

One furtaer comparison of variations within the class
should be made.l2 has already becn discussed;56,59,and 3
are of *he same class as 12.The typemis different;l2 is a

Misami medium sand 874 56,59,2nd 3 are Coloma medium S4Nnds.
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The three latter are coarser,mofe open,and are underlaid
with a coarse and very open sub-soil.These physical character-
istics of the Coloma soils coupled with a probable difference
in their geological origin and mineral composition so reduce
their water holding capacity that their pdoductivity is very
low.

As a re=sult,then, of a comparison of the producing
capacity of various soils we find that an interpretation of
such analyses must be modified by a considereation of the
class,drainage,sub-soil,orgunic matter content,and all other
conditions which mey in any way z2ffect the bacterial condi:zions
and the availability of the plart food.

This brings up the question of the relation between
the amount of avaioable plant food and the producing power
of the s0il.Owing to the limited amount of *time avallable for
the work,only one sample of each type was used,and only the
avallable phosphorous and potassium were determined.

The digestions were made witi N/5 HC1 and the
determinations made according t¢ the official method.

Table II gives the results obtained.The soils are
arranged according to type and the results given in parts

per millioci: (ppm)
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Table II .Sho:ing the ppme. of Available KéOand P205 in the
¥arious Tryp=23 ofSoil.

: Sample No.: Class : Virgin of: ppm. K0 : ppm. P,05 :

: 1. ¢ Medium S : : 170 : 103 :
2 5 ¢ % : 1 : 13 : 100 s
A T A
2 56 : % : 56 : 190  : 174 :
;T 12 : % i 14 : 130 & 397 :
2 14« T 160 i 360 1
: N 76
2 a7 . T 270z 166 :
o 71 = i 100 i 267k
N N
2 24 :Fine ST : 25  : 290 . : 210 s
2 25 : = ¢ i 120z 370 :
s 38 :ClayL : o 220 oz 61 :
0 a0z » i 38 & 290 8o :
s a2 i« LT a0 s FER
2 e or Ty e i 0 s 64 :
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Areview of this table wil™ show that it is more or
less difficult to draw from it any conclusions concerning the
availability of phos:ihorous and potassium in relation to
productivity.

It is not certain tnuatl the quantities inaicuted in B

the table really indicate the amounts cctually in the soil
because considerable quantities of each of these elements
night go into solution,but be readsorbed by the soil;in this
case the filtrate would contain less after filtering than
had previously been in solution.This vould be especially
true of the finer types of soil.

Using the results given in the table as a basis for
discussion,it would seem that in no case should the amount
of soluble material be a limiting factor except in the case
of the phosphorous of the clay loams and 45.

But the mere fact that certainamounts of these elements
are soluble in weak acid,doesn,t necessarily mean that they
will be available to the pliunts under the conditions as they
actually exist in the field.For example in the soils 12 and
14,the former virgin and very productive,the latter cropped
and very unprodustive,the amount of soluble phosphorous and
potash has not been chunged enough to cause such a marked
differenée in productivity.But the organic ma ter in 14 is
so much lower than it was originally that'the water holding
capacity iius becnbgreatly reduced and one would not expect to
find so much ol the nutrient salts actually in the soil
solution as in 12,altaough it might be in .. soluble form.

Also there may be enough solableﬂplantwfood in the

soil for good plant growth,yet the structure of the soil
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and other conditions of tilth be such that the root system
cannot come in contact with sufficient quantities of it to
give the best results.Thus,in 25 and 12,we find only a small
difference in the amount of soluble material present,yet
801l 12 is much more productive.It is more open and permits
of a better root development and consequently the soluble mi
material may be more comnleyely utilized.

Another factor noit brought out in the table,but
which might partially explain the lack of correlation bvetween
the dissolved material and the amount of plant growth
supported,is the availability of the nitrogen.If the con-
clusions of Winter and Robson (20) be correct,that nitrogen-
ous compounds become available more rapidly in sands than in
finer classes of soil,then a smaller amount of nitrogen in
a sand would produce better results than a laregr amount in
a loam s0il due to its greater activity.It is also conceded
that the nitrogzn of a virgin soil is more .ctive than that
of a croprped soiljconsequently,although there might be a
large amount of nitrogen in a cropped soil,as in 25,than
in a virgin soil like 12,yet its inactivity might 5e a limit-
ing factor.

Thus we find difficulty in interpreting results ob-
tained in availability studies withoutna careful consideration
of all other limiting factors.

The ohter pnase of the subject,the effect of cropping
upon the chemical composition, will next be taken up. The
cropped soils have been arranged in Table III according to
type,and the per cent loss of nitrogen,phospliiorous,potassium,
sulfur,and calcium recorded,together with the number of years

of croppinge.



33

Table III.Showing the Per Cent Loss of the Vurious Food
Elements and the Number of Years Cropped.

:Sample:Type:N Loss:P Loss:X Loss:S Loss:Ca Loss:Cropped:

4 " ooll.4 21202 %:9.20 2:58.6 ¥k 130 "

T 7 .1 % :10.6 £:28.8 %= i14.4 Z:  :20 m
T 10 : " 150.9 £:20.6 %:7.60 Z:31.3 Ae 60 W
T 14 : % :34.1 %:20.6 %:10.8 %:59.6 = :60 %
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Only discucsions of a ruthiier gener:zl nature will be

rogsible of Table III for the following reasons:certain lose
es have ocurred inthe virgin soils during the time which the
corresponiaing croprped soils have been under cultivation ;
conseguently it 1s impossible to know the exact originel
comapesition of the cropped soil; Also 1t has becn entirely
impossible to determine the exact number of the various crops
that have been removed from the scil during the period of
qropping;and as there is s0 great a varliation in the compo-
sition of the crops removed it is impossible to more than
avproxinate the amount removed by the cropse.

The losses from the soil are brought about through
percolation,surface washing,some loss of nitrogen into the
alr,and by the removel of crops.All of these losses are of
course greater in cropped than in uncropped soil,although
there are some losses from the uncropped eoil due to per-
colatione |

The highest per cent of loc: seems to be in the case
of nitrogen.In practically all cases, judging from the length
of tine cro ped,the loss of nitrogen is greater by far than
that brought about by the removal of plants alone.This is
especially true of the sands.Althouzh there is no great dfffer-
ence in the averace loss in the sands and the loams it must
be kept in mind that the amount of material really removed
by crorping from the sands is much less.Soil 10 has been
cropped the same length of ti e as 21 or 73 ana originally
produced &s much, yet during the last hulf or more of the
fif+y or sixty years of cropping the production on the sunds
has been far behind that on fhe heavier types and at present

practicelly mothing 1s being taken from the sands,and the
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loams,esyrecially 21,are still producing crors thet mean a
distinct loss in plant food.

Thus the loss in othier ways must be greater in the
sands.Soils 10,14,17,and %0,are open soils and consequently
tre oxidation of the org=anic matter would take rlace very
rapidly,and althoush the sub-soils are not excessively open,

et the loss by percolation would be great during cropping.
Oxidation would be much slower in the loams.

In the so0ils,l,4,7,%34,54,and 57,ve have not only

a very open surfuce s0il but a perfectly pervious sub-soil,
both of which conditions greatly promote the loss of nitrogen
Consequently,although none of tliese soils have produced a
large aggregate of crops yet the nitrogen loc-s is comparati-
vely,high,considering the time of cultivation.

The loss of phosypliorous averages considerably than
that of nitrogen.This 1s probably due to the fact that plans
rerove less as food and thut there is less loss by percola-
tion, due to its insoluble form in the soileIt is noticezble

that the losces are somevihat higher in the loam soils than
in the s .nds,due to the fuct,no doubt,that the removal by
cropping is riuch greater and *“he possible loss by percola-
tion is small.b65 and 71 are striking except ons to thc above
stuement.It is impossible to explain thc great 10ss of
phospho ous from?7l1 without further study into the form in
which it occurs as this is .n unusual soil.The gain in 65

is undoub*edly due to imperfect sampling. |

The losses of potash,in percents,are conslderably
lower than those of phosphorous or nitrogen.This 1is because

of the much larger zmount of potash in the soil,and the
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actual loss in pounds per acre is greater.

There is a somevhat greater loss in the loams than
in the sunds due,as in the case of phosphorous,to the greater
total amount of produc*ion by the loams and th» comparative-

ly small loss due to percolatione.

In a consideration of the loss of sulfur,two points
are of especial interest.The first of these 1is the fact that

tnere is a decided loss of sulfur from the soill due to
cultivotioneZhis fact is worthy of notice at this time becamse
of the discucsion in recent literature as to the improta-
nce of sulfur as a factor in soil fertility.These results
corresrond very favorstly to those obteained at other station
And in as much &«: sulfur is consiiered a necessary element
of plant f od #nd is a constituent of all protein compounds,
it would seem that sulfur should be consicered a factor in
fertility problems.

The second point of interest is the relation

bet-en sulfur ol nitrogene. Although it cannot be said that
there is a distin:t relation betw~en total sulfur and total
nitrogen,yet it is evident from Table I that there is some
relation and thése s80ils tha* are especially highin nitrogen

are likewise hirsl. in sulfur.Tne reverse of this,however,

isnot slwal: t#»iw'but the striking relation between the two
elements is thut of the losses due to cropping.It will be
seen from Table III that with but two or three exceptions‘
a high loss in nitrogen is acconiponied with a hi-h loss in
sulfur,and a loss in nitrogen by a low loss in sulfure.This
micght be accounted for by the close a sociation of each

element with the protein compuunds.Plants vihich are high
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in protein of course take up large @mounts of nitrogen and
the same thing has been found %“o be true with sulfur(29).
Thus a large removal of nitrogen ty plints should be accom-
panied bty a large removal of sulfur.Likewise vhen the plant
tissues in the sc 1 decay and break down into scluble com-
peunds the nitrogen and sulfur = ill be associated in the
accornpanying loss by percolatione
The last element to ve considered in connection with

its loss due to cropping is calcium.A considerable diffi-
éulty was met with in gettigg consistent data on calcium
contvent znd lous due,probably,to sampling in the field,as

it has been found that a much larger number of samples is
necessary to make up a representautive composite than is the
case with the other elements.The loss is in all cases,of
course,far beyond thit vhich could be caused by cropping
alone.Th= loss by percolation depends upon the nature of the

comrounds in which the calcium occurs.Thc highest loscses
recorded o cur in the loam soils in which the calcium is
probubly in the form of a carbonate.

One of the most interesting and practical phases

of so0il depletion by cropping,is the difference in the lasting

powers of thevdifferent types of soilithat is the difference

in the length of time which the various tyres of cpid will

produce profitable crops.This subject,with the relation t
the originzl vegetation,will be:taken up at this :oint.

Soils 12,19,23,24,56,5%9,and 67 will be used in the
comparisons.l2 and 19 are Miami sands covered with oak timber.
These soils are at present producing no profitable crops,
and have not for the past twenty years.Soils 23 and 24 are

Miami loams covered with hard-wood timber including beech
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maple,and some hicory.There has becn only a gradual decrease
in the productivity of these soils,and even at present,afbér
fifty years of continuous crcpring,they are producing crops
at a profit,even though it is small.56 is a Colomz medium
sand,covered chiefly with pine,wi‘h some hemlock and cherrye.
59 is essentially the same type,but is in a region of trans-
ition betwesn the Coloma and Miami series,and is covered
with small maple and beech timber.These soils produced fairly
good cropu for the first two to five years,then decreased
very rapldly in productivity,and no profitable crcps can

be grown after ten years.67 is a Clyde loam covered with
elm,maple,and a great deal of oake.Its productivity,like thit
of 2% and 24,has decreased graudually and it will still
produce a scmevnat profitable crop.

Thus we find thot the uplund,oak soils are much less
lasting than tlie low land oak soils,or the up land typical
maple and beech soils.The pine up lands are much less lasting
than the hard-wood up-landsithis is duevery largely to their
coarse texture and open structure,wvhich decreases their
water holding capacity and incrocses oxidation to a great
extent.

As a svrumnary of this point,it is apparent that oak
lands,if low,are very lasting in productivityiand if high
are only moderately so.The maple and beech up lands campare
very favorably with the oak low lands in this respect.The
least valuable from the standpoint of «bility to produce

profitable crops over a series of years,are the Coloma

pine soils.
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The next and final phase of the work to be discussed
is the chznges in the acidity of the soils due to crorgping.
The Veitcli method was used in muking the lime reyuirement
determinations.

The results are recorded in Table IV.
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Table IV.Sno::ing Changes in Lime Renuirement .Nosign before
the Number in the Last Columm Indicates th- Chunge to have

Ieen an Increase.A - sign irdicutes a Decrease.

: Sanmple : Virein of :Cad Te-uirement: Chunge :
T 2500 1he. per A: 2500 Lbs.
e 1 s wone
ST T T T T 2000 w2000
. e T i Imome
T T ko0 e T 500
: 9 : 7 :1500 n " " :no change
;10 : T Tioco M W wam e
: 1a . T oo W ow T
12 T 14 :1000 " e w:
: 17 T oo w e omiliga0
;19 1 17 :zza0 o ow o
2T 1606 * = ® :.fc0
: 23+ 21 2400 W o m o owg
s 26 ¢ il100 m = m :3300 ®
: 28 26 a0 o womo
: 30 : iNeme  tno chanmge
T
;34 i T:1306  m w % : 500 Lbs.
: a6« 34 :1800 " % w:
: 36 ¢ izqoo o w woiagoo
. a0+ 38 :Nome .+
e Y
2 aa a2 :ico W W e
250t T30 W e ilzoo0

- G D WD R R N R G SR G O O R R R G e R G G S e n e G W ORGP O B G @ G Gk R R SR G e TR OGP W NS UGSt SRS W oo e

- - G O TG T s G R OR e D U G e e Te en SR R TE G e S G G SR EE G W CR R G O O ED S e G Gk Gn S R WS Sm S e D e
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Table IV.(Continued)

: Sample ¢ Virgin of :Cu0 Lesuirement: Change :

- S e G G e e R G G G G- Gk h G G e D e B e T e e W D D G SR TR G e e SR e e e G Te G e o G wn e e Gn O G WE Ge S M G

: 54 : : 2000Lbs.per A : %00 Lbs.
. 56 : 54 :1700 % moma
.56 : 7 izaco s o w:o_seoo
. 59 : 56 :goco e owo:
. 61 :  :Tome  : no change
T 63 : 61z » T )
i 65 : oz o T e
: 67 : 65 oz o T
: 71 : : 4200 % % .%: 2850 Los.



In meking an attempt +o discuss or explein the
results gimen in Tcble IV it must be keopt in mind that our
Imowledge of the exact rature of soil acidity,the factors
which produc> it and vhich correct it ,are more or less
limited,and that the methods of determining the lime reguire-
ment are somewhot ertitrary «nd may not be accurate.

For purioses of dixcussion,the azcidity will br con-
sidered as positive and negative.The positive acidity being
due to the actual presencs of acid and the negative acidity'
being due to the lack of suficient bases to satisfy the
adsorptivs povier of the scil for bases.An accumulat:ion of
orgunic matter,poor drairage,or othier conditions detrimentul
to oxidation,vwould undoubtedly increase the positive acidity,
and anything th:t would increase the oxidation or improve
the druinage w.uld have a tendency to decreuse it.Any factor
vhnich removed the basic muterizl of the soil would undoubtedly
increase the negutive acidity.

In five of the cronped soils studied,three sands and
two loams,nelther an increase non a decrease in the acidity
is roticeable.These wre 10,14,%0,60,and 65.12 is the virzin
of 10 and 14,end 32 is the virgin of 30.These virgin solls
esreciuwlly 12,contuin.a consideruble amount of orgenic matter
and v.ere covered with quite a large accumulation of leaf mold
etc.fltiouzh this accumulation was entirely removed bheofore
campling,it no doubt has had e marked effect on the acidity
VerectteTlzis materiel has beoen very largely oxidized in the
corresponding cro; ed soils.Thus any increase in negative
.cidity viuich hus been brought about by a removal of buses

in th~ crorred soil has been counterbulanced ty the decrease
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ive acility wouli &lso be some-
‘nzt cecreased by tlie oxidution of the orgunic colloids,thus
reducirns the totul adsorbing surface.

In soils 81 ani 65,the orlrsinal busic content was
creut enousi o exatle tle soil to retuin its bus ic r=action
for w cousiderctle nunber of y=urs.

In four suniy so0ils,17,%4,50,und 58,and tuo loums,
71 oni 42,%here has been wn wctual decrease in the lime
rejairesent.Tiiis is no doubt duc to the swaiz couses mentioned

ir tlic rreceding discussion tut the oxidution of the acids
un'ti "he orz.nic colloids hus bo ' more complete.The virgins
of 1 enl 47 zre very 1izh in orgenic mutter which hus been
uwiye extcnsively oxidized in the crorred soills.

In five sunds,l.4.7.52,und 71,and in one loam,3Z,
the lire rejuircient is increwsedein the first four scoils
mentionel il aumount of ccidity lost by cultivation hias bain

more thwun courntertelenced Ty lhe

D

ircrease due to the removal
of Yuses and weo llave an incrense in ‘Lo lime re.uircrient

s o rosult.7l 1s a sreciil cuse and tliere is a strong rossib
ility that tie acidity is due in part ‘o un acid feo rous

sult,as tliere is a larze wmount of iron in *the soil.This

cannot be lost b percolation beccuse of thi= impervicus sub=-

(&)

. ..~ 3
0ile.7C 1

w

in very poor %ilth and consge uently tlicre 1s a
cience for th= accuwrulatlon of aciac.
Taus w2 find tii 4 contruiy to the ruther general
crinion tlat crorping increcsces aciaity,it as often decreases
it as i+t does increuse it.Thiis is at least true in so fur
as our present metliods wre reliable.

It was hoped *lirt swme relation might e vorked out
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betwveen awcidity and crop production,but owing to tlhie lurge
nunter of otusr fuctors tih.t ars presert to influence the

2,15 1s irmpossible to druw uny conclusions elons thet

(&R

riel
line.Scme of the scils that have decreased the most in
rroductivity nave no grecter lime reoulrenment than they had
vien vir-in,es judred by the uncronped soil;ind scrie solls
wricii heve wn increwnsed a2ciliity huve shown thz least decrezse

in yroeducins c.p.city.
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SwHOLTY

Prctably few if any,entirely nevw facts have been
broucht ou* by tiie work reported in tliis parer.Certain facts,
rowever nuave been empheasized by tiie dautwe presented here,
and our knovledg> of Michizun solls has been greatly increase
I.I'ffect of chemical composition upon productivity.

« T most valuable point brought out by the data

on tuis phase of tlie subject is great variétion in produc-
tivity due apparently to t_ pes.

2eTne sume amount of plunt food will produce much
better results in a szniy soil thun in loam soile

3e"he sume wumount of plant food in « virgin soil wdll
produce better results thian in :n old soil.

4,%ne s .me wamoun®t of readily soluble plunt food will
£ive tetter results in a swndy so0il than is o loem soil.

5e¢in some soils the avail.bility of the plant fcod
is increased by cro:’ping,end in some soils it is decreased.
The tyre and puysical condition of the so 1 has a great deal
to Jo with this.
II.Tue effcc of cro ping u on the chemical compositione

1.211 food elements are lost in greater quantities
than could be caused by cro ing alone.

2.The greatest loss. ig in nitrogen,due to large
zmounts tuken up by plants and the oxidation of orgunic matter
and thie subseguent loss by percolatipbn.

%3+.Smuller amounts of phosphorous and potash are lost
by percolution,consequently taneir decrease is not su grezte.

4.There is a closes relation betwesn the loss of
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nitocen eni thit of sulfur,due provubly *o their
essuclediton in protein compounds.

5.Croppirg,undexr certuin conditiocns increases acidity

und under otlier conditions decreases it.Th- effect is

determined in a greut mewsure,no doubt,by the cause of the
wcidity.
III*Lastin powers of soils.

l.Zhe Clyde ouk lands and the Miumi maple and b-ech
lands ¢re much more lastins tiun the Jiumil owk lendse.

2eThe Colomi pine lands are the least valuable 0

all tyges from this point of view.
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Ceneral Conclusions

It seems juite apparent
composition of the soill is only
its mroductivity.The solubility

is determined to a great extent

thie s0ll,and tne use which the

constituents after they become s

larcely by plhiysical coniitionse.

that the mere chemical

one factor in determining

of the mineral constituvents
by the physical conditicns of
rlant can make of these

nluble is also governed guite

Thus it is of but little use to studiy the chemical

conditions of tiie soil in the hiope of arriving at some

definite conclusion concerning its proiucing powzar without

an e ually exhaustive study of its piiyrysical conditionse.

It is plannod to take up this phuaseof the work

more extensively lzte one
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