CLIMATE, TIME AND ORGANISMS IN RELATION TO
PODZOL DEVELOPMENT IN MICHIGAN SANDS

Thesis for the Degres of Ph.D.
MICHIGAN STATE UNIVERSITY

AUBREY STEVEN MESSENGER
1966



0-169

This is to certify that the

thesis entitled

CLIMATE, TIME AND ORGANISMS IN RELATION TO
PODZOL DEVELOPMENT IN MICHIGAN SANDS

presented by

Aubrey Steven Messenger

has been accepted towards fulfillment
of the requirements for

>

_M-_deqree in_Soil Science # ;

AN

Date thl/f/’, /7/5

LIBRARY

Michigan State
University




1\uui b.u. b _

C//fs/z i
T2 .

é»—zﬂ

| s WS N I
¢ § APR 2 1 zom
Def ] % %ofp0




ABSTRACT

CLIMATE, TIME AND ORGANISMS IN RELATION TO PODZOL DEVELOPHENT

IN MICHIGAN SANDS

by Aubrey Steven Messenger

A climtic study was made of the Podzol Region of Michigan and a
chronobiosequence study was conducted on eight relatively undisturbed
sand soil sites within the region,

The Podsol Region of Michigan is characterized by summer maxima of
precipitation or saxima which include the month of September, With
minor exceptions, the zone of most strongly developed Podzols is
characterised by a mean anmual snowfall of greater than 60 inches,
Water balance computations indicate that most of the sand soils in this
sone would reach field capacity by the end of November in the average
yeare

A peat bog swrrounded by a well-developed, well-drained sand Podzol
was sampled for pollen analysis., Pine pollen constituted over 60% of
the total tree pollen in the lower three-fourths of the sample columm,
The upper one-fourth of the column was characterized by increasing
amounts of hemlock and birch pollen, a substantially higher percentage
of spruce and fir pollen and a somewhat higher percentage of beech and
mapls pollen,

One very weakly developed Podzol was estimated to have developed
within the last 2500 years in calcareous low dume sand under a pine
overstory. The extremely acid Ch horison at that site exhibited a
relatively high concentration of extractable aliminum and a relatively
low exchangeable Ca/organic matter ratio. These characteristics were
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typical of all the Oh horizons in the study., The occurrence of such
horisons was associated with the presence of at least 30% (of total
basal area) mixed pines and/er hemlock. Foliage samples of these
species had relatively low Ca/Al retios even when collected from trees
growing on soils containing free lime,

Direct microscopic counts revealed greater quantities of bacterial
cells and fungal hyphae per gram of organic matter in & mull Vhl horizon
as compared to a mor Oh horizon., A much greater quantity of actinomycete
filaments was present in the Vhl horison than in ths Ch horizon.

Crenic acid production was profuse and sustained when Oh horizons
wers altermately incubated and leached with distilled water. Vh
horisons containing more than 3000 # exchangeabls Ca/AFS produced no
crenic acid, Nitrate production was nil when crenic acid production
was profuse, Logarithmic decreases in cremic acid production accompanied
logarithmie increases in nitrate formation.

A sustained dominance of white pine and hemlock, in association with
a much smaller percentags of northern hardwoods on deep-to-carbomate
sites, apparently initiates the evolution of wery strongly to extremely
acid illuvial horizons which contain as much or more extractable
alumimm than extrectable iron and may contain ortstein, Contimmed
increases in northern hardwoods coincide with the formation of dark
upper illuvial horisons containing a decidedly higher concentration
of extrectable iren than extrectable aluminum,

Forest succession to dominantly northern hardwoods involves an
increase in the cycling of Ca and Mg, an increase in the susceptibility
of the forest litter to decomposition and a decrease in crenic acid
production. The resulting change in the soil organism population is
apparently responsible for the formation of & mmll humus layer and an






increase in nitrate formatione

The zone of relatively strong Podzol development in Michigan is
therefore considered to be a result of: (1) the post-glacial persistence
of forests conducive to the formation of mor humus layers; (2) a current
climte characterized by relatively mild droughts, relatively great
amounts of fall precipitation and the accummlation of a thick and
seasomlly persistent snow cover which begins to form early enough to
retard soil freeszing; and (3) a late post-glacial increase in the
prevalsnce of hemlock, maple and beech on some very sandy soils, Zones
of less strongly developed Podzols exhibit these characteristics to a

lesser degree,
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INTRODUCT ION

Podzols are soils which have the following vertical sequence of
horizons beneath the hummus layer: (1) a gray or white eluvial horizon
which contains mostly resistant minerals and which has lost relatively
more sesquioxides than silica and (2) one or more darker-—colored
illuvial horizons containing sesquioxides and organic matter as the
m jor products of accumulatione Thicknesses of these horizons may
differ widely, the relative amounts of sesquioxides and organic matter
my exhibit considerable variability and the illuvial horizons may
range from loose and friable to hard and irreversibly cemented (Stobbe
and Wright, 1959).

Most definitions of Podzols also indicate that the naturel type of
Podsol hums layer is & mor (Buckman and Bredy, 1963; Russell, 1961;
Stobbe and Wright, 1959 and Wilde, 1958), a layer which always contains
a horiszon of well-decomposed, dark, amorphous organic matter which is
essentially ummixed with the minerel portion of the soil (Hoover and
Iant, 1952).

The mechanisws by which a Podzol forms have been the subject of
mmerous investigations. However, the roles of the various soil-
forming factors and their interactions are still somewhat obscure.

The first purpose of this thesis is to determine what relationships
exist between certain climstic paremeters, past and present types of
natural vegetation and Podzol sones in Michigan. The second purpose
is to examine sand so0il ecosystems in the fisld and in the laboretory
in order to establish relationships between tree species, time, soil
properties and soil processes.
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Part I, LITERATURE REVIEW



CHAPTER 1l PODZOL REGIONS AND ZONES

The nen-montans Podsol regioms of the world occur polesward of 42°
latitude and are known as such only in the northern hemisphere (Robinson,
1949 and Orvedal, 1960).

The North American Region

The North Ameriocan region extends farthest south in the state of
Michigan (to 42°20'N) although some non-montane Podszols can be found
south ef this latitude under specific circumstances (vids Gysel, 1941;
Kellogg, 1941; Tavernier and Smith, 1957; NCR-3 Teehnical Committee on
Soil Survey, 1960 and Tedrow, 1962), Near the Atlantic Ocean in New
England, the Podsol Region gives way on the east to the Brown Podsolis
Soil Region (Kellogg, 1941) where Podsols are restricted to elsvations
above 1000 to 1400 feet above sea level or to strictly looal situations
(Laut, 1948). The Podsol Region west of 96°W is sonfined to Camada and
tapers northwestward to where the Grey-Wooded Soil Region joins the
Sub-Aretie Soil Region just south of Great Slave Iake in the Distrist
of Mackenzis (Stobbe, 1960).

The Euresian Region

The Euresian Podsol Region extends from the British Isles northeast-
ward to the junsture of the Siberian tundra and the Kelyma Mountain Range
(Orvedal, 1960)s As in North America, the Euresian Podsol Regien trends
nortimard in mid-continemt where it yields on its east boundary to the
gressland soils eof the USSR, However, sinse Russian soil scientists
identify Podsols by the presence of an Ea (A2) horizon and the lack of
an appreciable Vh (Al) horison (vide Ciric, 1962), soils which are
classified as Grey-Wooded in the United States and Canada would be

3
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clagsified as Podsols by the Russians, Thus, much of the Siberian Podzol
Region my be demimated by soils which do not meet the Nor,thmeriean
spesifications for Podzols.

Pedsol Zones ia Michigan

Within the Podsol Region of Michigan (see Figure 1), sonss ocour
which differ from ome another in the degree to which orterds (non-
indureted illuvial horizons) development has taksn place on well-dreined
land swrfaces (vide Veatch, 1938)., Figure 2 illustrates this somation
and, for convenience, these sones are designated as Podzol Zones I, II
and IIT in order of increasing arterde develorment, The boundary
between Zones I and IT has been adjusted slightly to tales the Midland
County data (Johmsgard, 1950) into account,
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CHAPTER 2, CLIMATIC REIATIONSHIPS

Climate functions as an independent fasctor in the development of the

weathering complex and of soil profiles at ths great soil group lsvel,
Climate also indirectly influences the soil by determining: (1) the mass

and ferm of plant production, (2) the soil water balance over long
periods, (3) the soil temperature and () the rate ef decay of organic
mtter (Bunting, 1965).

Climates of the North American and Euresian Podzol Regions

According to Glimka (191)), the climatie conditions of the Pedsol
sone in Russia are a yearly rainfall between 500 and 570 mm, with an
average mean anmial temperature of 3,6°C. Within this sone any temper-
ature rise is accapuﬁnd by a rise in the anmal precipitation, and
similarly amy drop in tempereture is accompanied by a lowering in the
anmual precipitations In North Amerieca, Joffe (1949) states that Pedzols
are found in sestions where the rainfall runs up to 1100 mm anmally with
& mean ammual temperature as high as 10°C,

In comparing Eurepean soils to similar ones in the United States,
Jemny (1949) found that Podsol soil regions in Eurepe bad anmal NS
Quotients® of 400 te 1000 compared to 380-750 for those in the U. S

Volubuyev's studies (1959) indieate that Podsol sones are charester-
ized by summer er fall maxima of precipitation and by positive precipi-
tation/evaporation ratios im spring and fall, He states that these
climtic conditiens imstigate: (1) a spring leaching phase, (2) a summer

*ootained by dividing the rainfall in inches or centimeters by the
deficit from the saturation value of the atmospheric water vapor pressure,
metsured also in inches or centimeters of mexrcury,
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phase with relatively low soil moisture and (3) a fall lsaching phase,
Remell and Hesselmann (Handley, 195L) mention that the cold temper-
atures of Podsol regions may cause the development of a mor humus by
depressing the rate of decomposition of vegetable dsbris and the rate of
nitrogea mobilisation. However, reports of mor hums Podzols in tropical
lowlands (Russell, 1961) indicate that in some places, factors other than

cool temperature are operative,

Climate of the Podsol Regian of Mishigan

The transition zeme between the Gray-Brown Podsolis Soil Region and
Podsol Zene II in Michigan clesely approximates the so-called "vegetation
tension sone® (Potsger, 1948) which separates the pine-northerm hardwood
forests on the north from the osak-hiskory-northern hardwood forests to
the south (see Figure 3).

Potsger (1948) memtions the following sharp climatic greadients which
ecour within this 60-mile zons: (1) the averege date of the begimning ef
wara weather (daily normals above 50°F.) is April 1 near the southera
boundary and My 1 near the northern boundary; (2) the mumber of days
with temperatures constantly below 329F, (per normal year) in the shade
are 60 at the northera sone limit and 30 soutlomrd; (3) the sene
separates the region of leng winters, where (bare) soil freeses to
depths ef 3 to 6 feet, and the more southerly regions of milder winters
where bare soil freeses to depths of only 18 to 36 inches, Other less
drastic shanges ocowrring within this sone are alse mentioned; however,
they all relate to temperature or tempereture-controlled phenomena,

Climatic studies by Brumnsehweiler (1962) indieats that precipi-
tation regime boundaries coinscide very clesely with the boundary between
the Podsel Region and the Gray-Brewn Podsolis Soil Region. The Gray-
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Brown Podsolic Soil Region is characterized by a spring maximum of pre-
cipitation while the Podsol Region has summer maxime or maxims which in-
clude the month of September (see Figure k). In addition, the soil
transition sone is characterized by PE" values of 625 to 650 millimeters
and no values below 625 occur in the Gray-Brown Podsolie Soil Region
(Messenger, 1962; see Figure 5).

Within the Podsol Region of the Lewer Peninsula, the sone ef strong-
est developed Podsols (Zone III) clesely coinscides with the area having
a mean fall presipitation of 9 inches or more and a mean ammal snowfall
of greater than 60 inches (vide Brumnschweiler, 1962: ses Figures 6 and
7)e The s0ne of weak to no orterde horisons (Zone I) has generally
higher periodis water defisits™ and FE values than either of the other
two sones (see Figures L, 8 and 9).

The relationship between white pine and the precipitation regime of
the Podsel Region msy be one of improved soil moisture conditions in the
middle or latter part of the growing season of that species, For
instance, a considerable mumber of investigations bave besn mads on the
terminal growth of white pine as related to day length, temperature and
soil moisture,. These studies indicate that a season's termimal growth
usually starts around May 1, but dates ef cessation ef growth vary with
locality and seasen, extending to September in scme instances (Husch,
1959). Husch's study of white pine in southeastern New Hampshire
indicated that the ecessation eof growth in late sumer was controlled by
an interestion ef photoperied and soil moisture, consequently leader

*PE = potential evapotranspiretion as defined by Thorntlmaite and
Mather (1955).

mter deficit = the differemce between petential evapotranspiretion
and the estimated actml evapotranspiration,
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slongation eontimed longer in years of ample soil moisture,

Aceording to Zahmer (1963), when severe soil moisture deficits do
not oceur, cenifers uswally contimue moderately rapid cambial growth
throughout the emtire season; im forested northern latitudes, it can be
through September. He also states that it is common for rapid ecambial
growth to resume during late growing season reiny periods following a
droughkt,

Concerning oaks, howsver, the patterns ef termiml growth seem to
be different in that cessation of shoot elongation seems to be inde-

pendent of moisture conditions, and usually occurs within two months
after initiatien (Kramer and Kozlowski, 1960)e These authors cite an
instance in the Missouri Osarks where black oak, white oak and post eak
were reported to have a height growth season of only 19 days. A study
mde by Boggess (1956) im southern Illinois indicated that shortleaf
Pine will resume diameter growth following a mid-growing season drought
Vhereas white cak will not.

Black oak and white oak are the main competitors with white pine
in Podszol Zome I. Since these oak speciss do not respond to late growing
86a30n 30il moisture increases to the same extent as do pines, the
¢limate of the Podsol Region may be less favorsble for them than for the
Pines, In Newaygo County (within Fodzol Zone I) the writer has cbserved
& virgin stand of white pine and the above-mentioned ocaks on a sand soil
in which the pines tower to heights 1% to 2 times as great as those of
*he caks, It seems likely that this dominence, eoupled with a long life-
'Pan and a great old-age fire resistance, weuld enbance the probability
C achisving the establishment and survival of maturel reprodustion of
Yhite pine,
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The southern boundary of Podzol Zone II also marks the southern

limit of forests dominated by red and white pines. This boundary is
also coincident with the northern limit of Brunizems in Michigan.
Although these limits may all be controlled by some factor(s) not yet
analyzed, along the western half of the boundary they are approximated
by the 100 mm iso-deficit line of the driest two consecutive years
(based on records from 1929 through 1950; see Figure 9). Along the
eastern half of the Zone I - Zone II boundary mean annual snowfall and
water surplus values are quite low and mean anmal FE values are more
similar to those of the Gray-Brown Podzolic Soil Region than those of
the Podzol Region. That drought and high temperatures could feasibly be

limiting factors for red pine can be interpreted from the fact that
sumer droughts and high surface soil temperatures frequently kill or
injure young red pine seedlings (Rudolf, 1957). However, it is also
possible that red pine is umable to campete successfully for light with
the somewhat more shade-tolerant oaks which are abundant on all sandy
8oils south of Podzol Zome IT.
Since Podzol development has proceeded more rapidly in Zome III

than in the other zomes, it is possible that this has occurred as a
Tesult of the greater snowfall and autumn soil moisture recharge. In
the autumn, soil temperatures decrease more slowly than do air temper-
2tures, thus November finds most soil temperatures high enough for
Sonsiderable chemical and biological activitye. In the case of Podzol
Zone ITT, such activity would be particularly favored because of the
Telatively heavy autumn reinfall which would partly or completely re-
charge many soils, particularly those with a low available water-holding
“4pacity (see Figure 10). These moist soils most likely remain in an
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active state throughout the winter as a result of the insulation provided
by a persistent snow covers In the Podsol Region of the British Isles,
for instance, where snowfall is abundant, Jamuary soil temperatures at
the one-foot depth range from 37.4°F to 39.,2°F (Jen-Hu-Chang, 1958)e In
the Podsol Region ef Michigan, McKensie et al. (1960) found that Kalkaska
sand was moist and unfrozea under a cover of snow in two consecutive
winter seasons of study (1953-5L). McKenzie's study indicates that these
conditions favar reduction reactions, particularly in the A; horizon,
Other studies indicate that slight decomposition of soil organie matter
takes place even at 0°C (Kononova, 1961) and that some Podzols contain
fungi in an active vegetative condition up te late fall or early winter
(Doeksen and Van Der Drift, 1963).

Relatively faversable soil moisture conditions in late summer and
early fall could also be especially favoreble for the growth of white
pine and possibly other coniferocus species which are present or have
been present during the development of the soils in Podsol Zone III. In
addition, the relatively low drought intensity (as indicated by computed
soil moisture deficits) of this some could also be an important faster by
increasing the edaphie range of mesophytic species toward sandier solls
(vide Hills, 1952).
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CHAPTER 3. BIOLOGICAL RELATIONSHIPS

Naturel Vegetation in Podzol Regions

Temperate climate Podzols are most frequently found under coniferous
forests (Robinson, 1949) and the southern extent of Podzol regiocns often
coincides with the southern extent of certain coniferous forest types
(Veatch, 19323 Tamm, 1932)., Possibly for these reasons, some workers
have deduced that northern Podzols develop under northern conifers
(Kellegg, 1541), even though thers are mumerous instances of other vege-
tation types eccurring on Podsols,

Since a mor humus type is generally conseded to be a component part
of naturel Podsols, it seems pertinent that the following tree species
in the Podsol Region of eastern North America are commonly associated
with soils having this feature®: jack pine (Pimus banksiana), red pine

(Pimus resinosa), white pine (Pinus strobus), black spruce (Picea

mriam), white spruce (Picea glauca), red spruce (Pices rubens),

balsam fir (Abiss balsamea), eastern hemlock (Tsuga canadensis), red

mple (Acer rubrum), peper birch (Betula papyrifers), yellow birch
(Betula lutes), American beech (Fagus grendifolis) and sugar maple
(Acer saccharum) (Romell and Heiberg, 1931; lLant, 1932; Donahue, 1939;

Wilde, 1958 and personal observations). Associations of the latter
three species, however, are more commonly found om mull humus types
than om mor humus types exscept where the proportiom of beech is high
(Romell and Heiberg, 1931). Upland species growing in the same areas

*On]:thuohmahyor-mimlndodm.ehmtmmrhm
specifications eutlined by Hoover amd Lunt (1952).
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but found mostly omn mull humms types are: red oak (Quercus rubra),

American basswood (Tilia americams), white ash (Fraxinus americans),

iromwood (Ostrya virginians), American Elm (Ulmus americam), black

cherry (Prums serotims) and buttermut (Juglans cinerea). Aspens

(Populns tremuloides and gradidentata) are present throughout the

region and their abundance is usually a reflection of past fires or
other demuding disturbances (Spurr, 196L), tims they are usually
assoeiated with mmll or duff-smll humus types since mor humms types

are usually degraded by fires and disturbances which open up the forest
eanopy (Romell, 1935).

Plice (193L) noted that the heaviest and most pronounced mor hums
is found under pure hemlock stands. Under this humus type, the A2 (Em)
horison resches maximnm thickness and cleanness of color. In addition,
the H-layers (Oh horisons) are more acid under pure hemlock than under
any other forest type studied in the mortheastern states, the pH reange
being from 2.5 t0 Lele Nearly comparable humus layers, however, have
been found in Podsols under spruce-fir stands in New Hampshire (Iant,
1932) and under black spruce stands in Quebec (ILafond, 1958).

The southern beundary ef the Podsol Region of Michigan coincides
with the southern limit of the area in which white pine (Pimus strobus)

is an important component of the recent maturel vegetatien (Veateh,

1932; see Figure 3) and eclosely parellels the southern botanieal range
limit of hemlock im that state (vide Hough, 1960). Podsol Zone I
essentially coincides with the vegetation "tension sone®™ and is bounded
on the north by the socuthern range limit of red pine (see Figure 3).
White pine was the only pine of importance in this sone and it occurred
minly in mixtures with oak on the well-dreined sites. In Podsol Zone II,
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Jack pine (Pinus banksiana) and red pine (Pimus resinosa) were lalso

present (Figure 3). In this sone, hemlock was more prevalent (Hough,
1960) and the pines occurred in pure stands® as well as in mixtures

with hardwoods. The pure stands of pines were present almost exclusively
on sands, the most prevalent of these being Rubicon sand (see soil survey
reports of Newaygo, Montcalm, and Midland counties)., Northern hardwoods
were generally prevalent on medium-textured and fine~textured soils in
this some with some notable exceptions in the northeastern part of the
Lower Peninsula where white pine dominated on some clay loems and silty
clay loams (Veateh, 1953, 1959 and personal commmication); these soils
belong te the Greay-Wooded great soil group (NCR=3 Soil Survey Cammittee,
1960)s In Podsel Zone ITI, morthern hardwoods were mere prevalent and
even ocourred on some well-dreined sands, while pines or ocaks and pines
occupied other well-drained sands. Here, the medium-textured soils
invariably supported northern hardwoods with scattered white pines and
hemlock often present, this relationship extending on into the Upper
Peninsula,

Jerest Suscegsion
The pattern eof fire-free forest succession in the Iake States is

said to be from jack pine to red and white pines to shade~tolerant
species such as sugar mapls, balsam fir and black spruce in the case of
sands (Spurr, 1964). Cliseral-successiomal changes from jack pine te
red and white pines is suggested for sands in northern Lower Michigan
while white spruce and balsam fir throwgh white and red pines te hemleck

"Pnroltudl'rdutonurﬂsomoddatww%ottholt&ud
component,
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and nerthern hardwoods is suggested for the finer-textured soils

(Kilburn, 1957).

Within Podzol Zone III, sands occur which have (or had) pure
stands of northern hardwoods on theme. To take these and other sand
sites into account, perhaps Kilburn's cliseral-successional pattern
should be revised to: from jack pine to jack pine and oaks on some
sands (role of fire may be important), to red and white pines in the
case of other sands and from white spruce and balsam fir through white
and red pines to hemlock and northern hardwoods on still other sands
and finer-textured soils, All these sequences were probably initiated
by relatively short-lived stages charsacterized by calcium tolerant,
shade intolerant species similar to those mentioned by Olson (1958),
Crocker and Major (1955), and Wright (196L), some of which produce
easily decomposed pollen and therefore may not be accuretely repre-
sented in pollen spectra.

Regardless of difficulties of interpretation, pollen studies do
indicate that a spruce-fir period dominated all forested land surfaces
in Michigan following Cary glaciation (Potszger, 1946, 1948; Wilson and
Potsger, 1943; Parmelee, 19547; see Figure 11). Even in southwestern
Michigan where oaks and northern hardwoods now dominate the upland
sites, spruce and fir reigned supreme for approximately L500 years
following Cary glaciation (Zumberge and Potzger, 1956). According to
these findings, pine was the me jor vegetation type for the succeeding
3500 years and it was not until about 5000 B.P. (years before present)
that hardwoods and hemlock entered the scens. In Cheboygan County,
about 250 miles further north and well within the Podzol Region,
Kilburn (1957) estimates that spruce and fir farests were dominant
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for the first 3000 years following Valders glaciation and that pine
forests were prevalent for the succeeding 1000 to 2000 years. Although
no mention is made of succession to northern hardwoods on sand, Kilburn
infers that conversion to northern hardwoods and hemlock on loamy sands
occurred somewhat later than on loams, possibly from 2000 to 3000 years
agoe This ehronology would of course imply that coarse-textured drift
of Valders age has supported predominantly coniferocus forests for at
least 8000 years,

Pollen data are scarce for the Upper Peninsula of Michigan, but
studies in northern Wisconsin (Potzger, 1946; Wilson, 1938; Wilson and
Webster, 19kli) indicate a forest succession similar to those of the
northern part of the Lower Peninsula of Michigan with the exception
that bireh is outstanding in some of the Wisconsin pollen profiles;
mocrofossil data from Mimmesota indicate that paper birch was ths birch
species whish invaded the deterioreting spruce forest (Wright, 196L),
while wpper level bireh pollen in nerth cemtral Wiscomsin probably
represents minly yellow birch (Potsger, 1946)e The peat sampled by
Wilson and Webster on an sutwash plain in north centrel Wiscomsin
indicates an initial white spruce maximum that was quickly replaced
by a pine maximum which persisted to the present time, Im the upper
one~third of the profile a definite increase in birech (probably yellow
birch) and hemlock pollsn was present., Two other bogs, located in
areas of finer-textured soils, showed an inerease in spruce near the
surface, more er less accompanying the birch and hemlock increase
occourring in all three profiles,
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Fraxinus (ash) was present in southern Delta County by 5720 %250

Yyoars B.Pe. &8 determined by a radiecarbon dating on a piece of buried
weod”,

The above studies suggest that oak was more prevalent in Podzol
Zone I than in Podzol Zone II. They also indicate that hemlock was
relatively abundant north of the tension zone whereas hemlock pollen
percentages were sconsistently less than 104 in Podzol Zone I bogse
No hemlock pollen was found in the bogs of Douglas County, Wisconsin
(extreme nerthwest cormer of the state) by Wilson (1938) suggesting
that hemlock did not play a significant roles in post=FPleistocens plant
mcon#.on in the less humid portions of the lake States Podzol Region.
In Douglas County, only weakly developed Podzols (no dark orterde
horisons) are found and these only on sand parent material (NCR-3
Technical Committes on Soil Survey, 1960). According te Wilson the
forest history ef these sanis was from jack pine and spruce (concurrent
with Glacial Iaks Duluth) threugh jack pine and red pine (during Glacial
Iake Algonquin times) te red pine, jack pine and oak (begimning in lake
Nipissing times). The ocak component was likely present te the greatest
extent en the weakly podsoliszed site (Omega sand, which is usually
classified as a Brown Podsalis soil). Appreciable quantities of oak
were eharacteristis of the matural vegetation (recent) om this soil
series and not charecteristic of the Podsol sands (Rubicon and Vilas
series) in this area although merthern red cak ean be found on some
areas of Rubicon and Vilas soils,

*Persoml comsanication from A. E. Slaughter, Geelegical Survey,
Division ef the Departmsnt of Conservation, State of Michigan, at
Escamaba, The wood was identified by Dr. Eldon A. Behr, Depariment ef
Forest Predusts, Mishigan State University. Judging from the site
desoription given by Mr, Slaughter, the tree was evidently imundated
initially by the rise of water levels from the Iake Chippewa stage to
the lake Nipissing stage in the Iake Michigan Basin (see Hough, 1958).
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Vegetation Changes and Associated Changes in Soil Morphology

Discussing the soil types of south Sweden, Tamm (1932) is of the
opinion that there Brown Forest soils (a group of soils in Europe some
of which may be equivalent to the Brown Forest soils of the Us Se and
some of whish may be equivalent to Gray-Brown or Brown Podsolic soils
of the Ue. S.) are the climatically determined soils and he describes
their ocscurrence on many different parent materials if the matural
vegetation eof beech and ocak forests is present, Where, however, the
broadleaved forest has been replaced by conifer forest or Callume heath,
as often happens under the influence ef man, Brown Forest soils develop-
ing inte Pedszols are found, Tamm also describes the phenomsnon whereby
a clearly defined Podsol msy acquire a mull hummns layer and & less acid
reaction if beech or conifers are replased by birch. He also points out
that if beech er spruce colenisze or are planted under the bireh on such
soils them & mer humms will be formed again, Handley (1954) cites
references to the fact that on base-rich soils, European beech gives
rise te a mull humus layer whereas on a base-poor soil, it gives rise
te a mor,

Similar phenomena bave been observed by Fisher (1928) and Griffiths,
Hartwell and Shaw (1930) in New England, where white pine has developed
on abandoned fields. After 80 years there is Mt no vegetation under
the white pime, and wnder the thin layer of dry needles there is a thisk
layer of rew humus and "a strongly podsolised horizon". On an adjacent

plet hardwoed forest has been develeping on a similar white pine plet
which had a similar profile at the time the white pine was removed; now
there is a true mull humus present——all acoumulated rew humus has merged
with the minerel soil and less than a single year's leaf fall remains on
the surfage,
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More recently Bornebusch (vide Handley, 1954) has described profound

changes in soil morphology brought about through the influence of Quercus
rubra (intreduced from the U. S.) planted on mor hums layers produced by
Pinus sylvestris and Picea excelsa on sandy soils in Denmarke In 20

Yoars the bleached A, had become ebscured; the mor layer bhad largely
disappeared and was replaced by a brewnish, earthworm mull humus layer.

Possibly related to the above studies are the findings of Mikola
(195k) who noted that soil basidiomycetes decomposed leaf litter more
repidly than needle litter and those of Ivarson and Sowden (1959) who
found that mll-forming litters decomposed more repidly than mor-forming
litters.

Although several explamtions of these differential retes of decom—
position have been given, the work of Lossaint (1953) indicated that the
rate of decompositien of litter from 9 species was directly related to
the ¥ and water-seluble Ca content of the litter.

Chemieal Elsment Pools in Ferested Ecosystems

To ebtain a full understanding of some of the afore-mentioned
phencmema, it is beceming increasingly appareamt that a lnowledge of
semplete esesystems is necessary., For exampls, recent studies on forest
ecesystems bave provided useful infermation eencerning the distribution
of mimeral elements once they have been initially removed from the soil
by plant reots. Estimates of the compositien of standing crops of
living trees give soms notion as to what has been im the soil but is
net ineluded when soil amalyses are made, The following tables represeat
thres floristisally different standing tree erops (based on weighing and
sampling the various parts of sample trees):
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Pounds per Acre

Site Species Dry Matler X P K Ca Mg
Stand— Bireh 38,735 - 946 L6e2 10346  1he7
Great Fir 1,675 - 003 1.l 2.9 003
Smoky Spruce 561 - 0.l 0e3 1.1 0.1l
Mountaing®* .

Total °T, 151 - BI,Z 1588 3MIE8 LY
Natural Spruse 164,788 - 22,2 102,9 2511 35
Stand—— Fir 93,386 - 133 5746 152.0 19.0
Gro:; Bireh 31, 784 - 8l 3647 81.4 11.9
Smo

Nountains® Total ZY,®E = I3 DT IELE B2
6l year old Scets pine 106,000 183.0  20.3 89.0 180.0  31.8%**
plantation
en duns sand
~—=Scotlandi*

*Shanks ot al., 1961a

Wigright and Will, 1958

and Madgwick, 1959

The greater amount of standing stock in the spruce-fir stand compared to
the beech-birch stand may be a reflection of more efficient site utili-
sation, a reflection of a difference in the sites or simply a reflection
of an inmate difference dus to the growth form charecteristics of the
spruce as compared with the beech dominants. The greater biomass in the
spruce forest results in mere mutrient element material in the above-
ground portion of that ecosystem than in that of the hardwood ecosystem.
Results obtained by Ovington (1956) indicate a similar trend in the

cases studied. The chemical element concentration im the vegetative

mterial, however, is alse of considereble significance te the
decompositional processes taking place in such ecosystems, Feor
exampls, data for the three tree crops above indicate a lower concen-
tration of all the elements in the esonifer stands as compared to the
beech-birch stand,
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To obtain a clear picture of what takes place in such ecosystems,
studies need to encompass the other portions of these ecosystems as well.
For instance, the various chemical element pools in forested terrestrial
ecosystems can be visualized using a model such as the following one
which also depicts the possible directions of exchange.

Chemical Element Pools in Upland Forested Terrestrial Ecosystems*

[ Tree Foliage ::[ms Stems and Branches |« Tree Roots
Shr

Shrub Foliage ub Stems and Branches|«—» Shrub Roots
Herb and Grass Herb and
Stems and Foli- Grass Roots
age

Atmosp Animals //

Exchangeable,|

Extractable Forest| [Vitalized| Eluvial Tluviall Sub-solum

and Floor Zone Zone

Available

Elements

Fixed and

Mineral- lForeat Vitalized| [Eluvial| |Tlluvial| |Sub-solum

Incorporated Floor Zone Zone Zone | Zone

Elements

*gizes of rectangles do not signify relative pool capacities or

quantities.

The forest floor should logically provide the most constant source
of biologically controlled chemical environment for the underlying
horizons of the soil profile, The forest floor not only reflects the
chemical element composition of the entire supra-solum portion of the
biosphere but it has features which can alter the form of the chemical
elements and compounds which enter it from the atmosphere, The major
annual chemical element contribution to forest floors, however, is from
tree foliage thus forest floor differences are largely reflections of

foliar differences when similar atmospheric conditions prevail,
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Data presented by Remesov (1958) suggest that seasonal transfers of
some chemical elements from available element pools in the soil to supra-
solum pools can retard their removal from the ecosystem by leaching, For
example, alumimm losses were less when vegetation development in the
spring preceded spring leaching. Losses of aluminm from pine-dominated
watersheds were consistently less than those from oak- or aspen=dominated
watersheds when leaching was subsequent to the beginning of spring
vegetative growth. Whether or not this difference was a result of
greater alumimm uptake by pine could not be inferred from the data
given. (Some Umited States data suggest that white pine may take up
mere alumimm than red oak, for example.,) Leaching losses of ocalcium
and potassium were greater after the resumption of biological activity
in spring. Remesov attrituted this relationship to the btiological
conversion of calcium from a water-insoluble to a water-soluble form
in the forest floor., He attributed the greater amount of calciwm
leacking from oak and aspen watersheds (as compared to pine watersheds)
to the higher calciwum content of the oak and aspen leaf litter.
leaching losses in the studies of Remesov were confined to smring.
According to Volubuyev (1959) Podzol regions have spring and fall
leaching sesscns. On sand soils in Podsol Zone III in Michigen, water
balance computations indicate that ecosystem losses may occur in fall
due to leaching (Messenger, 1962; see Figure 10). Thus the ecosystem
distribution of leachable elements during the fall leaching season
could also influence losses therefrom. In most of the Podsol Region
of Michigan, preeipitation exceeds potential evapotrenspiration from
September through April or May. Studies cited by Koxlewski (1960)
indicate that chemical elememts in tree foliage do not increase after
September and that calcium content is at a maxisum in early fall whereas
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the spring leaching period is chareacterized by increasing absolute
foliar contents ef most elements. If foliar contents reflect root
uptake, fall leaching would not be reduced as much by plant uptake as
spring lesching would be.

Elemental Composition of Tree Foliage and Litter

Based om some of the above relationships, a mumber of workers have
approached humus type and soil development from the standpoint of differ-
ences in the elemental composition of tree foliage. Even though the form
of the chemisal elements in tree foliage is important in such studies
(Handley, 195k), most analyses have been concerned only with the concen-
tration of the chemical elements regardless of their form. Several
studies of this nature have been made on the foliage from trees which
are found in the Podzol Region of North America. Since the elemental
composition varies with leaf age, soil conditions and climate (Kramer
and Koslowski, 1959) the following tables are presented so that foliar
comparisons ean be made: (1) between different species in the same
gensrel area growing on the same or similar soils, and (2) between
individuals of the same species growing on different soil types.

Tables 1 and 2 summarisze the intact foliage and freshly fallen litter
data from the litereture which peoint te species differences in foliar
composition of mjor mutrients. Fer each site the species are arreanged
in exder ef decreasing calcium concentration. These tables are not
combined becawse of known variationms im foliar composition resulting
from (1) treanslocation of elements back into the twigs prior to leaf
fall and frem (2) leaching of soluble elements during leaf senescence
and following leaf fall., Comparisons between the two tables show a
general decrease in N, P and K with leaf age tlms suggesting that one
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or both of the above types of foliar decreases have been operative,

The crown position of the foliage samples amalyzed for Table 2 were

not given. Some investigators, however, have found variations in foliar
camposition attributable to the portion of the crown sampled (Kramer and
Keslowskdi, 1960).

TABIE 1. Composition of Freshly Fallen leaves from Different Tree Species
Growing on Similar Soils in the Same Vicinity

Site Species IN %Cca 7K Mg TP
Cass Iake fine Basswood 097 3k = - 048
sand near Star Sugar Maple 1,32 257 = - 0.10
Island, Minn, Red Oak 06k 096 = - -
(Alway et al., White Pine 0,53 0,97 0.7 = 0407
1933) Red Pine 067 0.9 0.2 = 0.07

Jack Pine 0059 0.63 0.18 - 0.05
Searboro loamy Sugar Maple - 1.08 0.42 o.ik 0,10
sand mear Litchfield, Red Maple - 0653 0639 048 0022
Comn, (Seott, 1955)
Merrimac loamy Red Oak - 06 010 0426 002k
sand near Litchfield, White Pine - 0di5 0636 0422 0,15
Cem. (Seott, 1955)
Sandy leam Podsel, White-Cedar 0,60 2416 025 0415 0,04
Adirendaecks (Chandler, Balsam Fir 1,25 1.12 0.12 0,16 0.09
1943) Red Spruce  0.89 0.79 0435 0s20 0,10
Hemlock 1e05 0668 0627 0odk 0,07
White Pine 1.1k 0660 0,18 0.6 0,05
Red Pine 069 058 0035 048 0,07
Leam and silt Basswood 1.0h 3e2h 0639 0639 0.4
loam Gray-Brewn Black Cherry 0,55 2,58 0.7 OJilk 0,18
Podzolic soils, Iromwood 101 252 0635 0,35 0.09
eentral New York White Ash 0659 2428 O0Ji6 0429 0,15
(Chandler, 1941) American Elm 0,77 2406 Oeih 0.32 0,15

hpen 0070 1085 0 036 0023 0 008
Red Oak 0667 149 0.55 0.31 o.11
Red Maple Ocil 1.35 0.30 0,32 0,11
White Oak 050 1,22 0,52 0.24 0,12
Beesh 059 109 0665 0626 0.10
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TABIE 2, Composition of Mature Foliage™ from Different Species on Similar
Soils in the Same Vicinity

Site Species N #Cca ¥K Mg ZP
DeKalb soll series White Ash - 23 - - -
(20 lime in root Yellow Birch - 1.6 - - -
zons), Warren County, Eastern Hemlock - 0.8 - - -
Pexna, (Plice, 1933) Northern Red Oak - 07 = - -
‘hit. Pj.n‘ - 0.5 - - -
Glagial till soil ¥White Spruce - 1.9 - - -
(ne lime in reot szome)  Eastern Hemlock - 1l - - -
in Adiremdacks (Plice, Balsam Fir - 0.9 - - -
1933) Black Spruce - 09 = - -
Dunkirk soil series White~-cedar - 2.6 - - -
(1ims present in root American Elm - l6 - - -
soms) near Ithaca, NoYe Sugar Maple - lsl - - -
(Plice, 1933) White Oak - 0.9 - - -
Red Maple - 08 - - -
Tamareck - 046 - - -
Piteh Pine - Ok - - -
Silt loam glacial Basswood 2,68 2,88 2,16 - 0426
ti11 soil (lime within  Irorsoed 2,01 2462 0,96 = 04,15
1 foot of soil swface) Black Cherry 167 2413 163 = 0.18
in central New York Yellow Birch 2,56 1,86 110 - 0.18
(Bard, 19LS) White Ash 2:27 1e¢70 170 - 0.18
Sugar Maple 181 155 0078 = 0.09
American Elm 2,86 154 1,00 = 0.1k
Red Ok 16 1.25 150 - 0.1
American Beech 2,37 0,97 1,00 = 0.1
811t loam glacial Basswood 2e32 2687 2435 - 0.27
#111 soil (1lime at about Tromwood 162 259 10 - 0415
30 inches depth) in White Ash 1,91 183 154 - 0628
central New York (Bard, Sugar Maple 168 1463 1.02 = 0416
1945) White Oak 2,33 160 155 - 0.24
Red Maple 1hh 142 116 - 0.16
American Beech 2.21 1l.21 1039 - 0.1h
Rod (lk 1.75 1002 1020 - 0018
Hemlock 1011 0.70 0.90 - 0018
Silt leam glacial Basswood 2l 2,96 2,30 - 0433
t111 s0il (no lime in Iremweed 199 2447 1030 - 0.19
root some) in central White Ash 1.90 168 137 - 0427
New York (Bard, 19L5) Big-t. Aspen 20 167 100 = 0426
White Oak 2,06 1l 16 - 0.2,
Yellow Birch 1.92 1437 135 = 025
Red Maple 13 1. 1.02 = 0.25
SW hph 1050 l.11 102& - 0.21
Red Oak 2629 0s91 1,52 - 0.25
American Beech 2.03 0085 l.21 - 0.17
Hemlock 133 0e7l 1420 = 0.18
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Site Species N %ca %K Mg  EP
Site #76b, Dane County, Red Oak 0.96 118 0,29 0,50 0,12
Wisconsin (Gerleff Sugar Maple 0073 101 0039 0.5 0,12
ot al., 196k4)
Site m, Dane cm. Basswood 1039 1l.11 0089 0.52 0.17
Wisconsin (Gerloff Iromwood 1.l 1.03 0.43 058 0.17
ot al., 196h)
Site #1la, Dane County, Butternmut 1e79 1lell 0682 0072 0.kl
Wisconsin (Gerleff Black Cherry 158 0496 135 0670 0673
st al,, 196k)
Site #18a, Dane County, White Oak 1,03 113 0,70 0632 0,12
Wisconsin (Germ Iromwood 1.1&9 10% 0.611 0.5& 0016
ot al,, 196h) Big-te Aspen 1l 0499 1e78 0.33 0.21
Site #6, Dane County, Black Cherry 243 1,16 1,57 06 0426
Wisconsin (Gerloff White Oak 2.19 0082 0085 0036 0.19
ot ale, ) Red Oak 197 075  5.39" 0.0 0.1
Black Oak 1,92 0.70 0077 Oos2 0.1
Site #62, Vilas County, White Spruce 0.95 0687 0454 0.23 0617
Wisconsin (Gerleff Balsam Fir 1.22 0475 Oei6 0,13 0013
st al., 196k)

st al., 1964)

*cenifer needles of the current yoar were used in the Wisconsin study;
it is assumed that in the other studies the conifer needles analyzed were

variable in age.

*orhis value seems t0 be too high.
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TABIE 3+ Composition of Freshly Fallen Leaves from the Sams Species on
Different Soils in the Same Vicinity

Vieinity: near ILitchfield, Comnecticut (Scott, 1955)

Ridgebury Scarboro Merrimac Merrimac
Sandy Loam Sandy Loam Loamy Sand Sandy Loam
(GH®); mmll (HG¥); mor  (BP¥*); mor  (BP*); mor

Red %Ca 0.99 0.93 - -
Maple %K 0.li7 0439 - -
fMg 0.h6 0.48 - -
43 0.11 0612 - -
White %Ca 0466 0469 ook 0.9
Pine %K 0.5 0.3 0438 0.37
%Mg 0433 0432 0423 0e31
%P 0410 0.11 0.1k 0.11

Vicinity: New York (Chandler, 19L3)

Sandy Leam Silty Clay loam Gray-Brown
Podzol Podzolic Soil
White %Ca 0.60 0460
Pine %I 0018 0018
g 0.16 0.21
y 4 4 0405 0.07

*%GH = Grey Hydromorphic; HG = Humic Gley; BP = Brown Podsolic






38

TABIE Lo Composition of Mature Foliage from the Same Species on Different
Soils in the Sams Vicinity

Vieinity: central New York (Bard, 19L5)

Silt Loam Glacial Silt Loam Glacial Silt Loam Glacial
Till Soil With Till Soil With ILime Till Soil With
Iime Within 1 Foot at About 30 Inches No Lime in Root
of Soil Surface Below Soil Surface Zone

N 2468 2432 2.1y
Basswood Ca 2.88 2.87 2,96
2K 216 2435 2,30
%P 0426 0427 0433
y A 2,01 1,62 1.99
Iromwood %Ca 262 2459 217
#K 0696 1,10 1.30
gP 0.15 0.15 0.19
N 227 1.91 1.90
White 4Ca 1,70 1.8k 1,48
Ash %K 1,70 1.5k 1.37
%P 0.18 0428 0427
IN - 2.33 2,06
White %Cca - 1,60 1.1
Oak “ - 1055 10&6
P - 0.2 0.2
N 2.56 - 1,92
Yellow m 1,86 - 137
Birch %K 1010 - 1035
%P 0.18 - 0.25
N - 1k 143
Red %ca - 142 1.1
Maple ¢K - 116 1,02
£P - 023 025
N 1,81 1,68 1,50
Sugar %ca 155 1,63 1.11
Maple £x 0.78 1,02 124
ZP 04,09 0416 0.21
N 16h 1.5 2429
Red %Cca 1.5 1,02 091
Oak ZK 1.50 1,20 1.52
<P 0.l 0.18 0.25
N 237 2,21 2,03
American ¥%Ca 0497 1.21 0485
Beech %‘ 1.00 1.39 1,21
%P Ol Ok 017
N - 1.1 1.33
Eastern 4Ca - 070 071
Hemlock %K - 090 1.20
P - 0.18 0,18
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The studies made on foliar N suggest that the freshly fallen foliage

of jack pine, red pine, white pine and northern red oak have similar low
contents as compared to sugar maple and basswood when all six species are
growing on sand, On better sites, white pine seems to have considerably
higher contents than red pine and similar values to those of hemlock
(Table 1), Mature foliage studies in Wisconsin also indicate that white
pine contains a higher percentage of feliar N than does red pine (Table
2).

The mature foliage of hemlock, as indicated in Tahle 2, contains
lewer percentages of N than any of the associated hardwoods. Since the
age of the hemlock foliage is not known, interpretation of this com-
parison is difficult, Variations with age may not be great, however,
since Gerleff et al. (196L) give a percentage of 1.2l fer current mature
foliage while the freshly fallem litter valus reported by Chandler (1943)
is 1.05¢ The valunes reported by Bard for mature hemlock foliage of unknown
age are l.,11 and 1,33, The mature foliage data in Table 2 also indicate
that white ash, yellow birch and beech have higher foliar N values than
sugar maple, Onm acid sites, northerm red ocak also has higher percentages
of N than sugar msple, Basswood tends to bave high valuss ef foliar N
wherever it occurs.

Studies made on feliar Ca from different species growing on the same
or similar sites, Table 1, suggest that freshly fallen Jack pine needles
have a lower eontent than either red or white pins, The foliages of
pins, hemlock and beech consistently have lower Ca concentrations than
agsociated hardwoods except red cake The foliages of basswood, iromwood,
butternut, black cherry, white—cedar and white ash contain relatively
high concentrations ef Ca.
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Table 2 indicates that the mature foliages of basswood, white ash and
black cherry consistently have relatively high concentrations of potassiume.
When associated with hardwoods, the mature foliage of hemlock has potas-
sium values similar to those of its associates except that basswood
foliage consistently has higher values.

The hardwoods in Tables 1 and 2 have foliar magnesium values which
vary along & eontimious gredient with buttermut, black cherry, iremwood
and basswood at the high end and white oak, aspen and beech at the low
end, A relatively low range of foliar Mg values is indicated for all of
the conifers. Despite the paucity of site-mate comparisons between hard-
weods and conifers, it is interesting to note that the highest value
reported for the conifers is the same as the lowest value reported far
the hardwoods., Site-mate comparisoms made by Ovington (1956) in Great
Britain indicate that with the exseption of certain oak species, hard-
woods centain higher foliar Mg concentrations than do the conifers.

Site-mate comparisons indicate that the foliages of basswood, black
cherry and white ash contain relatively high concentretions of phosphorus
and that the foliages of beech and pines have lew concentrations ef that
element,

Several species in the foregoing studies show evidence of a foliar
mtrient element response to site. Most of thes hardwood species studied
by Bard, Table L, show increasing foliar N concentrations with decreasing
depth te earbomates. Nerthern red oak and hemlock, however, show
decreasing contents of foliar N with decreasing depth to earbonates; this
trend may be a general one for these species since the maximum recorded
valus for northern red oak foliar N was obtained for lsaves collected
from a northern red ocak plantation on an acid sand in England, The
average N there was 2.87, far higher than the valuss for any of the
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seven species of evergreen conifers planted on the same site but similar

to the values for three other members of the Fagaceae family on the same
site (vide Ovington, 1956).

Data presented by Chandler (1943) was thought by that author to
confirm the lack of foliar calcium responss by white pine to soil
conditioms but data obtained by Scott suggest a response by this species,
the twe well-dreined Brown Podzolic soils giving rise to lower foliar Ca
values than two less well-drained soils (see Table 3). Comparing the
data of Plice and Gerloff et al. with the above two, it appears that the
range of white pine foliar calcium is from about 0¢3% to 0¢7% with the
upper range occurring im the freshly fallen foliage from high water table
sites. (The calciwm valuss reported by Alway et al. are not included in
this comparison since they seem out of lins with presently existing data
and wers earlier considered abnormally high by Plice.)

A lack of respense by some pines is attested to by the data of
Ovingten (1959) who states that Scots pine trees (associated with Podzols
in Burope) show no foliar calcium increase with increasing availability
of soil ocaloium on well-drained sites. Bard's study, Table L, indicates
the possibility that hemlock foliar calcium does not vary due to site
differences between well-dreined, medium~textured soils showing con-
siderable variability in acidity, readily extractable calcium and depth
to carbonates, Most hardwoods in Bard's study contained higher foliar
Ca contents when growing on high or medium lime tills as compared to no
lime tills, but basswood and white ash maintained high and similar values
on all sites. Scotti's data, Table 3, however, show no foliar response by
red maple within the renge of site conditions studied, both values being
lower than for the no lime till site in Bard's study. The soils in
Scott's study were loamy sands and sandy loams as compared to silt loams
in that of Bard'se
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Foliar potassium response to site by pines is not apparent in the
above studies although it has been shown that foliar potassium can be
increased by fertilizing K-deficient stands of red pine (Heiberg and
White, 1951)s. In the case of sugar maple, yellow birch, eastern hemlock
and iromwood, foliar potassium increases as the depth to carbonates in-
creases. White ash reacts exactly the opposite.

A foliar magnesium response to site is apparent for white pine in
Tables 3 and L,

A foliar phosphorus response of white pine to site differences is
apparent in Table 3. Most hardwood species show increasing foliar P
with inocreasing depth to lime, this relation being most marked and
consistent in the case of sugar maple and northern red osk,

Data on foliar composition of minor elements in natural stands
in eastern North America is scanty.

Comparisons between species on the sams plots in Scottts study
are limited to the following:

Spesies ppa Fe Ppm Al ppm Mn
White Pine (Flet IT) 275 325 550
Sugar Maple (Plet II) 200 150 1000
Red Maple (Flot II) 200 150 1650
White Pine (Flot III) 200 350 2650
Red Oak (Flot III) 150 150 k750

Comparisons between species on the same sites in the study of Gerloff
ot al, are as follows:



'



L3

Site No, Sge_gies ppm Fe Ppm Mn
76b Sugar laple 157 805
Red Oak 76 763
55 White Pine 267 184
Red Pine 206 260
62 Balsam Fir 120 862
White Spruce 89 672
18b Ironwood 239 28,8
Basswood 164 124
1lla Butternut 196 149
Black Cherry 159 620
6 Black Cherry 221 585
Black Oak 206 1459
White Oak 126 1374
Red Oak 125 1736
18a Iromwood 278 968
Big-t. Aspen 106 50
White Oak 104 815

Comparisons within species but between soil types in Scott's study are
limited to the following:

Species Soil type ppm Fe ppm Al  ppm Mn
Red Maple Ridgeb\fr{ 200 150 700
Red Maple Soa.rbom'o louv 200 150 1650

: (HG*); mor
White Pine bu;; 225 250 550
)3 mll
White Pime sw-boro loamy 275 32 550
sand (m*); mor
Thite Pine Merrimac loaxy 175 32 2500
sand (BP*); mor
White Pine Merrimsc sandy 225 3% 5%

loam (BP*); mor
*H = Grey Hydromorphic; HG = Humdic Gley; BP = Brown Podzolic
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A chain of site-mate comparisons, disregarding leaf age, indicate
that the foliages of iromwood, black oak, black cherry, buttermut, sugar
mpls, red mple and white pine contain higher concentrations of iron
than those ef white oak, red oak, big-toothed aspen and red pine.

A chain of site-mate comparisons indicates the following decreasing
order of foliar Mn concentrations: red maple, iromwood, sugar meple and
red eak > white pine, black oak, white ocak and black cherry > buttermut,
basswood and big-toothed aspen. The latter three species apparently have
especially low Mn contents.

Scottis data indicate that white pine foliage contains higher concen-
trations of aluminum than those of red oak, red meple and sugar maple,

Evidence far foliar manganese responses to site also exist in Scott's
study. Red maple has & higher foliar manganese sontent on a mor hums-
covered Humic Gley leoamy sand than on & mmll humus Grey Hydromorphic sandy
lean, White pine has a much higher foliar manganese content on a mer
hums-covered Brown Podszolic loamy sand thean on less well-dreined or
finer-textured soils,

Ovington (1956) found that Austrian pine and Douglas-fir both had
about five times as much foliar manganese when growing on an acid sand
&s when growing on an alkaline sande In twemty~two out of twenty-three
foliar samples involving sixteem species, foliar manganese was present
in larger quantities than foliar P with greater amounts in the coniferous
foliage than in the hardwood (families Fagacess and Betulaceae only)
foliage,

From the above-mentionsd studies, it is clear that foliages from
the mull-associated species, besswood, iromwood, buttermmt, black cherry
and white ash, consistently contain relatively high concentrations of
caloium and either relatively high or intermediate concentretions of
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potassium and megnssiume The foliage of red oak, which is also
associated with mull humus types, seems to be outstanding with respect
to its higher ealscium content on high calcium soils and its higher N
and P content on low calcium soilse On both types of soil red oak
foliage mintains intermediate to high values of K and Mg and may
ocontain relatively high concentrations of Mn on some sites, These
latter charecteristics may be related to the relatively high antacid
buffering capacity of red oak litter mentioned below,

Species such as pines, hemlock and beech which are more often
abundant on mor than on mmll humus types, have relatively low valuss
of foliar Ca, P and Mg, White spruce and balsam fir, also commonly
associated with mor humus types, contain intermsdiate values of
foliar Ca and P but there is some indication in the data that they
usually have relatively low values of foliar Mg and occasiomslly
very low valuss of foliar K. Species such as sugar maple and yellow
bireh which may be abundant on both hums types apparently bave inter-
mediate and/or variable concentrations of most of the elements studied
80 that the mature of the humms layer may depend largely en the
svailable chemiocal elemsnts and the associated species,

Plice (1934) studied the antacid buffering capacity ef the litter
from various tree species on a range of sites near Ithaeca, New York
with the following results:
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Speciss H-ion Inactivated by 5g. of litter (me. out of L added)
Elm ' 36965 3484
Red Oak 3z 3.b
Sugar Maple 343-3.b
Red Maple 3.2
Yellow Birch 360-3ek
White Ash 3403 340
Beech 2:4=340
White Pine 2,0=3.0
White Spruse 2.0
Balsam Fir 240
Red Pine 2,03 2.0
Blaek Spruce 2.0
Jack Pine 15

Hemlock 093 240

Plice concluded that both the chemical element content and the antacid
buffering capacity were inflmential in determining the humus typee.

Polyphenols in Tree Foliage and Litter
Handley (195k), after extensive research, concluded that leaf pro-

teins stabilised by materials similar to tannins are an important factor
in the processes leading to mor humms formation. These stabilised pro—-
teins occur in the mesophyll tissues and are, under certain conditions,
so resistant to decomposition that the various parts of the detris in
whish they do not occur (especially the vascular tissue) decompose and
leave, as & layer lying on the surface ef the minerel soil, an amorphous
residue of leaf mesophyll cell walls protected from decomposition by the
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resistant stabilized protein, Davies et al. (1960) point out the likeli-
hood that these tarmin-like materials stabilizing leaf protein are
polyphenols,

Coulson et al. (1960), using paper chromatography and electro-
phoresis, examined the polyphenols of fresh green lsaves, dried leaves,
litter and superficial humus from mull-Brown Earth and mor-Podzol sites.
They found a greater diversity and quantity of phenolic substances in
the extract of the fresh European beech lsaves from the mor-Podzol sites
than in the extrects of European beech, sycamore and oak leaves from
mll-Brown Earth sites., There was a changs in quantity of simple
polyphenols ranging from a maximm in living leaves, decreasing through
senescent leaves to dead leaves to freshly fallen leaves, to & minimm
in decayed leaves and humus or stored dry leaves, However, tannin-
stripping and hydrolysis-reduction of decayed leaves and superficial
humns released additional polyphenolic substances from both mull and
mor humus types,

The above-mentioned studies also point out that when polyphenols
are polymerised beyond a certain molecular sise they are rendered
incapable of any tannming action. Coulson et al, also state that
polymerisation is favored by base-rich conditions and they suggest
that beech leaves falling on a base-rich surface may explain why
European besech gives rise to a mll humus type when growing on base-
rich soils and to & mor humus type when growing on base=~poor soils,

The lower foliar calcium concentretion exhibited by European beech

on base-poor scils as compared to base-rich soils has been reported by
Bandley (155L4)e. It seems likely that a low foliar base content as
well as an acid soil surface would reduce polymerisation and thereby
increase the tamning potential of the pelyphenols which are present.
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Soil Organisms in Mull and Mor Humus Types
While certain foliar characteristics may instigate humms type

differences, it is probable that these differences are brought about
by differences im the predominant groups of soil animals attacking

the foliage. Mull appears to be the characteristic humus formed

when earthworms are the predominant group; trensitionmal types of
hums when the dominant soil fauma are millipedes, woodlice or larvae
of the larger insects or termites; and typical mor when they are mites
and springtails. The functional relationship seems to be that a
greater proportion of the arganic matter on mmll hums sites passes
through the alimentary camal of the larger soil animals into the
mineral soil (Russell, 1961).

Although several studies have indicated extremely low rates of
leaf tissue decomposition by micro-organisms when animals are com=
plstely exsluaced (vide Edwards and Heath, 1963), evidence exists that
miero-erganisms play a role in the preparetion of leaf litter for use
by the larger soil animals and may be necessary for complete decom-
position of organic matter following its mastication by the larger
soil fauma, Darwin, for instance, econsidered half-decayed leaves to
be the earthworm's chief article of diet and van der Drift concluded
from his studies that the main result of the activities of most soil
faum is mechanical break-down of leaf litter (vide Handley, 1954).

In typical mor umus types, the fungl are often considered to
be the predominant group of micro-organisms, and they convert much
of the leaf litter into their own protoplasm which is a form that
the mites in particular can digest (Russell, 1961). A study by
Kendrisk (1959) on Scots pine needles indicates that successive
waves of fungal colonisation initiates the decomposition process
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and complete physical reduction is eventually brought about by soil
fauna which results in an Oh horizon composed largely of partly
humified animal feces and mumerous dead, dematiaceous hyphae, conidio-
Phores and conidia., A similar process may have led to the observations
of Romell (1935) who stated that heavy greasy mor humus layers in the
northeastern United States seem to be built up chiefly by dead fragments
of brown hyphae.

In mull humus types, however, bacteria are protebly the most im-
portant microbial agents of decomposition (Russell, 1961) and they seem
t0 be mare abundant in the presence of earthworms (Went, 1963).

Several conditions seem to be related to these differences in soil
erganisa populations and activity. Aside from moisture requirements
(vide Wilde, 1958), studies show that earthworms seem to have definite
preferences for the leaves of certain species of plants. One such
study in Eureope indicated that in generel, the earthworms charecter-
istic of mll soils show a preference for the litter eof elm and birch,
consume only small amounts of beech and oak litter and do not consume
Pine and spruce needlss at all (vide Handley, 195k). In the United
States, they show similar preferences for foliage rich in bases (such
as ash leaves) a reluctant ability te handle the tough leathery leaves
of cak and beech, and a distaste for acid conifer needles (Spwrr, 196k).

Edwards and Heath (1963) moted that tamned European beech lsaves
monotutonb,'yaloilfaum inclnding earthworms while greem or
yellow leaves of the same species were heavily attacked. Recent
findings also indicate that fungi can utilise erganic substances
containing eoncentrations of phenols sufficient to inhibdt bacterial



50
attack (Konmonova, 1961 and Basaraba, 196L4)e A related study indicated
that marked differences in fauna populations between litter samples rich
in mycelia and samples not so endowed were correlated with the lower pH
and higher tamnin content of the mycelia-rich samples (Kuehnelt, 1963).

Processes and Products g the Organic Horisons

Iafond (1949) memsured the oxidation-reduction potential of firmly
pecked mull and mor material which had been allowed to stand overnight
in a wmater-logged condition, He found that as & rule mull humus has a
positive oxidation-reduction potential whereas mor has a very low
negative potential, Other studies indicate that ferrous iron becomes
prominent at Eh (oxidation-reduction potential) values below about 0.2
volt during periods of intense microbiological action. Manganese is
affected similarly but alumimm is not (Alexander, 1961).

In the Podsol Region of Mishigan, McKenzie et ales (1960) found
that the Al (or Vh) horison of a well-drained sandy Podsol (Kalkaska
sand) exhitited the lowest redox potential in the profile and was
consistently at its lowest seasomal value in winter under a cover of
snow during the two-year duretion of the study.

Romell (1935) states that in the latter part of the 19th century
it was noticed that mull and mor give extracts of different colors,
either with distilled water or with weak ammonia. He claims that
mll extracts have a "less intense humus coloar.® This water soluble,
intensely humus-—colored extract from mor is probably similar to the
extracts obtained by Berselius who is credited with the original
description of erenic acid and apocrenic acid (Kononova, 1961).
According te Kononova, apocrenic acid is formed by the atmospheric
axidation of crenic acide She further states that Berselius describes
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crenic acid as having a yellowish color, a sharp taste and being
amorphous while apocrenic acid is described as having a brownish
coler; both possess acid properties. Kononova also mentions that
Berselius made comprehensive studies of the K, Na, NH, Ba, Ca, Mg,
Al, Mn, Fe** and Fe*™** salts of crenic and apocrenic acids. Ac-
cording to a mumber of Russian soil scientists, crenic acid is
profusely produced by the activity of fungl in Podzol humus layers
(Vilenskii, 1957; Williams, 191L).

Oden (vide Kononova, 1961) introduced the term "fulvic acids®
for the group of humic substances occurring in peat waters. He
described these substances &s compounds of high molecular weight
characterized by a reduced (less than 55%) carbon content and high
solubility in wmater, alecohol and alkmli; their salts are also readily
soluble in water. At low concentrations these substances are slightly
Yyellow in color, These charecteristics apparently led Oden to the
assumption that fulvic acids are amlogous to crenic acid and apocrenic
acide Subsequently, fulvic acid was studied by many investigators as
the acid soluble portion of alkali-extracted organic matter (Kononova,
1961)s These studies indicated the presence of pentosans, uronic
anhydride, amino-nitrogen, phosphorus, several sugars, and phenclis
glucosides. Infre-red spectroscopy and X-ray amlysis revealed that
fulvie acids possess "structurel wnits® of aromatic compounds, nitrogen—-
containing substances and redusing substances.

Recent studies by Wright and Schnitser (1963) on a Canadian Podsol
indicated that the extrested organic matter from the Oh and Bh (Ihbi?)
horisons contained 30% and 85% fulvic acid, respectively. As much as
60% of this fulvic acid was composed of functional groups such as
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carboxyl, hydroxyl and carbonyl which appeared to be attached to a
predominantly arcmatic ®mucleus.”

Yarkov (1954) demonstreted that the mobility of complex ergano-
minerel compounds of fulvic acids with Ry03 depends on the axidation=
reduction conditions of the soil medium produced by the seasomal
moisture regime (vide Kononova, 1961).

Bloemfield (1957), Kaurichev et al. (1958) and Coulson et al.
(1960) mention that polyphenols capable of forming complexes with
iron are present in Podzol humus layers. Bloomfield considered the
polyphenols to be important in the dissolving and reduction of Ro03e
Coulson et al. showed that D- and epi-catechin (two of the major
polyphenels of beech leaves) are capable of reducing iron and obtained
evidence of the formation of ferrous iron-polyphenol complexses.
Aeration had an adverse effect on the formation of these complexes.
The movement of alumimm, however, did not appear to be influenced
by these polyphenols but was more effectively leached by strongly
acid extractants, the most effective of these having a pH of 3.72.

Hesselman (1917) eoncluded from his studies that, in generel,
conifer mor humus is:characterised by active ammonification but no
nitrifications Romell (1931) found that intensity of nitrification
in mer hums layers was correlated directly with pH. Ivarson and
Sowden (1959) stated that their conifercus litter-Podsol soil
(horison not mentioned, presumably the A horisons were used)
mixture produced no mitrete during the course of their experiment
(165 days).

Iant (1932), woerking with New England forest soils, found that
mll types of hums found in fast-growing hardwood stands nitrified
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to a considerable degree with the accumulation of only a relatively
small amount of ammonia. On the other hand, large quantities of
ammonia accumulated in the thick mor humms found in mature hemlock-
hardwood and mature white pine stands. Studies of the possible causes
of this pattern revealed that pH, Ca content and sometimes total N were
correlated positively with nitrogen transfermetion. These correlations
were quite pronmounced in the Oh horizons. The addition of lime
generelly caused the formation of nitrates at the expense of ammonia,
though no appreciable effect could be obtained in the humms layers
from red pine plantations.

The work of Lunt agrees with earlier studies by Nemse (1930) and
concurrent research by Remssov (1937) who both found that nitrification
is greatly retarded in hummus layers under stands of spruce and pine.
Ammonification, however, took place readily and accumlation of large
amounts of ammonia occurred under these conifers. These researchers
explained the lack of nitrifieation by their discovery of a negative
correlation between the bitumin® content and the rate of nitrification
in the humus layers. With bitumin contents of 5% or more nitrification
was practically nil.

Chase and Baker (1954), working with Camadian Pedzols, found that
heavy applications of calcium carbomate were required before any of
the added ammonium nitrogen was converted to nitrate. On an acid
Canadian Podsol under maple, Corks (1958) found that limestone-
phosphate fertilisation had greatly increased the number of am-
monifying and nitrifying tacteria 8 years after treatment;

*Bitumins is apparently a collective term for humms constituents
such as fats, waxes and resins which are soluble in alcohol and
benzens (see Vilenskii, 1957).
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simltanecusly, an increase in ammonifying fungi occurred under conifers
following this type of treatment. When ammonium sulfate was perfused
through the Ay(0) horizon from the maple plots which had been treated
with limestone and limestone phosphate, a fairly rapid oxidation of
NH),-N to ll03-N took place. In order to obtain similar nitrification
rates from the umamended plots, large amounts of CaCO; had to be added
prior to incubation. No mention was made, however, as to whether or
not the coniferous Oh horizon could be stimulated to form nitretes.

Remesov (1937) states that the accumlation of large quantities
of ammonium in humus layers mey promote dispersion of some of the humms
and thereby convert it into forms more liable to leachinge.






CHAPTER L. TIME RELATIONSHIFS

In his monograph on soil studies in the region of coniferous forest
in northern Sweden, Tamm (vide Jemny, 1941) states that in a drained
lakebed perceptible podzoliszation can occur in 100 years; under a mattress
of raw humms, enough Podzol formation had taken place during that time
to permit a photographic recording of a thin bleached A horizon and a
dark orterds sone (Podsol "B").

A study in Alaska made by Crocker and Dickson (1957) indicated that
in 200 years of soil development, a trece of Podzol formation was evident
in the sandier materials although no profile deseriptions nor chemical
analyses were presented for corroboration of the visual evidence. The
youngest well-developed Podzols described in this area were 3000 to L4OOO
years old (Chandler, 1942; Crocker and Dickson, 1957).

Time of Iand Surface Exposure in Michigan

Iand surfaces in the Podzol Region of Michigan have been exposed
for periods of time not exceeding 13,000 years (Zusberge and Potszger,
1956). For areas covered by the Valders substage of Wisconsinan
glaciation, this maximum limit is reduced. According to the most recent
radiocarbon dates (Broecker and Farrand, 1963), these areas have been
exposed for a maximum of 11,850 years. In the Lower Peninsula, Valders
drift is almost confined to Podzol Zons ITI (vide Zumberge and Potsger,
1956).

In Cheboygan County, Michigan (Podsol Zone III), Franmmeier (1962)
studied a chronosequence of Podsols formed in sand primary materials.
This sequence consisted of weakly developed Podzols recently under pre-
dominently pine and oak on Iake Algome and lake Nipissing surfaces, a
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more strongly developed Podzol which recently supported mostly hemlock
or balsam fir on a Iake Algonquin surface and somewhat more strongly
developed Podzols (on the basis of darker upper illuvial horizons)
under northern hardwoods (one site) and aspen (another sits) on
Valders moraines.

Time With Respect to Regiomal Changes in Climate and Vegetation

If the regionmal climate and vegetation had been uniform during the
last 13,000 years, the time of land surface exposure would be the only
variable soil-forming factor in the Podzol Region (providing topography
and parent material are held constant)e. Since the Podsol Region of
Michigan has been subjected to post=glacial climate and vegetation
changes, land surfaces of widely different ages must have been affected
by different combinations of climatic factorse

For instance, Isle Royale was completely imundated until post-
sub=Duluth time (Hough, 1958). Potzger (1954) found that a bog on a
post-sub=Duluth, pre-iiinong surface 900 feet above sea level indicated
an initial post-inundation forest of pine and spruce. Two bogs on a
post-Minong, pre~Nipissing surface 650 feet above sea level indicated
an initial post-imundation forest dominated by pine. The bogs at
lower elsvations, which are all on Nipissing and post-Nipissing
surfaces, indicated that initial post~Nipissing forests were demimated
by pine, spruce and birch, PFotsger states that the pine-domimsted
parts of the pollen profiles undoubtedly represent the "major
erothornic" period in that areaj; thus initial soil formation on
the post-Minong, pre-Nipissing surface took place during a different
climte-vegetation regime than existed during initial soil formation
on either the oldsr or the younger surfaces.
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The Isle Royale pollen data suggest that pine forests were re-
placing spruce forests by sub=Duluth time (around 10,000 years BeP.,
vide Broecker and Farrand, 1963) and were prevalent in early post-
Minong time (correlative with lakes Chippewa times in the lake Michigan
basin according to Hough)e The time range of 10,180 ¥ 160 to 9,150
+ 130 years B.P. given by Friss (1962) for the decline of spruce in
nearby lals County, Mimmesota seems to be compatible with the lake
chronology of Breecker and Farrand (which entails a drop from Lake
Algonquin lsvels to Iake Chippewa levels betwsen about 10,500 years
ago and 9,570 ¥ 150 ysars ago). The data presented by Fries suggests
that pine was dominant from 9150 * 130 years B.P. until the late
post-glacial increase of spruce and fir occurred. His data also
suggest that jack pine was the predominant pine until 7300 * 140
yoars B.P.

Based on the above studies, that of Potzger (1946) and those of
Wilson and Webster (19422 and 1942b), the following post-Valders
climatic and vegetational conditions are inferred for the Upper
Peninsula of Michigan:

Time (BP) Climte Regiomal Forest Vegetation

11,850 ¥ 100 to Cold, mesic Spruce-Fir

10,180 £ 160

10,180 ¥ 160 te Warmer, less mesic Increase in pine and thermo—

9,150 £ 130 philous deciduous species;
hemlock appears in some areas

9,150 % 130 to Even less mesic  Pine dominance (minly jack

7,300 ¥ 1ho pine); low or no hemlock; low
white spruce; low thermophilous
deciduous species

7,300 * 110 to More mesis Increase in white pine; in-

appraxe. 3500 orease or reappearance of

hemlock; increase in birch

approx. 3500 to Cooler and even  Increase in hemlock, spruce
lumbering ere more mesic fir and birch
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The following are estimates of the same types of relationships
for the sandy primary materials of northern Lower Michigan:

Time (B.P.) Climate™ Regional Forest Vegetation™®

13,000 Cool to cold, moist Spruce-Fir

11,000 Cool to cold, moist Spruce-Fir

8,500 Moderating climate Spruce, fir and jack pine

7,000 Warming climate Pines, oak

3,500 Warmest and driest Pines, oak and northern
since retreat of ice hardwoods

2,500 Deterioration Pines, northern hardwoods
(cooler) and oak

*Based on Zumberge and Potsger's interpretations
#¥paged on Kilburn's work

In general, both sets of data suggest that the older sandy land
surfaces in the Podszsol Reglion of Michigan were initially exposed to a
cool to cold moist climate and supported pioneer stands of spruce and
fir, The middle-aged surfaces were initially exposed to & warmer and
drier climate and were probably initially forested by such species as
pine and/or oak on the drier sites with arborvitae (white-cedar), balsam
fir and white spruce on the cooler and more moist sites. Surfaces
exposed since Iake Nipissing or lake Algoms times were initially exposed
to a cooler and possibly moister climete and probably supported pionser
forests with less oak than occurred in the initial forests on the
niddle-aged surfaces. Aspens also may have been involved in the
initial stages of early, middle and late successions even though
their fossil record is missing (vide Wright, 196k).

Smll percentages of maple, hemlock, beech and other non-boreal
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bardwoods appear at the end of the spruce-fir pollen zones in peat
profiles from northern Lower Michigan and north central Wisconsin.
Indications of beech-maple forests in these areas, however, are
restricted to the last 3000 to L4LOOO years.

Another time-related factor which should not be overlooked is
the time during which the "lake effects® have been in existence,
These phenomena are directly or indirectly responsible for much of
the charecter of the climate in the Podzol Region of Michigan. One
of the most striking of these effects is the fall and winter precipi-
tation. For exampls, Grand Marais, Minnesota, receives about 63
inches of snow per year while Houghton, Michigan, receives about 120,
Podsols are characteristic in the Houghton area but not in the Grand
Mareis, Minnesota area. Milwaukee, Wisconsin, receives about 39
inches of snow per year while Greand Rapids, Michigan, receives about
69. Podsols are present only in ths latter location. . In winter, the
warmer the lake waters are, the greater will be the instability of
the air which has passed over them and the greater will be the snow-
fall on the downwind side of the lakes. Consequently, relatively
little snow falls on the downwind side of the lakes when they are
frosea over. By the end of February, 1963, ice covered 95 per cent
or more of lakes Superior, Michigan and Huron. Iake Michigan was
frosen over morth of a line between Milwaukee, Wisconsin, and
Muskegon, Mishigan, from February 26 to the end of the month, the
only other such known ooccurrence having been in February, 1936
(Weather Bureau, U.S. Department of Commerce, 1963a). Every section
of the state received less than normal precipitation in February, 1963
and the Upper Peninsula received less than normal in March, 1963 as
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well, with departures from the normal being greatest in the western
part, Chatham and Munising (both in Alger County, Michigan) had
negative precipitation departures of more than one inch in March.
The .follwing table compiled from Climatological Data (Weather
Bureau, Ue.S. Department of Commerce, 1963b, e, d, e, £ and g)
illustrates these 1963 departures (in inches) from normal precipi-
tation in regions at comparable latitudes but varying in their elimatic
dependency on the Great lakes.

East Centreal Northwest West Upper
Minnesota Wisconsin Mic n
February, 1963 =0.32 0.5 :6%?
March, 1963 +0.0L ~0.1h =161
Southeast East Central West Central
Minnesota Wisconsin Lower Mie
February, 1963 —=0.39 T 0.63 =0.91
mn, 1963 "0008 '0'0050 40.50

The above data suggest that during most of post~Valders—pre-
Nipissing times lake effects must have been less promounced than at
present if it is inferred that: (1) winters were somewhat colder
during the spruce-fir period and (2) that a drop of lake levels to
extremely low levels took place during the decline of the spruce-fir
periode During the Iaks Chippewa period, spring and summer temperatures
in southern Michigan would have logically increased whereas fall and
winter temperatures woula likely have been more continental, similar
to those in southera Wisconsin and northern Illinois at that time,

Fall and winter precipitation would have been commensurately lower

as well, While the bulk of the Preirie Peninsula may have been formed
prior to this period, as suggested by Benninghoff (196L), the Lake
Chippewa period seems to be a likely time for the formation of the
southern Michigan preiries with the disjunct Newaygo prairies developing
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as a partial result of: (1) their position at a latitude between that

of Southern laks Chippewa and lake Chippewa (see Hough, 1958) and (2)
the prevalence of westerly winds (Weather Bureau, 1959). The subse-
quent rise of wmater to the lLake Nipissing level must have initiated an
increase in the "lake effects®™ which would mean cooler springs and
summers, less anmual evapotrenspiretion, milder fall and winters and
more fall and winter precipitation. These changes plus a regionally
cooler climate beginning between 2000-2500 years B.P. (Deevey and
Flint, 1957) could possibly explain the increase in white pine indi-
cated in the upper levels of several pollen profiles in the Lower
Peninsula of Michigan (post-~Nipissing phenomenon according to Zumberge
and Potsger, 1956). These climatic changes could also have simul-
tansously favored the increase of : (1) mesophytic species such as
hemlock and nerthern hardwoods and (2) the rate of leaching and Podsol
development., Thus the hypothesis (Zumberge and Potsger, 1956) that
lake Nipissing times were the most xeric in Michigan seems untenable
unless it is assumed that expansion of beech and hemlock can take
place umder such conditions and a rather drastic regional dryness
ocourred during that peried thereby overcoming the lake effect,

Tims With Respect to local Changes in Soil-Forming Factors

The emergence of some land surfaces must have been rather repid
while others emsrged slowly (Veatch, 1940). The slow subsidence of
lake lsvels could not only affect the matural drainage of developing
soils but proximity to the laks could keep summer temperetures
relatively low and winter temperatures relatively high compared with
more inland positions, For exampls, if Iake Nipissing receded
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steadily down to the Iake Algoma level on a stable land surface, the
water table in lake Nipissing beach sands would have been within §
feet of the soil surface for appraximately 500 yearse If lake Algoma
levels dropped steadily to those of the present lakes, this time
would be about 1250 years for lake Algoma beach sands. At the other
extreme, deep outwash plains subsequently dissected by meltwater from
the retreating isce front were high and dry shortly after their depo-
sitions Surfaces exposed by the drop of water levels from lake
Algonquin to lake Payette at an average rete of at least 1l feet per
100 years (vide Hough, 1958 and Broecker and Farrend, 1963) were soon
without lacustrine water table influence as well,



CHAPTER 5. PODZOL PROPERTIES AND PEDOGENIC PROCESSES

The Ino:lanic Constituents

Determinations of total Fep03 in Podzol profiles usually indicate
that at least ons illuvial (I) horizon has a concentration twice as
great as that of the dluvial (E) horizon and that the eluvial horizon
has at least 20% less than the C(P or W) horizon (vide Lunt, 1932;
Wilde et al., 1949; Wicklund and Whiteside, 19593 Muir, 1961)e These
studies also indicate that I/E™ ratios of total A1703 are lower than
those of Fey03 except under pure stands of conifers where the reverse
is trus. Illuvial peaks of total P,0; in the Podzols studied were
inconspisuous except whers ortstein was present, Otherwise, P205
maximms occurred in the humus layers. In the Wisconsin Podzols, total
K,0 concentrations were considerably lower in the eluvial horizons than
in the other horisons. The New Brunswick Podzols, however, did not
exhibit this type of distribution pattern for K,0; instead, the values
were rether constant down to the lower I or upper W horisons where they
increased. Total Ca0 concentrations in the Podzols studied wexre highest
in the 0 horisons (exclusive of profiles having carbonates in the P
horisons) and lowest in the E horizons, Minimm concentrations of MgO
were present in ths E horizons with maxima in either the I horisons or
the P horiszons of carbonate-free profiles, Where total Si0O2 was
deterwined in the above-mentioned studies, the results indicated that
Podsols of all textures had eluvial horizons with 5i0, concentretions
above 79%. In the Wisconsin sands, Podsol development seems to increase
with increasing E/P retios of total Si0,. An increase of this ratio in
the New Brunswick Podzols is coincident with & greater net increase in

= 1lluvial horison(s
*I/E on(s 63
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1lluvial Al1503.

Yassoglou and Whiteside (1960) determined the amount of soluble
(NHhOM extrectable) alumimm in some Michigan Podzols containing
fragipans and found that the morphological degree of Podzol development
varied directly with the content of soluble, illuvial A1703.

Frensmeier (1962) determined the citrate-~dithionmite extractable
iron and aluminum of several sandy Michigan Podzols, Concentrations of
the sesquioxides increased with the morphological degree of Podzol
development (based on color of the upper illuvial horizon) up to the
moderetely developed Blue lake soil, This moderately developed Podzol
(a continuous ortstein is not present) with the greatest concentration
of Feg03 of any soil in the study was formed in Valders-aged parent
material, From the available evidence, this soil supported a comifer
(white pine and hemlock)- northern hardwood stand prior to being clsar—
cute The highest soncentration of Aly03 was shared by the above-mentioned
Podsol and an Algonquin-eged Podsol which supported a pre-disturbance
stand of mesophytic conifers (either hemlock or fir or both) with somewhat
of an admixture of red mapls (Acer rubrwm).

The above study further indicated that in the lowest illuvial
horisons of one of the weakly (Rubicon series) and all of the moderately
developed Podsols (Kalkaska and Blue Lake series) extractable alumimm
concentrations were consistently higher than those of iron.

In these profiles, the upper illuvial horisons consistently contained
the highest concentrations of trenslocated humus, In addition, these
horizons had the maximum Fe03 concentretion in each profile except where
ortstein chunks were present,

Available phosphorus distributions in Franzmeier's Podzols are also
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of interest, In the weakly developed Podzols, the illuvial zones show
maxizum concentrations in their upper horizons while in the Podzol
sequua of the moderately developed Podzols, maximum concentrations of
available phosphorus occur in the lower illuvial horizons, This
distribution in the moderately developed Podzols is most obvious in
the Blue lake profiles which have Bhir (Ihbi) horizon concentrations
that are almost twice as high as those in the overlying Bh (Ihib)
horisens, Total analysis of one Blue Lake profile revealed that the
upper illuvial horisom had actually gained in total amounts of
phosphorus, The next illuvial horison down portrayed a net loss of
total phosphorus but contained almost twice as much available
phosphorus as the horizon above,

The Organic Constituents and Proposed Mechanisms of Eluviation and

aadmuvution_igl’odzoh

Podsol illuvial horisons are characterized by accumulation of
sesquiexides; however, organic matter accumulations are invariably
present as well, Frenmmeier's studies indicate that organmic matter:
extractable sesquiocxide reaties are consistently greater than unity in
these horisons regardless of the degree of Podsol development, If
the extrectabls sesquiocxides represent that portion of the total which
is moving or has moved, and the computation of organic matter content
is realistic, then the data indicate an essential role for organiec
matter beyond the mere creation of acidity. Because of the cmnipresence
of orgamic matter in Podsol illuvial horiszons, most of the modera
hypotheses concerning the mechanism or mechanisms of iron and alumimm
movement into the illuvial horisons involve the leaching of organic
substances (from O horisons or live foliage) which are capable of
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combining with iron and aluminum (Stobbe and Wright, 1959).

Several Russian investigators (vide Kononova, 1961 and Vilemskii,
1957) believe that crenmic acid is responsible for: (1) the dissolution
of calcium carbomate, (2) reaction with iron and manganese compounds
and (3) disruption of kmolinite thereby releasing silica and aluminum,
the latter forming a oremate (i.e., & salt of crenic acid and aluminum)
whish is water soluble, Upon reaching a sone of exidation, these
crenates of Fe, Mn and Al are converted to apocremates which are not
wter-soluble and thus precipitate out of sclution (see Kononova, 1961
and Vilenskii, 1958).

Wright and Schnitser (1963) postulate that the formation of fulvic
acid might be visualised as arising through some alteration of humic
acid, including an increase in oxygen content, an increase in carboxyl
groups at the expense of aliphatic and/or alicyclic material, and a
decrease in carbon, hydrogen and nitrogen, With increasing exidation
the material becomes more water-soluble and eventually dissolves in
wter. As the dissolved fulvic acid moves down the profile it combines
with pelyvalent cations such as iron and aluminum to form water-soluble
complexes some of which probably involve two or more donor groups of
the ligand resulting in the formation of metal chelates. The authors
suggest that there is a strong possibility that on its path down the
profile fulvie acid forms, at first, water-soluble mmnltidentate chelates
which later may precipitate lower in the prefile upon reacting with more
of the same metals or with extremely small amounts of iomic calcium and/or
mgnesium, Wright and Schnitzer also suggest that Fe-organic matter
complexes are more susceptibls to floceculation by Ca and Mg than the Al=-
organic matter complexes which may result in a deeper penstreation of the
latter,
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On the other band, certain researchers believe that organic acids
such as oxalic and citric may form complexss with Fe and Al which
subsequently move into the illuvial horizons (see Stobbe and Wright,
1959).

Recently, the importance of polyphenols has been stressed in
conjunction with the movemsnt of iron (Bloomfield, 19573 Coulson, et al.,
1960; Davies et al., 1960)s Coulson et al. treated model soils (con-
sisting of alumina and diatomaceous earth impregmated with ferrie
chloride) with catechin® solutions and fresh European beech leaf
extracts, Both treatments produced dark-colored subsoil bands in
which substantial amounts of ferris iron had beem converted to ferrous
iron. Extrects of green beech leaves from & mor humus site were more
effective than those from a mull humms site. Similar treatments of
Triassic sand columns also resulted in the reduction of iron but
apparently no subsoil bands were produced; the ferrous iron appeared
te be present in a complex form possessing no residual elsctris charge.
Isaching of alumimm seemed to be related only to the pH of the
solutions, Regarding the Podsol-forming process, Davies et al. state
that, upon reaching the soil, the fate of polyphenecls is determined by
the soil reaction—the more acid the soil, the more stable the poly-
phenocl. Further, these investigators suggest that the polyphencls
responsible for movement of iron in soils are likely to be those
washed frem the growing leaves into the soil, and not those from ,
litter er humms, Therefore, if the soil is acid (pH of k=5 is optimm),
the leaf polyphemels will readily redusce ferric iron and form stable

*catechins are a group of polyphenols found in tree foliage.
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complexes with the resultant ferrous iron. Since these complexes are
wmter-soluble and non—-ionic, they will move freely in the profile until
they are deposited in a clearly defined horison, thus forming the Podzol
illuvial sons, These authors do not postulate a mechanism for this
deposition, however,

Concerning deposition in the illuvial horizon, several workers
(see Stobbe and Wright, 1959) have stressed the importance of axidising
conditiens and microbial attack of the organic matter as it moves into
this sone. Bloomfield (1957) suggested that drying and/or aeration may
bring about the precipitation of sesquioxides. He also found that the
imobilisation of sesquioxides is associated with ths sorption ef the
complexss on the mineral soil particles, particularly on the sesqui-
oxides. Martin (1960) concluded, based on his studies of the illuvial
process of Podsols, that the simultaneous presence of Al, Fe and humus
in the illuvial horison can be accounted for solely by the flocculating
properties of Al ions,

Studies om Podsol Development in Michigan

Most studies of Podsol genesis in Michigan have been of a mineral-
ogical mature and this subject is thoroughly reviewed by Franzmeier
(2962).

His study of Podsol sands led him te postulate the following course
of development, An early accumulation of available phosphorus ococurs
in the very slightly developed illuvial horizon along with comparatively
lew concentrations of iron and alumimm, This stage is referred te as
the "inorganic phase.® Following this stage, an “organic-eccummlation
phase® begins and Ih horizons forme Sesquioxides and probably silicate
clays continue to be mobilised in this phase, but accumlations of these
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constituents tend to be in different horizons, Several mechanisms
of mobilisation and various combinations of the active components are
probably operative during this phase. The active sesquioxide and
organic components are adsorbed or precipitated as amorphous coatings
on slightly orystalline coatings in the Podzol illuvial horiszons
developed during the "inorganic phase.® The thickness of the amorphous
coatings gredually increases until they flake off and becoms inter—
granular deposits. Here, acting as nuclei for further precipitation
and adserption of material from solution, they cause an increase in
the amount of inter-grenular material, Since these aggregates are
relatively weakly held together, chemical, physical and biological
agents prevent them from growing indefinitely. Most of the aggregates
are about 0,02 to 0,1 mm in diameter. As the large pores become filled
with this debris, the capillary pore space, readily available water-
holding capacity, exschange capacity and exchangeable bases increase,
Conditions are thus msde more mesophytic and these changes are
associated with the maple~beech succession of the pine-hardwood
association,

On the basis of his chronosequence study, Frenzmeier further
consludes that, during the entire course of Podsol formmtion, physical
weathering caused a breakdown of sand greins to silt sise (especially
near the soil surface), and the total clay content of the solum
increased,






CHAPTER 6, WELI~DRAINED SOILS DEVELOPED IN YELLOWISH SANDS
IN THE PODZOL REGION OF MICHIGAN

The Podzol Region of Michigan contains a very large acreage of soils
developed in yellowish (Munsell hues of 7.5YR to 10YR) sand., However,
compared to Gray-Brown Podzolic Region soils developed in yellowish sand,
those in the Podzol Region vary greatly in their morphology.

Well-dreined Podzol Region sand soils, exclusive of those on the
Yyounger land surfaces, may belong to any ons of the following three great
soil groups: (1) Podzol, (2) Brown Podzolic or (3) Brunizem. In
addition, trensitions between (1) and (2) and (3) may occur. However,
the Brunisem intergrade only occurs in Podsol Zone I (Figure 2) under
white pine-mixed oak (meinly white and black) stands adjacemt to the
Brunizem areas (personal observations by the writer). On the younger,
well-drained land surfaces Regosols can also be found (personmal obser-
vations),

The physical geography of the well-drained sand soils in the Podzol
Region is presented in the following sections,

PODZOL SANDS

Eastport sand

This very weakly developed Podscl is found only on surfaces abandoned
by Iake Algoma (personal observations and Veatch, 1953) near Lake Michigan
or laks Huron, It has a shallow (usuelly less than 2% feet deep) solum,
contains no dark (Munsell values and chromas less than l/li) illuvial
horizons, nor reddish horisons (huss redder than 10YR), and overliss a
calcareous or alkaline C horiszon, In Delta County under relatively un-
disturbed conditions, the humus type is usually a strongly acid to very
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strongly acid mor or duff-mmll,

The matural vegetation (recent) on this soil in Delta County varies
from an overstory of white and red pines with an understory of arborvitae
(Thuja occidentalis) and balsam fir to stands of northern hardwoods, red

oak and white pine, According to personal comnunication with S. Ge.
Shetron (formerly of the S.C.Se now graduate student at the University

of Michigan), the undisturbed Eastport sands in the nortlwestern part

of the Lower Peninsula have similar vegetation types. The Sanilac

County (east central Lower Peminsula) soil survey report (1961) indicates
that "gcattered scrub caks™ may have been a part of the natural vegetation
on Eastport sand in that county.

Eastport sand has developed under & more marine climate than exists
in areas further from the Great ILakes. This is particularly true on the
west coast of Lower Michigan where mean January temperatures may be as
muich as 5°F warmer than more inland stations at the same latitude., Mean
July temperatures are only slightly cooler in the coastal areas, however.
The frost-free season may be as much as a month longer on the coast than
inland, Eastport sands which have developed in Podzol Zone III peceive
appreciably more fall precipitation and amnual snowfall than the east
coast Eastport sands (U.S. Weather Bureau, 1955; Brumnschweiler, 1962).

Deer Park sand

Deer Park sand, like Eastport sand, occurs on Lakes Algoms surfaces.
It, teo, is a very weakly developed Podsol (no dark illuvial horisons
and no reddish illuvial horizons), but the solum overlies several feet
of acid sand, GCenerelly, this soil has a deeper water table than
Eastport sand sites (Veatch, et al., 1929; see Appendix V).
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The natural vegetation on this soil is quite unmiform, being composed
of red, white and Jack pines with some admixture of northern red oak
(Quercus rubre and Quercus rubre v, borealis).

Rublcon sand

Rubicon sand is a weakly developed Podzol; ie.e., it bas reddish
illuvial horisons, but no appreciable (thicker than an inch) dark horizon
in the illuvial part of the solume The solum is variable in thickness,
but the maximum may be greater than either of the two .preceding soils,
tonguss sometimes approaching 5 feet in Delta County.

This soil can be found throughout Podzol Zones II and IIT and mRy
occur on any land surface that is 3500 years old or older (persomal
observations by the writer in Delta and Alger counties; and Veatch,
1953).

The natural vegetation of Rubicon sand (as defined by the National
Cooperative Soil Survey) is quite uniform in the Upper Peminsula, being
composed of red and white pines meinly., Northern red oak and red maple
my be present in smll quantities in undistwrbed stands, however, In
the Lower Peninsula, northern red oak was present in most stands and
probably in greater numbers. In addition, white oak was sometimess
present (Stewart, 1927a and 1927b and Elliot, 1953). In Delta County,
white pine is dominant and hemlock is present where Rubicon sand gredes
into the moderately well-dreined Croswell sand, Where the imperfectly
drained Au Gres sand is encountered, balsam fir is frequently a component
of the farest as well as hamlocke As the degree of Podzol development
approaches that of a moderetely developed Podsol, hemlock and northern
hardwoods may both be present; in this case, hemlock is usually more
prevalent than northern hardwoods. In Kalkaska County (Podzol Zone IIT
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in the Lower Peninsula), Stewart (1927) describes a virgin timber stand
on Rubicon sand which consisted of basal area percentages of: 69% white
pine, 7% red pine, 20% hemlock and L% northern hardwoods (sugar maple,
beech and yellow birch), This stand data suggests a transition to the
moderately developed Podzol, Kalkaska sand, A more typical example is
the basal area composition of another virgin stand in the same county
which eontained 23% white pine, 75% red pine and 2¢ hardwoods (red maple,
red oak and poplar). Stewart described a third virgin stand in the

adjoining county (Crawford) which consisted of 100% red pine.

Kalkaska sand

Ealiaska sand is a moderately developed Podzol; i.s., the illuvial
sone contains both dark horisons and reddish horiszons, with the dark
horisons averaging several inches in thickness. In addition, at least
one dark horison must be continuous and an inch or more thick.

Kalikaska sand is largely restricted to Podzol Zone III; however,
it also occurs near Lake Huron in Podzol Zone II (Schneider, 1961).

It is more frequently found on surfaces which pre-date lalke Nipissing
but can be found on Lake Nipissing-abandoned surfaces in Delta County™.

The recent maturel vegetation of Kalkaska sand varies from nearly
pure stands of white pine (observations by the writer and Sanilac
County Soil Survey Report) to 100% northern hardwoods. In Alger County,
‘one virgin stand contained 7L4% sugar maple, 18% beech, 7% yellow birch
and 1% iromwood (Ostrya virginiana) while another contained L5% beech,

.28% sugar maple, 22% yellow birch, 4% red maple and 1% balsam fir

*mlkaska sand on Iake Mipissing surfaces: (1) SW: SWX Sec. L
T 40 N R 21 W, Rapid River Quadrangle, USDI Geological Survey; 1958, (2)
SE3NEZSec. 23 T 39 N R 22 W Rapid River Quadrangle, USDI Geological
Survey; (3) SE}NWiSec. 14 T 4O N R 20 W Garden Quadrengle, USDI
Geological Survey, 1958,
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(Stewart, 1929)e Other stands (non-virgin) on Kalkaska sand in the same
ares contained black cherry (Prunus serotima) and hemlock in addition to

beech, birch and maple, The nearly virgin Cross Village stand in Emmet
County (Lower Peninsula) is a mixture of northern red oak, hemlock,
sugar maple, beech, white pine, hornbeam and yellow birch (personmal
communication from Je. E, Cantlon, Botany Department, Michigan State
University).

Wallace sand

Wallace sand represents the maximum development of Podzol morphology
in Michigane The blsached eluvial horiszon is irregularly thicker than
those of other Podzol sand soils; the illuvial zone is highly indurated
(contains much ortstein) in addition to having the dark and reddish
horisons, Eluvial and illuvial tongues are characteristic, the latter
sometimes extending to depths of 5 feet,

Wallace sand occurs locally throughout Podzol Zone III and to a
lesser extent in Podzol Zonme II where it is not extensive enough to be
mapped as a single unit but it is combined with associated soils such
as VWeare fine sand (Johnsgard, 1950. Weare is now correlated with the
Kalkaska and Rousseau series.) and Kallaska sand (Schneider, 1961).

In Delta County, Wallace sand can be found on any land surface which
pre-dates Iaks Algoms (personal observations)¥.

In most soil survey reperts (Veatch et ale., 1932 and 193k; Wonser
et als, 19383 Foster et al., 1939; see Appendix V) the recent naturel

*mallace sand on Iake Nipissing surface: SE3SW; Sec. 12 T 39 NR
22W, Rapid River Quadrengls, USDI Geological Survey, 1958,
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vegetation is reported to be mainly white and red pines. Personal
observations by the writer confirm the existence of this vegetation
type; however, two relatively undisturbed sites were found which were
largely composed of hemlock, yellow birch and red maple.* There are
no records, as far as the writer is aware, of pure hardwood stands on
Wallace sand.

BROWN PODZOLIC SANDS

Only one soil series belonging to the Brown Podzolic great soil
group hag been adequately described in the yellowish sand soil area
of Michigan. This series has been given the name Grayling and is
represented by only one soil type, Grayling sand. Recently, however,
some sand soils originally identified as Grayling sand were found to
have loamy sand or sandy loam subsoil bands; these soils are currently
being classified as Graycalm sand but littls informetion is available

on their distribution or range in nmatural vegetation,

Greyling sand

Grayling sand differs from the Podzol sands by having an eluvial
horizon less than 2 inches thick and by having an illuvial zone less
than 2 feet thick, The illuvial horizons have yellowish (10YR) colors
or dull (chromss less than 6) reddish colors and overlie several feet
of acid (pH values usually between 5 and 6) sand. This soil often
grades lateraelly into Rubicon sand or into Croswell sand, a moderately
well-drained Podszol,

*one of these sites is in the study area (see previous footnote).
The other is in Marquette County and was shown to the writer by Donald
Buchanan (USDA Soil Conservation Service).
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Grayling sand is usually found on "dry sandy plains" or "the drier
pine plains® (Mick, et al., 1951; Veatch, et al., 1936)s It occurs most
frequently in glacial deposits (see Appendix V) and in Delta County it
can be found in fluvio-glacial deposits which were inundated by the
later stages of Glacial lLake Algonquine In Delta County, Grayling sand
ocours only on surfaces which are over 3500 years old.

The natural vegetation of Grayling sand in the Upper Peninsula
consists largely of jack pine, "scrub oak®* and scattered red pine
(see Appendix V). In the Lower Peninsula, south of Indian River,
white cak (Quercus alba) and black oak (Quercus velutina) are also

forest components on Grayling sand,
BRUNIZEM SANDS

The only Brunizem soil series in the Podzol Region of Michigan has
been given the name of Sparta and includes types which have all developed
in well-drained sands,

Sparta is quite restricted in its range in Michigan, occurring only
in Podzol Zone I. It is described as having an A; herizon 8-20 inches
thick with a brighter colored illuvial (?) horizon immediately beneath
(see Appendix V),

Veatch (1938 and 1940) states that the Sparta series in Michigan
developed in basins which were formerly occupied by shallow grassy or
marsh lakes, He postulates that these lakes dried up during a post-
glacial “dry period.”

*'Scrub robably represents us rubra v, borealis ggrercus
us ra

oidalis a orkwbﬁdaonuorcme pm:a Querc
v. 5 EE (persomal commmnication Zrom Dr. Je E. Cantlon, Botany
Department, Michigan State University)e
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Hauser (1953) states that these areas are vegetated by assemblages

of characteristic prairie species such as Andropogon gerardi, Andropogon

scoparius, Sorghastrum nutans, Koeleria cristida, Eragrostis pectinacea,

lLiatris aspera and Hieracium longipilum. However, the high incidence of

Carex pensylvanica and certain weedy plants is not typical of other

prairies, Many species in the Newaygo preiries are also found in the
Sand Barrens of central Wisconsin but a few species are more typical of

the Bracken Grasslands in northern Wisconsin, viz. Poa compressa, Poa

pratensis and Rumex acetosella (vide Curtis, 1959). The Bracken Grass-

lands are in a great soil group transition gone similar to that in
Newxygo County but they occur on loams to fine sands and are not mapped
as Brunizems, Cwurtis states, however, that the Bracken Grassland soils
have a fairly deep incorporation of organic matter and little evidence
of a highly leached Ay horizon,



Part II. The Present Study
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CHAPTER 7. CLIMATE OF THE UPPER PENINSULA

The climate of the Upper Peninsula was analyzed by means of water
balance computations (according to the Thornthwaite System) and summaries
of mean fall precipitation, mean annual snowfall and months of maximum
precipitation. These variables were chosen because of their correlation
with soil and vegetation charecteristics in the Lower Peninsula, The
data used in the amalyses were obtained from U.S. Weather Bureau publi=
cations (Weather Bureau, 1954, 1958, and 1959b)s The detailed procedures
used are the same as those used to obtain the same information for the
Lower Peninsula (see Brunnschweiler, 1962 and Messenger, 1962) except
that months of precipitation maxims and co-maxime were determined on
the basis that all other months had mean values at lesast 10% lower
instead of 20% lower.

The regiomal distribution of precipitation regimes for the Upper
Peninsula ocan be seen in Figure 12, The southwestern section of the
peninsula bas a continental type of regime. The remainder of the
peninsula has a regime which reflects a greater lacustrine influence on
the climate with a September maximum or co-maximm of precipitation,

The mean fall precipitation is plotted in Figure 13. The isohyets
indicate that the western one-half of ths peninsula receives less than
9 inches, Within that area, most of Menowinee, Dickinson and Iron
Counties receive less than 8 inches,

Mean annual snowfall, shown in Figure 11, is highest near lake
Superior; from Iromwood through the Keweenaw Peninsula it averages over
120 inches. In soutlwestern Delta County and throughout most of
Menominee County, mean anmial snowfall is less than 60 inches,

Average ammual FE values are plotted in Figure 15. The lowest valums

79






AWNWIXYW-0O ¥HO
WNWIXYW ¥38W3Ld3S

ATINO  H3WWNS
H0 H3IWWNS ATY¥vV3

NOILVLIdIO3Yd WNWIXYN 4O NOSV3S

2l '9ld




S3HONI 6 <

S3HONI 6-8

S3HONI 8 > E

NOILVLIdIO3Yd T1vd NV3IN

€ 'ol4 %M.‘\




82

TIVAMONS TTVNNNV NV3IWN

4l

ol14d

ul021-00

U001 -0

‘u108-09

9-0




83

3d TTVANNV NV3IW

Sl 'Old

wwoge-o0sf ]

wwQ09-08S

wwoss-00s [ ]




8L
are in coastal areas in the eastern one-half of the peninsula and the
highest values are in the southern ons-half of Menominsee County.

Mean annual water deficits are plotted in Figure 16, The values
are comparatively low for the state and are almost negligible at Iron-
wood and Ishpeming,

The mean annual water surplus and the normal status of available
soil moisture in November are plotted in Figures 17 and 18, These maps
indicate: (1) that sand soils would normally reach field capacity in
November in all of the Upper Peninsula except southwestern Delta County
and southern Mesnominee County and (2) that all soils would normally
have an annmual surplus in excess of 75 mm,

Moisture-wise the climate of Menominee County and parts of bordering
counties resembles that of the Saginaw Valley and parts of the "Thumb*
area in the Lower Peninsula (which overlaps Podzol Zones I and II).

The profile descriptions given in the Menominee County soil survey
report (Moon et ale, 1930) indicate that no strictly well-dreined Podsol
having a dark orterde horizon occurs in the county although sand parent
mterial is widespread. It is therefors believed that Menominee County
and an indstermimant portion of adjacent counties should be a part of
Podsol Zone II rather than IIT,
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CHAPTER 8, DESCRIPTION OF THE STUDY AREA

Seven well-dreined, relatively undisturbed sandy sites in Delta
County and ons in Alger County, Michigan (see Figure 19A) were chosen
for a study of: (1) their soil characteristics and (2) their inter-
relationships to each other and the soil-formation factors.

Climte

The climate of the study area is strongly influenced by the posi-
tions of Iaks Michigan and Iake Superior. Segments of the area which
are frequently exposed to lake-altered air masses exhibit this effect
most clearly,

During the months from May through October the prevailing wind is
from the south at Escanaba. This lake breeze has a moderating influence
on the temperature of Escanaba and probably much of southern Delta County.
During the months from November through April the prevailing wind at
Escamba is from the north or northwest. Thus the winter temperatures
in gouthern Delta County are less moderated by the lakes than are the
Summer temperatures, QGreen Bay, Little Bay de Noc and Big Bay de Noe
freese over during the winter, and during the part of the winter they
Are frozen, the laks influence on temperatures is even less pronounced.
The open water of lake Michigan proper, howsver, appreciably moderates
the winter temperatures in the Fayette-Sac Bay area in the southern
Paxt of the Garden peninsula at the southeastern tip of Delta County.

For the period 1931-52 the mean tempereture, rrecipitation and
Water balance values for Chatham, Escanaba and Fayette-Sac Bay are
Presgented in Table 5,
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TABIE 5. SOME CLIMATIC FEATURES CF THE DELTA-ALGER STUDY AREA (1931-52)*

TEMPERATURE (°F)
J F M A M J J A S O N D AE
Escanaba 1846 1843 2643 3846 5044 6140 6743 6543 5745 LTe3 3Le0 25,9 L2.5
Chatham 1766 1Teli 2he7 3768 L9eB 6041 6549 6Ll 5646 L6l 3242 21.9 L1.2
Fayette-SB 20.3 1946 2740 3845 L9e3 5940 6641 6543 58.L 4840 35.4 2542 L2.7
PRECIPITATION (INCHES)
J F M A M J J A S O N DTOTAL
Esoamabs 161 1.29 1468 1495 2486 2496 354 3403 3.0l 2409 2430 1637 27472
Chatham 2030 1468 1672 2408 3400 3468 3627 3437 he22 2481 3439 2420 33472
Fayette 2,10 1468 2,12 2431 3.05 3643 343k 3400 3439 246 3.20 1.99 32,07
SNOWFALL (INCHES)

J F MM A M J J A S 0O N D TONAL
Escanaba  1lie6 1267 9.7 2.8 0.l 0,0 0.0 0.0 0,0 0.2 Le9 10,k 554
Chatham 19, 1346 108 6k 06 T T T T 246 12,7 1749 8k
Fayette 20,7 1848 14e3 546 Ok 0,0 T 00 T 0.5 8471601 8561

WATER BAIANCE (MILLIMETERS OF WATER)
IN SOIL WITH 14® CAPACITY  IN SOIL WITH L*® CAPACITY

DEF ICIT SURPLUS NOVEMBER SURPLUS
(sandy loam)  (sandy loam) (sand)
Escamaba 558 15 161 o
Chatham 553 10 33k 90
Fayetie 5k6 n 280 )

%he raw data for this table were derived from U.S. Weather Bureau
publications (Weather Bureau, 195% and b),

These data show that Escanaba has climatic moisture charecteristics
more typical of Podzol Zons II than Podzol Zone III. Based on these
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data and Figures 13 and 1, it is apparent that Site Bl south of Escanaba,
Figure 19, exists under a somewhat less favorable climate for dark upper

illuvial horizon development than do the other sites in this study,

Surface Geolog

The surface geology of Delta County and neighboring counties is
depicted in Figure 19B.

Delta and Alger countiss were completely covered by Valders ice
(Hough, 1958). The unadulterated outwash plains occurring in these two
counties, then, should be of Valders age, However, since these counties
lie about 200 miles north of the point of maximm advance, Valders drift
is logically somewhat younger in these northern areas than it is farther
south, As a matter of fact, Hough postulates that the ice was still
present in Delta County during the highest stage of Glacial lake
Algonquine Accordingly, then, the longest period of time that any
surfaces in Alger County and northeastern Delta County have been exposed
to post~glacial weathering should be about 10,500 years (Broecker and
Farrand, 1963).

lake Algonquin was assumed by Leverett and Taylor (1915) to have
extended into the Lake Superior basin through the Au Trein-Whitefish
Valley system in central Alger and Delta counties., Observations of
lacustrine features were made by those worksrs, and subsequently by
others, up to 960 feet above sea lsvel in the vicinity of Munising in
Alger County., The highest of these features was much higher than the
isobage line of the highest Algonquin level derived by leverett and
Taylor from observations in other localities. As a result, these
features were assumed to be of local erigin, Bergquist, working in
this region in the 1930's, also assumed these features to be local in
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origin since they did not correspond in elevation to the highest
lacustrine features farther to the easte South of Munising in southern
Alger County, and northern Delta County, observations of lacustrine
features are lacking. Based on this dearth of observations, the
anomlous lacustrine features near Munising and the configuration of
the moreine-cutwash systems in that area, Hough postulated that: (1)
the highest stage of lake Algonquin did not extend into the lake
Superior basin because it was dammed by glacial ice and (2) by thse
time the Au Trein-Whitefish valley system was ice-free, Algonquin laks
waters were at such a low level as to prevent a lake connection from
occurring between the Lake Superior and lake Michigan basins in that
valley.

Glacial Laks Duluth, which is assumed to have been contemporaneous
with the main Algonquin stage but confined to the western part of the
Iake Superior basin, is thought by Hough to lave used the Au Train-
Whitefish valley system as its spillway following the unblocking of
this passageway by the glacial ice during the "Upper Group" of lake
stages in the laks Michigan basin, The resultant deluge is postulated
to have imindated all but the highest moreines in Delta and Alger
counties.

During further retreat of the ice front to the north and east,
the water levels in both of the above-mentioned basins dropped to a
very low elevation, the lowest of these in the lLaks Michigan basin
being Laks Chippewa, This subsidence occurred between about 10,500
and 9570 £ 150 years ago (Broecker and Farrend, 1963).

Following the Iake Chippewa period, water levels rose, and
presumably by 5720 * 250 years B.P., they were close to the present-
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day levels (based on the buried ash tree referred to in Chapter 3). By
3500 years B.P., & stable level was reached in both basins, This level
has been given the name Lake Nipissing and the present elevations of
its beaches rise from 609 feet above sea lsvel at Escanaba to 629 feet
at Munising (Leverett and Taylor, 1915).

Following lake Nipissing times, water levels dropped about 10 feet
and became stable enough at that point to be classified as a separate
lake stage. The name given to this stage was lake Algoma and it has
been dated at about 2500 years B.P. (Hough, 1958). Lake Algoma beaches
and terreces have been identified on Garden Peninsula (eastern Delta
County) at elsvations of 590 to 600 feet (Leverett and Taylor, 1915;
Bergquist, 1936). In Schoolcraft County, further east, beaches are
also present which are transitional between the Nipissing and Algama
levels, Bergquist states that these beaches were formed either during
the lowering of the Nipissing waters or by storm waves of Lake Algomm,

The Algoma shore in Schoolereft County is not traceable as a
econtinuous feature but occurs rather as more or less discommected
units along the lake Michigan shore. In certain areas, the Algoma
features are very definite but in the main they are either obscured
by low dune developments or are missing entirely as a consequence of
later wave activity., In several places a series of low fore-duns
ridges or limestons rubble ridges extend outward from the Algoma shore
features to the present shore. Bergquist states that these ridges may
repregsent storm wave deposits of the present lake,

Storm waves are examples of short-period fluctuations in lake
levels, The maximm rise resulting from short-period fluctuations
that has been observed at gage sites on Lake Michigan is 2,8 feet at
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Calumet Harbor, Illinois, However, the ability of the wind to raise
water levels is greatest in bays and extremities of the lake especially
when the wind is blowing tomard these locations., At the east end of
Lake Erie, for instance, the maximum short-period rise recorded was

8.4 feet (Laidly, 1962).

The monthly average level of lake Michigan reached ths maximum
recorded value of 583.6 feet above sea level in June, 1886, This peak
marked the end of a four-year period during which the monthly average
lsvel exceeded 583 feet each summer., No other comparable period has
been recorded (laidly, 1962).

The writer has identified what he believes are Algoma terreces
cut into limestone bedrock at several locations on Stonington Peninsula
and on the east side of Ogonts Bay in Delta County. These terraces
invariably oecur between the 590 and 600-foot contour lines. In some
areas, terraces or low, dune-like ridges are present above Algoma wave-
cut cliffs and below lake Nipissing terraces. In several areas, a series
of parallel, low, fore-dune ridges extend outward from the base of Algoma
wave-cut cliffs to the present beach, A very conspicuous area of ridges
such as these is to be found at the head of Big Bay de Noc although no
Algoma cliff was identified at the upper end of that series of ridges.

Site Locations

Three sites are located on low dunes below lake Algome wave-—cut
cliffs, These dunes are considered to be post-Algoma in age based on
their similarity to those described by Bergquist and since buried soils
are present beneath a relatively unleached sand cap varying in thickness
from six inches to a foot, Excavations in the vicinity of one of these
sites (Site Al) revealed man-made wood chips and a buried tree trunk
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bensath the sand cap. Ages of two of the larger trees growing on each
of these three sites did not exceed 70 years. Since lake level records
for Laks Michigan indicate that from 1882 through 1886 the monthly
averege lake level during the peak months (summer) was between 583 and
58l feet, a portion of the surface now beneath the sand cap would have
been imundated and storm waves may have inundated most of ite. Since
logging began in the general area between 1880 and 1890, the sand cap
on these surfaces was probably deposited no earlier than 1880 and in
all likelihood was depoiited during and immediately following the high
laks levels in the mid-1880's. Until further investigations are madse,
these sites will be collsctively referred to as being post-Algoma in
age,

These three sites are desiznated as Al, A2 and A3 with the numbers
varying directly with the apparent degree of Podzol development, Site
Al is about 100 yards from the present beach and is adjacent to the
dune heath (meinly Juniperus spp.) zone. Site A2 is about 200 yards
inland and is within a few hundred yards of Site Al. Site A3 is about
16 miles northeast of Sites Al and A2; it is also about 200 yards
inland, Sites Al and A2 are bounded on the south and west by water
and on the north by a boggy area. Site A3 is bounded by water to the
south, by bog to the east and northeast, but by well-drained uplands
to the west and northwest (site locations are shown in Figuresl9A and B).

Two sites are located at levels between those of the A sites and
lake Nipissing terraces. The parent material at each site is composed
of a stratum of medium to fine sand overlying a calcareous stratum of
coarse sand, grevel and gastropod shells, These sites are designated
as Bl and B2 on the basis of a darker upper illuvial horizon in the B2
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soile The Bl site is bounded by moist sites and is about 100 yards from
the Bark River., The B2 site is bounded by dry sites and is about 500
yards northwest of Site A3e

Two sites are located in the area which was inundated by the waters
from lake Duluth as they spilled southward into the Lake Michigan basin.
Both of these sites lie well above the highest Lake Nipissing features
therefore the land surfaces are of Sub-Duluth (Hough, 1958) age. These
two sites are designated as Cl and C2 on the basis of a darker upper
illuvial horiszon in the C2 soil. Site Cl is bounded on the west by an
extensive lowland area which begins at the bottom of the escarpment
which leads down from the terrace on which Site Cl is located. Site
Cl is about 100 yards from the escarpmemt. Site C2 is surrounded by
well-drained sands with occasional pits typical of outwash plains,
Both of these sites lie inland more than 10 miles from either ILake
Michigan or Lake Superiore

Site D1 is located near the top of a moreine which apparently was
not imundated by the Sub=Duluth deluge. This moraine is a part of the
Newberry Morainic System (Bergquist, 1936), and as such, would be of
Valders age, Site D1 is well inland from the Great lakes but is
situated about 3/l of a mile south of an extensive area of small
lales, all of which lie at elevations 100 to 130 feet lower than Site
Dl.

The approximate ages in years of the surfaces at these sites are
therefore assumed to be as follows:






97
soile The Bl site is bounded by moist sites and is about 100 yards from

the Bark River, The B2 site is bounded by dry sites and is about 500
yards northwest of Site A3.

Two sites are located in the area which was inundated by the waters
from Lake Duluth as they spilled southward into the Lake Michigan basin.
Both of these sites lie well above the highest lake Nipissing features
therefore the land surfaces are of Sub~Duluth (Hough, 1958) age. These
two sites are designated as Cl and C2 on the basis of a darker upper
illuvial horizon in the C2 soil., Site Cl is bounded on the west by an
extensive lowland area which begins at the bottom of the escarpment
which leads down from the terrace on which Site Cl is located. Site
Cl is about 100 yards from the escarpment. Site C2 is surrounded by
well-dreined sands with occasional pits typical of outwash plains.

Both of these sites lie inland more than 10 miles from either Lake
Michigan or Lake Superiore

Site D1 is located near the top of a moreine which apparently was
not inundated by the Sub=Duluth deluge. This moraine is a part of the
Newberry Morainic System (Bergquist, 1936), and as such, would be of
Valders age, Site D1 is well inland from the Great lakes but is
situated about 3/L of a mile south of an extensive area of small
lakes, all of which lie at elevations 100 to 130 feet lower than Site
Dl.

The approximate ages in years of the surfaces at these sites are
therefore assumed to be as follows:



I’



SITE

A2

Bl
B2
cl
c2
Dl

98

AGE-~-HOUGH CHRONOLOGY
post-Algoma (writer's estimate)
post-Algoma (writer's estimate)
post-Algome (writer's estimate)
3000 (writer's estimate)

3000 (writer's estimate)
7500
7500
8500

AGE-DROECKER AND FARRAND CHRONOLOGY

10,000
10,000

10,500



CHAPTER 9. METHODS USED IN ECOSYSTEM INVESTIGATIONS

Forest Composition

Forest composition at each site was determined by the use of a
basal area prism with a soil pit as plot center, In these descriptions,
the following terms are used: (1) "dominants® which refers to those
trees having their crowns above, or at the same level as, crowns of the
neighboring trees; (2) "intermediates® which refers to those components
from one inch in diameter (at breast height) up to, but not including,
the dominant trees; (3) ®reproduction® which refers to tree reproduction
and includes seedlings and saplings up to one inch in diameter. In the
individual site descriptions, these terms are abbreviated to D, I and Re

Hums Types
The humms types of the profiles studied are classified according to
the systea developed by the Committee on Forest Humus Classification,
Forest Soils Subdivision, Soil Science Society of America (Hoover and Lunt,
1952), These designations are cited preceding each profile description.
The initial appearance of the in situ Rubicon sand humus layer,
Site Cl, suggested a mor hums type. Closer inspection, however,
revealed that what appeared to be an H=layer was actually & mixture of
bleached sand greins and black humms which graded rather abruptly into
the underlying Em (A2) horizon. The estimation of the percent organic
mtter baged on organic carbon content revealed that this dark horiszon
contained only about 7% organic matter therefore the humus layer seemed
to be most appropriately classified as a Shallow Sand Mull,
There was soms question &s to whether the upper humic horizon of
Site A3 met the specifications for an H-layer since it contained
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scattered, bleached sand grains. Since this horizon was found to contain

29% organic matter and graded gradually into the Vh horizons below, the
upper humic horizon was considered to be an H-layer and the humus type
was classified as a thick duff-mulls In a recent paper, White (1965)
states that there is no evidence of biological incorporation of organic
matter in some Lake States humus types which morphologically appear to
be duff-mulls., The Vh (Al) horizons underlying the Oh horizons of such
soils usmlly contain less than L% organic matter and therefore it was
felt that such humus types should be classified as mors rather than
duff-mulls, It is possible that the humus layer of Site A3 is also
of this type but confirming data other than % O.M. is lacking.
Consequently, the humus layer is tentatively classified strictly
according to its morphologye

The hums layers of Profiles Al, B2 and D1l definitely lack an H-
layer and exhibit a gradual decrease in organic matter with depthe In
Profile D1, however, there was a gredual decrease from the Vhl to the
Vh2 and then an abrupt decrease from the Vh2 to the Vh3, It seems
plausible that the Vh3 contains mostly infiltrated rether than biologi-
cally incorporated organic matter., In Profiles B2 also, the lowermost
Vh horison may contain mostly infiltrated organic matter. Since these
problems cannot be resolved with the data at hand, these humus layers
are classified as mulls, Due to the looseness and low organic matter
content of the humus layer in Profile Al, it is classified as a sand mull,
The other two are classified as coarse or medium mullse

The lack of an Ch horison on a well-developed Podzol may be a

residual effect from disturbances during earlier lumbering operations.
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However, the height of the trees and the density of the stand are such

that the writer feels that an Oh horizon would have subsequently
developed if the foliar composition of the stand were conducive to

such a development,

Soil Profile Descriptions

Soil profile descriptions were made at the time of sampling (July
and August, 1961), Horizon designations are those suggested by Whiteside
(1959)e Designations for the horizons in the following profile de-
scriptions have the following equivalsents in the nomenclature outlined
in the 1962 supplement to the Soil Survey Mammal (Soil Survey Staff,
1951):

of = 0L (F layer)

Cch = 02 (H layer)

Vh = Al (and H layers containing less than 20% organic matter)®

Em = A2

Thidb = Bhir

Thbi = Bhir

Thbic = Bhir (or Bhm if cemented horizon is at least 90% continuous)

Iib = Bir

Ibi = Bir

W =C (or Cl formerly)

P =C (or C2 formerly)

U= IIC (or formerly, D)

p = b (buried soil)

*rhe above mentioned supplement stipulates that organic horizons of
mineral soils should contain more than 20¢ organic matter if the mineral
fraction has no clay., This ecriterion was used to separate Ch from Vh
horizons in this study,
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Golors are for moist soils; color names are those of the ISCC-MBS (U.S.
National Bureau of Standards, 1955)e Acidity was determined with a
Hellige-Truog pH kit (pH meter values are listed with the soil test
data).
SITE Al: SAND REGOSOL UNDER BALSAM FIR

Location: SE4SEZ, Sece 11, Twp. 38N, Rge. 22W
Dreinage: well-drained (water table at 7 feet in summer of 1961)
Slope and aspect: negligible
Topography: slightly undulating to level
landform: low dunes
. Elevation: between 580 and 590 foot contours on topogrephic map
Forest characteristics: basal area/acre = 90 sqe fte;

balsam fir - 89%, IR;

paper birch - 11%, D.
Humns type: deep sand mull

Field description of horizons:

Horizon Depth gin.) Characteristics

of +1 to 0 balsam fir debris; white fungal mycelia;
pH variable, spots of 5.0, 6.5 and 8.0,

Vhl 0-1 sand; black; pH 8.0.

Th2 1=k} sand; brownish gray (10YR 3/1); pH 8.0.

P L% - 10 sand; light yellowish brown (10YR 6/L);
PH 8.0,

pvh 10 - 143  sand; dark grayish yellowish brown
(10YR 2/2); pH 8.0e

pIib 143 - 173 sand; moderate yellowish brown (10YR
5/L)3 pH 8.0,

P 172 - 66  sand; light yellowish brown (10YR 6/L);

pH 8000
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SITE A2: EASTPORT SAND UNDER PINE

Location: SW;SW%, Sece 12, Twp. 38N, Rge. 22W
Drainage: well-drained (water table at 53 feet in summer of 1961)
Slope and aspect: negligible
Topography: slightly undulating to level
Landform: low dunes
Elevation: 590 feet
Forest characteristics: basal area/acres = 110 sqe ft.;

white pine - 29%, D;

balsam fir - 21%, I;

aspen - 21%, D;

white-cedar - 2%, I;

red pine - 7%, D;

paper birch - 7%, D,
Humus type: thick mor
Field description of horizons:

Horiszon Depth (in.) Characteristics

of +2% to 13 mostly coniferous debris; yellow and white
fungal mycelia; pH variable, spots of
5.0 and 6.5,

Ch +1% to O black humus with scattered, bleached
sand grains; pH L.O,

Em 0-1% sand; grayish yellowish brown (10YR 5/2);
pH h.O - 5 «0¢

Iib 1% - 6% sand; strong yellowish brown (10TR 5/6);
pH 5020 A

I/pv 6% - 122 sand; moderate yellowish brown (10YR L/3);
pH 800‘

P 124 - 66 sand; light yellowish brown (1O0YR 6/L);

pH 8.00
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SITE A3: EASTPCORT SAND UNDER RED QAK

Location: NWSE%, Sece 2L, Twpe LON, Rge. 20W
Draimage: well-drained
Slope and aspect: negligible
Topogrephy: slightly undulating to level
Landform: low dunes
Elevation: between 580 and 590 foot comtours
Forest characteristics: basal area/acre = 120 sq. fte;

red oak - 67%, D;

white pine - 25%, D;

sugar maple - 8%, DIR.
Humus type: thick duff-smull

Field description of horisons:

Horison Depth gin.l Characteristics
of +1% t0 0 pine and hardwood debris; white fungal

mycelia; pH 6.2.

Oh 0=-1 dark grayish yellowish brown to brownish
gray (L0YR 2/1-3/1) humus; scattered,
bleached sand grains; pH 5.0,

Vhl 1-12 brownish grey (10YR 3/1) humus and sand
mixture; pH L.0.
Vh2 1% - 23 sand; light brownish grey (10IR 5/1);
pH L0,
Em 2% - U3 sand; light grayish brown (7.5IR 6/2);
pH 5.0.
Iib L% - 103 san;l; strong yellowish brown (10YR 5/6);
pH 2e
PVh 103 - 11-3/4 sand; brownish grey (10YR L/1); pH 6.0.
pEa 1-3/4 - sand; light grayish yellowish brown
12-3/ (10YR 6/3); pH 6.0.
pIib 12-3/} - sand; strong yellowish brown (10YR 5/6);
16-3/& pH 6.00
w 16~3/ = 38 sand; light yellowish bromm (10YR 6/L); pH 7«0

P 38 - 66+ sand; light yellowish brown (10YR 6/L); pH 8.0,
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SITE Bl: RUBICON SAND UNDER HEMLOCK
Location: NELNEZ, Sece 27, Twpe 37N, Rgee 2LW
Drainage: well-drained
Slope and aspect: zero
Topogrephy: slightly undulating to level
Landform: low dunes ("Upper Algoma®)
Elevation: 595 feet
Forest charecteristics: basal area/acre = 220 sqe fte}
eastern hemlock = 36%, DIR;
yellow birch - 23%, D;
white pine - 18%, D;
paper birch - 14%, D;
white spruce - 5%, Dj
balsam fir - L%, DRj
red maple - O, R,
Humus type: thick mor
Field description of horizons:

Horizon Depth (in.) Characteristics
of +3 to +2 Gymnosperm and Angiosperm debris; white

fungal mycelia; pH variable, from 4 to 7.

oh +2 to 0 black to dark gray humus with scattered
bleached sand grains; white and yellow
fungal mycelia; pH L.Oe

Vh 0=-3% sand; greyish brown (SYR L/2); pH L.O.

Em -7 sand; light grayish brown (7.5IR 6/3); pH L.O.
Thib % - 9% sand; strong brown (SYR L4/8); pH L.Oe

Iib 9% = Lo sand; strong yellowish brown (7.5YR 5/8); pH 6.0,
P L0 - 66 sand; light yellowish brown (10YR 6/L); pH 8.0.

U 66+ sand, gravel, gastropod shells and shell

fragments; pH 8.06
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SITE B2: EAST LAKE SAND UNDER RED QAK
Location: SE4NW}, Sec. 2, Twpe. LON, Rge. 20W
Drainage: well-dreained
Slope and aspect: 3% east
Topography: undulating
landform: low dunes (*Upper Algoma™)
Elevation: 595 feet
Forest charecteristics: basal area/acre = 130 sqe fto;
red oak - S5h%, DI;
sugar maple - 31%, DIR;
beech - 8%, DI;
basswood = 8%, DI.
Hums type: very deep coarse or medium mmll
Field deseription of horizons:

Horiszon Depth Sin.} Characteristics
of 4'1/8 to O hardwood debris; pH 7.0e
Vhl 0-2 black hums and sand mixture; pH variable,
spots of L.0 and 6.5
Vh2 2 -53% sands brownish grey (10YR 3/1); pH LeOe
Ea 5% - 6 sand; grayish yellowish brown (10YR 5/2);
but mostly  pH h.5.
absent
Thib 5% - 8% sand; strong brown (SYR 3/6); pH Le8e
Iib 8% - 152 sand; strong yellowish brown (7.5YR 5/8);
pH 600.
I/P 15% - 26 sand; dark orenge yellow (10YR 6/6); pH 6.0,
U 26¢ coarse sand, grevel and gastropod shells;

light yellowish brown (10YR 6/L); pH 8.0.
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SITE Cl: RUBICON SAND UNDER RED PINE

Location: NW3NE%, Sece 7, Twpe L2N, Bge.. 20W
Dreimage: well-drained (water table deeper than 1l feet)
Slope and aspect: negligible
Topogreaphy: level
landform: plain
Elsvation: 750 feet
Forest charecteristics: basal area/acre = 160 sq. ft.;

red pine - 100%, D;

red maple - O, R3

balsam fir = O, R.
Humus type: shallow sand mull
Field description of horigons:

Horison Depth (in) Charecteristics
of 22 t00 pine debris; white fungal mycelia; pH L.5.
Vh 0-1% black humus and sand mixture; yellow fungal
mycelia; pH L.Oe

Em 1t =6 sand; light greyish brown (SYR 5/2)3 pH LeO.
Thid 6 =13 sand; moderate brown (7.5TR L/L); pH 5.0,
Iib 13 - 35 ;;ngfoftrong yellowish brown (7.5IR 5/6);
m 35 = 156 sand; light brown (7.5YR 5/k4); pH 6.0e

w2 156 + fine sand; light brown (SIR 5/3); pH 6.5e
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SITE C2: KALKASKA SAND UNDER HEMLOCK

Location: NW{NE%, Sec. 10, Twp. LSN, Rge. 19W, Alger County Michigan
Drainage: well-drained (water table deeper than 1l feet)
Slope and aspect: 3% south
Topography: undulating
Landforms outwash plain
Elevation: 900 feet
Forest characteristics: basal area/acre = 160 sq. ft

hemlock = 58%, DI;

yellow birch - 21%, D;

red mepls - 14%, I;

balsam fir « 7%, I,
Humus type: thick mor
Field description of horizons:

Horizon Depth (in.) Characteristics

of +3 to +2 coniferous and hardwood debris; white fungal
mycelia; pH variable, L.0 with spots of 6.0.

Ch +2 t0 0 black humus; yellow fungal mycelia; pH L.O.

Ea 0-6 sand; light grayish brown (7.5YR 6/2);

N 28

Ihib 6 -8 sand; dark bromn (SYR 2/3); pH L.Oe

Ihbic 8 - ki sand; discontinuous, indurated tongues;
dark grayish brown (S5YR 2/2); pH 5e5.

Ibi 8 - 26 sand; strong yellowish brown (7.5IR 5/8);
pH 5.50

I/w 26 = 38 uncsi;sltrong yellowish brown (7.5YR 5/6);
pH Qe

w 38 =~ 964 sand; light brown (7.5YR 6/L4); pH 6.0.
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SITE D1: KALKASKA SAND UNDER SUGAR MAFLE

location: NWINWL, Sece 7, Twpe L3N, Rge. 18W
Drainage: well-drained (water table deeper than 1l feet)
Slope and aspect: L% east
Topogrephy: rolling
Landform: moraine
Elewation: 890 feet
Forest characteristics: basal area/acre = 180 sqe fte;
sugar maple - 89%, DIR;
black cherry - 11%, DR.
Humus type: very deep coarse or medium mull
Field deseription of horizons:

Horison Depth (in,) Charecteristics

Vhl 0-4% black humus and sand mixture; pH 5.0
Vh2 21 sand; very dark gray (SYR 3/1); pH 6.0.
vh3 1-5 sand; dark gray (SIR L/1); pH 5.0.
En 5-17 sand; reddish gray (SYR 5/2); pH 5.8
Thibl 7 = 10 sand; dark reddish brown (SYR 2/2); pH 6.2.
Thib2 10 = 1 sand; reddish brown (SYR L/3); pH 6.8.
Ibi 1 - 314 sand; strong brown (7.5IR 5/6); pH 5.5.
mn 31% = 1)y sand; yellowish brown (7.5YR 5/L); pH 6.0.
W2 1) = 168 sand with thin, orange to pink loamy

sand bands; sand-brown (7.5YR 5/L);

acid.

Pollen Amlyses

Three Lakes Bog is located approximately 100 yards south of Site C2,
The bog is surrounded by sand for at least 33 miles in every direction,
The soil type surrounding the bog for at least %4 mile in every direction
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is Kallasia sand (Veatch, et ale., 193k and confirmation by writer).

The margin of the bog is bounded by steep slopes; consequently well-
drained soils are encountered within a few feet of the bog margin.
The bog contains 93 feet of peat overlying sand into which some organic
matter has been incorporated. The surface of the bog is completely
covered with a mat of sphagnum interspersed with leatherleaf, The
forest composition immediately around the bog contains a somewhat
higher percentage of red maple and alder (Alnus rugosa) than is found
farther from the bog margine. Tree speclies found in the upland areas
around the bog which are not included in the Site C2 description are
white pine, American beech and white spruce. Sugar maple was notably
absent in this forest cover type which was designated as hemlock on
the 1954 U.Se. Forest Service Timber Survey map of Hiawatha National
Forest.

Sampling of the peat bog was accomplished with the use of a Hiller
borer by Dr. A. Te. Cross of the Geology and Botany departments, Michigan
State University, and the author. Samples were collescted from three-
to six-inch intervals within the peat itself and as & continuous core
for the first six inches of the underlying peat-sand mixture. The
samples were kept frozen until macerations were begun and kept under
refrigeration between subsequent sub-samplings,

The first meceration technique employed was simply the boiling of
the wet sub-sample in 107 NH)OH. This treatment did not isolate the
pollen greins sufficiently, therefore blsaching with sodium hypochlorite
prior to the NH)CH treatment was tried. This treatment, even in dilute
concentrations, destroyed all the birch pollen. Sodium chlorate, how-
ever, proved to be safe to use (standard treatment used by several

palynologists; see Brown, 1960).
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The technique finally employed was as follows: (1) About an inch
of wet peat was loosely packed into & LO ml centrifuge tube and 10%
mhon was added until the peat was completely covered, The tube was
then placed in a 100°C water bath for % hour with occasiomsl stirring,
Next the mixture was centrifuged at 2500 rpm for 5 minutes and the
supermatant liquid decanted, The re#sidue was then washed with water
and centrifuged with subsequent decantation. The residue was next
dehydrated with glacial acetic acid followed by centrifugation and
decantation. (2) For lignin oxidation, 5 ml of glacial acetic acid,
5 ml of 50% NaCl03 and 1 ml of concentrated HCl was added to the
centrifuge tube and the mixture stirred and allowed to bleach. The
tube was then filled with glacial acetic acid, centrifuged and decanted,
then washed twice with glacial acetic acid with centrifugation and
decantation. This technique is recommended by Faegri and Iversen (see
Brown, 1960)e (3) For cellulose decomposition, an Erdtman (see Brown,
1960) acetolysis mixture (9 parts acetic anhydride to one part concen-
trated HpSO,) was added to the residue, and the mixture placed in an
80°C water bathe The bath was then brought to the boiling point and
allowed to boil for two minutes. The tube was then centrifuged, the
liquid deeanted and the residue washed with glacial acetic acid
followed by centrifugation and decantation. The residue was finally
washed with water (followed by centrifugation and decantation) until a
clear supermatant liquid was obtained. The resultant residue was then
strained through a double layer of cheese cloth with concurrent washing.
The suspension was concentreted by centrifugation and trensferred to
vials from which glide preparations were made,

Pollen counts were made on glycerine mounts only. Size frequency
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distributions were made on pine pollen grains using the distance between
upper wing insertions as the criterion. The resulting bar graph indicated
& norml cwrve distribution around a distinct Lj-micron peak and a
suggestion of another peak at 55 microns, The Lli-micron peak was ate
tributed to the presence of Jack pine and red pins pollen based on the
study of Cain and Cain (1948). Based on the presence of a "saddle® in
the distribution curve at 50 microns, all pine pollen grains having
dimensions greater than 50 microns were considered to be from white pins,
Two undred tree pollen greins were counted per slide. Non-arboreal
pollsn was not considered except to mote that it was not prevalent at
any lsvel.

Foliar Amalyses

A composite foliage sample was collscted from one tree of ons or
more representative species on each of five plots, The samples were
collected between 9 aeme and 12 noon during the first two weeks of
September, 1961 Collections were made from the southern, lower one-
third of the crowns only. In the case of conifer foliage, only the
current year's growth was sampled,

The samples were subjected to oven-drying on the day of their
collection; drying was accomplished at 70°Ce Ths oven-dried samples
were ground in a Wiley mill and then turned over to Dre. Ae L. Kemworthy
of the Horticulture Department at Michigan State University. With the
exception of total nitrogen, the elemental analyses were done spectro-

scopically.

Soil Microflore Studies

The humus-containing horisons from all A, B and C sites were
sampled to obtain a quantitative estimate of the bacteria, actinomycetes
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and fungi, Two samples were taken from each horizon; one sample was
frozen for later determination of moisture content and nitrifying
capacity; sub—samples were taken from the other sample for slide
preparation, Slides were prepared within 2l hours after the collsction
of the samples; the preparation technique used was that of Jones and
Mollison (1548). Three slides were prepared from each sub-sample;
counts were made by the use of random traverses. Stained bacterial
cells were counted with no regard for cell-size differences, In the
case of fungal hyphae, however, four diameter classes were established
and length measurements were made with the use of a calibrated ocular
grid; separate counts were made for unstained hyphal fragments.
Actinomycetes were enumerated by length measurements of stained fila-
ments only.

Total Soil Carbon and O_rganic Matter Determinations

Total carbon was determined in duplicate by the wet combustion
method of Allison (1960). The valuss obtained can be interpreted as
organic carbon except for those of the Vh2 horizon of Profile Alj;
this horison contained carbonates as well as organic matter,

Bulk Density of Soil Horizons

In order to evaluate the total amounts of organic matter (and
other constituents) as well as concentrations it was necessary to
estimate the bulk density of the various horizons, This was done by
weighing the quantity of dry soil necessary to f£ill a sampling spoon
calibrated to hold 2,5 grems of a soil having a bulk density of 82.6
1b./cu. ft. or 2,000,000 lb./acre furrow slice (AFS)s The weight of

soil per AFS was calculated by the ratio:
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wgte of sample _ 2.5
L) M‘S z,m’ma
The percentage of the various constituents times the weight of soil per

AFS (in pounds) then gives the pounds of thes constituents per AFS.

Pounds of constituents per horizon-acre (#/HA) = thickness of horizon

x #/AFS. The thickness used for P, W and U horizons wa.g determined by
subtracting the solum thickness from 66 or 96 inches, Although sampling
at 96 inches was only done in the case of Profile Cl, visual examination
and pH readings in the field did not indicate the necessity for sampling
at this depth,

Total Soil Nitrogen Determinations

Total nitrogen was determined in duplicate by the Kjeldahl method
essentially as described by Jackson (1958), except that no selenium was
used,

Soil Organic Matter Frectionation

Alkali-soluble organic matter was extracted and fractionated accor-
ding to the method outlined by Stevenson (1960). The lignin of the
humic acid fraction was subjected to a thermo-decomposition process
(see Johnston, 196L) and the products of decomposition were determined
by peaper and gas chromatography®, No analyses were made on the fulvic

acid frection,

Crenic Acid and Nitrate Production of Soil Horizons

The Ch, Vh and Ih samples used for this study were frozen shortly

*Degn.dation and chromatography was performed by Dr. Harry H, Johnston
of Wilmington Collsge, Wilmington, Ohioe
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after their collection and kept frozen until sub-samples were taken. In

the laboratory, either 5 or 10 grem sub-samples were placed in carbon
filter tubes and leached to determine the initial nitrate contente
Leaching was accomplished by using 60 ml of distilled water and vacuum,
then adjusting the leachate volume to 60 ml, One to four ml aliquots
were talkesn from the leachate for nitrate determination using phenoldi=-
sulfonic acid (Stanford and Hamway, 1955). The leached sub-samples were
brought to a constant moisture tension by using full vacuum; then they
were transferred to an incubator at 30°C. Following the initial
incubation period, the sub-samples were leached at weekly intervals
with 60 ml of distilled water and then re-incubated, The water-soluble
organic matter (designated as crenic acid) appearing in the leachates
was measured relatively by determining the percent trensmittance of the
leachate at a wave length of 370 mp (maximum absorption was actually
in the ultre-violet, beyond the range of the colorimeter used). A
Beckman glass electrode pH meter was used for determining the acidity
of the leachates.

Soil treatments consisted of: (1) inoculation with a 1:10,000
suspension of an actively nitrifying garden soil; (2) fertilization
with 50 ppm P (as ordinary super phosphate) and 0.25% Ca (as lime);
and (3) both of the above treatments combined. Two replicates of 10
grems each were used for the controls and single S-gram samples were

used for the treatmentse.

Extractable Iron and Alumimm 1_2 Soil Horizons

Iron and aluminum were extracted from duplicate 1lO-grem samples of
soil by the sodium dithionite-citreate-bicarbomate method (Jackson and
Mehra, 1960). An aliquot of the extract was taken and the organic matter
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therein digested in a ternary mixture of concentrated acids (100 ml HNOB,
10 =l HaS0) and LO m1 HCth). Heating was continued until the solutions
were evaporated to dryness. The resulting white residue was taken up in
dilute (1N) HC1l and brought up to 50 ml with distilled water. Aliquots
were then taken for iron and aluminum determinations.

Iron was determined by the KSCN colarimetric method (Jackson, 1956).

Aluinum was determined by the aluminon method using the modifie-
cations recommended by Franzmeier (1962) in his work with similar soils.

Available Phosphorus® in Soil Horizons

Available phosphorus was extracted from a 2,5 g sample of soil
(approximetely 2,5 g in the case of horizons below the upper humus
horison) with 20 ml of 0.03N NH)F mixed with 0.0252 HC1l (Brey and Kurtz,
1945). The suspensions were shaken for one minute and then filtered.
Phosphorus in solution was determined colaimetrically using the ammonium
molybdate-hydrochloric acid solution of Dickson and Bray (1540) and the
l-amino, 2-naphthol, L~-sulfonic acid reducing agent developed by Fiske
and Subbarrow (1925).

Exchangeable Bases™ in Soil Horisons

Exchangeable bases were extracted by adding 20 ml of neutral O.1N
NH),Qhe to 2.5 g of soil (approximately 2.5 g in the case of horizons
belew the upper humus horizon), shaking the suspension for one minute
and filtering, Calcium, magnesium and potassium were determined on the
extracts using a flame photometer,

*Dotomimtiom made by Soil Testing Laboretory, Soil Science
Department, Michigan State University.
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Reaction® 9£ Soil Horizons

Reaction was determined in a soil-water paste (l:1 volume ratio)

with a Beckmen glass electrode pH meter,

Mechanical Lnalyses g_.f;‘ Soil Horizons

Mechanical analyses were made by the pipette method (Kilmer and
Alexander, 1949) for the {50 micron particles and by dry sieving in
the case of the sands, Determinations were made in duplicate,

A 10,0 gram sample was placed in a tall 600 ml beaker and the
organic matter in it digested with 30% H0p (technical grade) and
heating, At the end of the digestion, while the suspensions were
still hot, 1N HC1l was added to the samples contaiming carbonates until
further additions induced no reactionse The samples were then filtered
through & 9 cm Buchner funnel with suction, using a hard (Whatman No.
50) filter paper. The residues in the funnels were washed several
times to remove chloride and then transferred to shaker bottles, The
suspensions in the shaker bottles were titrated with O.1N NaCH to the
phenolphthalein endpoint (pH 9) and then shaken for 24 hours in a
reciprocating shaker, The dispersed samples were then washed through
& 300-mesh sieve, The sand collected in the sieve was oven-dried,
fractionated by shaking in a nest of sieves on a mechanical shaker
for 15 minutes, and then the resultant fractions weighed. The silt
and clay passing through the 300-mesh sieve into & sedimentation
cylinder was diluted with distilled water up to a known volume and

allowed to come to room temperature (constantly 20°C). The suspension

*eterminations made by Soil Testing Laboretory, Soil Science
Department, Michigan State University.
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was then transferred to a 2-liter beaker and while stirring, 25 ml
aliquots were removed with a pipette, transferred to weighing bottles,
oven-dried, and then weighed, The remaining suspension in the beaker
was transferred back to the sedimentation cylinder which was then
shaken end-over—end (to disperse the sediments evenly throughout).
The suspension was then allowed to stand for the lengths of time
(calculated on the basis of Stoke's law) necessary for particles of
a certain size and density to pass a given point in the suspension.
At these calculated times, aliquots were taken with a pipette as

before, oven—dried and then weighed,



CHAPTER 10. RESULTS AND DISCUSSION

Pollen A.m_],gu of Three lakes Bog

The results of the pollen grain counts are shown in Table 6 and
mnatz'a;tod graphically in Figure 20,

The data indicate that the beginning of pollen accumulation in
Three lakes Bog was during the jack pine period suggested by Zumberge
and Potzger (1956). If Broecker and Farrand's proposed chronology of
laks events is correct, the bog could not have been in existence prior
to about 10,000 years B.P., since the area was imundated by the Sub-
Duluth deluge at approximately that time, According to Fries (1962),
this period was characterised by decreasing spruce and increasing pine
(especially jack pine) with pine dominance in existence by 9,150 ¥ 130
Yyears B.P, Evidence that pollen accumulation in Three lakes Bog began
at the begimning of the pine period and not later is derived from the
data of Wilson and Webster (1942) which indicates that the initial
dominance, the subsequent decline and resumption of dominance by jJack
pine pollsn occurred at the beginning of the pine period in north
central Wisconsin. Fries! data indicate that jack pine dominance
lasted until about 7300 £ 140 years B.P. in northeastern Mimnesota
with other pines being dominant from that times until the late pest-
glacial increase of spruce and fir occurred. Pollen from Three lakes
Bog, however, indicates that jack pine remained dominant until the
late post-glacial increase of spruce and fir occurred. This variance
is probably related to ths largs area of sand soils in which Three
Iakes Bog is located.

Following the initial jack and red pine dominance, white pines
apparently began to succeed the other pines concurrent with an increase

n9
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FIG.
POLLEN DIAGRAM OF THREE LAKES BOG
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in other gensra such as Betula, Quercus and Ulmus., Subsequent to a short

period of white pine prevalence, however, the reverse of natural succes-
sion seems to have occurred (i.e. white pine to red and jack pine). This
trend points to the possibility of & drying climate which would affect
soll moisture conditions relatively more on slightly developed sand soils
than on medium-textured soils. Although this trend may have been
brought about by regional factors, it is likely significant that Green
Bay was cempletely dry during laks Payette and Iake Chippewa times,

thus the southerly winds charecteristic of May through October at the
north ead of Green Bay were h.blydomidenb],ymranddrierthn
previously or subsequently.

This secondary domimence of jack and red pine pollen persists from
the 110 to the L4O-inch level where once again succession toward white
pine is indicated., From the LO-inch lsvel upward, natural succession
under moister conditions may be indicated by the inerease in hemlock,
bireh and beech pollen. The slightly later increase in spruce and fir
beginning at the 25-inch lsvel is typical of a mmber of bogs in
northern Wisconsin, northern Mimnesota and Isle Royale. This trenmd
marks the end of the "hypsithermal® imterval (Fries, 1962) which is
dated at about 2000 years B.P., (Deevey and Flint, 1957). Moister
conditions were likely brought about by the rise of water levels to
the Nipissing level while subsequent cooler conditions with a ocon-
current drop of lake lsvels could have been induced by an inoreased
dominance of dry polar air in winter,

Frem the 10-inch level upwirds, no climatic implications are at-
tached to the fluctuations of percentages since lumbering activities
my have influsnced them. In comparing the pollen percentages at the
10-inch level with the pre-lumbering forest composition around the bog,
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it becomss obvious that jack and/or red pine pollen overrepresents the
local abundance of these species since about 17%¢ of the pollen is jack
and/or red pine with no evidence of jack or red pins trees within % mile
of the boge White pine pollen percentages, however, do not seem to be
much out of line with the relative abundance of that species in the
local area, Oak and elm pollsn percentages likewise do not represent
local trees. Red maple trees in the vicimity of the bog are definitely
underrepresented by the pollem, however., These relationships agree
with the findings of Bemninghoff (1960) and Wilson and Potzger (1943).
The presence of hickory and butternut or white walmut (Juglans cinsrea)

pollen throughout most of the profile probably represents "long-renge
drift.,® The umsual occurrence (compared to northern Wisconsin bogs)
of both of these pollen types in the upper foot of the profile needs
explamation, The nearest known source area for hickory pollen today
is 60 to 70 miles southwest of Three Lakss Bog in Dickinson County,
Michigan (conversation with an umidentified forester in the Michigan
Department of Comservation). The nmearest known butternut trees are on
Stonington Peninsula, some 25 to 30 miles south of Three lakes Bog
(persomal observation and correspondence with J. O. Veatch). House
plantings at closer locations is perhaps possible but no such obser-
vations are on record as far as the writer is aware nor were any
observed by the writer,

The fact that Valders ice did not extend into the high country
southwest of Dickinson County (Hough, 1958; Thwaites, 1943) may
indirectly account for the occurrence of the smll percentages of oak,
elm, basswood, hickory and butternut pollen present at the lower levels
of the beg profile, Curtis (1959) cites evidence indicating that
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Valders ice did not exert a refrigerating effect capable of completely
eliminating oak and associated thermophilous species from the surrounding
areas. In this event, post-glacial cliserel and successional changes
must have beea consistently more advanced in the peri-Valders area of the
Upper Peninsula than in the Delta-Alger County area, not only because of
the time factor but because of the warmer, more continental growing
season in the peri-Valders area of western Upper Michigan and adjacent
Wisconsin, May and June temperstures at Iron Mountain (Dickinson County)
average 3-4 degrees higher than those of the Delta-Alger area, for
instance.

The interpretations presented above are subject to additiomal in-
acouracy resulting from the possibility that peat accumulation rates
and absolute pollen rain have varied greatly during the past., Certain
pollen grains such as those of Populus do not preserve well and thus the
post-glacial importanse of that genus is difficult to evaluate., Some
pollen profiles in Minmesota show high percentages of Populus pollen
within the spruce sone and the supreadjacent transitional sone (Wright,
1964). Quaking aspen, however, grows into drier climates than the
conifers (Spurr, 1964) and thus post-glacial Mimmesota conditions may
have been more favorable for their relative abundance than post-glacial
Upper Penminsula cenditions,

Correspondence of surface pollen percentages to sample plot forest
composition (% of total besal area) also might not agree closely because
of the possible lack of representativensss of the sampling point with
respect to the total stand,

Foliar Amlyses
The foliar amalyses by plot and species are shown in Table 7. The
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pioneer conifers (pines and balsam fir) have lower contents of N, K, Mg,
P, and B than do the northern hardwoods, except that beech has relatively
low N and Mg contents. Sugar maple and beech have high contents of Mn
compared to all other species analysed. In the case of calcium, balsam
fir foliage from a calcareous site has a content considerably greater
than that of the pines on a calcareous site., Regardless of exchangeable
seil calcium quantities, the pines in this study contain lower amounts
of foliar calcium and molybdenum than any of the other trees analysed,

Foliar composition differences due to site are apparent in the
case of red and white pine. Manganese and alumimm contents are much
greater in the foliage from the Rubicon site (Cl) than from the Eastport
site (A2); in addition, potassium, iron, copper and boron contents are
somewhat higher in Cl pine foliage than in A2 pine foliage.

Iack of response to site seems evident in the cass of red pine
foliar ealcium, phosphorus and magnesium. Foliage samples from both
red pine sites (A2 and Cl) contain identical amounts despite wide
differences in available P and exchangeable Ca and Mg in the soils.

Definite differences between species are indicated where two or
more kinds of trees were sampled on the same soil type. The red oak
sample contained decidedly higher concentretions of all the elements
except X, Zn and Al when compared with the pines. The white pine
samples contained more N, Ca and Fe than the red pine samples with the
difference tending to be greater on the better developed Podzol. On
the other hand, the red pine foliage contained decidedly more Mn than
did the white pine foliage; the ratio between the two species was
similar on both sites, averaging about 2,16/1. The yellow birch
sampls contained decidedly higher concentretions of Ca, Mg, Fe, Cu,
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B, Zn, and Mo than did the hemlock sample; greater amounts of N and Mn
in the yellow birch foliage are also indicated, but to a lesser degree,
The hemlock foliage, however, has concentrations of Al amounting to
twice that of the yellow birch foliage. The sugar maple foliage sample
contains considerebly more N, P, Ca and Mn than does the beech samplse,
whereas the beech foliage apparently has higher concentrations of K,
Fe, Cu, Zn and Al,

Sixilarities between site-mates also seem to be present, Foliar
K values ef the two pines and red oak are quite similar on Eastport
sand, The pines have similar values of K and P on Eastport sand and
Rubicen sand, The yellew birch and hemlock samples contained similar
concentrations of potassium and phosphorus, Concerning sugar maple and
beech foliage, only Mg seems to be similar, but both the sugar maple
and the beech samples contained concentrations of Mn that were at least
twice as high as those of the other samples.

The foliar calcium values for pines, hemlock and beech in this
study are low but are within the ranges reported by others, Tables 1
and 2, The order of percentages for the various species is essentially
the sams as that of Bard for hardwoods and hemleck and the same as that
of Plice for fir and pines,

Foliar potassium valuss for white pine and balsam fir foliages are
very similar to those of Gerloff et al, reported in Table 2, For hemlock
and beech, potassium values are similar to those of Bard listed in Table
2, For other northern hardwoods, potassium valuss are higher than those
of Gerloff et al. but lower than those of Bard, Balsam fir had the
lowest foliar K inm this study and in that of Chandler. Foliar phosphorus
values for the conifers are similar to those found by Gerloff et al.
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Values for hardwoods are similar to or higher than those of Barde Bard's
data indicate that, for most species, foliar P increases with depth to
limee This trend is most obvious in the case of sugar maple but also
sooms to be quite consistent in red oak foliage. From this trend it
might be inferred that more acid sites than those studied by Bard would
give rise to still higher values of foliar P in the case of some species,
Therefore the relatively high values of foliar P far sugar maple, beech
and yellow birch repoarted here may be largely related to the soil acidity.

Foliar N values in this study are similar to or somewhat lower than
those of Gerloff et ale but the values for hardwoods (except beech) are
similar to those given by Bard for mature foliage. Values are within
the ranges reported in individual studies except for the high value for
hemlock which may be due to sampling inadequacy or to the mature of the
sites Orders of percentages betwsen species compare favorably with the
data of Bard in the case of hardwoods (except for beech) and with
Chandler in the case of pines and fir,

Better correspondence might have been obtained between the data
collected in this study and that collected in others had sites been
similar, if there had been replications in this study and if the
sampling procedures in all the studies involved had been standardized
(vide Kremer and Koslowski, 1960).

WA® gite components seem to be characteriszed by having relatively
low concentrations of foliar K, P and Mn, Perhaps their status as
pionser trees on relatively umeathered calcareous sands is dependent
on their low requirements for thess three elements, For instance,
white spruce, which is a frequent component on these types of sites,
was found to have a low foliar deficiency lsvel of potassimm (Heiberg
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and White, 1951). The pioneer pines, however, undoubtedly cycle much
less Ca than do fir and spruce on these calcareous sands,

On the weakly and weakly to moderately developed Podzol sites with
calcareous "U* horizons (Sites El and B2), hemlock is conspicuous with
respect to its low foliar calcium content and its extremely high foliar
aluminum content. On Site Bl, hemlock and yellow birch are site-mates
and have similar concentrations of foliar K and Po The similarities
end there, however, with the consequence that these two species most
likely do not affect the upper soil horizons in a like mammer,
Specifically, yellow birch probably tends to raise the percent base
saturation while hemlock tends to lewer it,

Sugar maple and beech occur together on Site B2, and their foliage
seems to be similar with respect to magnesium and high concentrations
of manganese found in them both. In this oase, perhaps similar
tolerances to high soil menganese is important, Wilde (1958), for
instance, mentions that high contents of soluble manganese in Podzols
seem to limit root penetration. If the high concentration of foliar P
in the sugar maple sample is representative, the presence of this
species should have an appreciable effect on the chemical and bioclogical
properties of the upper soil horisons,

During the course of maturel forest succession and soil development
at these sites, certain trends in minersl cycling seem to be indicated,
Foliage of pioneer balsam fir stands bring considerabls quantities of
ocaleium into the surface horizons of the soil., Should pines be the
pioneer forests, however, much smaller amounts of calcium are brought
to the surface along with only small amounts of the other elements as
well, The data point to the possibility that upon the continued
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dominance of the pines, strongly acid, weakly-developed Podzols

eventually form with the consequence that greatly increased amounts

of Al and Mn are brought to the surface. At this stage white pine
tends to bring considerably more N, Ca, Mg, Fe, Cu and Mo into
circulation than does red pine, while the latter species cycles much
more Mn than does white pine. As in the pioneer stage, the amounts

of K and P cycled by each species are similar, with the concentrations
of P being no greater than in the earlier stage of succession.

If, however, succession to mixed stands of white pine, hemlock
and yellow birch takes place prior to deep leaching of the carbonates,
weakly developed Podzols (such as that at Site Bl) may still form, but
the mineral cycling pattern will probably differ considerably from
that of the pine-dominated, weakly-developed Podzol sites (such as
Site Cl)e Compared to red pine foliage from the carbomate-containing
sands the foliages of hemlock and yellow birch contain concentrations
of N, Ca, Fe and Mo that are at lsast twice as high, and P and B
concentrations which are somewhat higher. Cycling of aluminum by
hemlock is intense.

Succession to sugar maple and beech involves the introduction of
foliage with high eoncentrations of K (beech) or P (sugar maple) and
Mn (both species), thus subsequent lsaching losses of these elements
my be thereby reduced.

Although red oak is not necessarily a constituent of the seres
leading up to the sugar maple-beech ¢limax, this oak does occur through-
out the Podsol Region of Michigan, and is mumerically dominant in some
maturel stands and on many cut-over pine-ocak sites. It is associated
with red and white pine as well as northeram hardwoods. The red oak
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foliage from Site A3 indicates that on very weakly developed Podzol
sands, this species cycles concentrations of potassium similar to those
of the pines, Phosphorus concentrations are intermediate between those
of the pines and those of the northern hardwoods, while nitrogen,
calcium and magnesium concentrations are more similar to those of the
northern hardwoods.

Acid fall leaching under pines should be quite severe since the
farest floor is very strongly or extremely acid prior to September and
the foliage indicates that subsequent increments of litter will not be
rich in bases either. In northern hardwood stands, however, the flood
of relatively basic leaves added to the forest floor im October should
reduce the potentiality for subsequent acid leaching by forest floor
constituents, Spring leaching, however, may be considerable due to
the inoreasing release of hydrogen ions (in the process of root respi-
ration) and the replacement of basic cations, some of which may not be
taken up by plant roots and my thus be leached from the ecosystems

Mor Humus Formation

Based on the theory of mor humms formation developed by Handley
(195h) and Davies et al. (1960)* it seems 1likely that mitrogencus
constituents in the mesophyll tissues of dying pine, hemlock, and
beech foliage become stabilized by polyphenols, Since polymerisation
of polyphenols is favered by base-rich conditiens, and polymerization
beyond a certain molecular sise precludes any tanning action by

%rhe theory proposes that polyphenols in dying leaves stabilise
the proteins in the mesophyll tissuss. These stabilized proteins

protect the mesophyll cell walls from decomposition and together
they form an amorphous residus lying on the surface of the mineral
soil,
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polyphenols (Coulson et al., 1960), it is probable that the low calcium
and magnesinm content and/or the low antacid buffering capacity of the
foliage of the above species is conducive to the tanning process. This
hypothesis seems logical since the chemical characteristic that most
clearly separates the mull horizons from the mor horizons in this study
is the exchangeable Ca (#/AFS): organic matter (¢) ratio which is above
200 in all the Vh horizons and below 100 in all the Gh horizons.

Soil Microflora Studies

Direct microscopic counts of microflore in the Ch horizon of the
Site Bl soil and in the Vhl horizon of the Site Dl soil are tabulated
in Tables 8 and 9. These horizons represent the extremes of mor and
mll humms types found in this studye.

Counts of bacterial cells did not reveal a maximam per gram of soil

in the mull humus horizon but there were twice as many cells per gram of
organic mtter in the mull horisgon as in the mor horizons The mull
horison contained vastly greater amounts of actinomycete filaments; and
per gram of organic matter, this horison contained 25 times as much as
the mor Ch horison. Amounts of unstained fungal hyphae were greater in
the mor Oh horiszon than in the mull Vhl horizon. Again, howsver, amounts
of stained and unstained hyphae per gram of organic matter were greater
in the mull Vhl.

The presence of greater amounts of actinomycete filaments in the
Vhl horizon is in accordance with previous studies which indicate that
environments having a pH greater than about 5.0 are more favorable than
those having & lower value (Alexandsr, 1961). High numbers of bacterial
cells/g of soil in the mor Oh horizon are likely the result of the high
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percentage of organic matter in that horizon; on the other hand, the

relatively low numbers per gram of organic matter is possibly related
to the greater decomposition resistance of mor organic matter as com-
pared to that of mull, Although anti-bacterial substances may be
partly responsible for this low density, the lower N content of the
organic matter in the Oh horizon could also be of significance, The
relatively high content of unstained fragments of fungal hyphae
(representing dead fungi according to Jones and Mollison) in the mor
Oh horison agrees with the findings of Romell (1935) and statements
mde by Wilde (1960). The fact that the volumes of these fregments
comprise as much of the weight of the organic matter in the mmll Vhl
as in the mor Oh is due to larger quantities of hyphae of large
diameter in the Vhl horizon. This hyphal diameter difference points
to a difference in specific composition of fungal populations in the
two horizens., Comparisons of hyphae volumes per umit volume of organic
mtter, however, cammot be made from the data available.

Despite the possibility that the results of this study may have
only limited applicability, it seems worthy to mention the possible
significance of relatively high amounts of actinomycete filaments,
Alexander (1961) states that these organisms are relatively scarce
during the initial stages of plant residue decomposition but became
more prominent later when mutrient levels are lower and competition
from other organisms is less. Their competitive advantage in the
latter stages of decomposition probebly stems from the fact that they
can utilize such carbon sources as cellulose and chitin. Since chitin
is a cell wll constituent of many fungi, the larger surface area of
unstained hyphae in the Vhl horizon might be a factor in promoting
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the larger number of actinomycetes in that horizone. Actinomycetes have
also been found to have the ability to oxidize polyphenols to quinones
through their production of phenoloxidases (Kononova, 1960). Kononova
further states that a number of studies have shown that the condensation

of the quinones thus formed produces complex, dark—-colored humic substances.

Total Soil Carbon, Soil Organic Matter and Soil Nitrogen

Total carbon concentrations were invariably highest in the surface
horizons. When converted to percent arganic matter, these surface
horison values range from 4.87% in the Vhl horizon of Profile Al to 51.0L4%
in the Oh horizon of Profile C2 (see Appendix)e. Profile distributions
of percent organic matter and total nitrogen are shown grephically in
Figure 21, These grephs show that a secondary peak of organic mstter
ocours in the subsoil of all profiles with an E horizon. This peak is
most pronounced in the IThib horizons of Profiles C2 and D1 (the only
moderately developed Podzols), a result expected since the dark colors
of these horiszons indicate a relatively high organic matter content,
However, the organic matter percenmtage is apparently not the only factor
contributing to dark illuvial horizons. For instance, the Ihib horizons
of Profiles Bl and B2 contain 0.78% and 079% organic matter, re-
spectively. The Munsell color notation of Bl-Ihib, however, is 5IR h/B
while that of B2-Ihib is S5YR 3/6. The upper illuvial horizons of
Profiles C1l and D1 eontain 1.13% and 1.167 organic matter, respectively,
while their colors are moderate brown (7.5YR 4/h) and dark grayish
brown (5YR 2/2), respectively.

Conversion of O.M. percentages to the estimated number of pounds
per acre results in the following values for the illuvial zones:
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Profile Pounds/illuvial zone/acre

Al -

A2 5548
A3 6364
Bl 42,120
B2 19,628
cl L1,762
c2 5h,356
D1 57,753

These values indicate that illuviation of organic matter has been
taking place at a faster rate and/or for a longer period of time in
Profile Bl than in Profile B2 although the soils are chronologically
of the same age. The same thing is trus of Profile C2 as compared
with Profile Cl. This difference in degree of development may be
related to the length of time during which the sites have been
characterised by mor humus layers and hemlock-hardwood forests,

Soil Organie Matter Fractiomation

The percent humic acid of the illuvial horizons from Profiles B2
and D1 (bardwood mmll humus sites) exceeded ths percent organic matter,
thus pointing to the possibility that clay was also present in the humic
acid fraction obtained. Fulvic acid was present in all horizons con-
tainming organic matter, the brownish erange or brownish yellow colors
resembling very closely the color of concentrated cremic acid described
later,

The results of several studies indicate that hardwood lignins
contain syringyl groups whereas conifer lignins do not (sees Kononova,
1961). R. I. Morrison (1958) used this distinction to identify the
source of organic matter in some Scottish soils and peats. The thermo-
decomposition techmique used in the present study suggested that
syringyl groups were absent even in 100% hardwood soils. Guaiacol
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and phenols were present in the humic acid fraction from both mors and
mlls (Bl-Oh, Bl-Vh, B2-Vh2, D1-Vh2) and in the Ihib of Profils B2 (in
this soil, the Vh2 grades directly into the Ihib). In the D1 soil, no
similar components could be found in the Thib2 (distinct E horizon
separates Vh from I horizons), suggesting that illuvial humus has a
different composition than Vh humus,

Although the origin of the illuvial organic matter could not be
determined as anticipated, it is clear that the organic matter of the
Oh and Vh horisons studied contains materials derived from lignin
polymers; thms the name "ligno-mycelial mor" (Wilde, 1958) seems quite
appropriate for the humus layer of Profile Bl.

The presence of illuvial horizom humic acid does not necessarily
imply movement of this frection since humic acid can be formed from
falvic acid in the presence of iron ions in an acid medium (Sheffer
and Ulrich, 1960). Martin (1960) states that the relative amounts of
these two organic matter frections seems to be controlled by the amount
of ionic Al present; his studies indicate that lonic Al is capable of
flocculating Podsol hums at pH valuss commonly found in Podzol soils.

Crenic Acid Production g Soil Horizons

At the onset of the incubation and leaching study, obvious amounts
of acidic, yellow organic matter were noted in some leachates while
others contained nons. Berszelius applied the term ®crenic acid®™ to such
acidic, mater-extractable organic materials, Crenic acid, or components
of this fraction, have frequently been referred to as important metal-
complexing agents in the formation of Podsols. The pattern of crenic
acid production for each sample is shown grephically in Figure 22,

The Munsell color notations of these yellow leachates were all close
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1
10 2.,5IR 8/6 when considerable amounts of the organic matter were present.

Several hundred milliliters of these leachates (initial composite pH of
5.3) were soncentrated by evaporation at 70°C to a volume of about 10 ml;
at this point the pH of the concentrate was L.l and the color notation
was SYR-7.5TR 5/6-5/8 (brownish orange). The individual leachates were
quite stable and precipitation did not occur when the pH was lowered to
about 2,0 with HCl. Under ultre-violet light, the leachates fluoresced
a light green,

When two replicates of the A3-Ch sample were depleted of the yellow
organic mtter by contimuous leaching, one week of incubation was suffi-
cient to bring the concentration of this material back up to values
existent prior to contimuous leaching., In addition, the yellow organic
mtter was depleted less rapidly when leached at weekly intervals than
when contimuously leached., These relationships are shown grephically
in Figure 23, It would appear that corenic acid production was an on-
going process, probably associated with microbial degradation of litter
residues in the Ch horizon.

The illuvial horisons of Profiles Bl, B2 and D1 and the Vh2 horiszon
of Profile D1 produced clear leachates having pH values near nsutrelity.

Nitrate Production &f_ Soil Horisons

None of the untreated samples contained nitrete initially and only
the mmll Vhl samples were nitrifying by the 70th day of incubation. The
averege length of tims required for the inception of nitrification in
each sample is shown in Tabls 10, The pattern of cummlative nitrate
production 1s shown in Figure 2l
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TABLE 10, REIATIONSHIP OF HUMUS TYPE, pH AND # O.M. TO THE INCEPTION OF
NITRATE PRODUCTION IN SURFICIAL HUMUS-CONTAINING HORIZONS.

Site Humus Type Horizon pH ZO«Ms Inception of NO3 Production
Al Sand Mull Vhl 7.3  L87 Approximately 50 days
A2 Thick Mor Ch L5  31.39 168-175 days
A3 Thick Duff-Mull Ch S.1  28.73 133-10 days
Bl Thiek Mor ch hds 32,72 233-21,0 days
B2 Medium or Coarse
Mull hl 5.2 119 57-6L days
Cl Shallow Sand Mull Vh Le5 Te19 Nons prodnced.in 210 days

D1 Medium or Coarse
Mull vhl 5.2 13,16 Less than 50 days

Since three replicates were already nitrifying after the first
incubation period (50 days) and therefore their inception date unknown,
& third replication was initiated with four of the samples in order to
determine early trends in NO3 and yellow organic matter production. The
NO3 inception times were:

Bl=0h = 1)1 days
B2-Vhl - 21~-28 days
Al-Yhl - 7-14 days
Dl-Vhl =~ O0=7 days

The pattern of crenic acid production for Replication #3 is shown in
Figure 22, Results were probably affected by the smaller sample siszes
(5g+ instead of 10g.) used in the third replication but the order of
nitrification inception and eremic acid produstion agrees with the
first two replications,

The treatments used did not appear to have any effect on total
nitrate produstion (see Figure 25), However, inception of mitrification
occwrred earlier in the treated samples than in the untreated ones and
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crenic acid production was less in the fertilized samples (see Figure
26)s Since smaller samples wers used for the treatments than for the
controls, earlier nitrification inception may bhave been related to
sample sise rather than treatment,

Figures 27 and 28 indicate that there is a relationship between
nitrate production, pH and the production of yellow organic matters
Further, the inception of nitrification is accompanied by sharp
decreases in pH and sharply reduced production of yellow organic
mtter,

Since mor hums is a feature of most Podzols and since the Podsol-
forming process is thought by some to be intimately associated with
crenic acid activity, it is not surprising to find that maximum crenic
acid production occurred in the mor humus horiszons. However, some
crenic acid was produced in the Vhl horiszon of one of the mull hums
layers (Site B2).

Although nitrite and ammsonium measurements were not made in the
present study, studies of similar soils indicate that ammonium
accumulation occurs in the absence of nitrification and Basaraba (196L)
found that around 0.50% chestmut tannin was sufficient to inhibit
nitrite formation. Basareba also noted that fungi, especially
Aspergilius niger, developed in solls having concentrations up to
2,00% chestmut tamin. Since Aspergillus niger utilizes tannins as
a carbon source, it is conceivable that these and/or related fungi
are the major ammonifying organisms which are functional at these
high tannin levels, Such a circumstance could conceivably result in
appreciable ammonium accurmlation until the phenolic content of the
humns is reduced to a level which is non-toxic to the nitrifying
bacteria, The consequence of such an accumlation of ammonium may
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be the dispersion of some of the organic matter as NH),- crenate thus

making it more susceptible to leaching as suggested by Remesove The
results of this study seem to support this contention since the
highest retes of cremic acid production in all of the samples took
prlace in the absence of nitrificatione Further, in samples producing
large amounts of crenic acid initially, the inception of mitrification
followed a slow decline in crenic acid production and was coincident
with a sharp decrease in crenic acid production. This relationship
suggests that much of the ammonium that was involved in crenic acid
production was suddenly diverted into the nitrification process
especially since logarithmic increases in nitrete production were
correlated with logarithmic decreases in crenic acid production,
The inception of nitrification could have resulted from the slow
decrease in toxic substances removed by erenic acid leaching., The
most likely toxicants involved are phenolic substances which are
known to occur in humus layers and in fulvic acid (according to Oden,
fulvic acid = crenic acid + apoorenic acid, vide Kononova, 1961).

Whils the production of crenic acid is usually attributed to the
activity of fungi it is also possible that it is a bacterial decompo-
sition product derived from dead, yellow=pigmented fungal hyphae. In
this comnection, the sample producing the most crenis acid (Ch
horizon, Site Bl) contained yellow fungal mycelia and three times
as much surface area of dead (unstained) fungal hyphae as the sample
producing the lsast amount of orenic acid (Vhl horison, Site Dl).
Bacterial populations (per grem of 0.D. soil prior to leaching) were
similar in both samplese

Although no informmtion was gathered on concentretions of
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nitrification inhibitors in these studies, certain upper humus horizon
properties seem to be related to the observed patterns of nitrification.
If the horizons are grouped according to nitrate production and lag
periods (see Table 11) the groups are seen to not only differ in gross
nitrification patterns but also with respect to certain other soil
properties, Group I horizons have low extractable aluminum concen-
trations and relatively high pH values. Group II horizons have high
organic matter and extractable aluminum concentretions and the Group
III horison has a very high C/N ratioe

According to Alexander (1961), the rate of nitrification typically
becomes negligible below & pH of 5.0, He states further that soms
soils nitrify at a pH of 4.5 and others do not. In this study,
nitrification was negligible for four months in horizons having pH
values below 5.2, High amounts of extrectable aluminum seem to be
more distinctly related to the lack of nitrification but no eorroborating
correlations could be found in the literature. Two horizons having
initial pH values of Lel-l.5 eventually nitrified while & third horizon
did not; the non-nitrifying horison had the highest C/N retio (30) of
all the upper humus horiszons studied. Russell (1961) mentions that
mtrification is limited by low phosphate contents., Although lag
periods (pre-nitrification periods) in Group I vary inversely with
exchangeable calcium, the horizon with the longest lag period produced
the most nitrate by far; this horizon had an available P concentration
about 5 times as high as the other two, Wilde (1958) states that the
absence of large quantities of soluble organic mtter is essential for
the process of nitrificatione The Group II horizoms produced the most
crenic acid and the relative amounts produced within the group were
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inversely related to the N03 produced and directly related to the lag

period.

In attempting to relate the above humus (layer) properties to their
respective ecosystems, several relationships seem pertinent, In the
first place, Group I rroperties are related to the absence of vegetation
having low foliar contents of calcium and high concentrations of aluminum
(1.8« pines and hemlock). Group II properties are related to the presence
of at least 30% pines and/or hemlock (of total basal area), Group III
properties are related to the prevalence of low N red pine foliage.

The occurrence of pH valuss above 5.0 coincides with relatively high
exchangeable Ca or Mg which is in turn related to the prevalence of
vegetation having high foliar contents of these elements (i.e. red oak
and sugar maple on Sites A3 and B2, sugar maple and black cherry on
Site D1 and balsam fir on Site Al). C/N retiocs greater than 20 are
related to the presence of 7% or more red pine.

In summary, it is postulated that the specific charecteristios of
tree foliage which are most strongly related to hums type, nitrate and
crenic acid production are ths Ca/Al ratio and the ¥N content., Ca/Al
raties and ¥N values may be subject to same error dus to inadequate
replication; also these values may change with a change in site
conditions. Comparisons between species may be justified, however,
since the calcium values do not seem out of line with the ranges
reported in the literature and one site for each species contained
carbomates within the root sone. The values indiocate two distinct
groupings of species with respect to their foliar 6a/Al retios and
two distinct greupings with respect to total Ne On these bases, the
species are divided into four groups (see Table 12),
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TABIE 12, FOLIAR COMPOSITION GROUPINGS OF SPECIES

Carbonates
Foliar Basis for in Foliar Foliar
Group  Grouping Species Root Zons Ca/Al %N
I High Ca/Al-  Sugar Maple + 367 1460
High N Red Ok + 235 1.96
Yellow Birch + 200 2432
I High Ca/Al-  Balsam Fir + 319 1,07
Low N
I11 Low Ca/Al- White Pine + 80 1.19
Low N Anerican Beech + ™ 1.13
Red Pine + 70 0492
White Pine 0 2, 1.23
Red Pine 0 )] 0.52
v Low Ca/Al- Eastern Hemlock + 27 1.77
High N

The presence of stands containing no species in Group III and Group
IV is correlated with the presence of relatively well-developed mull
humus types which have pH values greater than 5.0, ratios of exchangeable
Ca to extrectable Alp03 greater than he0 and produce no crenic acid when
incubated and leached. The presence of stands containing less than 20%
(of total basal area) of species in Groups III and IV is correlated with
the production of relatively large amounts of nitrate and short mitrifi-
cation lag periods. The presence of stands on carbonate-containing sand
soils supporting more than 30% Group III and GrouplV species is carrelated
with the existence of extremsly acid mor humms types which produce crenie
acid profusely and for an extended length of time when incubated and
leached in the laboratory. On a sand soil containing no carbonates, a
pure stand of red pine was associated with a humus type classified in
this study as a shallow sand mull which was extremely acid and exhibited
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& sustained but low rate of crenic acid production. The presence of

stands containing more than 307 hemlock is correlated with the most
acid and thickest mor humus types in the study, whether or not carbonates
are present in the profile,

Extractable Iron and Alumimm in Soil Horisons

Profile distributions of extractable iron and aluminum percentages
are grephically shown in Figure 29,

Profile Al shows no sign of sesquioxide eluviation and illuviation
but a slight increase of sesquioxides is evident toward the surface where
some weathering seems to have taken place and where foliar iron and
aluminum has probably accummlatede The calcium-satureted mull humms and
the lack of crenic acid production are possibly responsible for this
type of sesquioxide distribution.

Profiles A2 and A3 show definite sesquioxide maxims below relatively
thin eluvial horizoms. The inception of Podzol formation in these pro-
files correlates with the presence of upper humic horizons which produce
erenic acide The concentretion of iron is greater than that of aluminum
in every horison and profile maxims of iron are more pronounced than
those of aluminum.

In Prefiles El and B2, extractable sesquioxide maxime and percentages
are greater than in the younger profiles., The Bl mrofils, however,
contains much higher concentrations of extrsctable iron and alumimm in
the lower part of the solum (Iib horizon) than the B2 profile does. In
addition, the maximum extrectable Al concentration occurs in the lower I
horizon ef Profile Bl but in the uppermost I horison of Profile B2.

Iaboratary studies indicate that orenic acid production by the Ch
horison of Profile El is quite profuse and sustained. The relatively
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FIG. 29
PROFILE DISTRIBUTIONS OF EXTRACTABLE SESQUIOXIDES
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deep leaching of carbonates and the solubility of aluminum and iron in
this profile may be a direct result of prolonged crenic acid production,
The estimmted total amount of extractable sesquioxides in the illuvial
sones (see Table 13) is directly related to the depth of leaching among
all the profiles having a calcareous P or U horizon. The data of Wright
and Schnitser (1963) indicate that Fe-organic matter is considerably
more susceptible to flocculation by Ca and Mg than is Al-organic matter
and they suggest that the latter will consequently move deeper in the
profile providing most of the free functiomal groups have not becoms
bonded with polyvalent cations. The recycling of aluminum in Ecosystem
Bl is undoubtedly greater than in Ecosystem B2, It therefore seems
logical that more Al-organic matter complexes have been farmed in the
upper horizons of Profile Bl and that they have been able to migrate
more deeply than in Profile B2 as a consequence of a greater number of
functional groups (provided by crenmic acid), a lesser amount of recycled
Ca and Mg encountered in the upper part of the solum and deeper leaching
of the carbonates,

The decided dominance of extractable iron over extractable aluminum
in every horizon of the A and B profiles is apparently a function of the
lower solubility of alumimum in these relatively young soils as well as
the greater ease of formation and flocculation of organo-iron complexsse

All the A and B profiles are charaecterized by having P and/or U
horiszons which contain carbomates. Extractable aluminum is nil in these
horizons but extractable iron is invariably present in concentrations
ranging from 0.,12% in Profile B2 to 0.27% in Profile Blj these values
probably represent "free F0203". The calcium and magnesium present in
these horizons, and in the W horizon (pH 7.0) of Profile A3, may be
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capable of flocculating dowrmard moving sesquioxide-organic matter
complexes in the manner described by Wright and Schnitzer, That these
horisons are directly below illuvial horizons seems to support this
contentions In the B site profiles the sesquioxide build-up in the
upper part of the illuvial sone may reflect the flocculating effect
of the sesquioxides already precipitated or it may result from the
higher redox potentials in the lower illuvial horizons (see McKenzie
ot al., 1560).

The C and D profiles contain no free carbonates within 1l feet of
depth and the W horizons are redder than the sub-solum horizons of the
young profiles. Associated with these characteristics are values of
extractable aluminum which are much higher than in the younger profiles.
The mracub.:l.o iron and aluminum distributions in Profils Cl are quite
similar, with almost equal concentrations of both elements in the
illuvial horizon. Although this type of pattern is unique in this
study, it is very similar to those in Franzmeier's three youngest
profiles., All four of these profiles are (or were recently) occupied
by dominantly coniferous trees which have relatively high foliar concen-
trations of alumirmm (especially on acid sites). The comparable valuss
of extractable iron, on the other hand, is probably a function of the
greater rate of formtion and flocculation of organo-iron complexes.

Profile C2 shows that the upper illuvial horison (Ihib) has a
decidedly higher concentretion of extractable iron than aluminum
whereas the three illuvial horisons below the Ihib have higher concen-
trations of aluminum than of iron; this is particularly true of the
disjunct tongues of ortstein (Thbic) which altermate laterally with
areas designated as Ibi horison. The ortstein and lower illuvial
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horigzons of Franzmeier's Kalkaska sand also exhibit the dominance of
extractable aluminum. The pre-lumbering vegetation on both these sites
indicate a long-sustained prevalence of coniferous vegetation. High
foliar aluminum contents are indicated by the prevalence of hemlock and
the extractable aluminmm concentration of the Ch horizon of Profile C2;
this horiszon contains the highest concentration of extractable alumimm
of all the upper humus horizons studied,

Profile D1, the oldest chronologically, contains the most pronounced
extractable iron maximum in the sequence of soils studied. The peak
concentration occurs in the middle illuvial horison (Ihib2), however,
thus differing from the pattern exhibited by Profile C2 where the peak
occurred in the upper illuvial horizon (Thibl). The upper illuvial
horizon of Profile D1 shows a surprisingly low concentretion of extract-
able aluminum, the order of magnitude resembling those of the B profiles
which are less than half as old chronologicallye The lower illuvial
horizon (Ibi) contains higher concentrations of aluminum than of iron,
but both elements are present in lower percentages than occur in the
Iib horison of Profile Cl and the Ibi of Profile C2, Franzmeier's
Blue Iake I (moderately developed Podsol under northern hardwoods)
resembles Profile D1 by also having umsually low percentages of
extractable alumimmm in the upper illuvial horison and a dominance of
aluminum over iron in the lower illuvial horizon (i.e. of the Podzol
sequum). Data presented previously indicate that sugar maple and
possibly other northern hardwoods have higher concentrations of foliar
iron than alumimm thus it is reasonable to assume that iron is
selectively removed from the illuvial horisons by these species and
returned to the soil surface via leaf fall, Subsequent mobilization
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of this re-circulated iron may not result in its return to the horizon
from which it was extracteds The data of Bloomfield (1957) indicates
that sesquioxide-organic matter complexes are immobilized by their
sorption on sesquioxides already present, This mechanism, coupled with
selective extraction of iron, could result in a redistribution of iron
within a profile (and perhaps the formation of a new upper illuvial
horison) without the necessity of additional iron-release from mineral
weathering,

Total extractable sesquioxides should be more indicative of the
degree of Podzol development than mere concentrations. Accordingly,
Table 13 gives illuvial zone totals, solum totals, 53-foot profile
totals and 8-foot profile totals, These computations indieate that
extractable sesquioxides in the illuvial zone and in the solum increase
with the thickness of the solum in the A and B profiles, Profile
totals, however, decrease with increasing hardwood occupancy within
each age group of soils, An inspection of the data shows this decrease
to be due to a decrease in the concentration of extractable iron in the
sub-solum horisons. In the older soils, the greatest quantity of both
sesquioxides is present in Profile Cl (100% pines), the only "weakly®
developed Podzol in this groupe In this group, extractable aluminum
in the illuvial zones decreases _':I.th increasing bhardwood occupancy
regardless of soil age similarities or differences. This arder of
decreasing alumimm is also the order of increasing concentrations
of extrectable iron in the upper illuvial horisons (Ihib horisons).

Available Phosphorus in Soil Horizons

Profile distributions of available phosphorus are shown in Figure

30.
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FIG. 30
PROFILE DISTRIBUTIONS OF AVAILABLE PHOSPHORUS
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In Profile Al, available phosphorus is present in lower concen-
trations in the V horizons than in the primary material; in fact, the
greater the organic matter content the lower the concentration of
available phosphorus. In the soils producing erenic acid, however,
the distribution of available phosphorus is quite different; in these
soils, the upper humis horizon invariably contains concentrations
which are at lsast twice as great as that of the underlying primary
mterial, Distinct maxima of available P occur in all the illuvial
sones with highest concentrations in either the Ibi (or Iib) horizon
or the Ihbic (ortstein) horison,

Concentrations of available P are about twice as high in the non-
calcareous W horizons as in the calcareous primary materials.

Estimates of total availabls phosphorus by profile zones are shomn
in Table 1k,

TABIE 1, ESTIMATED POUNDS PER ACRE OF AVAILABLE PHOSPHORUS

#Avail.P/A in  #Avail,P in
Profile 1b.P/illuvial sone/A 1b.P/solum/A 5%-foot profils 8-foot profile

A - 8 128 187
A2 L5 57 8l 98
A3 la 50 131 a3
Bl 151 163 193 225
B2 222 245 302 347
cl 22 22 350 L5k
c2 259 282 339 | L37

D1 a3 22, 331 k26
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While available P concentrations do not show an increase with age,
estimated totals do show a general increase. If available P totals
are averaged for each age group, an increase would be apparent up to
the oldest group at which point a decrease occurs. Such & decrease
was also present in the moderately developed Podzols of Freanzmeier's
study. Fransmeier suggests that the decrease might be due to either
increased removal of Bray's available P by vegetation or conversion
to forms not extractable by Bray's solution (i.e. calcium phosphate
and/or iren phosphate)e.

The stand of sugar maple and black cherry at Site D1 probably has
a dry weight of about 270,000 pounds per acre.* Shanks et al. (1961)
caloculated that American beech trees (total above-ground parts) contained
about 0.03% phosphorus. Since sugar maple foliage has higher concen-
trations of phosphorus than beech, perhaps 0.04% phospharus is a
reasonabls figure for the average phosphorus concentration of the
whols tree. Using the above figures, the standing crop of trees
would contain about 108 pounds of phosphorus per acre (71 pounds if
0.03% is used). A standing erop of pines such as that on Site Cl
would likely not comtain more than about 20 pounds per acre (vide
Ovington, 1956). The unsampled litter and 2% inch thick F layer (Of
borison) on Profile Cl, however, could contain as mmch as 30 pounds
of phosphorus per acre (vide Alway et al., 1933 and Trimble and ILull,
1956) The litter at Site D1 was very thin with no F layer at all at
the time of sampling, thus non-soil phosphorus in the D1 ecosystem was
mostly in the standing erop. From these figures, it seems possible

*Based on relationship of basal area per acre to dry matter—
DBH relationships established by Shanks et ale. (1961) for American
beech and yellow birch,
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that the lower available soil phosphorus in Profile D1 as compared to
Profile Cl could be due to the differences in standing crop content of
this element, However, in this soil, low concentrations of available
P are found in the Vh horizons having exchangeable calcium contents
greater than 3000#/AFS (these are also horizons which produce no crenic
acid). Since Profile D1 is found under an almost pure stand of sugar
mple, a tree having relatively high foliar concentrations of phosphorus,
there should be some reflection of the high foliar P in the Vh horizons
unless such phosphorus is in a form which is not extrectable by Bray's
solution,

The surface horizons having less than 3000#Ca/AFS all have available
phosphorus concentrations which vary directly with their ability to
produce erenic acid in the laboratory and to a lesser extent with the
foliar P content of the vegetation occupying the sites,

The above relationships between exchangeable calcium and available
phosphorus also apply to some extent to the illuvial horizons. For
example, the illuvial horizons having the lowest exchangeable calcium
concentretions (Cl-Iib, Cl-Ihib, C2-Ihib and C2~Ihbic) have an average
available phosphorus concentration of 77#/AFS while those having the
highest exchangeable calcium concentration (Dl-Thibl and Thib2) contain
an average of only 20§/AFS.

Exchangeabls Potassium in Soil Horizons

The highest concentrations of exchangeable K, by far, are found in
the upper humic horisons of all profiles except D1 which has a double
maximm shared by the Vh2 and the Ihib2 horigons, The Vhl horizon of
Profile B2 contains by far the highest concentration of any horison in

the entire group of profiles, The lowest values per profile do not
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consistently occur in any particular horizon. The absolute lowest value
occurs in the lower solum of Profile C2.

In the younger soils (A and B profiles), exchangeable K in the upper
bhumic horizons increases with the stage of plant succession in each age
groupe In the A profiles this also means an increase with the organo-
chemical (illuvial zons O.M. and sesquioxides) degree of Podzol develop-
ment, In the B profiles, however, organo-chemical Podzol development
varies inversely with the stage of plant succession thersfore exchange-
able K in the upper humic horizons varies inversely with the organo-
chamical degree of Podzol development in these profiles. Despite the
within (age) group differences the average exchangeable K values per
group increase directly with organo-chemical Podzol development and age.

Concentretions within the illuvial horizons of the C and D profiles
show an average increase with age and stage of plant succession but no
increase with Podzol development,

Estimtes of total exchangeable potassium per illuvial Zone, solum
and profiles (5% and 8 feet) are given in Table 15.

TABIE 15, ESTIMATED POUNDS PER ACRE OF EXCHANGEABLE POTASSIUM

# Exch, K/A in #M.K/Am # Exch. K/A in # Exche K/A in

Profile Illuvial Zone Solum 53-foot Profile 8-foot Profile
A - 17 266 388
A2 17 63 209 281
A3 3 (£ Lo5 687
Bl 195 32 556 799
B2 253 k6o 666 828
cl Lk a9 L31 633
c2 L8 140 205 217
Dl 203 308 538 Tho
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These values indicate that exchangeable K in the solum of the
young soils increases generally with age and Podzol development, In
the B profiles, however, solum values increase directly with the stage
of plant succession but inversely with the organo-chemical degree of
Podzol development, The high values of exchangeable K in Profile B2
reflect, at least in part, the effect of American beech which has
higher foliar contents of potassium than all the other species
analyzed in this study (see Table 7).

The C and D profiles have lower quantities of exchangeable K than
do the B profiles pointing to the possibility that the older profiles
have lost some potassium or that the primary materials were endowed
with a lesser amount, Whils solum values do not consistently increase
with the stage of vegetation succession in the C and D profiles, the
climax stage (D1) is characterized by having higher amounts of exchange-

able K in the solum than the two earlier stages (Cl and C2).

Exchangeable Calcium in Soil Horisons

Profile distributions of exchangeable Ca concentrations are shown
in Figure 31,

The Ch or Vh horizons contain the maximm concentration in each
of the profiles. In the Podzols occupied by more than 50% hardwoods,
& secondary peak occurs in the illuvial horizons. In the Podzols
occupied by mostly conifers, no such illuvial sone peak occurs, either
as & result of gradually increasing valunes from the E horizon down to
the caloareous sub-solum horizons or because E horiszon concentretions
are similar to I horison concentrations (both being low), With ine
creasing age and development, Podsols with mor humus types show
gradual calcium desaturation in their Oh horizons while the opposite
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FIG. 3I
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is true for the upper humic horizons of hardwood Podzolse

Sub-solum concentretions are less than 110#/AFS in all the C and
D profiles despite large differences in solum concentrations betwsen
these profiles, indicating that either carbonate calcium has been
removed from depths considerably greater than the depth of solum
development or that the primary meterials contained no carbonates,
In the Delta-Alger County area, carbonates in sand soils camnot be
found within 54 feet of the surface unless the soils are younger than
3500 years (unpublished field descriptions made by the author and others
during soil survey operations).

Estimations of total exchangeable calcium in the various sones of
the profiles are shown in Table 16,

TABIE 16, ESTIMATED POUNDS FER ACRE OF EXCHANGEABLE CALCIUM

Profile TIlluvial Zone Solum  5%-foot Profile 8-foot Profile

Al - 1400 12,L6k 17,888
A2 359 1005 23, Thls 35,025
A3 23 662 5,090 8,647
Bl 1046 1507 8,189 15,101
B2 1435 2397 10,648 17,128
cl 3kl 748 1,237 1,705
c2 301 558 87 1,108
n 27k 37156 li, 246 L,678

On the youngest surfaces, solum totals tend to decrease with the
degree of Podszol development, No such relationship is evident in the
older profiles; here, the solum values are higher in the hardwood site
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Podzols (B2 and D1) than in profiles beneath dominantly coniferous
forests. The exchangeable calcium valus is lowest at Site C2 under
hemlock and at the B sites it is lower under hemlock (Bl) than under
red oak (B2),.

Exchl.ggeablo Magnesium in Soil Horizons

Highest concentrations of exchangeable Mg in each profile are
likewise found in the upper humic horizons. The absolute highest
concentretions are shared by the upper humic horizons of Profiles
A3 and B2,

Secondary peaks occur in the upper illuvial horizons of all the
Podzols except Profiles A3, Cl and C2, The most pronounced of these
peaks is found in Profile D1,

The highest sub-solum concentrations are found in Profiles A3, Bl
and B2 thus indicating that the hardwoods on A3 and B2 have been more
effective in adding Mg to the exchange complex of the upper humic
horiszons (see above) than the conifers on Site Bl have been,

Estimation of‘ total exchangeable Mg per genetic zone (in #/A)
and the concentration of exchangeable Mg per upper humic horison

(in #/AFS) are presented in Table 17,
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TABLE 17, ESTIMATED POUNDS PER ACRE OF EXCHANGEABLE MAGNESIUM

Upper Humus S3-foot 8-foot
Profile Horizons Illuvial Zone Solum Profile Profile
(#/aFs)

Al 108 - 50 L9 600
A2 99 12 39 203 28
A3 188 28 86 5 1050
Bl 115 10k 156 L3k 722
B2 170 162 246 613 901
Ccl 114 9h 129 242 350
c2 109 1l 3L 67 68
Dl 108 203 250 372 k80

In each age group, solum Mg is greatest in the predominantly hardwood
soils (A3, B2 and D1). The two sola with the absolute highest values are
found in the two profiles under 100% hardwood stands (B2 and D1).

Eight=-foot profile maxima correspond to mximum concentrations in
the upper humic horizons (A3 and B2), In other cases, however, upper
humic horizon concentretions do not reflect sub-solum quantities. In
fact, all the other upper humic horizons have essentially equal concen—
trations while their sola and profiles comtain quite variable amounts
of exchangeable Mg,

The exchangeable Mg content of Profile C2 is particularly inter-
esting, First of all, 97% of the exchangeable Mg in the solum is
located in the Oh horizon despite a relatively high comtent of
illuvial organic matter. Secondly, the sub-solum content is extremely
low, Perhaps related to this low content is the fact that with in-
creasing Podzol development under pines and hemlock, E horizon and
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upper I horizon concentrations decrease despite clay and organic matter
increases. The pollen profile of Three lakes Bog indicates that Profile
C2 has been dominated by such forests throughout the course of its
development, The piomeer forest of jack and/or red pine indicated by
the bog pollen would certainly not have been conducive to the maintenance
of high magnesium levels since these species have always been found to
have low foliar contents of bases. Succession to white pine would not
alter this situation greatly especially if the carbonates were deeply

leached prior to the succession,

Reaction _oi Soil Horizons

Profiles of pH variations with depths and horizons are illustrated
in Figure 32, The low values in the upper humic horizons of Podzols
beneath conifer stands (A2, Bl, Cl and C2) are quite obvious. In fact,
the upper humic horizons fall into three distinct categories: those
having & pH of L2 to 4.5 (A2, Bl, Cl and C2); those having & pH of 5.1
to 5.2 (A3, B2 and D1) and the one with & pH of 7.3 (Al)e The pH values
of 5.1 and over correlate with relatively high concentrations of ex=
changeable calcium (Al and D1) or magnesium (A3 and B2)e. These high
concentrations of exchangeable cations can be traced back to the foliar
composition of the trees occupying the sites, high calcium being attributed
to the predominance of either balsam fir (Al) or sugar maple and black
cherry (Dl), and high magnesium being attributed to the predominance of
red oak (A3 and B2).

The relationship of pH to nitrete and crenic acid production has
already been discussed,

With increasing development, Podzols with mor humus layers exhibit
increasing penetrations of very strongly and extremely acid reactions,
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such reactions reaching down to approximately 25 inches in Profile C2.

The lowest pH in the hardwood mull Podzols (B2 and D1) is L8 and
this pH occurs in the lowermost Vh horizon of both profiles. In Profile
D1, a pH of 6.1 is found in the Vh2 and the Ihbi2 horizons, precisely
coinciding with concentration peaks of exchangeabls K, Ca and Mg,

In all profiles except D1, a gradient of increasing pH values
occurs from the Vh2 or E horizon downwarde. The steepest gradients are
found in the profiles which contain an E horizon and a carbonate-=con=

taining P or U horizon,.

Mechanical Analyses of Soil Horizons

Distribution of the particle size fractions in the profiles studied
are shown in Figures 33 and 3L

The primary material (or slightly weathered W horizons) of all eight
profiles is composed of 98-100% sand (see Appendix); however, profiles
Al, A2, A3, Bl and D1 contain finer sand in their P or W horizons than
do the other profiles and the ortstein tongues in Profile C2 contain
finer sand than surrounding horizons,

The uniform distribution and low percentages of clay in Profile Al
indicate the lack of clay formation and movement,

Profiles A2 and A3 show some indications of silt having weathered
to clay with the subsequent movement of this frection into the Ibi
horisonse In the B site profiles, clay maxime are more marked than in
the younger profiles. Higher concentretions of silt in the Vh2 and Em
horizons indicate the possibility that sand is being weathered to silt
faster than silt is being weathered to claye. Clay concentrations in
Profile B2 (weakly to moderately developed Podzol with mull humus) are
considerably higher than those in Profils Bl (weakly developed Podzol
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with mor humus). In the C Site profiles, the gap between silt and clay
concentrations in the Em horizons continues to widen with the magnitude
being similar in both profiles. Clay concentrations in the I horizons
are marked but the Cl profile has a lower maximum than the B2 profile
which is chronologically much younger. The C2 profile has a maximum
clay concentration which is not exceeded by any other profile in the
group studied. The D1 profile exhibits the widest gap between silt
and clay concentrations in the Vh and Em horizons. The maximum
concentration of clay is almost identical to that in the C2 profils,
however. Silt concentrations in the D1 profile are high in the
horizons above the Ibi horizon, the lowest of these being higher
than the highest in any of the other profiles,

Clay maxime, where present, always occurred in the I horizons,
Where more than one I horizon was present, the maximum occurred in the
uppermost one of thesees This distribution is somewhat at variance with
the findings of Franzmeier (1962), inasmuch as the chronologically
younger soils in his study showed low maxima or co-maxima of clay
concentrations in the Vh horizonse

Estimeted amounts of clay (method of estimation outlined in
Chapter 9) in the illuvial zones of each profile are shown in Table 18,
These values indicate that I horisom clay increases with age with the
outstanding exception of Profile C2. Since conditions are extremely
favorable for cremic acid production (thick, extremely acid mor humus)
but unfavorable for complex immobilization by Ca and Mg, clay-crenic
acid complexes may have been leached completely out of the profile,
Studies made by Wicklund and Whiteside (1959) indicate th.at clay
destruction or eluviation may be more active than clay formation and
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illuviation in somes mor humus Podzols in New Brunswick, Although the
New Brunswick soils were silt loams, their solum morphology and pH
values were similar to those of Profile C2, The sub=solum material

was also carbonate~free as in Profile C2.

TABLE 18, ESTIMATED POUNDS PER ACRE CF CLAY IN ILLUVIAL ZONES

Profile Clay(1b/A)

Al -

A2 6,035
A3 13,709
Bl 71,299
B2 65,863
cl 117,815
c2 52,177
Dl 122,059

The physical property which is most consistently related to chron-
ological age in both Franzmeier's and the present study is the percent
sand (of the< 2xm particles) in the uppermost minerel horison in each
profile, When these data from both studies are combined, the percentages
of sand for the 2500 year old and younger soils are 99.1, 99.0, 99.4 and
99.2¢ The percentages for the Laks Nipissing-aged soil (approximately
3500) of Franzmeier's study and the Upper Algome-aged soils (approximately
3000) of this study are very similar, being 97.k, 97«7 and 96+9« The C
profiles (assumed to be of Sub-Duluth age) in this study contain 95.6 and
94.i% while the lake Algonquin-eged profile (in Frensmeier's study) has a
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value of 92,54« These figures suggest a continuation of the same age-

percent sand trend since the Sub=Duluth deluge is assumed to have
occurred following the highest stage of lake Algonquine The D1

profils contains 90.5% sand which may indicate that the D1 moraine was
deposited before the highest stage of lake Algonquin subsided. The
sand percentages for the Blue Iake profiles in Franzmeiert!s study were
8Lh41% and 79.3%e These profiles should be the oldest chronologically
since they occur in moraines (either Valders or Port Huron) which lie
about 50 miles south of the D1 moraine, The low percentages of silt

in the sub-solum horisons of the older profiles and the general decrease
of silt dowrwards in the solum may reflect the relative intensity of
physical weathering with depth as suggested by Franzmeier (1962) or they
my represent additions of aeolian silt to the surface with subsequent
down-drifting as suggested by Olson (1958)e Plotting the percent silt
of the uppermost mineral horizons against time produces a sigmoid curve
with a plateau between 2500 years and 10,000 years (writer's estimate
of the age of the Sub-Duluth surface based on Broecker and Farrand‘'s
echronology), a result that might be expected if hydrolysis and other
moisture-dependent weathsring processes were less prevalent during

lake Chippewa to lLake Nipissing times. A similar curve is shown in
Olson's paper. Additional research especially designed to elucidate
these relationships is needed since weathering of sand to silt and clay
as well as loess depositions may be involved.

Soil Differences Associated With Cliserel and Successional Trends on

Each Site
Profile Al (Regosol) reflects the short time and slow rats of
weathering talking place under neutral to alkaline conditions maintained






180

by the presence of calcium-rich balsam fir foliage and free lims,
Although low in fertility, Profile Al shows evidence of increasing
fertility in the Vh horizons except for available P, The mull humus
characteristic of the juniper thicksts in the dune heath zone* is
somewhat more shallow in Profile Al, pointing to the possibility that
greadual destruction of the Vh horizon is taking place. No illuvial
horizon is present in the currently developing solum above the pVhe.
Profile A2 (very weakly developed Podzol) reflects a more rapid
rate of weathering taking place beneath a strongly acid mor husus which
releases crenic acid upon being incubated and leached with water in
the laboratory. The dominance of calcium-poor pins foliage (which also
has a low foliar Ca/Al ratio) is related to the occurrence of this
hums type apparently at the expense of the entire upper part of the
former dune heath Vh horizon which may have contributed humus, by
eluviation and illuviation, to the horizons below. In this profile,
8ilt and clay maxims are definitely present in the illuvial horizon
along with a peak in extractable iron and aluminum, available P,
exchangeable Mg and K, and organic matter. The simumltaneous occurrence
of these maxima in the illuvial horizon along with the occurrence of
crenic acid production in the Oh horison strongly suggests that crenic
acid is at lsast partially responsible for this profile &evelopmnt.
Profile A3 is a very weakly developed Podsol which is, howsver,
somewhat more strongly developed than Profile A2 (on the basis of
illuvial zone totals of organic matter and extractable sesquoxides).
The composition and age stratification of the stand at Site A3 (red oak,

*rerminology used by Cowles and Gates (vide Olson, 1958).
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pioneer sugar maple and relict white pine) suggests that red oak invaded
& former pine stand (since white pine can be found on unaltered calcareous
beach sand in this area while northern red oak cannot be) and paved the
way for northern hardwood encroachment by altering the nature of the humus
types charecteristics of foliage and humus-containing horizons indicate
that the alterations were in the form of increases in the content of
calciuvm, magnesium and nitrogen with a related increase in pH, In turn,
these alterations are related to a decrease in crenic acid production
and an increase in nitrate production (as compared to Profile A2).
Profile Bl is a weakly developed Podzol (with respect to color of
the upper illuvial horizon) which apparently has always been occupied
by dominantly coniferous forests following the dune heath stage, The
structure of the present forest indicates that it has developed from a
seral stage similar to that at Site A2 (i.e. & change from white and
red pine dominants to white pine, hemlock and yellow birch dominants).
The invasion of hemlock introduces foliage which contains relatively
high concentrations of aluminum and has the lowest Ca/Al retios of any
foliage in this study which was collected from trees growing on soils
having carbonates within 3% feet of the surface. In addition hemlock
foliage contains higher concentrations eof all the major nutrient
elements than the foliage of the pines on Site A2, The encroachment
of yellow birch introduces foliage having compareatively very high
concentrations of calcium and iron, However, the dominmance of pine
and hemlock foliage plus sustained production of crenic acid probably
has precluded any rapid build-up of bases in the surface horiszons,
The high concentrations of extrectable iron in the Ihib horison,
though, may be in part a reflection of biologically circulated iron.
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Profile B2 is a weakly to moderately developed Podzol which has
undergone & more rapid build-up of solum fertility and upon which
forest succession has proceeded more rapidly than in the case of
Profile Bl, Scattered relict yellow birches (none on plot itself)
and huge old red oaks (up to 36 inches, DBH) suggest that these two
species invaded the former coniferous stands and paved the way for
succession to the present forest of red oak and mixed northern hard-
woods. The flood of bases brought into the surface horizons by these
species has certainly been instrumental in forming & well-developed
mull humus which has all but completely concealed the Em horizon
(which is only present in small disjunct spots or patches just above
the Thib horizon). As & consequence, the comcentration of all the
ma jor plant mutrients is much higher in the surface horizons of this
profile than in those of Profile Bl; crenic acid production is less
and nitrification is much greater in B2 than in Bl, The degree of
Podgol development, based on the sum of illuvial totals of extractable
sesquioxides and organic matter is less in Profile B2 than in Profile
Bl. The factors that could have been responsible for these different
rates of ecosystem succession are: (1) the shallower U horizon and
coarser texture of Profile B2 (2) the more humid climate but possibly
warmer micro-climate at Site B2 and (3) the greater availability of
hardwood species able to encroach on and succeed earlier seral stages
at site B2,

Profile Cl is a weakly developed Podzol which has evidently sup-
ported pines for about 10,000 years (based on pollen analysis strati-
grephy in a peat bog near Site C2). This simple regime (jack to red

and white pines) has not resulted in the conservation of much of the
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calcium supply that is assumed to have been originally present. While
fertility has not been favored, the illuviation of extractable sesqui-
oxides and organic matter has been. Foliar analysis indicates that
large amounts of aluminum are being circulated in this ecosystem;
possibly related to this is the strong acidity of the profile and the
large quantity of extractable aluminmum in the illuvial horizons,
Carbonates are not present within 1 feet of the surface which means
that any recent illuviation of sesquioxides and organic matter did not
occur as a result of the presence of carbonate Ca and Mg,

Profile C2 is a moderately developed Podzol which apparently sup-
ported pines for an estimated 6500 years (Sub~-Duluth stage in Lake
Superior basin to lake Nipissing times), then becams occupied by
gradually increasing amounts of hemlock and yellow birch along with
smaller amounts of red maple and beech. The more advanced stage of
plant succession on Site C2 as compared with Site Cl 1s associated
with a greater amount of solum organic matter and total nitrogen.

The profile also differs from that of Site Cl by having a thick mor
husus and an illuvial sone which is darker, contains more organic
matter and has a higher extrectable alumimum content than extractable
iron. The thick mor hums is related to the dominance of hemlock; the
high a.-ount of illuvial organic matter is related to the more favorable
conditions for crenic acid production (i.e. mor bumus with high organic
matter and total nitrogen content); the darker color of the upper two
illuvial horizons is related to the increase in organic matter content
but my be just as dependent on the manganese content (as suggested by
the studies of Pol'skiy, 1961) resulting from an increase in the
biological circulation of that element by red maple and beeche The
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high amount of extracteble aluminum is correlated with (1) the high
acidity of the upper solum which increases aluminum solubility and
availability and (2) the fact that pine and hemlock foliages contain
13 to 3% times more alumimum than iron thus relatively high amounts
of aluminum may be retained in the ecosystem and become concentrated
in the illuvial horizons by cheluviation and precipitation or other
means, Using the follar composition of the pines from Site Cl and
for hemlock and yellow birch from Site Bl the amount of aluminum
phyllocycled by these species during profile C2 development can be
estimateds On these sandy sites 2000 pounds per acre is a reasonable
estimate of amual leaf fall for pines (vide Scott, 1955)s If red
and white pine are assumed to have been present in equal proportions
during the first 6500 years, the figure of 120 ppm of Al can be used
for the calculation; this is equivalent to 0.2 pounds per acre per
year and would amount to 1560 pounds per acre for a 5000-year period.
If the forests for the remaining 3500 years are assumed to have had
fairly equal proportions of white pine, hemlock and yellow birch,
the average valune of 139 ppm of Al can be used for the foliar content;
this would amount to about 028 pounds per acre per year and in 3500
years, about 980 pounds would have been cycled onto the soil surface.
For the entire period of soil formmtion, the estimated amount of Al
phyllocycled is 2540 pounds per acre, about 11% of the extrectable
aluminum per acre in the illuvial sons, If the average longevity of
the trees which formerly occupied this site was 200 years and the
aluminum in the rest of the trees was three times as great as that in
the foliage, an averege of around .4 pound per acre per 100 years would
be added from this source, amounting to a 10,000 year total of only LO

pounds per acre.
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Much of the phytocycled aluminum in the estimated 2540 pounds was
probably cycled more than once, thus the actual addition of aluminum by
the vegetation to the solum has probebly been small, The same would be
trus for iron since the present data indicate that a long history of
pines would result in the cycling of even lesser amounts of this
element, Intre-solum trenslocation, however, may be of some consequence.
For instance, the predominance of pine and hemlock for 7500 years could
result in the translocation of enough aluminum from the Ibi to account
for that found in the Thib, In the case of the pines, the ratio of
foliar aluminmum to foliar iron seems to increase as solum acidity
increases; if this is true of hemlock and yellow birch as well it would
increase the foliar alumimm values that should be used in the above
calculations, Yellow birch and beech trees have high foliar concen=—
trations of iron and their invasion into a pine forest may result in
the translocation of relatively large amounts of this elsment to other
parts of the profile thus leaving extrectable alumimm dominant in
horisons having high concentrations of birch and beech rootse

Profile D1 is a moderetely developed but more highly base-saturated
Podsol than the others., It evidently supported spruce and fir during
the first 1000-2000 years or more of its development. Beoause of ths
shade intolerance of jack and red pine (Kramer and Koslowski, 1960) and
the fertility status of the soil, a warming climate very likely favared
the invasion of the more shade tolerant white pine. Subsequent
succession from white pine forests to hemlock and yellow birch forests
to sugar maple, beech and black cherry forests has evidently taken
place, The maintemance of a high soil calcium content by spruce and
fir may have been influential in determining the course of cliseral
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and successional changes and soil development. Hardwood encroachment,
however, may have begun before the carbonates were leached beyond the
reach of their roots, In this event, yellow birch could saturate the
surface horizons with calcium and magnesium thereby bringing the humus
layer pH within the optimum range of sugar maple and black cherry
seedlings (see Wilde, 1958)e Continued increases in the percent base
saturetion of the solum has evidently resulted in the cessation of
crenic acid production and promoted the formation of a well-developed
mll humus,

Nutrient Pool Relationships

When the soil profile data are compared and combined with an esti-
mate of the standing tree crop on each site (Table 19) it is readily
seen that the site sequence Al, A2 and A3, is characterized by tree
ocrops having rapidly increasing amounts of calcium, magnesium and
potassium with more slowly increasing amounts of phosphorus, These
tree crop increases are accompanied by repid solum decreases in ex-
changeable Ca and fairly rapid increases in exchangeable potassium.
Tree crop magnesium continues to consistently increase directly with
the stage of plant succession on the B sites despite a decrease in
basal area per acre.

On the older sites, tree erop calcium, megnesium, potassium and
phosphorus all increase directly with the stage of plant succession
but with no consistent increase in individual available solum nmutrients.

More available P is present in the solum of each Podsol than is
estimated to be in the respective tree crop. Exchangeables K in the
solum, however, is less than tree crop K in all the A site profiles
and in two of the older profiles (C2 and D1). A heavy cutting or two
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TABIE 19+ NUTRIENT POOL ESTIMATES*

Site, Est. Dry
Vegetation Ecosystem Weight of
and Soil  Components  #Ca/A #Mg/A #K/A #P/A Stand (#/A)
Site Al: Standing Crop 183 23 76 2 99,090
Balsam Fir--Solum (173*) 1400 50 17 8
Regosol 5%' Profile 12,464  L19 266 128
sand Crop&Profile T2‘,EE7 L2 32 19
Site A2;  Standing Crop 289 36 122 29 131,890
Pine— g;lxm (12%") 10?3 39 63 gg
Eastport ' Profile 23,7 203 209
sand Crop&Profile 24,033 239 B I3
Site A3: Standing Crop 380 63 198 36 165,000
Red Oak--~ Solum (38%) 662 86 173 50
Eastport  5%' Profile 5090 5 Los 131
sand Crop&Profile ~ 5470 208 %3 187
Site Bl:  Standing Crop  L89 65 263 Sk 223,850
Hemlock-—- Solum (LO*) 1,507 156 321 163
Rubicon = 5%! Profile 8,189 L3l 556 193
Eastport  Crop&Profile 8,678 L99 819 47
sand
Site B2:  Standing Crop L8k 8 21 sk 190,900
Red Oak— Solum (26%) 2397 26 k6o 2,5
East Iake 53! Profile 10,648 613 666 302
sand Crop&Profile II:FZ o1 %07 3%
Site Cl:  Standing Crop 2.5 29 ns 29 1k, 000
Red Pine— Solum (35%) 7L8 129 219 242
Rubicon 5%t Profile 1237 242 431 350
sand Crop&Profile o BLé kXi)
Site C2:  sStanding Crop 32k L3 179 36 156,830
Hemlock— Solum (38%) 558 3L U0 282
Kalkaskk  5%' Profile 787 67 % 33k
sand Crop&Profile TI0 3
Site D1 Standing Crop 735 117 327 108 270,000
SugarMaple—Solum (314") 3756 250 308 224
Kaliaska  5%' Profile L2L6 %g% %g 331
sand Crop&Profile ~ L9B1 L3y

*see Appendix IV for oalculationse
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in the stands on the older soils might result in a drastic lowering of
exchangeabls K such as has occurred in Wisconsin (Wilde, 1958). A similar
reduction of exchangeable Mg in Ecosystem C2 might also be expected should
such a preactice be pursued without artificial replenishment,

Relationships Between Podszol Development, Time, Plant Succession and

Solum Fartilitz

If degree of Podzol development is based on totals of illuvial organic
mtter and extractable sesquioxides, Tabls 20 shows relationships between
these criteria, morphological degree of development (based on color profile
development), age, successionmal stages and solum fertility.

TABIE 20. RELATIONSHIP BETWEEN AGE, SUCCESSIONAL STAGE, MORPHOLOGICAL

DEGREE OF PODZOL DEVELOFMENT, ILIUVIAL TOTALS OF ORGANIC
MATTER AND EXTRACTABLE SESQUICXIDES AND SOLUM FERTILITY

Approx. #/A Solum
Soil Successional Stage Morphe Illuve Extr.Il1ls Ill. Fertil=-
Site Age  and Major Domimants Devels O.kie  RpO3 Totals ity*

Al 2500 I-Balsam Fir 0 0 0 0 2127
2500 I-WRR Pines Ve.Weak  55L8 3914 950 2704
A3 2500 II-R.OakiW.Pine VeWeak  636L  6L50 12,814 2510
Bl 3000 IIT-E.H.,Y.B.4W.P. Weak 12,120 56,010 98,130  L79%

R

B2 3000 IV-HeOe, SMe W=M 19,628 26,808 L6,L436 6650
Cl 10,000 II-Red Pine Weak  l1,762 56,245 98,007 3056
c2 10,000 IV-E.H.,Y.Be,R.M. Mode 54,356 UL3,856 98,212 5733
DL 10,500 V-=SelMe, BeCe Mode 57,753 Lh,233 101,986  8L433

%sum of total N, available P, exchangeable K, Ca and Mg in #/Ae
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These data show that Podzols which are moderately or weakly to moderately
developed morphologically are associated with advanced stages of suc-
cession which involve the presence of maple, These advanced stages of
succession are, in turn, related to a high state of solum fertility. The
morphologically moderately developed Podzols are assumed to have been
dominated by pines for at least L500 years during the earlier stages of
their development., The later vegetational sequences are related to the
fact that these soils have the highest illuvial organic matter contents
of all the soils studied. Extractable sesquioxides in the illuvial gzones,
however, are greatest in Podzols which are weakly developed morphologi=-
cally (as at Site Cl) and support dominantly coniferous stands which
contain no maple or beeche In the case of Profile Bl, this illuvial
development and the beginning of the later stages of vegetatioml suc-
cession has taken place in only 3000 years., If the sum of the illuvial
organic matter and the extrectable illuvial sesquioxides is used to
determine the degree of Podzol development, it becomes apparent that
there are L moderately developed, one weakly developed and 2 very
weakly developed Podzols in the groupe. Three of these moderately
developed Podsols are presently occupied by pine and/or hemlock and
the fourth (D1) must have been similarly occupied betwsen the end of
the spruce-fir period and the assumption of dominance by northern
hardwoods within the last two to four thousand years.
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CHAPTER 1ll. SULMARY AND CONCLUSIONS

A chronoclimobiosequence study was made of eight relatively un=—
disturbed sand soil sites in Delta and Alger Counties in the Upper
Peninsula of Michigan. The ages of the geomorphic surfaces on which
these sites are located range from about 10,000 to less than 2500
years.

The climate of the Upper Peninsula of Michigan was analyzed by
means of water balance computationse Climatic comparisons were made
between the Podzol Region and the Gray-Brown Podzolic Soil Region of
Michigan and between zones within the Podzol Region. The Gray-Brown
Podzolic Soil Region is characterised by spring maxima of precipitation
while the Podzol Region has summer maxima or maxima which include the
month of September. Within the Podzol Region of the Lower Peninsula,
the zone of most strongly developed Podzols closely coincides with the
area having a mean fall precipitation of 9 inches or more and a mean
annual snowfall of greater than 60 inches, The latter characteristic
applies to all of the Upper Peninsula except for the ares west of Green
Bay. Computations indicate that in almost all of the areas having
these charsacteristics, fall precipitation exceeds fall potential
evapotrenspiretion by a considerable amount resulting in the attain-
ment ef field capacity in sand solls by the end of November in an
average year.,

It is suggested that the increased abundance of white pine in the
Podzol Region is favored by increases in soil moisture late in the
growing season. The relatively large precipitation to evapotranspireation
ratios from September through November are also thought to be partly
responsible for some fall leaching in all soils and a particularly deep

190
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leaching of sand soilse It is concluded that the insulation provided by
an early and persistent snow cover significantly retards or prevents soil
freezing (meny chemical, physical and biological processes could thus
contime even during the winter when the average air temperature is below
freesing).

To gain some information concerning the vegetation present through-
out the formation of a well-developed, well-drained sand Podzol, a peat
bog surrounded by Kalkaska sand was sampled for pollen analysise. Pine
pollen constitutes over 60% of the total tree pollen in the lower three-
fourths of the peat bog column. The lack of a spruce-fir maximmm at the
bottom of the column is attributed to the late emergence of the surround-
ing land areas from beneath the spillway waters of glacial Iake Duluth,
The upper one-fourth of the column is characterized by increasing
amounts of hemlock and birch pollen, a substantially higher percentage
of spruce and fir pollen and a somewhat higher percentage of beech and
mapls pollen.

Percentages of pollen grains alone do not give the true percentage
composition of the successive floras here but when these data are
combined with the analysis of current forest composition in the sur-
rounding area, they indicate that early soil development in the area
took place bensath forests dominated by pine. Thus forest succession
from pine to the present hemlock-northern hardwood forest in the
surrounding area apparently took place during the time of deposition
of the upper one-fourth of the peat column. The pollen percentages
in the upper one~fourth of the peat column also indicate that the
climte during the deposition of this part of the peat was cooler
and/or more moist than during the accumlation of the lower portions
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of the peat, especially the middle one-third. These lines of evidence
imply that both cliseral and successional changes in vegetation have
occurred during the development of the surrounding soil body of
Kallaska sand. Since pine forests are usually associated with less
well-developed Podzols, it is suggested that the well-developed
character of this Kalkaska sand was formed under the conditions of
the late post-glacial climate and vegetations

A composite foliage sample was collected from one tree of one or
more representative species on each of five plotse Although the lack
of replication and the collection of current conifer needles limit
interpretations, chemical analyses and corroborative evidence from
the literature indicate: (1) that the pines contain less foliar
calcium than any of the other species sampled, (2) that the order of
decreasing foliar calcium concentrations for some other important
species is yellow birch, sugar maple, American beech and eastern
hemlock, (3) that the pines contain lowsr concentrations of foliar N
than sugar maple and yellow birch and (L) that maple foliage contains
comparatively high concentrations of manganesee.

Results from the present study alone also indicate that red pins
contains similar amounts of foliar calcium, magnesium and phosphorus
when growing on sand soils having a considereble range of exchangeable
and/or available forms of these elements. A single composite sample
of balsam fir foliage from one tree contained a concentration of calcium
which was about four times as great as those of single samples of red
and white pine foliage when all three species were growing on young
soils developed in calcareous sande. A yellow birch foliage sample
contained much higher concentrations of Ca and Mg than any other
sampls and a sugar maple foliage sample was outstanding with respect
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to high phosphorus concentrations. A hemlock sample contained a much

higher concentration of aluminum than any other sample. The relatively
great aluminum cycling ability of hemlock is corroborated by the
consistently high extractabie Al concentrations in the Oh horizons of
soils under stands containing hemlocke

Based on the evidence, it is concluded that the presence of red
and white pines is not as conducive to the retention of ecosystem
calcium supplies as is the presence of balsam fir, white spruce or
northern hardwoods (with the doubtful exclusion of northern red oak).
Based on the present study alone, it is suggested that these pines also
are not as conducive to the retention of ecosystem magnesium supplies
ag are the hardwoods sampled in this study.

Both species of pine contained significantly more foliar manganese
and aluminum when growing on a well-developed acid Podzol than when
growing on & weakly developed Podzol containing carbonates within a
foot of the soil surface.

Soils at the study sites were described and profile samples were
taken for laboratory analyses of physical, chemical, microbiological
and biochemical properties,

Direct microscopic counts of bacterial cells did not reveal a
cells-per-gram-of-sample maximum in the Vhl (mull humus) horiszon
studied when compared with an Ch (mor hums) horizon. However, there
were twice as many cells per gram of organic matter in the Vhl horizon
as in the Oh horizon. The Vh horizon contained vastly greater amounts
of actinomycete filaments than did the Ob horiszon even when expressed
on a per-gram-of-sample basis., Amounts of stained and unstained fungal
hyphae per gram of organic matter were greater in the Vhl horizon than
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in the Oh horizon, but on a per-gram~of-sample basis, fungal hyphae were

more prevalent in the Oh horizone The occurrence of higher quantities
of micro-organisms per gram of organic matter in the Vhl horizon was

associated with the higher calcium and nitrogen content of the organic
matter and its apparently greater susceptibility to mierobial attacke

Organic matter determinations indicated the presence of illuvial
maxima in all profiles having an eluvial (E) horizon. However, darker
colors of illuvial horizons were not always indicative of higher organic
mtter contents but were in some cases more closely related to the
presence of a considerable proportion of maple in the surrounding vege-
tation. The calculated weight of illuvial organic matter increases
generally with age but other factors were evidently responsible for
rather large variations from this pattern.

Total nitrogen varied directly but not always proportiomately with
organic matter content. When converted to percent N in the organic
matter, the resultant values were distinctly higher for the profiles
under hardwood-dominated forest types. Judging from the literature,
hemlock contains lower foliar nitrogen concentrations than associated
hardwoods. Hemlock and northern hardwoods (exclusive of beech) in
this study have distinctly higher foliar N values than the pines.

Thus it is eoncluded that total nitrogen percentages in the upper
mic (Oh or Vhl) horizons is dependent both on foliar nitrogen
concentrations and on the organic matter content.

Fulvie acid could be extracted from all Ch, Vh and illuvial hori-
sons but no quantitative determinations on this fraction were made,
Guaiacol and phenols were present in the humic acid freaction from both
Ch and Vh horisons. The humic acid fraction from an illuvial horizon
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of one of the well-developed Podzols contained no identified organic

compounds like those found in the same fraction of the Oh and Vh
horizons when subjected to the same thermo-decomposition and chroma-
tographic identification techniques

When Oh horizons (from mor and duff-mll humus layers) were alter-
nately incubated and lsached with distilled water, crenic acid®
production was profuse and sustained. The length of time of profuse
production was directly related to the organic matter content.
Production of erenic acid by Vh horizons was either not profuse or
not sustained. Vh horizons containing more than 3000 # Ca/AFS
produced no crenic acide Nitrate production was nil when crenic acid
production was profuse. Iogarithmic decreases in creniec acid pro-
duction were accompanied by logarithmic increases in nitrate pro-
duction and acidity.of the leachates,

It is suggested that some components of crenic acid end up in
the fulvic acid-containing illuvial horizons as a part of a flocculated
organo-mineral complex. Based partly on the studies of other authors,
it is concluded that most of the phenols present in the high calcium
horizons have been polymerized and rendered incapable of tanning
protein. The degree of Oh horizon development is believed to reflect
the amount of tamned protein present which, in turn, restricts the
mmbers and kinds of miecro-organisms and soil fauma present. It is
further believed that fungi are the primary attacksrs of the tanned
proteins and that until such time as the concentrations of these
tanning agents are considerably reduced, crenic acid production is

*crenic acid as used herein refers to the yellow, water-soluhle
lsachate produced by alternately incubating and leaching Oh and Vh
horizons in the laboratorye.
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profuse and ammonia oxidation by bacteria is inhibited.

Illuvial maxima of extractable sesquioxides apparently form in
originally calcareous sand in less than 2500 years under Oh horizons
which produce crenic acid on incubating and leaching in the laboratorye.
Extractabls iron is greater than extractable aluminum in every horizon
in every profile that is younger than 3500 years in this studye
Extractable aluminum is nil in calcareous P and U horizons whereas
extractable iron is present in concentrations up to 0.25%. Estimated
total extractable sesquioxides in the illuvial zones is greater in
one appraximately 3000 year old profile than in two of the older
(between 10,000 and 10,500 years old) profiles. Extractabls aluminum
exceeds extractable iron in the lower part of the solum in two of the
three older profiles and in the ortstein of ons of these,

Distinct maxima of available phosphorus occur in all the illuvial
zones, Horizons containing high concentrations of calcium contain
extremely low concentrations of available P.

In seven of eight profiles, the upper humic horizons contain the
highest concentrations of exchangeable potassium. In three of these
cases, it is estimated that the Oh horizon contains over 50% of the
total exchangeabls K in the solum.

Either a Vh or an Oh horizon contains the maximm concentration
of exchangeable calcium and magnesium in each solume. In four sola,
over one-third of the total exchangeable calcium is estimated to be
in the uppermost humic horizon. In one of these, 97% of the ex-
changeable magnesium in the solum is estimated to be in the Ch
horizon.

Rough estimates, based on an 8-foot soil profile, indicate that
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up to 39% of the "available" potassium and megnesium in the ecosystems
studied may be in the standing crope For available calcium and
phosphorus, estimates indicate that up to 23% may be so distributed.

Upper humic horizons of Podzols beneath conifer-dominated stands
ranged in pH from Lie2 to Le5 which was more acid than those of Podzols
beneath other forest stands. With increasing development, Podzols
with Oh horizons exhibit increasing penetrations of very strongly and
extremely acid reactions.e This trend is also exhibited by estimated
totals of extractable alumimum in the sola and the concentration of
extractable alumimum in the Oh horizons,

Mechanical analyses of the profiles revealed that all the sub-
solum horizons contained 98-100% sand although some sub-solum horizons
contained finer sand than otherse. The percent sand in the uppermost
mineral soil horizons decreased with chronological age of the soil
regardless of the degree of Podzol development. Illuvial horizon
clay increased generally with age but the most acid of the older
profiles contained only half as much as the other two similarly-aged
profiles. Further investigations are necessary for adequate
explanations of some of the apparent anomalies regarding clay and
silt content and distribution.

The fertility data indicate that succession from pine to pine-
hemlock to hemlock-yellow birch forests is associated with increasing
total contents of N and available P in the solum along with increasing

concentrations of N in the Oh horizon. Increasing proportions of

*wavailable", as used here, refers to total elememnts within the trees
and exchangeable or available amounts in the soil.
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sugar maple are associated with increasing total solum fertility*,
increasing total content of exchangeable calcium in the sola and
increasing concentrations of exchangeable calcium in the uppermost
humic horizons.

Conclusions Regarding the Sequence of Events in the Development of

Podzols in the Study Area

Initial profile development in limy well-drained sands in the
study area involves the formation of a Vh horizon only. This type
of profile can be found under some types of pioneer shrub vegetation
and under balsam fir, white spruce and paper birch stands which may
succeed the shrub thickets. Under the dune heath shrubs and the
succeeding boreal forest type, carbonates are not rapidly leached
out of the surface because of the high foliar calcium contents of
the componsnt species and the aeolian transfer of umweathered sand
greins from nearby unstabilized beach sand areas, At biologically
favoreble temperatures, solutions moving through the Vh horizon tend
to remin clear and nearly neutral in reaction.

If, however, pioneer shrubs have been succeeded by an overstory
of red and white pines and the distamce from unstabilized sand is
several hundred feet, an acid Oh horison begins to develop which
apparently contains substances (protebly tamnins) that inhibit
nitrification, Under favorable envirommental conditions, crenisc
acid is then repidly formed in these Ch horisons and is later leached
by reinwater or melting snow into the mineral horizons below,

*Sum of total N, awilable P, exchangeabls K, Ca and Mg in #/A
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Cremates of iron, aluminum, calcium, magnesium, manganese, ammonium
and potassium may be formed within the Oh horizon, in the mineral
horison below, or in bothe The VH horizon is thus destroyed, a
reduction in exchangeable Ca and Mg occurs below the Oh horizon and
& bleached, acid E horizon forms as crenic acid and/or water soluble
ecrenates such as those of Fe, Al, Ca and Mg move downward from the
dsveloping Oh horizon,

An 1lluvial horizon forms within the upper part of the subsiding
sons of carbonates or above it, The illuvial horison is characterized
by maxime of extractable iron and aluminum, clay, available P,
exchangeable Mg, exchangeable K and organic matter. Because of the
initially restricted sone of low pH values, aluminum solubility is
limited. The fact that all young profilss developing in calcareous
parent materials contain more extractable iron than aluminum is either
dependent upon the low solubility of aluminmum, a greater affinity of
the organic matter for iron, easier flocculation of organo=iron
complexes than organo-aluminum complexes or a combination of these
factors.

The fact that some studies indicate that organo-iron complexss
can also be flocculated by relatively small amounts of aluminum suggestis
that this mechanism could become increasingly important as the profiles
becoms more acid and as forest succession proceeds toward a higher
proportion of vegetation which has the ability to cycle relatively
large quantities of aluminum, The relative amounts of phytocycled
Al, Ca and Mg are thought to be of some consequence since other studies
indicate that the depth of penetration of some organo-metal complexes
are not only controlled by the concentration of flooculating agents
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in the illuvial horizons but also by how "sensitized" with polyvalent
cations the complexes are upon their arrival in these horizonse The
evidence at hand suggests that the prevalence of white pine and hemlock
promotes a relatively high rate of aluminum cycling, the persistence of
a thick, extremsly acid, aluminum-rich Ch horizon and a high rate of
crenic acid productione A sustained dominance of these species, in
association with a much smaller percentage of hardwoods such as red
maple and yellow birch on deep~to-carbonate sites, apparently initiates
the evolution of very strongly to extremely acid illuvial horizons
which contain ag much or more extractable aluminum as extractable iron
and sometimes contain ortsteine Continued increases in maple and
yellow birch with the encroachment of beech coincides with the
formation of a dark upper illuvial horizon dominated by extractable
iron.

The data further indicate that a more advanced stage of forest
succession to northern hardwoods involves an increase in the cycling
of Ca and Mg and a decrease in the production of crenic acid. These
factors suggest an increase in Ca and Mg sensitization of any subse-
quent organo-mineral complexes formed and consequently a reduced
depth of their penetration. Upper illuvial horizons formed in this
manner contain prominent amounts of exchangeable Ca and Mg as well
a8 extractable Fe. Persistence of a climax hardwood forest containing
considerably more sugar maple than beech increases the susceptibility
of the forest litter to decomposition by both micro-organisms and soil
fauna. The resulting change in the soil organism population is
responsible for the conversion of what was an extremely acid mor hums

(0h + Of horisons) into a more base-saturated mull humus (Vh horizons
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only). The production of crenic acid apparently ceases when the
exchangeable calcium content exceeds 3000 1b/AFS. At this stage,
nitrification is favored and soil solutions moving dowrmward out of
the Vh horizons are clear and have near neutrel reactions when

temperatures are favorable for biochemical activitye

The Projection of the Study Area Relationships to the Podzol Region

The extrapolation of the study area relationships to the entire
Podzol Region of Michigan suggests that Podzol Zons III is a gzone of
relatively strong Podzol development (development of dark upper il-
luvial horizons) as a result of: (1) an early and mid-post-glacial
vegetation characterized by the prevalence of species eonducive to
the formation of mor hums layers; (2) a current climate characterized
by relatively mild droughts, relatively great amounts of fall precipi-
tation and the accumulation of a thick and seasonally persistent snow
cover which begins to form early enough to retard soil freezing; and
(3) a late post-glacial increase in the prevalence of hemlock, maple
and beech on some very sandy soils. The older, sandier sites now
supporting northern hardwoods or mixed stands of hemlock, white pine
and northern hardwoods, are characterized by well-developed Podzols
having dark upper illuvial horizons as in the study area, Based on
current soil-vegetation relationships, it is suggested that these
well-developed Podsols were only weakly or moderately developed
(1.0 minimal Podsols according to Michigan nomenclature) prior to
hardwood encroachment if the previous vegetation was predominantly
pins. Limited observations in the study area indicate that dark
upper illuvial horisons can }jizi develop in white spruce stands,
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Therefore, it cannot be stated that in all cases, dark upper illuvial
horizons begin to form only as the proportions of maple and beech
increass,

Podgzol Zons II, despite the prevalence of older land surfaces,
is a sone of less strongly developed Podzols (lacking dark upper
illuvial horizons) as a consequence of less snowfall, drier soils
in fall and beneath the snow cover, higher proportions of pines on
the sandier sites and a greater proportion of oaks during post-glacial
times than in Zone III,

Podzol Zone I is & sone of weak or mo Podzol development as a
result of relatively dry soils in fall and certain climatic conditions
which have been responsible for this area being a vegsetation tension
sone throughout much of post=glacial time. Hemlock, for instance, is
represented to a much lesser extent in pollen profiles in Zone I than
in Zone II or III. Considerable proportions of oaks are (and
probably have been for the latter part of post-glacial tims) almost
invariably associated with pines and somes of the sand soils recently
supported mainly grass (Newaygo prairies). It is suggested that the
weak Podsols that are present owe their existence to the former
prevalence of pine and spruce and to the persistence of white pine
up to the present time on some of the sandier soil materials.
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APPENDIX I. CIASSIFICATION OF THE SOILS STUDIED

Michigan Classification System

The lack of rigorous, quantitative standards in the classification
system used in the United States to date, by the National Cooperative
Soil Survey, makes it difficult to classify several of the soils in this
study according to that scheme. The distinction between Regoaols and
Brown Forest soils is not quantitatively defined; the same is true
between Podzols and Brown Podzolic soils, and between Brown Podzolic
sands and Gray-Brown Podzolic sands., The Podzol subgroups minimel,
medial and maximal likewise are not defined by quantitative criteria

and some important but easily measured properties such as depth and
color of the Vh horizons or color and thickness of the illuvial horizons
may not have been taken into account,

The following suggested taxonomic key is based on the soil morphology-
soil chemistry relationships found in this study and that of Franzmeier:
1l.1l. color value of E horizon 5, 6 or 7 and color chroma 1 or 2%

I horizon has a redder hue and/or a higher chroma than the

P or W horiZoNecceccccceccecsssccccscsccecsccccacecssoscesaseePodzol

l.11, single I horizon with a color valus not more than

one unit lower than that of the P horizofn; illuvial
zone less than 18 inches thicCKeeeecooseseoSub—minimal Podzol

lsl2¢ same as 1,11 except illuvial zone is thicker than
18 IncheSeeececcsccscsccccccccccccccccccccassnseliniml Podzol

l.13e either: (1) more than one distinct illuvial horizon,
the upper one of which has a lower color value than
that of the P or W horizon or (2) only one distinct
illuvial horizon having a redder hue plus a color
chroma at least 2 units higher than those of the P
or W horizon; illuvial zone less than 18 inches
thick.u..o................................Sub—medial Podzol

1,131, color values in illuvial zone not more than
2 units lower than that of P or W horizon
ecececssscsscccscccssscsciellowish Sub-medial Podzol
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1.1311. hues in lower illuvial horizon redder
than those in P or W horizoneececcccee
oYellowish Ferro-aluminic Sub-medial Podzol

1.1312, hues in lower illuvial horizon not
redder than those in P or W horizone.
oYellowish Alumino-ferric Sub-medial Podzol

l.132, color values of upper illuvial horizon more
than 2 units lower than that of Por W
horiZoNeccccesccccscssccesecesDark Sub-medial Podzol

1.1321, hues in lower illuvial horizon redder
than those in P or W horizon and/or
little or no ortstein in illuvial zone;
pPH above 5.5 in lower illuvial horizon
eeeesoDark Ferro-aluminic Sub-medial Podzol

l.1322, hues in lower illuvial horizon not redder
than those in P or W horizon; pH below
Se5 in entire illuvial zone; mor hums
and ortstein chunks commonly present
under relatively undisturbed conditions
eesseeoelark Alumino-ferric Sub-medial Podzol

l.l4. same as 1l.13 except that illuvial zone is thicker than
18 incheSeececcssccccccccccscccccccccscccccssssoredial Podzol

l.l,-ll. ..............C....OQOOOOOQQCYelmh Medial POdZOI

lollille eeeeeYellowish Ferro-aluminic Medial Podzol

1.1412, seseeYellowish Alumino-ferric Medial Podzol

1.11120 veccccsssecccscscsccsssscccccssccseelark Medial Podzol

1.1).].210 eecsssesedldrk Ferro-aluminic Medial Podzol

101)422 e eecesceseslark Alumino-ferric Medial Podzol

1.15. same as l.ll except that a contimous ortstein zone is
presentoooo.ooooooooooo-oooooooooo.ooocoooooooMl Podzol

1.2 no E horizon; Vh zone at least 3 inches thick, slightly acid
to alkaline and overlying a slightly acid to neutral W or I
horiZoNeececccccccsescccssscccccnccscsncseccscccsscoeeBrown Forest Soil

The terms minimal, medial and maximal relate to concentrations of

illuvial components, which, of course, only tells part of the story.
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By using the prefix "sub" in conjunction with the above terms, the factor
of thickness is at least partially evaluatede The terms "yellowish",
"dark", "alumino-ferric" and "ferro-aluminic" are related to base status,
induration, content of extractable aluminum, organic matter and colore
"Yellowish" indicates that the illuvial horizon(s) is(are) yellowish or
orangish in color and low in organic matter. 'Dark" indicates that the
upper illuvial horizon has a color value 3 or L units lower than the
underlying P or W horizone "Alumino-ferric" indicates that the upper
i1luvial horizon contains more than 0.L% extractable aluminum and when
used in conjunction with "dark® further denotes that the illuvial zone
is low in bases and may contain chunks of ortsteine "Ferro-eluminic"
indicates that the upper illuvial horizon contains less than O.L% ex-
tractable aluminum, that little or no ortstein is present and when used
in conjunction with "dark" and "medial® further denotes a relatively
high supply of bases in the illuvial zone; in the present study, the
highest nitirification rates took place in the Vhl horizons of the

Ferro-aluminic Dark Medial Podzol and the Ferro-eluminic Dark Sub-medial

Podzol,
The classification scheme suggested above has some practical sig-
nificance since thickness and organic matter contents of illuvial zones
have pedogenic, hydrologic and fertility implications. The terms ferro—
aluminic and alumino-ferric have pedogenic and fertility implications,.
Alumirum toxicity could be a fertility factor since some plants such as
lettuce, onions and spinach are adversely affected when soluble aluminum
is present at concentrations higher than 10-20 ppm (Bear, 1957) and
Wilde (1958) states that high concentrations of soluble alumimmm and

manganese in the accumulative layers of Podzol soils appear to arrest
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the dowrward penetration of roots. The classification of the soils in
this and Franzmeier's (F) study would be as follows:

Sub-minimal Podzol = Eastport (A=-2 and A-3)

Minimal Podzol - Eastport (F)

Yellowish Ferro-aluminic Medial Podzol = Rubicon (B-l), Rubicon (F)

Yellowish Alumino-ferric Medial Podzol = Rubicon (C~l), Kalkaska (F)

Dark Ferro-aluminic Sub-medial Podzol = East lake (B-2)

Dark Ferro-aluminic Medial Podzol = Kalkaska (D-1), Blue Iaks I (F)

Dark Alumino-ferric Medial Podzol - Kalkaska (C-2), Blue Iake II (F)
The Dark Ferro-aluminic Medial Podzols and the Dark Ferro-aluminic Sub-
medial Podzol all supported pure northern hardwood forestse. Dark Alumino-
ferric Medial Podzols are currently being separated from the Dark Ferro=
aluminic Medial Podzols in the U.Se. Forest Service soil survey of
Hiawatha National Foreste Soils mapped in Delta County as Rubicon sand
but which have a shallow solum commonly supported mainly jack pine as
the natural vegetatione. Data is probably available which will indicate
that rate of growth differences will also occur between soils having
thinner sola and those having thicker ones, especially where the profiles
have most of their cation exchange capacity and water-holding capacity

concentrated in the solum.

The European Classification System

The terms "Humus Podzol", "Iron Podzol® and "Iron-Humus Podzol® do
not bring out important differences with respect to degree of Podzol
development and fertilitye. Thus, profiles A2, A3, Bl, and Cl would all
fall into the category of Iron Podzols whereas the remainder would be

classified as Iron-Humus Podzols (see Kubiena, 1953).
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The Seventh Approximation

The E horizons of all profiles have moist color chromas of 3 or less
than 3 and all but that of Profile A2 have moist color values greater
than their respective underlying spodic (or spodic-like) horizons; in all
likelihood, the dry value of the E horizon of Profile A2 would be higher
than that of the underlying Ibi horizone Thus, all the Podzols in this
study can be said to have an Malbic™ horizon although it is discontinuous
in Profile B2,

The illuvial zone of each profile except A3 contains a horizon having
at least 0.5% organic matter; profiles Cl, C2 and D1 contain horizons
having more than 0.53% carbon and are the only ones which qualify as
Spodosolse Profile Cl qualifies for the subgroup Entic Normorthod.
Profile C2 falls into the Typic Normorthod subgroupe Profile D1 is
also classified as a Typic Normorthod,

Profile Al qualifies for the subgroup Cumulic Normipsarment and the
remaining profiles qualify for the subgroup Spodic Normipsamment.

The following table gives a ready comparison of the profiles as
classified by: (1) the former system of the National Cooperative Soil
Survey, (2) the author's suggested classification outlined previously

and (3) the 7th Approximation.



~



222

Former Classi- Suggested Classi-

Profile fication fication 7th Approximetion
Al Regosol Brown Forest Soil Cumulic Normipsamment
A2 Minimal Podzol Sub=-minimal Podzol Spodic Normipsamment
A3 Minimal Podzol Sub=minimal Podzol Spodic Normipsamment
Bl Minimal Podzol Yellowish Ferro-aluminic Spodic Normipsamment

Ifedial Podzol
B2 Kinimal to Dark Ferro-aluminic Sub- Spodic Normipsamment
Medial Podzol medial Podzol
c1 Minimal Podzol TYellowish Alumino-ferric bntic Normorthod
Medial Podzol
c2 Medial Podzol Dark Alumino-ferric Typic Normorthod
Medial Podzol
Dl Medial Podzol Dark Ferro-aluminic Typic Normorthod

edial Podzol

If the spodic horizon were defined as having an extractable
sesquioxide percentage twice that of the P or W horizon, all the profiles
but Al in this study would have spodic horizonse. The writer whole-
heartedly supports Franzmeier who suggested this amendment previouslye.
Concerning field characteristics, the writer believes more emphasis
should be put on chromas and horizon thicknesses. Comparisons of color
characteristics between illuvial horizons and their respective P or W
horizons seems just as realistic as between E horizons and their sub-
jacent I horizonse. With moderately well-drained soils and imperfectly
drained soils, this procedure would probably not be satisfactory, how-
evers

For field use, the author feels that a classification system should
be used which is based on quantitative characteristics measurable in
the field so that the individual soil mapper can be objective in making

his identifications. Such quantitative separations should be based on
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edaphological, hydrological or other practical considerations, The
suggested classification is merely an attempt to fulfill these
qualifications, Additional field studies are needed for testing and
refinements of such a scheme. Classification according to 7th Approx-

imation standards cannot as yet be accomplished in the field,



APPEIDIX II. FUTURE RuSEARCH NEEDS

Climatic Studies

The effects of snowcover and fall rains nsed to be studied in
relation to their effect on soil temperature, moisture and oxidation-
reduction conditions during the winter, These studies should be made
both on mull humus sites and mor humus sites. Concurrent studies of
the physiological activity of evergreen conifers and hardwoods might
also be enlightening, both edaphologically and pedogenically, Cone
current studies of microorganism populations and activities under a
snowcover might also yield valuable information which might throw
light on the relations between climate, higher plants and soil chemjcal

processes,

Pollen Analpis

Several more pollen analyses should be made; these should be on
different age surfaces and different textured surfaces, particularly
where different great soil groups are involved such as Brown Forest
soils on till and Brown Podzolic soils on sand. Pollen stratigraphy
should be strengthened with rediocarbon dates of the key peat layers,

Foliar Analysis
High priority should be given to a study designed to bring out

between species differences in foliar composition by studying a
series of neighboring trees of different species and to determins
within species differences attributable to soil conditions, The

data to date indicate that some species respond to increased supplies
of certain available chemical elements while other species do not,
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Soil Biochemistry Studies

High priority should also be given to further studies on the
composition of crenic acid, its ability to form water soluble complexes
with metals, its susceptibility to flocculation or precipitation and
the range of conditions under which it forms including vegetation types

as well as soil nitrogen forms,

Soil Chemistry Studies

Determination of extractable manganese in the illuvial horizons
and in the surface horizons is needed to elucidate the relation between
plant foliage, dark horizon colors, organic matter and manganese oxides.

Total calcium determinations for all the horizons of profiles Cl
and D1 might indicate whether or not the solum calcium in D1 came from
cycling of calcium from the free carbonates before they were leached
below the root zone. These determinations might also indicate whether
or not it is possible for Cl to reach the stage of fertility exhibited
by D1 at the present time,

The acetylacetone method of soil extraction used by Martin (1960)
should be compared with the sodium dithionite-citrate~bicarbonate
method used in this study. Martin found that the amounts of Al
extractable from acetylacetons dispersions of Podzols greatly exceeded
extractable iron. Extractable Al in this study never greatly
exceeded extractable iron although somewhat greater amounts were
found in the lower horizons of the illuvial zones in Profiles C2

and D1,






APPENDIX III. FPROFILE DATA TABLES
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APPENDIX IV, CAICULATION OF NUTRIENT POOL ESTIMATES

Calculation of total stand weight per acre was based on: (1) the
regression analysis relation between total tree weight and tree DBH
(Shanks et ale 1961b) and (2) the relation between average tree DBH
and basal area per acre.* Total tree weights were estimated by inter=
polation and extrapolation for those species for which no tree weight
data was availabls, using relative oven-dry specific weights of the
wood as a basis (vide Brown et al.,19L9).

Calculations of crop nutrients per acre was made on the basis of
the percent composition per species with interpolations and extrapolations
being made for species for which no total tree percent camposition data
was available, The interpolations and extrapolations were made by com=—
paring published data on foliar composition of the species involved

with those for which total tree composition data were available,

*an average DBH of 13,5 inches was used since the basal area of that
diameter is approximately 1 square foot, Thus, if the basal area per
acre of a species is 80 square feet the total weight of a 13.5 inch DBH
tree can be multiplied by 80 to arrive at the stand weight per acre of
that speciese
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APPENDIX V. SOIL SERIES DESCRIPTIONS
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vt cerfeg consisha of well dvainel wesuy deve’eonsl Yoono. sonis Inco o

ccolic soilsz uhich developed ia acid fine sauds and canisz on dunes necar t.e (oo
-1 They have faint Ay horizons and usually have thin Bpir horizens of slightly

:or chroma than either the A2 or the underlying C horizon. They have less distinct

:izonacion and lighter colored B2ir horizons than the Rubicon and Vilas soils, and

w2 formed in finer sands. The Deer Park soilas differ from the Grayling and Ourga gnils

1 aving more distinct A2 horizons. Dcer Park soils are develojed in sands in the
s exd of the redium pand size and in fiie sands; while Greyling cnd Cuesa are
~lered in sacdg in the coarse end of the rmedium sand size and in coarse sunds. Iecow
‘2.2 volls 1nclude profiles with L2ir horizons comparable to these of Grayling end
“a ¢t tie most stronsly develoned ead of their range. Deer Park scils also
o' 2 m poiig without ileatifiable P24z horizons, which the Grayling cnd (ceza sells
~.2. Tiey have legs dictinet horizcnation thaa the Ecctport golls and are redfny o)
‘rrtic of geveral feeot, while Eastport goils are slightly acid tomldly aliali:e
-2 gola and overlie calcg"eous or rcicrately alksline scnds at depths of 25
3 or lecc, Deer Fark goils have ruch nore veckly develozned Pediol horizerns tic

ot ozrils and are ccarcer In textura, Ivex Fark aells ere rere neld, have loss

-

, dnd Iasie tha stvecilicatlen of tha Abgcuoza ead lacosia wolla, Dgeor 10T
Trooicensiva 1o the denme ooens alorg the Great Loles Duan cve ured Icw_eyr oo
.ol purpoces,

o Deer Pack sand.

g=1" Very darl brown (10YR2/2) to very dark gray (10Yi3/1); sand; siagl: r
structure; lcose; contains coansiderable crjzanic matter; 1/4 inch mo:
of forest littexr on surface; medium to strongly acid; clecar smcoth

boundary. 1 to 3 incihes thick,

1-4% Li~ht brownish gray (10YR0/2); sand; single prain structure; leace;
nary fine roots; medium to strongly acid; cleer uwavy bLouncery. 2 Lo
0 inches thick,

. 4200 Yellowish browm (LOYRS5/4) to light yellouwish browm (10U206/4);
sand; siagle grain structure; loese; commea fine rcots; mediun to
strongly acid; gradual wavy Leundary, 12 to 25 inches thichk,

20-60"+ Pale bro-m (10rR6/3); seand; single grain structure; Eoove; feu fin:
roots extend to CJ iaches; medium acid; maxy feet thick,

“-'".ft:::::::i”ﬁil:; Sand and fine sard types are rocognized., Tue A2 Loritc:
couve3 i3 as bright gs broua (L0YRS5/3). Where the A2 horizoans are thiclest, lic
"orizen is only ¢li htly lover in chroma than the I2ir horizem Dbelow i&, co.xonls
=+,  The B2ir lLorizon is usuzlly present, and oy range uvp to 25 Inches in thlc

‘Zir Lorizon is never vell expresscd, and usually has values of 5 or graakter. 1.

usuzlly ranses in thickness from 18 to 36 inches, Tine sand teittures cfion .
T In the uprzer 30 iaclhies with the cenznt of redium sands sowetimes Incransivcs vi "
sv3 refler to nols: conditions,

womanhire Centle to sitned sand dunes,

ida i o

510w to wodlun,

=
[2]
[&]

Itv: Well drained, Surface runofl
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SPARTA SERTES

The Sparta series comprises somewhet excessively drained Regosols intergrading to
the Drunizem grcup. They have developed in acid sandy parent materizl on level

to gantly slopirg outwash plains and stream terraces uncder a grass cover, The
parent material consists almost entirely of quartz sand and contains very few othor
minerals. Sparta soils occur in close association with the Plainfield and Gotham
series. They differ from Plainfield soils in having a thicker and darker colored
A horizon. Gotham soils have a slightly lighter colored A horizon, a thicker
soluw, and a B horizon with slizht clay accumulation, lacking in the Sparta series.
Sparta soils have developed in coerse textured parent material, lack the B horizon
#~< have a thinner solum than the Dzkota soils, Hubbard soils have a B horizon,

ul'C\G” sole, ard have developed from mixed lithologic material, Althouzh Sparin
f0il3 aro rether wldely distributed, their totql acreage is relatively small and
ticy make little contribution to &Lr;cultura,

Srarta Joanmy fine send - meadow

. C-9%  Very dar? TRy (;CJP 3/1) to very dark browm (10YR 2/2) leony fiﬂo
i sves very friable; fibrovs r“a 3

<
I ot b
1;'7;":'_-,

roots wevy boundiry. 7 to 1D i
inick,

N 6-18%  Lirk brown (10YR 3/:) to vory "k greyish browm (20YR 3/2)

- fire sand; vory fire weok granuler structure; vary fiiszbls;
plcntlfu" strcengly to nchAm clld clear wavy Louru“ry &
inches thick.

= 18.26"  Yellowish brown (ILCYR 4/4) fine sand; single grain; lcose: ”33
riant roois; very strongly to sirengly acid; indistirct bowndo:
€ to 12 inches thicl,

c, 25"+  Yellowish brown {10YR 5/6) to brownish yellow (10YR €/6) fine saud:

single grain; lﬂou\; weakly strotified; strongly to nedium ceid
bCCOHng mei'e nearly ncutral with depth. Several fect thiclk,

7 in Charactoristices: Color ¢f Ay herizon ranges from black (1CIR 2/1) %o

corlgeyich browa (101R 3/2). Tie Ay rang2s in thiciness from 8 %o 20
incizo. Thin nencontinuous lenscs or clayey spots may occur in subctratum balow
’;chac. CcWG“' aro for molist scils; dry scil cclors comucnly are onz or e

('«:

Lovzl to gently wncduleting stream terraces and outuwash plzins, Viad
resuited in a hummocky surface (dures) in some =zre:zs,

L

Somevhet excessive; surface dralnage is slow but
Very rapid permeability.

Yerwelrtlon: Mixcd prairie grasses and scabtsred ozk and hickory,



Juch of this land is under cuwitivation. Corn., small grains and forage crops
L yielos when o sclls wre manaed roperly. Drouti and wind erosicn
Loniio, Lovnaly eroded ercus ore boing planted to tirees or uced as

Lo o
e T inis porverr rogior ol Wiccons ' .n and adjoining states.

P WY face D TL23T, R M, Buffalo Ceounty, “isconsin,

IR | . AR, oo trs w o * =
et onrne Comntr Viceznang (923,
Ce e .- - -
. . [ BV LA, ] | I, [ T N, LI SR JO
e ey s of eibrodn Maven County. YWiszoongin,
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