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IRTRODUCTION

It is a well known fact that both the organic and in-
organis portions of the soll play am important part in the
base-~exchange reastion. Considerable work of the past dealt
either with the inorganic and organic portion of the soil as
a whole, or just the mineral fractionm,

The effect of different fertilizer treatments and var-
ijous farming practices upon the exohangeable bases has been
studied extensively. The ability of a soil to release certain
ions readily and to retain other ions firmly, has been inves-

- tigated rather thoroughly,

The total analysis and base-exchange capacity of a num-
ber of soils at different depths have been reported, But un-
t1l recent years little work has deen done on the base-exchange
capacity of the organioc matter of the soil, and the importance
of this fraction in the base-exchange reaction has not been
thoroughly investigated. The study of various types of decom-
posing organic materials and their dase-exchange capacities
has deen an expanding study the last number of years,

However, as far as the writer is aware, no one has attempt-
ed to determine the base-exchange capacity of the organiec mat-
ter in the different soil horizons, Therefore, in this paper,
an attempt was made to gain some further knowledge regarding
the base-exchange capacity of the organjc matter in the differ-
ent soil horizons,

It was the odbjeet of this investigation to determine the
base~exchange capaéity of the organic matter in the A;, A3, By,
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Bz, and C horizons of six soil profiles collected in Miohigan,
The prorilob were also analyzed for exchangeabdle calcium and
magnesium. The effeot of DH upon the base~exchange ecapacity
of each soil was also studied, by using ammonium acetate ad-
Justed to a pH of 7.0 on one set of samples, and ammonium ace-

tate adjusted to the pH of the soil, on s second set of samples.
REVIEW QOF LITERATURE

¥ay, (16)1 in the year 1852 first discovered that soils
had the power to exchangs bases., Gedroiz (5) in some of his
earlier writings conveyed ths idea that although the organie
portion of the soil did have some power to exchange bases, it
was practically negligable in comparison to the inorganis por-
tion. However, in later years, Gedrolz (4) revised his ideas
and suggested that the organiec portion of the soil may have an
important part in base-exohange and that the dase-exchange ca-
pasity of the organis matter may even exceed that of the min-
eral portion,

Baver (3) found that 30 to 60 per cent of the total base-
exchange eapasity of a soil could be attributed to the organic
portion, Mitchell (10), found that the organic portion of the
soil constitutes 41 to 65 per cent of the total base~exchange
capacity. Olson and Bray (18), in their study of Illinois
goils, found that the base-exchange capacity of the organio
portion varied from 0.6 to 16,3 milliequivalents constituting
from 6,8 to 43.4 per cent of the total base~exchange capacity
of the soils. In their investigation the destruction of the
l1ndicates literature sited.
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base=-exchange capacity of the organiec portion was accomplished
by using a single 40 ml, treatment of 134 HgOg, Although there
are many oonflicting opinions as to methods of destroying or-
ganic matser, Alexander and Byers (1), after a oritical labe
oratory study of methods of determining organis matter, came

to ths conclusion that Hg0g may be used to determine the amount
of readily oxidizabdle organie portion of the soll, dbut it should
not be used in determining the total amount of organic matter
present,

MeGearge (7) conocluded from his data that there was a
wide variation in the base-exchange eapacity of lignin-like
bodies in different soils, and also that it was dy no means a
constant quantity, for in all cases these exchange ocompounds
were able to undergo further alteration, probably a hydrol=-
ysis, whioch inereased, or built up their dbase-exchange capael-
$ies. He found that lignin from different soils had a base~
exchange capacity that ranged from 38 to 178 milliequivalents
per 100 grams, Ligno-humate material showed a much higher and
more oonstant capacity, ranging from 381 to 431 milliequiva-
lents per 100 grams, He also found a close correlation between
the total base-exchangs capacity and the carbon sontent of the
soil, there being an inerease of 35 milliequivalents dase-ex-
change capacity for easch 10 grams of carbon in the soil,

Mitchell (11) poiﬁtod out that the presence of organie
matter increases the bass-exchange ceapacities in the surface
horizons, Millar, Smith, and Brown (9) showed that mature
plants vary greatly in their base-exchange eapacity. It was

also shown that the increase in base-exchange capacity can Dde



4.

attributed, at least partially, to the inerease in the lignin

content of the decomposed materials, However, the inerease

in base~sxehangs eapacity was so much larger than the inorease
in lignin, it would seem that the absorptive eapacity of lig-

nin has been ingreased during the decomposition.

TUrner (14) found that the humus of the soil has a hase~
exchange eapacity of 151 milliequivalents per 100 grams, while
the elay fraction has only 24 milliequivalents per 100 grams
or about one-gixth that of humus,

Mitchell (11) found that the base-exchange ecapacity in
gonorai showed no marked difference throughout the different
horizons of the same profile, In most cases it follows the
clay content fairly elosely,

Mattson (8) found that clay had a base-exchange capacity
of 16.4 to 110.28 milliequivalents per 100 grams of eclay.

Kerr (6}, in his review of the literature, points out
that it is evident that there is a lack of unanimity concers=
ing the true nature of the mechanism involved in the base~ex-
change reastion, One sshool favors the theory that the phen-
omenon is one of adsorption attributadle to the highly dis~
persed eondition of the soil colloids, Another group believes
in the chemical idea, because it has been demonstrated that
many of the charasteriaties of the reaction, point to true
ochemical foroces as being the eontrolling agencies of the pro=-
cess, The great speed of the base-exchange reaction led Ged-
roiz to delieve that it was a non-chemieal reaetion,

4 review of the literature has ylelded only fragments of
data as to the dase-~exchange oapacity of the soil in different
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horizons, and the percentage that is due to inorganie and
the organie matter. The lack of conerete data of this nae
ture led to the study of this problem,

DESCRIPTION OF THE SOILS STUDIEDL

This study was confined to the podzolic soils of the
lower peninsula of Miechigan, Representative samples of six
different profiles developed under the prevailing humid eli-
mate from various parent materials, and under various draine
age conditions were obtained from the locations indicated in
figure 1. The numbers refer to the profiles described delov,

1., Isabella loam, This is a well drained soil devel~
oped from calsaerous, morainic 4rifs under a hardwood forest
in which beeesh, maple, hemloeck, ash, and basswood were the dom-
inant species together with a few seattered white pine, The
forest floor is covered with a 8 to 4 ineh litter of decompos-
ing and dscaying leaves whieh overlie a relatively homogenous
layer of blaek granular, neutral to slightly alkaline, orgen-
is material ranging from 4 to 1 ineh in thickness. Underlye
ing this is a 2 to 6 ineh layer of harsh, platy, ashy-gray
loamy sand to sandy loam which is sometimes aoid in reaotion,
and somewhat stained at the top by infiltering organiec matter,
Bslow the podzolized layer, 10 to 14 inehes of transitional
sandy loam or loam grade into reddish-brown, aeid, highly strue-
tured sandy clay. This layer is characterized dy a nut or
bloek-like structure, the surfaces of the blosk~like struoture,

1Asknowlodgemont is mede to Mr, A. H. Miok for his desoription
of the soil profiles used in this study,
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the surfaces of the bloecks being covered with a dark brown
ecoating and many minute roots, In the lower part free care
bonates are not infrequently observed, Massive, calcareous,
pinkish or reddish-brown till elay is ensountered at depths
ranging between £ and € feet delow the surfaece,

8. Selkirk loam, This is a well-drained heavy textured
soil whieh developed on the clayey calcareous lake plains un-
der a mixed forest of pine and hardwoods, From the surface
downward Selkirk loam consists of a dark colored humus layer
from 1 to 3 inehes in thiockness; 4 to 8 inches of ashy-gray
fine sandy or silty loam; pale yellowish-brown often slightly
mottled sandy loam to clay loam, 3 to 8 inches thick; and fin-
ally impervious pale reddish-brown ¢lay. The first three lay-
ers may scmetimes be aocid but the heavy subsolil is alkaline
and the sub-stratum contains & high percentage of carbonates.

S, Rubioon sand., This is a well-drained, pervious soil
of the d4dry pine pleins., 1 to 3 inches of litter accumulates
under a virgin cover of red end white pine. A one-fourth ingch
humus layer is underlain by the chaoteristic ashy-gray podzol-
ized sand which ranges bejween 3 and 8 inches im thickness,
This layer in turn overlies and grades into a pale yellowish
browva loamy sand from 4 to 6 inches in thickness, slightly
indurated in places. The substrate consists of pale yellow,
loose, previous sand which extends more than 7 or 8 feet de-
low the surfaocs.

4, Ogemaw sandy loem, Ogemaw sandy loam is a ground
water podzol of the poorly drained pine pleins, The surface
is characteristically rather mucky under a relatively deep
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accumulation of litter; this soggy humus layer, 8 or 3 inehes
thick overlies 4 to 8 inches of oonspicuously white sand or
loamy sand, Abruptly underlying the leached layer is a dark
coffee~-drown heavily indurated, sandy *hard pean* which in
places may be &8s much as 128 inches thick, Through a thim
sransition layer the brown color rapidly changes to the drab,
dingy gray of waterlogged sand, At a depth varying between

S and 5 feet, heavy impervious locustrine clay is encountered,
The sud soil eontains a mmall percentage of carbonates,

8§, Kalkaska loamy sand, This soil developed under a
hardwood forest of booch,'maplo, and hemlock on the dry sand
plains. The surface litter decomposes rapidly %o produece a
thir, dark-drown, neutral, humus leyer whieh overlies 8 to 4
inches of & dark gray, losmy seand, This layer grades down-
ward into 8 to $§ inches of ashy-gray loamy sand which may de
aeid in reaction, Underlying this podozolized horizon are
4 to 10 inches of derk coffes-brown loamy samd which often is
slightly indurated. This brown color rapidly fades so that
between 18 to 24 inches the pale yellow, pervious, sandy sub-
stratum is eneountered.

¢, Emst loamy sand, This is a light textered soil
which is developed beneath a hardwood cover in the alkaline,
sandy, morainio drift, Under & moderate accumulation of litt-
er and s thin, neutral to alightly aecid grayish-drown humus
layer, are 8 to 3 inehes of dark-gray stained loamy sand to
sandy loam whiech grades into the harsh, platy, compact ashye
grey leashed horizon., This podzol horizon is acid in resctiom
and ranges between & and 6 inches in thickness, It is under-
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lain by 6 to 10 inches of browmnish-yellow, asld, loamy sand
which in turn grades downward into the sandy and gravelly par-
ent 4drift material,

ANALYTICAL PROCEDURES

The soil samples were collected by horizons amd allowed
to air dry, They were then screened and ground to pass through
a seive ocontaining 0.84 zm. openings. The soils were thorough-
1y mixed, the percentage moisture was determined and the ree
maining portion of the sample was reserved for other determim-
ations,

organic matter was ealeulated by heating the equivalens
of a two gram sample of water~free soil and weighing the amount
of carbon dioxide libereated, The method employed consisted
of heating the sample, after it had been treqted with small
qusntities of manganese dioxide and erystaline sluminma, in an
electrie furnace at 950°C, and passing a stream of oxygen
through the soil, The organic matter was completely destroyed
in less than 10 minutes of heating. The carbon dioxide was
collected in a tube of ascarite whioch was weighed before and
after 1t absorbed the gas, The inerease in weight was found
and the orgeanic matier was caleulated by multiplying the
wvelght of the carbom dioxide liberated, by the faetor 0.471.
This faetor is derived by the following methed:

801l organic matter 1s approximately 358 per eent carbon.
Therefore per cent € x 1.788 = per cent organic matter.

Mol, Wt., € - 18
m yve X 1.728 ®= 0.471
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LAL COgi; 471 x 100 - por oent organic matter

Of the 29 samples studied, seven econtained free calecium
carbonate, When organic matter was determined in the presence
of caleium carbonate by the method just desoribed, the sample
was heated above the decomposition point of this substance,
Therefore tha following reaction took place

cacoy 898,67y Gao+ Gog
and the carbon diocxide from the calcium carbonate collected
in the ascarite tube with the carbon dioxide from the organ=~
ic matter,

In order to eorreet for the peroentage of carbonate
pressnt, the amount of carbonatesl were determined by the
Scheibler method., A two to five gram sample of soil, depend-
ing on the carbonate ocontent, was treated with 20 per cent
HCl and the volume of carbon dioxide liberated was dstermined
with Scheibler®*s apparatus, The volume of cardom dioxide was
then correeted to stendard conditions and the weight ocalculas-
ed from the volume, When the weight of carbon dioxide from the
caloium carbonate was determined, and that weight sudbtiracted
from the weight of cardon dioxide liberated by using the com-
bustion furnaee, the resultant figure was due to the carbdonm
dioxide from the decomposition of the soll organiec matter,

The pH of the soll vas determined electrometrieally by
msans of the glass electrode. A small crueible was filled

114 1s realized that not all of the carbonates present im
the 8oil are combined with caleium, however, since the rel-
ative percentages of caloium and magnesium carbonates pres-
ent had no particular bearing on this problem, they were all
reported as caleium carbonate.
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with 80il to within about one-fourth ineh of the top and was
saturated with distilled vater, The samples were then left
standing overnight to gsome to an equilibrium and $he pH was
determined the following day by using the Beckman DH mster,

Base-sxchange Detarminations
The apparatus used in the base-exshange studies was sim-
ilar to that deaeribed by Russell (13)., Twenty-five-gram same~
ples of soil were used. The soll was pecksd firmly into the
percolation tubes as shown in figure &, so that the leasching
solution cams in contaos with the entire sample of soil,

rigure 2 ( ———> )
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Normal ammonium acetate adjusted to a pH of 7,0 was used
as the leashing solutiom, By using this extraetion apparatus,
it required adout eight hours for the 500 ml, of ammonium ace-
tate to pass through the soil, The leaghats was then reserved
for the @determination of exchangeable caleium and magnesium.

Determination of the Base-exchange Capaeity

After the soll was leached with the ammonium aeetate,
the excess smmonium escetate was removed from the soil by pass-
ing 300 ml, of S0 per cent methanol through the sample. The
emmonia that remained in the soil after this treatment was in
the exchangeables form,

The amnonia that saturated the soil eomplex was then re-
moved by passing 250 ml, of normal caleium acetate solution
through the soil, The solution of caleium acetate and ammon-
ium acetate was colleeted in Kjeldahl flasks. The solutien
was then treated with 0,5 gm. of tamnic acid, to prevent foame
ing, and & m}l. of 40 per cent sodium hydroxide to meake the sol=
ution elkaline., Two hundred ml, of the mixturye was then dis-
tilled over into 35 ml. of a & per cent solution of borie seld.
K/10 ECl was used to titrate the ammonium liberated, brom-phen-
ol blue being used as the indieater. The results were then
converted to milliequivalents per 100 grams of water~frse soii.

Determination of Exéhangoablo Caleciunm
The ammonium scetate leachate was evaporated to dryness
on the steem bath and the residue wes then treated with 30
psr cent hydrogen peroxide until all of the organic matier was
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destroyed., The residue was then taken up in 200 ml. of dise
t$illed water, brought to a boil and 10 ml. of 10 per cent
NH4Cl was added. Then 20 ml, of N/2 (NHg)gCp04 Ves added and
the calcium was precipiteted as CaCg0qe After the preeipitate
vas eoversd and alloved to digest, a drop of (NHg)g Cp04 Vas
added to insure an excess of (NH;);Cg04 im solution., When the
cacgo; was digested it was flltered quickly end washed free of
(NHg)2C20¢ with boiling water, The filtrate was reserved for
the Mg determination. When the filtrate mo longer gave a test
for oxalastes, the filter paper vas broken and the CaCg0Oy was
waghed into a clean beaker, The beaker now ccntained the
| cﬁcgo‘ precipitate in about 200 ml, of water. The céc304 vas
dlssolved in 20 ml. of 18 N HzS04 and brought to a boil, While
the solution was still hot it was titrated with X/10 KMnOg sol-
utior, Next the filter paper was added to the beaker and the
finsl end point determined, The calcium was caloulated from
~ the ml, of KMnog redueed,

Deternination of Exchangeable Magnesium

The filtrate from the csleium determination wes adjust-
ed to sbout 250 ml., The solution was then acidified with 4 ml.,
of ocon, HCl, Then 15 ml, of a freshly prepared 10 per cent
solution of dibasiec ammonium phosphate was added and the solu-
tion was cooled to 280°C, 30 ml. of eon. NH40H was then slov-
ly added with constant stirring, Phendphthelein was used as
an indicator and when a pH of 9,0 was reached, the solutiom
was stirred vigorously until the magnesium precipitated, the
remaining volume of the NH(OH was then added. The beakers

eontaining the precipitate were allowed to stand in a eool
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place over night, The precipitate was filtered on No. 43 What-
man filter paper and washed with 10 per cent NH4 0H. The mag-
nesiwms ammonium phosphate was then ignited at 900°C. to con-
stant weight, During the ignition, the following reaetiom took
place: B8 MgNH PO4.6 Hgo 900°C. 2RHg+ 1SHgO-+MggP207 and the
HggPg07 vas determined gravimetrieally,

Pstermination of the Base-exchange Capaeity of the
Mineral Portion of the 8oil

The method used for determining the base-exchange capa~
eity of the inorganie portion of the soil was that proposed
by Mitehell (8), who found that igmition at 350° to 400° c,
for ssver or eight hours, produced a well oxidized sample, Dut
did not desiroy or change the bdbase-exchange e¢apacity of the in-
organic material,

A 25 gram sample of scil was ignited at 400°C, for seven
hours., When cool, the sample was placed in the percolation
tube and the base-exchange capacity was determined,

Then the difference between the base-exchange capacity
of the original soll and that of the sample in which the ore
ganic matter had deen destroyed, represents the base-exehange
capacity of the organic matter in 100 grams of soll.

The base-exchange capaocity of the organic matter was then
oconverted to the 100 gram equivalent basis by the formmla.

Exchange capacity
100 x due to organic matter Base~exchange capacity

. ressed in M,E, =~ Dper 100 grams of ore-
per oon%iéfédnid matter ganic matter,
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The effect of Varying pH of the Ammonium jpcetate Solu-
tion on the Base-exchange Capacity of the Solls

The objeet of this part of the problem was to extract
the bases and determine the base-exchange capaecity of a soll
vith the ammonium acetate adjusted to the same pH as that of
the soil. The analyses were determined in the same manner as

previously desoribed,
DISCUSSION

The graphs in figure 3 show the variation in the base~
exchange oapacity in the different soll horizons; also the
amount of the base-exchange capacity due to the organic fragc-
tion, and the amount due $o the inorganic fraoction of the
soil. vhen the base-exchange capacity is relativelyvlargo
e¢8 1t is in the B and € horizons of the Isabella and Selkirk
loams, and the C horizon of the Ogemaw sandy loam, it is due
almost entirely to the inorganic freaotion of the soil. The
particular horizons mentioned are composed of a very fine
textured clay, thus these horizons have a large specifi¢ sur-
fags, It is a well known fact that a large specific surface
tends to inerease the base-exchange oapacity of a soil, There-
fore, it is to be expected that in these heavy textured soils,
a large base-exchange capacity should be found, In the sandy
textured soils; Rubicon sand, Kalkaska loamy sand, and Emmet
loamy sand, the inorganic fraction of the soil shows a very
low base-exchange ocapaoity, especially in the lower horizonms,
This c¢an be attributed largely to the sandy texture of the

801l which has a small specific surface as compared to clay
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Base-exchange capacity of various horizons expressed
in milliequivalents per 100 grams of- oven-dry soil,

M.E. Fig. 3a 1Isabelle loam
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Base-eXchange capacity of various horizons expressed
in milliequivalents per 100 grams of oven-dry soil,

M.E. Fig. 3¢ Rubicon sand
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Base-exchange capacity of various horizons expressed

in milliequivalents per 100 grams of oven-dry soil.

Fig. 3¢ Kalkaska loamy sand
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soils, It can be seen in figures 38 and 3b that the organic
matter in the calcareous soill horizons, By, Bz, and C, usually
show a greater base-exchange capacity than the organie matter
in the non-calcareous soll horizons, This is also shown by
horizon C, figure 34, This is to be expected because of the
faot that there is usually a larger percentage of organie
matter present in the lower horizons that contain CaCOg than
the corresponding horizons in other profiles that do not con-
tain CaCOz. This is accounted for by the fact that when col-
loidal humus moves downward through the profile, it is fixed
when it comes into contaest with CaCOz., However, when the hum~
us moves downward in a profile that does not oontain CaCOz,
not as much of the humus will remain in the profile because
there is no CaCO3 nor MgCOs to fix the humus, Vaksman (15)
states that calocium is present in humus only in an edsorbed
condition, but does not form any salts, Humus is fixed in

the presence of calcium and when this base is removed, the
humus is readily lost, hence the total base-exohange capacity
of the soil organic matter decreases.

In most eases it is true, that the percentage of organ-
ic matter is higher and has a higher base-exchange capacity
in the horizons that contain caleium earbonate than the cor-
reasponding horizons of other profiles that do not eontain
caloium carbonate, However, there may be other faectors more
powerful in influeneing the movement of organic matter in the

soil profile than caleium carbonate, such as water, soil tex-

1By a calcareous soll is meant one that shows effervescence
when treated with a 20 per ocent solution of HCl.
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ture, and the quantity and nature of the organis matter in the
Sop horizons,

gedroiz (3) noted thet the soil-adsorbing complex consists
of both organisc and inorganiec soil eonstituents; the greater
importance of one or the other in this process varies with
different soils and with different horizons of the same soil,

The organic fraotion of the surface horizon of all soils
used in this investigation possessed a greater base-exchange
capaeity than the inorganie portion of that horizon. Except
in the zone of accumulation, it is noted that the percentage
of organic matier and the base~exchange capacity of the orgen-
ic fraetion decreases with inereasing depth, 411l solils ex-~
cept the heavily leached Rubliocon sand tend to show that there
is a zone of accumulation in the B. horizon. It can be seen
that the inerease in the base-exchange capacity in the B hor-
izon of the Ogemaw sandy loem, and the B; horizen of the Kale
kaska loamy sand, and Emmet loamy sand is due mainly to the
accumalation of organic matter in the horizon, figures 34,

Je, and 3f, However, as previously explained, most of the
base-exchange capacity of the heavy soils is due to the in-
organie frastion,

48 was pointed out in the review of literature, several
workers reported that the percentage of the base-exchange ca-
paeity, due to the organic matter in the soil horizon, varied
widely. The grephs given in figure 4 show the percentage of
the base-exehange capacity due to the organie portion of the
soll and the percentags due to the inorganie portion. 1In the
Isabella (Fig. 4a), A7 horizon, the organiec matter is the pre-
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Base-exchange capacity of the inorganic and organic
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dominant fraetion, however, as we go deeper into the profile,
the inorganiec fraction possesses a greater capacity for exe
changing bases relative to the organie fraection of the soil.
This is to be expected since with increasing depth pereentage
organic matter decreases, The Selkirk (Fig. 4b), is some-
what similar to the Isabella; the organic matter in the A; and
Ag horizons constitutes over 50 per cent of total base-ex-
change capacity, whereas in the Py, Bg, and C horizons, the
inorganie portion is the dominant fraction im produecing the
base-exchange sapacity, The organie matter is the predomimant
fraction in the A; horizon of the Rubicon send, (Fig. 4¢)e In
the Ag and By horizons, the organic fraction eontributes about
56 per cent the total base-exchange eapacity., However, in the
Bg and € horizon, the inorganie fraetion contributes the great-
er portion of the total base-exchange capacity. In the Ogemaw
sandy loam (Fig. 44), the greater portion of the base-exchange
oapasity of the A; horizon is due to organie matter, while in
the Ag horizon about one-half of the base-sxchange capacity is
due to the organic matter and the other half due to the inor-
ganie matter, In the B horizon the effect of the organic mat-
ter is very predominant, as we might expeet, since this is

the eoffee-brown layer and oontains a considerable amount of
humus, In the ¢ horizon, the inorganiec matter is dominant,
sinee the organic matter content is low and the parent mater-
ial is sandy, In the Kalkaska loamy send (Fig, 4e), the ore
ganic matter plays a dominant role in the base-exchange oca-
pacity of the 4, A5, B, and Bg horizons while the inorganice
fraetion is dominant in the € horizon, In the Emmet sandy
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loam (Fi8. 4r), the organie matter in the A) horiszon is the
predominant fraction, however, in the A5 horizon we find about
one-half of the bage-exchange capacity due to the inorganise
matter and adbout one-half due to the organic matter, 1In the
By horizon there is a layer of accumulation of organiec matter
and, therefore, the greater portion of the base-exechange ca~
pacity is due to organie matter, However, in the By and ¢
horizons, the inorganiec matter dominates,

411 of the figures so far dlscussed clearly illustrate
the greater effeet of organic matter content on the base-6x-
change capascity of light-textured soils as eompared to heavy
textured soils.

Table 1. The percentage of the total bdase-exchange

capacity that is due to the organic matter

in the various soil horizons,

Percentage of the total
base-exchange capacity

Horizon dus to the organic matter
51 63.9 - 86,3
A-a ‘107 - 6109
By 89,4 - 84,8
Bg 17,4 - 85,0
- 33,3

c 16,8

The dbase-exchange e¢apacity of the soil organie matter
vas converted to milliequivalents per 100 grams of air dry
organic matter, The results are shown in figure 5. I% can
be seen that there is a wide variation in the base-exchange
capacity of the organic fraction in the different soil pro-
files, and also between horisons within the same profile,

It is apparent that the base-exchange capacity of the
organiec fraction of the Selkirk and Isadbella soils is mueh



Base-exchange capaeity of the soil organie matter at
various depths expressed in milliequivalents per 100 grams
of organiec matter.
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Base~exchange oceapasity of the soll orgenic matter at
various depths expressed in milliequivalents per 100 grams
of organie matter,
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greater than for any of the other soil types studied, This
.poasihly is dus to a difference in the ohemical constitution
of the organie matter. Apparently the organic fraction in
the Selkirk and Isabella soils has undergone hydrolysis cae~
pacity tremendously, The organic matter in the other soll
types has undergone a slightly different degradation, due
possibly to the influence of such factors as pH, inoreased
drainage and biological activities; consequently, its base-
exchange ceapacity is somewhat lower,

The writer 1s aware that the base~exchange capacity of
the organic fraction in horizon Ap, figure 5a end horizon By,
figure S5b is extremsly high, When a soil sample contains
less than one per cent organic matter, as some samples did,
the results had to be multiplied by a factor that was larger
than 100, Therefore, wvhen such a large factor is used, the
slightest error in the determination will result in a large
final error,

The graphs in figures 6a and 6 b show that there is a
general decrease in exchangeable calcium and megnesium as we
go deeper in the profile, However, it can be seen in figures
6a and 6 d that thare is more exchangeable calecium and mag-
nesium in the B; than A, horizon in the Kalkaska loamy sand,

In the horizons that econtained carbonates, exchangeabdble
caleium and magnesium were not determined,

Table 8 shows the base-exchange cepacity of & soll with
the ammonium acetate adjusted to a pH of 7.0 as compared to
the extraction made with the ammonium acetate adjusted to the
PH of the soil,



Milliequivalents of exchangeable magnesium per 100
grams of oven-dry soil at various depths.
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Milliequivalents of exchangeable caleium pPer 100
grams of oven-dry soil at various depths,
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Table 2,

Base-exchange Capacity in M,E, per 100 grams of Qven- Soil

Soll Type

1. Isabella :

3, Rublecon 0il P96 7.2 7,0 6,5} 6,2
Sand :NH4A0 adjusted to, : : : :
: 7,0° 2,8} 3,0 % 1,1

NE, Ae d ted t : : : s
4of 7 3“' % 9,2° 5,00 5,0 ° 1.1} 0.6

'DH

4, Ogemaw  :pH of soil : 7.83 8.0) 6.8 | ! 2
Sendy  :NH Ac adJusted to. : : : :

Loam  :pH of the soil . 5,3: 2,6: 3.9 : : 3.6
:NH44C adjuated to: : : : :

:pH of 7,0 4.4 2,0 3.8 . 4,3

5. Kaslkas- :pH of soil 7.9 7.7: 7.5 ; 8.0 ; 7.8
ke Loamy : Ae adjusted to; . 3 s s

Send  :pg Of the S0il . 4,8; 2,7; 5.0 : 3.6 : 0,7

iDH of 7,0 : 5.8 2.3; 4.4 ; 3.0 . 0.6

6. Bumet  :pH of soil t 7.4 6,6: 5.6 : 5,9 ;: 7.5
Loamy :ﬁﬂ*u adjusted to : f s :

1pH of 7. :11,1;: 1.5: 3.4 : 0,9 : 0.5
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of the 29 soils samples examined, twenty-one had a pH
value greater than 7,0, six had a value below 7,0 and 2 were
neutral, When the base-exchange cepaeity of the twenty-one
basic soils were studied, it was found that when ammonium ace-
tate was adjusted to the same pH as that of the soll, in fif-
teeq of the cases the base-exchanges capacity was greater than
the value obtained with the ammonium acetate at a pH of 7,0,
In four cases when the ammonium acetate was ad justed to the
highsr value, lower results were obtained, end in 3 cases the
results were the same, Of the six acid horizons examined,
three gave a lower base-exchange capacity when the ammonium
acetate wvas adjusted to the pH of the soil as compared with
the ammonium acetate adjusted to a pH of 7,0, The solils gave
a higher result and one the same when ammonium acetate was
adjusted to the pH of the soil,

It ocan be seen from the data in table 2 that when the
ammonium acetate was adjusted to the same pH as that of the
soil, higher results were usually obtained, espeoially with
the alkaline soils., This difference depended mainly upon the
DH and the approximate base-exchangs capacity of the soil,
When the pH of the soll was high, usually greater differences
were found,

There wers not enough acid soils studied to draw any con-
clusions as to the effect of the base-exchange capacity when
the ammonium acetate was adjusted to a pH of 7,0 as oompared
with the ammonium acetate to the same pH as that of the soil.

An attempt (Fig. 7), was made to determine whether the

base-exchange capaclity of the organic matter would show a
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direet correlation with the per cent of organic matter in the
soil, It was found that there is a general increase of base-
exchanges capacity of the organie matter as the per cent of
organie matter inereases, The coeffisient of correlation was
found to be 0,889 whieh shows that there is a fairly close
sorrelation between per cent organic matter and milliequiva-

lents base-exchange capacity of the soll organic matter,
SUMMARY

1., Base-exchange studies were made of six soil pro-
files found in Mishigan.

8., A wide variation in base~exchange capaoity of the
different soil profiles was noted, Similarly, a wide varia-
tion in base-exchange oapasity at different depths of the same
profile was noted,

3. Heavy textured solls have a far greater base-exchange
capagity than light textured soils,

4, It was found that the organie matter contributed over
one-half of the base-exchange capacity in the A; horizon of
all the soils studied. Except for the zone of accumulation,
it was found that with inereasing depth the percentage of the
organic matter becomes less and the percentage of the basee
exchange capacity of the soil due to the organic matter also
decreases.

8. The base-exchange capacity of the soll organic matter
in various profiles within the different horizons of the same
profile expressed in milliequivalents per 100 grams, was found
to vary widely,
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6, Exchangeable ocalcium and magnesium tend to decoreass
with inocreasing depths in the profile.

7. Comparing the base-exchange capascity, obtained with
alkaline soils, when the ammonium acetate was adjusted to a
PH of 7.0 with th;t obtained when it was adjusted to the PH
of the soll, it was found that a higher base-exehange capacity
was usually obtained in the latter ocaae,

8, V¥When per eent organic matter was plotted against
millieqnivalentl of base-~exchange capacity due to the organ-
ioc matter in 100 grams of soil, the coeffiecient of correla=

tion was found to be 0,899,
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APPENDIX

Analysis of the soil profile expressed on a basis
of 100 grams of water-free soil.

ISARRLLA LOAM

__Horizen L4 s B B ©

Per cent moisture 6 51 3,50
_pH 8,0 7.0 7.7 7.8 8,8

Per cent organliec matter S.88 0,76 1.16 0,35 0,31

iIIIIOquIVaEenta

base-exchange capaeit 11.6 11.5 20 11.5 9.4

Base-exchange capaclty wWith

or io matter d.atro;.d Se7 6,7 135.9 ?.5 7.6

Base-exchange capaclity of

organie matter 7.9 4,8 6,1 23,0 1.8
Percentage of base-exehange
capacity due to orgeanie

matter 68,1 41,7 30,5 17.4 19.8
reentage of base-exchange
ecapacity due to inorganie

matter 31.9 38,3 6’05 82.6 80.8
T MIITequivalents of exchange=-

able Ca 15,3 8.8 -- -- -

¥IlITequivalents of exehange~

able Mg 08 1.6 -- =  -.

Percentage of €acog - -- 8,00 31,49 33,08
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Analysis of the soil profile expressed on a dasis of

100 grams of water-free soll,

SELKTRK LOAM
Horizon A g B Bg c
Per cent moisture 8,85 4,80 7,54 1,79 3,09
_pH 7,8 7.6 7,7 8.0 8,1
Per ocent organio matter 5,80 3,11 0,87 0,65 0.49
equlvalents

base-exchange capacit 13,3 13,4 14,6 6,8 6,8
Base-exchangé capacity with

organie matter destroye 4,8 3,1 10,8 S$S,3 8,7
Base-exchange capacity o

organic matter 8,5 8,5 4,3 1,5 1,1
Percentags ol base-exchange

capacity due to organie

matter 63,9 61,9 29,4 28,1 16,3
“TPercentage of base-exchange

capaocity due to inorganie

matter 36,1 38,1 70,86 77,9 83,8
¥l1TTaquivalents of exchange-

able Ca 18,7 13,4 -- -- .-
M 1TTequivalents of exchange~

able g 4.0 3,0 o o= .-
Percentage of €aC03 -- -- 7.46 31,18 33,43
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Analysis of the soil profile expressed on a basis of
100 grams of water-free soil,

RUBICON SAND
__Horizon Al A Bl B ¢
Per cent moisture 7 0 0.47
_PE 7,6 7.8 7,0 65 61
Por cent organte matter 250 1.81 0.91 0.49 0,16
equlvalents

base-exchange capacily 7.3 . 2,8 8,1 J.1 0,6
se-exchange capacity w
organio matter destroyed 1.0 1.8 0,7 0,7 0.8
ase~-axchange eapaoclty daue
to organic matter 6,9 1,6 1,6 0,4 0,1
roentage ol base~exchange
capacity dus to organie

matter 6 7 a (]
“Peroentage of base-exchange ‘
capacity due to inorganie

e
[TTequivalents of exohange~

able Ca , 9.0 26 1.4 06 0,3
“WIlequlvalents of exchange-
sble Ng .9 0.6 08 0,6 0.1

P.IOQD%&SO Of 33005 - - -- - -e




Analysis of the soil profile expressed on a basis of
100 grams of water-free soll,

OGEMAYW SANDY LOAM

Horizon , 4 Ag B 9__

Per cent moisture 0,83 8.45 181 1,18
B 7.8 ___ 8,0 6,8 7,8

Per eent or§anie magter 1,70 0,45 1,87 0,58

equlvalents

base-sxchange capaei 4,4 32,0 8.8 4,9
“Base-exchange capaclty w
_organic matter destroyed 3.1 1.0 0,6 S8

Base-exchange ocapaclty ol

organic matter - 78] 1.0 S.8 0.8

~Percentage of base-exchange
cqg:city due to organie
matter 78 50,0 84,8 19,0
“Parcentage of base~exchange 22
capaclity due to inorganie
matter 25,0 50,0 15,8 81,0
MiIITequivalents ol exchange-

able Ca $.0 8.3 8,8 -
M equlvalentis ol exchange-

‘le M& 81.7 01‘ 0.6 hatad
Farcentage of CaCO3 - - - 10,98




Analysis of the soil profile expressed on a basis of
100 grams of water-free soil,

KALKASKA LOAMY SAND

Horison 4h4 4 By Bg ©C
Per eent moisture _0.64 085 1.46 0,58 0,03
_ln 729 7.7 7.3 8.0 7,8
pPer cent orgenic matter 1,67 ©,57 1,60 0,79 0,18
EIIII.quIvi’fenh

base-exchange capeaeit 4,0 2.8 4, 2,0 6.6
“Base-exchange eapacity With T 4 =
organic matter destroyed 1,0 0,9 1.8 0,3 0,4
“Base-axchange capacity due

to organie matter S.0 1,3 3,8 1.7 0.8

“Percentage of base-exohange
capacity due to organie

matter 75:0 59.1 6847 8500 “QL
reeniage o ase=-@exohange

capacity due to inorganis

matter 85,0 40,9 87,3 15,0 67,7
¥IIITequivalents of exchange-
able Ca 6,8 2,0 4,5 2.7 0,6
MiTITequivalents of exchange-
able EBL ]_-og O.Q_ 0.8 026 °=1

Percentage of CqCOz




Anealysis of the soil profile expressed on a8 basis of
100 grams of water-free soil,

EMMET LOAMY SAND

(" 4 Bg ¢
Per cent molisture 2,27 2,83 8,74 0,185 0,08
_pH 7.4 6,6 5,6 5.9 7.5
Per gent organie matter 5,97 0,64 1,68 0,48 0,14
MIIIquuivEEenTs
base-exchange capacity 11,1 1,5 S.4 0,9 0.5

“Base-exchange capaclty with

orgeniec matter destroyed 1,8 0,8 0.8 0,5 0.4
“Base-exchange capacliy due

to organie matter 8.6 0.7 8,6 0.4 0.1
“Percentage of base-exchange

capacity due to organie

matter 86,5 46,7 76,5 44,5 80,0
“Percentage of base-excheange —* A
capaeity due to inorganie
mattey 19,8 $3.3 23,8 535,85 80,0
i equivalents ol exchange-
adble Ca 10,8 0 0,4 0.4
MITIIequivalents of exchange- 29 2.7
able Mg .1 ©5 08 06 0,9
Percentage of CyCOg .. - e .. -—
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