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ABSTRACT

CLIMATE, TIME AND ORGANISBB IN RELATION TO PODZOL DEVEIDHiENI‘

IN MICHIGAN SANDS

'

by Aubrey Steven Messenger

A clintic study was nade or 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 Stunner mum of

precipitation or axis which include the month of. September. Iith

liner exceptiom, the zone of most strongly developed Pcdzols is

characterised by a lean annual snowfall of greater than 60 inches.

lter balance computations indicate that most of the sand soils in this

zone would reach field capacity by the end of November in the average

3'".

A peat bog surrounded 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 loser three-fourths of the sample column.

The upper one-fourth of the column was characterised by increasing

amounts of Mack and birch pollen, a substantially higher percentage

ofspruceandfirpollenandesc-sshat higher percentage otbeechand

nple pol-lone

One very weakly developed Podzol was estinted to have developed

tithinthelast 2500yeersincelnareous losdune sandunderapine

overstory. The extremely acid 0h horizon at that site exhibited a

relatively high concentration of utnctable aim-inn and a relative]:

let exchangeable Oil/organic utter ratio. These characteristics rare

1





2

typical of. all the Oh horizons in the study. The occurrence of such

horizons was associated with the preseme of at least 30% (or total

basal area) nixed pines and/or hemlock. Foliage samples of these

species had relatively low Ca/il ratios even when collected from trees

growing on soils containing tree line.

Direct microscopic counts revealed greater quantities of bacterial

cells andfungal typhae per gran of organic matter ina nulthl horizon

as compared to a nor (in horizon. A auch greater quantity or actincmcete

file-ants was present in the m horizon than in the (h horizon.

Crenic acid production was prefixes and sustained when 0h horizons

were altermtely incubated and leached with distilled water. Vh

horizom containing more than 3000 # exchangeable Ga/AFS produced no

crenic acid. Nitrate prohction was nil when crenic acid production

was profuse. logarithmic decreases in crenic acid production accompanied

logarithlic increases in nitrate fomtion.

A sustained defiance of white pine and hemlock, in association with

a Inch suller percentage of northern hardwoods on deep-to-carbomte

sites, apparently initiates the evolution of wary strongly to extra-sly

acid illuvial horizons which contain as smch or acre extractable

aluaimn than extractable iron and my contain ortstein. Continued

increases in northern hardwoods coincide with the forntion of dark

upper illnvial horizons containing a decidedly higher concentration

of extractable iron than extractable alulimn.

Forest succession to denimntly northern hardJroods involves an

increase in the cycling of 0a and Hg, an increase in the susceptibility

of the forest litter to deco-position and a decrease in crenic acid

production. The resulting change in the soil organism population is

apparently responsible for the fomtion of a null humus layer and an





increase in nitrate formtion.

The sons of relatively strong Podzol development in Michigan is

therefore considered to be a result of: (l) the post-glacial persistence

of forests conducive to the formation of nor humus layers; (2) a current

clinte characterised by relatively mild droughts, relatively great

We of. fall precipitation and the accumulation of a thick and

seasonlly persistent snow cover which begins to form early enough to

retard soil freezing; and (3) a late post-glacial increase in the

prevalence of. unlock, naple and beech on sue very sancb soils. Zones

of less strongly developed Podzols exhibit these curacteristics to a

lesser degree.
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INTRODUCTION

Podzols are soils which have the follaling vertical sequence of

horizons beneath the humus layer: (1) a gray or white eluvial horizon

which contains mostly resistant minerals and which has lost relativer

more sesquioxides than silica and (2) one or more darker-colored

illuvial horisom containing sesquioxides and organic matter as the

IaJor products of accumulation. Thicknesses of these horizons may

differ widely, the relative amounts of sesquioxldes and organic matter

my exhibit considerable variability and the illuvial horizons nay

range from loose and friable to hard and irreversibly cemented (Stobbe

and Wright, 1959).

Most definitions of Podzols also indicate that the mtural type of

Podsol humus layer is a nor (Buclman and Brew, 1963 3 Russell, 1961;

Stobbe and Wright, 1959 and Wilde, 1958), a layer which always contains

a horizon of well-decomposed, dark, amorphous organic matter which is

essentially unmind with the mineral portion of the soil (Hoover and

lunt, 1952).

The mechanisms by which a Podsol forms have been the subject of

mm investigations. However, the roles of the various soil-

for-ing factors and their interactions are still somewhat obscure.

The first purpose of this thesis .is to deternim what relationships

exist between certain clintic parameters, past and present types of

mtural vegetation and Podsol sones in Michigan. The second purpose

is to amino sand soil ecosystem in the field and in the laboratory

in order to establish relationships between tree species, time, soil

properties and soil processes.
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CHAPTER 1. PODZOL REBIONS AND ZONES

The non-nontane Podsol region of the world occur poleward of h2°

latitude and are known as such only in the northern hemisphere (Robimon,

19119 and Oneal, 1960).

1!! are. Leanm

The North mrican region extends farthest smith in the state of

Michigan (to h2°20'N) although ems non-nontane Podsols can be found

south of this latitude under specific circumstances (71—93 Gysel, 19111;

Kellogg, 191:1; i‘avernier and Snith, 19573 NOR-3 Technical Cos-ittee on

Soil Survey, 1960 and redraw, 1962). Near the Atlantic Ocean in New

England, the PodsolRegiongiveswayonthe east to theBrownPodsolic

8011 Region (Kellogg, 19111) where Podsols are restricted to elevation

above 1000 to lhOO feet above sea level or to strictly local situations

(Lent, 191:8). the rodeo]. Region west of 96°s 1. confined to Camde and

tapers northeastward to where the Grey-Hooded Soil. Region Joins the

Sub-drew Soil Region Just south of Great Slave lake in the District

of lackensie (Stobbe, 1960).

22-. Law nun

The Eurasian Podaol Region am. free the British 1.1.. northeast-

wardtothe Jumtnre efthe Siberiantundraandthexolyn mum.

(Orvedal, 1960). is in North Mica, the Eurasian Podsol Rogion trends

northardinfid-continentwhere ityields onits eastboundarytothe

grassland soils of the 0388. However, since Russian soil scientists

identifyPodsolsbythepresenee ofanh (12) hcrisonandthelackef

an appreciable Vh (Ll) horison (flee; Ciric, 1962), soils which are

classified as Grey-Wooded in the United States and Canada would be

3
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classified as Pcdzols by the missiam. Thus, such of the Siberian Podzol

Region my be delimted by soils which do not seat the North American

specifications for Podzols.

m22a2 sense

fithia the Podzol Region of Michigan (see Figure 1), zones occur

shichdifferfrueneanetherinthe degree towhichorterde (non-

indurated illuvial horizons) developnnt has taken place on well-drained

land surfaces (_v_i_de__ Veatoh, 1938). Figure 2 illustrates this solution

and, for convenience, these zones are designated as Podzol Zones I, II

sndIIIinorderofincreasingorterdedevelopnent. Thebcundary

betweenZones lamiIIhas beenadJustedslightlytotalmthsfidland

County out: (Johnsgard, 1950) into account.
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CHAPTER 2. CWTIO RELATIONSHIPS

Clinte fumtions as an independent factor in the development of the

weatherim owls: and of soil profiles at the great soil. group level.

Clinte also indirectly influences the soil by determinim: (l) the ass

afl fora of plant production, (2) the soil water balance over lam

periods: (3) the soil t-perature aml (II) the rate of decay of organic

ntter (Bunting, 1965).

_____cn-t- ammunmwnemmmmm

According to Climb (1911;), the clintic conditiom of the Pedzol

sonsinRussiaarosyearlyrainfallbetweenSOOam570-, withan

average nan amnl temperature of 3.6°C. Iithin this sense an temper-

ature rise is accapanied by a rise in the annual precipitation, and

siailarlyawdrop intenperature isacconpaniedbya lowering inthe

mprecipitation. In North America, Joffe (191:9) states that Pcdaols

arefoundinseeticnswherethe rainfallruns up toDm-anmallywith

smeanannualtemporatureashighas 10°C.

In comparing European soils to sisilar ones in the United States,

Jenn (19149) found that Podzol soil. regions in Europe had annual B

Quotients" of too to 1000 compared to 380-150 for those inthe u. S.

Volnhuyev's studies (1959) indicate that Podsol sones are character-

ized by sun» or fall uri- of precipitation and by positive precipi-

tation/evaporation ratios in spring and fall. He states that these

cli-tic conditions instigate: (1) a spring leaching press, (2) a scar

 

'mttmstyuunng the rainfall ininches orcentimeters bythe

deficit from the saturation value of the atacspheric water vapor pressure,

measuredalso ininches orcentimeters ofmsrcury.
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pnse Iith relatively low soil noisture and (3) a fall leaching place.

non-11 and Hesselnnn (Handloy. 1951:) lention that the cold tenper-

stares efPodsolregiens nycausethe developnentotanorhmms by

depressing the rate of decomposition of vegetable debris and the rate of

nitrogen nobilisation. Holever, reports of. nor humus Podzols in tropical

loslalfls (Russell, 1961) indicate tint in some places, factors other than

cool temperature are operative.

2.11.2.2 2!. 122mm2.: Jim

The tramitien none bet-sen the Gray-Bram Podsolie Soil Region and

Mid Zone II in lichigan closely apprai-tes the so-called ”vegetation

tension some“ (Potsger, 191:8) which separates the pine-northern hardwood

forests onthenorthfronthe oak-hickoryhnerthernhrdloodtorests to

the south (see Figure 3).

Potager (191:8) notation the fella-dag sharp clintio gradients whieh

eeoorsithinthis 60-nile sons: (1) theaverage date ofthebeginning et

“weather (daily mls above 50°F.) is April 1 near the southern

boondaryanllhylnearthe nerthernhoundnry; (2) thonnnborordnyn

with temperatures eomtantly bolas 32°F. (per nor-1 year) in the elude

areéOatthenorthern acne linitandBOsonth-rdg (3) thesone

separatestheregionotlengs‘inters,where (bare) soil freeses to

depths e13 to6£eet,adthenoresoutherlyregiom ofninerIinters

thereharesoili'reesestodepths ofonJleto36 inches. Otherless

drastic ellnges occurring within this sons are alse nentioned; however,

they all relate to t-peretm'e or te-peratnre-oentrolled pheno-m.

Clintie studies by Brumsehseiler (1962) indicate that precipi-

tation regine boundaries eoimide very closely with the boundary between

thePodselRegienandthe GraberesnPodsolio SoilRegion. ‘1'hetlmyb
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Brain Podsolio Soil Region is characterized bya spring min. of pro-

cipitation while the Podsol Region has sn-er axis or ruin which in-

clnde the north of Septe-ber (see Figure It). In addition, the soil

trauition sons 1. characterisedbyP3*va1nes of 625 to 650 mini-tor.

andnovalnssbelowézs econrintheGrey-BrosnPodselic SoilRegion

(hunger, 1962; see Figure 5).

Iithintho PodIolRogionof the 1m Peninsula, the none of strong-

est developed Podsols (Zone III) closely coincides with the area being

aneanfallprecipitationof9inches ornereandaneanannnalsnowfall

efgreaterthanéOinches (__vid__eBrennsohseiler, 1962: soeFigares 6and

7). Thesoneofneaktonoorterdehorisons (ZoneI)h.sgenerally

higher periodic Iater deficits“ and PE values than either of the other

twosones (seeFignresh, Gand9).

The rolatiomhip between white pine and the precipitation rogin of

the PodselRegionnybe one of imroved soilscistnre condition inthe

niddle or latter part of the growing season of that species. For

instance, a omiderablo war of investigations Elva been node on the

terninlgresthofwhite pineas relatedtodaylength, teqeratnreand

soil mister». These studies indicate tint a season's teraiml growth

usuallystartsaroundhyl, bntdates efoessationefgrosthvarywith

locality and season, extending to September in sale instances (Rnsoh,

1959). Beach's stat of white pins in south-um ha Henpshire

indicated tilt the cessation of grolth in late smut no controlled by

an interaction of photoperiod and soil noisture, consequently leader

 

*n = potential evapotranspiration as defined by Thernthsaite and

nth-r (1955).

alter deficit 3 the difference between potential evapotranspiration

and the estinted actul evapotranspiration.
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elongation continued longer in years of ample soil noisture.

According to Zahner (1963), when severe soil noisture deficits do

not occur, conifers usually continue noderately rapid canbial growth

throughout th entire season; in forested northern latitudes, it can be

through Sept-her. He also states tint it is col-non for rapid canbial

growth to resuae duriu late growim season raiw periods following a

W.

concerning oaks, however, the patterns of terainal growth seen to

be different in tint cessation of shoot elongation seen to be inde-

pendent of noisture sedition, and usually occurs within two maths

after initiation (Kroner and Kozlowski, 1960). These authors cite an

instance in the Missouri Ozarks where black oak, white oak and pest oak

were reportedtolnvsaheightgrowthseascnofonlymdays. Astutw

Ids by Boggoss (1956) in southern Illinois indicated that shortleaf

pine will resune diameter growth following a mid-growing season drought

Irhares. white oak will not.

Black oak ani white oak are the min competitors with white pine

mPodsol Zone I. Sincetheso oakspecies donotrespondto late growing

"‘80:: soil noistare increases to the sane extent as do pines, the

“hat. of the Podsol Region nay be 1... favorable fer then than for the

Pines. In Newaygo county (within Podsol Zone I) the writer he. observed

‘Virsinrtendorrhit. pine and thoabore-esntiened oaks onasand soil

u'hichthe pines towerto heights lite 2 use... greatas those of

“*0 Oaks. It «on. likely thet this donimnoe, coupled with a long 11:.-

lpan and a great old-age fire resistance, would enhncs the probability

°f «having the establishnent and survival of netnrel reproduction of

“the ping.
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The southern boundary of Podzol Zone II also marks the southern

lisit of forests dominated by red and white pines. This boundary is

also coincident with the northern limit of Brunizehn in Michigan.

Although these linits say all be controlled by some factcr(s) not yet

analysed, along the western half of the boundary they are appronnated

by the 100 - ice-deficit line of the driest two consecutive years

(based on records fron 1929 through 1950; see Figure 9). Along the

easternhalfofthe Zone I-Zone IIboundaryneanannualsnowfalland

watersurplusvalues arequite lowandmananmanEvaluesarenore

similar to those of the Grey-Brawn Podsolic Soil Region than those of

the Pcdsol Region. Tint drought and high t-peratures could feasibly be

limiting factors for red pine can be interpreted from the fact that

miller droughts and high surface soil tenperatures frequently kill or

injure young red pine seedlings (Rudolf, 1957). However, it is also

POIsilble that red pine is umble to compete successfully for light with

the sonswhat sore shade-tolerant cake which are abundant on all saw

'01-'18 south of Podsol Zone II.

Since Podsol development has proceeded sore rapidly in Zone III

“In inthe other wanes, it 1. possible thatthis Ins occurrodasa

1'°8111I.t cf the greater snowfall and autumn soil moisture recharge. In

th. autum, soil temperatures decrease sore slowly than do air temper-

‘turu, thus November finds nest soil temperatures high enough for

“Wider-able chemical and biological activity. In the case of Podsol

2°“. III, such activity would be particularly favored because of the

“laurel: heavy autunn rainfall which would partly er conpletely' re-

duce .nny soils, particularly those with a low available water-holding

“malty (see Figure 10). These noist soils nest likely rain in an
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active state throughout the winter as a result of the insulation provided

by a persistent snow cover. In tlm Podsol Region of the British Isles,

for instance, where snowfall is abundant, January soil tauperatures at

the one-foot depth range from 37.II°F to 39.203 (Jen-Hu-Chang, 1958). In

the Podsol Region of Michiyn, McKensie gt 51.. (1960) found that Khllrskn

sand is noist ani unfrozen under a cover of snow in two consecutive

winter seasons of study (1953-510. McKenzie's study indicates that those

condition favor reduction reactions, particularly in the i1 horizon.

Other studies indicate that slight decomposition of soil organic nutter

takes place even at 0°C (Kononova, 1961) and that some Podsols contain

fungi. in an active vegetative condition up to late fall or early winter

(Dashes and Van Der Drift, 1963).

Relatively favorable soil noisture caulitions in late sumer and

early fall could also be especially favorable for the growth of white

pine and possibly other coniferous species which are present or have

becnpresent duringthodevelopnnt of the soils inPodsol Zone III. In

addition, the relatively low drought intensity (as indicated by conputed

soil noisture deficits) of this zone could also be an iaportant factor by

increasim the edaphio range of nescplwtic species toward sandier soils

(a Hills, 1952).





CHAPTER 3. BIOIIX‘IICAL REIATIONSHIPS

Natural vmtion _i_n Podsol Region

Temperate cldnte Podsols are spot frequently found under coniferous

 

forests (Robinson, 19h9) and the southern extent of Podnol regions often

coincides with the southern extent of certain coniferous forest types

(Yeatch, 1932; Tall, 1932). Possibly for these reasons, some workers

luvs deduced tint northern Podzols develop under northern conifers

(Kellogg, l9hl), even though there are mnerous instances of other vege-

tation types occurring on Podsols.

Since a nor hams type is generally conceded to be a conponent part

of mtural Podsols, it seem pertinent that the following tree species

in the Podsol Region of eastern North America are cononly associated

with soils having this feature": Jack pine (page: banksiana), red pine

(m resinosa), white pine (Ems; g_tr_o_b_u_s_), black spruce (3133:

m). white We (:12: 5233:). red spruc- (Eg .1292):

balsan fir (Alias balsanea), eastern healock (gm canadensis), red

‘1’]- <i22m» mm birch (m 22211.19.» 1°11" birch

(& _1_a;_t_e;), Anerican beech (m Endifolia) and sugar nple

(egg saccharwn) (Recall and Hoiberg, 19313 hint, 1932; Donahue, 19393

Iilde, 1958 ad personal observations). Association of the latter

threespecies, however, arenore co-onlyfoundonmllhunus types

thanonnorhnmstypes enceptwhere theproportionofbeechis high

(no-ell and Reiberg, 1931). Upland species growing in the sane areas

¥

TOnJythcsohu-Islayersareinclndedwhichneetthenorhunus

Ipecificatiou outlinedbynooverasd Int (1952).
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but found lastly on lull humus types are: red oak (Qu_or_§_u_s_ 53253),

Ann-icon besswood (Lilli: enericem), white ssh (Frexinus enericens),

iromod (9.2353. M), Ansricen Eh (PM americene), black

cherry m serotim) end butternutM cineres). Aspen

(My. tremloides 2.51. Edidentste) ere present throughout the

region end their abundance is usuelly s reflection of pest fires or

other demflng disturb-noes (Spurr, 1961:), thus they are usually

essceisted with null or duff-cull hums typos since nor hams types

ere ususllly degraded by fires end disturbances which open up the forest

«new (Ron-n. 1935).

Plies (1931;) noted thet the heaviest end nest p‘onounced nor hum

is found under pure hemlock stends. Undsr this new type, the A2 (En)

horison reeehes nxim thickness end cleenness of color. In addition,

the H-lsyers (0h horizons) ere lore acid under pure honlock then under

W other forest type studied in the northeestern states, the pH range

being Ira 2.5 to hole Nearly comereble humus layers, however, lave

beenfcund inPodsels underspruce-fir stems inNew Hampshire (Int,

1932) and under block spruce stends in Quebec (lsfond, 1958).

The southern boundsry of the Podsol Region of Michigan coincides

with the southern linit of the arcs in which white pine m strobus)

is en ilportent conponent of the recent mturel wegetstion (Vesteh,

1932; see Figure 3) and closely perellels the southern boteniesl range

limit of hemlock in tilt stete (Egg Bough, 1960). Podtel Zone I

essentielly coincides with the vegetation ”tension zone" and is bounded

enthe northbythe southernrenge linit of redpine (see Figure 3).

Ihite pinewls the only pins of ilportenoe inthis sons and it occurred

Iinly in fixtures with on}: on the well-drew sites. In Podsol Zone II,
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Jack pine Ens; banksism) and red pine (m resinose) were .elso

present (Figure 3). In this zone, henlock was more prevalent (Rough,

1960) end the pines occurred in pure stench" as well as in nixtures

with hrdwoods. The pure stands of pines were present elnost exclusively

on sends, the lost prerelent of these being Rubicon send (see soil survey

reports of Neweygo, Monte-ll, em Midlend counties). Northern hardwoods

were generelly prewelent on Iodine-textured end fine-textured soils in

this zone with so. noteble exceptions in the northeestern pert of the

Lower Peninsuls where white pine dominated on some clay loam end silty

clsy lee- (Veeteh, 1953, 1959 end persoml commutation); these soils

belong to the Grey-Wooded greet soil group (NOR-3 Soil Survey Co-ittee,

1960). DI Podsel Zone III, northem Inrdwoods were sore prevalent end

ewencccurredonsonewell-dreined sends, while pines or oehs endpincs

occupied other well-duined sends. Here, the “inn-textured soils

imrie'blly snorted northern hrdloods with sutured white pines end

hsnlcck often msent, this relstiomhip utendirg on into the Upper

Peninsula.

new

The pettern of fire-free forest succession in the Iske Stetos is

seidtobefroujeckpinetorodendwhitepines toshsde-vtolerent

species suehessugernple,belsenfirendbleckspruceinthe ceseof

sends (Spun, 1961;). Chem-succession]. chnges free ice]: pine t.

redendwhitepines issuggestedforsends innerthernlcwerlichipn

whilewhite spruceendbelsenfir throuhwhiteendredpinestehenleck

 

*‘Purestends'nfertostcndscosposedefetleestmoftheststed

couponent.
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and northern hardw00ds is suggested for the finer-textured soils

(Kilhurn, 1957).

lithin Podaol Zone III, sands occur which have (or had) pure

stands of northern hardwoods on them. To take these and other sand

sites into account, perhaps Kilburn's cliseral-successional pattern

should be revised to: from Jack pins to jack pine and oaks on some

sands (role of fire my be important), to red and white pines in the

case of other sends and Iron white spruce and balsam fir through white

end red pines to henlock and northern hardwoods on still other sands

end finer-textured soils . All these sequences were probably initiated

by relatively short-lived stages characterized by calcium tolerant,

shade intolerant species similar to those mentioned by Olson (1958),

Crasher and Inger (1955), and Wright (196b,), some of which produce

easily deconposed pollen and therefore may not be accurately repre-

sented in pollen spectre.

Regardless of difficulties of interpretation, pollen studies do

indicate that a spruce-fir period dominated ell forested land stn'faces

in Michigan following Cary glaciation (Potzger. 1916, 191:8; Wilson and

Potager, 191:3; Parnelee, 191:7; see Figure 11). Even in southwestern

Michigan where oaks and northern hardwoods now donimte the upland

sites, spruce and fir reigned supreme for approximately 14500 years

follosing Cary glaciation (Zunberge and Potsger, 1956). According to

these findings, pine was the njor 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 scene. In Chsboygan County,

about 250 silos further north and well within the Podzol Region,

Kuburn (1957) estimtes that spruce and fir fa'ests 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 nde of succession to northern hardwoods on sand, Kilburn

infers that conversion to northern hardwoods and hemlock on loam sands

occurred sonswhat later tun on loans, possibly from 2000 to 3000 years

ago. This chronology would of course imply that coarse-textured drift

of Valders age he supported predonimntly coniferous forests for at

least 8000 years.

Pollen data are scarce for the Upper Peninsula of Michigan, but

studies in northern Wisconsin (Potsger, 19h6; Wilson, 1938 3 Wilson and

Iebster, lshh) indicate a forest succession similar to those of the

northern part of the Icwer Peninsula of Michigan with the exception

tint birch is outstanding in some of the Iisoonsin pollen profiles;

ncrofossil data free Minnesota indicate that paper birch was the birch

species which invaded the deteriorating spruce forest (Wright, 1961:),

while upper level birch pollen in north central Wisconsin probably

represents thinly yellow birch (Maser, 19h6). The peat sanpled by

Iilson and Iebster on an outwash plain in north central Wisconsin

indicates an initial white spruce marina that was quickly replaced

bye pinonximawhichpersistodto the present tine. lathe upper

one-third of the profile a definite increase in birch (probably yellow

birch) an! healeck pollen was present. Two other begs, located in

areas of finer-textured soils, showed an increase in spruce near the

surface, acre or less accenpawim the birch and hemlock increase

occurring in all three profiles.
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Fraxinus (ash) was present in southern Delta. County by 5720 2:250

years B.P. as detersined by a radiocarbon dating on a piece of buried

nod".

The above studies suggest that oak was more prevalent in Podzol

Zone I than in Podaol Zone II. They also indicate that hemlock was

relatively abundant north of the tension zone whereas hemlock pollen

percentages were consistently less than 10% in Podaol Zone I bogs.

Ho henleck pollen was found in the bogs of Douglas County, Wisconsin

(extreme nertluast corner of the state) by Iilson (1938) suggesting

that henlock did not play a significant role in post-Pleistocene plant

succession in the less humid portions of the Lake States Podsol Region.

III Douglas County, only weakly developed Podsols (no dark ortsrde

horisons) are found and these only on sand parent nterial (MR-3

Technical Genittee on Soil Survey, 1960). According to Wilson the

forest histoay of these sands was from jack pine and spruce (concurrent

with Glacial lab Duluth) through jack pine an! red pine (durixg Glacial

Iakeflgonquintins) toredpine, Jackpineandcak(beginn.ingin1ake

Nipissiu tiles). The oak conponent was likely present to the greatest

extent entheweaklypodsolised site (mega sand, whichis nsmlly

classified as a Brown Podsolic soil). Appreciable quantities of oak

were ehrscteristic of the mtural vegetation (recent) on this soil.

series and not chreeteristio of the Podsol sands (Rubicon and Vilas

series) inthiaareaalthoughnorthernredeakeanbefound ensue

areas ef Rubicon and Vilas soils.

 

'Persoml co-anication fro- A. E. Slaughter, Geological Survey,

Division of the Departnnt of Conservation, State of Michigan, at

Escanaba. The wood was identified by Dr. Eldon i. Bohr, Depart-ant of

Forest Products, Iichigan State University. Judging from the site

description given by llr. Slaughter, the tree was evidently inundated

initially by the rise of water levels from the Lake Chippewa stage to

the lake Iipissing stage in the lake lichigan Basin (see Hough, 1958).
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Vegetation gmg Associated Changes _i£ Soil Mogholog

Discussiu the soil. types of south Sweden, Tam (1932) is of the

 

opinion that there Brown Forest soils (a group of soils in Europe sons

efwhichnybeequivalont tethe BrownForest soils of the U. S. and

sons of which my be equivalent to Gray-Brown or Broan Podsolic soils

ef tb U. 3.) are the clintically determined soils and he describes

their occurrence on new different parent materials if the natural

vegetation of beech and oak forests is present. Ibere, holever, the

broadleaved forest has been replaced by conifer forest or Callum heath,

as often kappa. under the influence of fin, Brown Forest soils develop-

in; into Pedsols are found. Tm also describes the phenonenon whereby

aolearlydefinedPodsolnyacquireamllhuaus layerandaless acid

reaction if beech or conifers are replaced by birch. He also points out

thatifbeecherspruce colonies orareplantedunderthebirchonsuch

soils then a nor 1mm 1:111 be for-ed again. Handley (19514) cites

references to the fact that on base-rich soils, European beech gives

risoteanllhnns layerwhereas onabase-poor soil, it gives rise

to a nor.

3mm phonon-us has. been observed by Fisher (1928) and Griffiths,

lartsellandShw (1930) inllewKngland, wherewhite pinches developed

on abandoned fields. After 80 years there is alncet no vegetation under

thewhitepins,andnnderthethinlayerofdryneedlesthereisathick

layer ofrarhmsand 'a stronglymdsolisedhorison'. Onanadjacent

plothrdlosdforesthasbeendevolopingcnasiailarwhitepineplot

which 1nd a siailar profile. at the ties the white pine us relieved; nos

thereisatruenllhuanspresenh—allaccmlatedrawhzms hasnerged

withthenineral seilandlesstlnna singleyear's leaffallraains on

the surface. 0
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More recently Bornebusch (lid: Handley, 19514) has described profound

changes in soil norphology brought about through the influence of Quercus

Elba: (introduced fron the U. S.) planted on nor humus layers produced by

m glvestris and Liege ancelsa on sandy soils in Denmrk. In 20

years the bleached A2 had becone obscured; the nor layer had largely

disappeared and us replaced by a brownish, earthwora null humus layer.

Possibly related to the above studies are the findings of Nikola

(195k) who noted tint soil basidic-ycetes decuposed leaf litter nore

rapidly the needle litter and those of Ivarson and Sowden (1959) who

found tint mll-foraing litters deconposed more rapidly than nor-foreleg

litters.

Although several ecqflamtions of these differential rates of decon-

position have been given, the work of Iossaint (1953) indicated that the

rate of decomposition of litter fraa 9 species was directly related to

the l and water-soluble Ge content of the litter.

Cheaicalm4.3.9.1.: _i_n Forested Beggars

ro obtainafnllunderstauding ofsene oftheafore-nentioned

phone-en, it is beeceing increasingly apparent that a kncsledge of

eeaplete ecosystem is necessary. For enaple, recent studies on forest

ecosyst-s have provided useful infea‘tion concerning the distribution

of niasral eluents one they luvs been initially renoved fro. the soil

by plant reots. Estintes of the ccnposition of standing crops of

living trees give sue notionas towhat he beeninthe soil. but is

net includedwhensoil anlyses are fide. The follosing tables represent

three floristioallydifferent standing tree crops (based onweighingand

saaplisg tb various parts of sanple trees):
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Pounds per Acre

Site Species firy Matter T—‘T—T—‘Ca Mg

 

 

 

htural Beech 110,1.90 - 31.1 121.2 26m 39.3

Stasd-- Birch 38,735 - 9.6 h6.2 103.6 1b.?

Great Fir 1,675 - 0.3 1e]. 2e9 Oe3

Snoky Spruce 561 - 0.1 0.3 1.1 0.1

Mountains" __

Total 15171161 - HI?! 13823 37178 5575

Natural Spruce 161;, 788 - 22.2 102.9 251.1 35.};

Stand— Fir 93,386 - 13.3 57.6 152.0 19.0

Great Birch 31, 78h - 8.1; 36.7 81.h 11.9

Slew

Hummus” Total 2397998 '1" 53".? I973 138576 3672

6!; yaar old Scots pine 106,000 183.0 20.3 89.0 180.0 31.8"”

plantation

en dune sand

-Bcotland*"

*snnh et .1., 1961.

alright 3501111, 1958

and Wk. 1959

The greater assent of standing stock in the spruce-fir stand compared to

the beech-birch stand ny be a reflection of norc efficient site utili-

sation, a reflection of a difference in the sites or siaply a reflection

of an innte difference due to the growth fern climacteristics of the

spruce as coupared with the beech doaimnts. The greater biomss in the

spruce forest results in nore nutrient element naterial in the above-

gronndpertioneftlnt eccsystentlan inthatofthe hardwoodecosystea.

Results obtainedbyOvington (1956) indicateasiailartrendinthe

cases studied. The chenical elenent concentration in the vegetative

nterial, howarver, is also of considerable significance to the

deco-positionl processes takim place in such ecosystem. For

ensple, dataforthethrcotreecropsaboveindioatealowerconcen-

trationofallthe elements inthe conifer stands as colparedto the

beech-birch stand.
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To obtain a clear picture of what takes place in such ecosystems,

studies need to emonpass the other portions of those ecosystem 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 Ecosystem“

  
Stem and F011-    

    

    

   

Grass Roots

and

Available

Elements

Fixed and

   

 

        

Mineral- Sub-s011m

Incorporated Zone Zone Zone Zone

Elennts

*sizes of rectangles do not signify relative pool capacities or

qtnntities.

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

chenical element composition of the entire supra-solun portion of the

biosphere but it has features which can alter the fern of the chemical

elemnts and compounis which enter it from the atmosphere. The mjor

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

son chenical elenents fro- available element pools in the soil to supra-

solu- pools can retard their removal from the ecosysten by leaching. For

sample, aluminnn losses were less when vegetation development in the

spring preceded spring leaching. Losses of aluminum from pine-dominated

watersheds were consistently less tinn 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 alumna uptalee by pine could not be inferred from the data

given. (Sous United States data suggest that white pine my tales up

here alt-inn than red oak, for example.) Leaching losses of calciun

and potassiun were greater a__ft_e£ the resumption of biological activity

in spring. Renew attributed this relatiomldp to the biological

conversion of calcium from a eater-insoluble to a water-soluble fan

in the forest floor. He attributed the greater amount of calciu

beefing from oak and aspen ntersheds (as compared to pine watersheds)

to the higher calciul content of the oak and aspen leaf litter.

leaching losses in the studies of Renesov were confined to spring.

According to Volubuyev (1959) Podsol region! have spring and fall

leachingseesons. Onsandsoils inPodsoIZOne IIIinllichigan, water

balance computations indicate that ecosystem losses my occur in fall

due to leaching (Messenger, 1962; see Figure 10). Thus the ecosysten

distribution of leaclnble elements during the fall leaching season

could also influence losses therefrom. 1h nest of the Podsol Region

of Michigan, precipitation exceeds potential evapotranspiration from

Septenber through April. or my. Studies cited by Koslossld. (1960)

indicate that chalical el-ents in tree foliage do not increase after

Septenber and tint calcium content is at a maxim in early fall thereas
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the spring leaching period is claracterized by increasing absolute

foliar contents of neat elements. If foliar contents reflect root

uptake, fall leaching would not be reduced as smch by plant uptake as

spring leaching would be.

Elenatal Gwition 21; 33:2 Foliage 22d E33352

Based on some of the above relationships, a number of workers have

approached humans type and soil development from the standpoint of differ-

ences in the elemental composition of tree foliage. Even though the form

of the chemical elements in tree foliage is important in such studies

(Eandley, 1951:), nest analyses have been concerned only with the concen-

tration of the she-ice]. elements regardless of their fern. Several

studies of this nature have been ads on the foliage from trees which

are found in the Podsol Region of North America. Since the elemental

cowosition varies with leaf age, soil conditions and clinte (Kramer

and KeslowslIi, 1959) the following tables are presented so that foliar

comparison can be nede: (1) between different species in the ease

genarelarea growing on the ease or similar soils, and (2) between

individuals of the use species growing on different soil types.

Tables land2 sunrisethe intact foliageandfreshlyfallenlitter

data from the literature which point to species differences in folisr

cosposition of njor nutrients. For each site the species are arranged

in order of decreasing calcium concentration. These tables are not

ocnbined because of known variation in foliar composition resulting

from (1) tranalocationcfeleuentaback intothetwigspriortoleaf

fall and from (2) leaching of soluble elements during leaf senescence

and follaing leaf fall. Conparisons between the two tables show a

general decrease inll, Pand [withleafage thussuggesting that one



3h

or both of the above types of foliar decreases have been operative.

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

not “me

conposition attributable to the portion of the crown sampled (Kramer and

Inland, m0)e

Some investigators, however, have found variations in foliar

 

 

TABLE 1. Gomosition of Freshly Fallen leaves from Different Tree Species

Growing on Similar Soils in the Same Vicinity

Site Species %N 50a xx 76163 %P

0... us. fine Basswood 0.97 3.114 - d 0.18

sand near Star Sugar Maple 1.32 2.57 - - 0.10

Island, lflm. Red Oak 0.6!. 0.96 ~ - - -

(Llny _._1_;_ 31., lhite Pine 0.53 0.97 0.17 - 0.07

1933) Red Pine 0.67 0.96 0.21. - 0.07

Jack Pine 0.59 0.63 0.18 - 0.05

Scarboro lean Sugar laple - 1.08 0.1.2 0.1;]. 0.10

sand near Idtchfield, Red Maple - 0.93 0.39 0.148 0.12

lend-.0 loan Red ml: - 0.61; 0.140 0.26 0.211

sand near Litchfield, lhite Pine - 0.1.5 0.36 0.22 0.15

Gem. (Scott, 1955)

Sandy 1..- Padsol, White—cedar 0.60 2.16 0.25 0.15 0.01.

Web (CW, 3‘18“ Fir 1.25 1.12 0.12 0016 0e09

19113) Red Spruce 0.89 0.79 0.35 0.20 0.10

Hemlock 1.05 0.68 0.27 0.11. 0.0?

Ihite pm. 1.11. 0.60 0.18 0.16 0.05

Red Pine 0.69 0.58 0.35 0.18 0.07

lean and .111». Basswood 1.0h 3.21. 0.39 0.39 0.11:

lean Gray-Brown Black Cherry 0.55 2.58 0.1;? 0.“; 0.18

Podsolic soils, Iromood 1.01 2.52 0.35 0.35 0.09

central New Iork Ihite Ash 0.59 2.28 0.1.6 0.29 0.15

(Chandler, 191:1) Aneriean Eln 0.77 2.06 0.1.). 0.32 0.15

Aspen 0.70 1085 0e36 0023 0e08

Sugar laple 0.13 1.65 0.1.5 0.28 0.12

Red on: 0.67 1.1.9 0.55 0.31 0.11

3.0 mp1. 0.141 1.35 0.30 0.32 0.11

mt. Oak 0.50 1.22 0.52 0.21; 0.12

Beech 0.59 1.09 0.65 0.26 0.10
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T1813 2. Composition of mture Foliage” from Different Species on Similar

Soils in the Same Vicinity

 

 

Site Species %N %Ca 5!! flag %P

DeKalh soil series Unite Ash - 2.3 - - -

(no 11-9 in root Yellow Birch - 1.6 - - _

zone). Warren 0mm. Eastern Hemlock - 0.8 - - -

mo (P3100. 1933) Northern Red (31: - 0.7 - .. -

“it. P1110 "' 0.5 - "' "

Glacial till soil White Spruce - 1.9 - - —

(no 11" in 1‘90" '01”) Eastern Hemlock - 1.1 .. .. -

in Adirondacks (Plies, 33,139,, Fir .. 0,9 .. .. ..

1933) Black Spruce - 0.9 - - -

Dunldrk soil. series White-cedar - 2.6 - - -

(line present in root American Eln - 1.6 - .. -

sons) near Ithaca, NJ. Sugar Maple - 1,1 .. .. ..

(Plies, 1933) Ihite 0.1: - 0.9 - - -

Red Maple - 0.8 - - -

Tanreck - 0.6 - - -

Pitch pm. - 0.1: - - -

silt loa- shcnl Basswood 2.68 2.88 2.16 - 0.26

till soil (the Ilium! Ircnrood 2.01 2.62 0.96 - 0.15

l toot or .011 turn») Black Cherry 1.67 2.13 1.63 - 0.18

in central. New York Yellow Birch 2.56 1.86 1.10 - 0.18

(Bard, 1915) White Ash 2.27 1.70 1.70 - 0.18

Sugar mp1. 1.81 1.55 0.78 - 0.09

American B1. 2.86 1.51. 1.00 - 0.11:

Red Oak 1.61; 1.25 1.50 - 0.111

”1083 BS“ 2037 0097 1.00 - 0.111

Silt M 311-0131 Basswood 2.32 2.87 2.35 - 0.27

tin soil (Id-9 at about Iromeod 1.62 2.59 1.10 - 0.15

30 inch» depth) in me. 1.1 1.91 1.811 1.51 - 0.28
09ml New Ink (Bird. Sugar Maple 1.68 1.63 1.02 - 0.16

191.5) Ihite Oak 2.33 1.60 1.55 - 0.211

Red mp1. 1.1.1; 1.1.2 1.16 - 0.16

Anrican Mb 2e21- 1e21 1.39 "' Gem

Red 0.1: 1.75 1.02 1.20 - 0.18

Hemlock loll 0e70 0e” " 0.18

Silt 1“- 8110111 330m 2411} 2e96 203° " 0033

1:111 soil (no line in mama 1.99 2.1.7 1.30 - 0.19

root zone) in central White Ash 1.90 1.68 1.37 - 0.27
no. Ierk (Bard, 191:5) Big-t. Aspen 2.10 1.67 1.00 - 0.26

White 0.1: 2.06 1.1.1 1.1.6 - 0.21:

1.11m. Birch 1.92 1.37 1.35 - 0.25

Red Maple 1.13 1.11; 1.02 - 0.25

Sugar llple 1.50 1.11 1e2h " 0021

Red 0.1: 2.29 0.91 1.52 - 0.25

American 33.011 2.03 0.35 1.21 "' Gel?

Hdwk 1e33 0071 1e20 - 0.18
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Site Species in ice %K m $13

Site #760, Ben. County, Red 0.1: 0.96 1.18 0.29 0.50 0.12

mechanic (Germ: Sugar Maple 0.73 1.01 0.39 0.16 0.12

_e_t_ 31., 1961;)

Sit. #181», Dene County, Basswood 1.39 1.11 0.89 0.52 0.17

23'. 21." 1965)

Sit. £11., Dene County, Butternut 1.79 1.11 0.82 0.72 0.hh

g_t_ g_l_., 1961;)

Sit. £18., Dene County, white 031: 1.03 1.13 0.70 0.32 0.12

Iiacemin (0.21.2: Ironwood 1.1;? 1.06 0.611 0.51; 0.16

._t .__J_.., 1968) Big-t. Aspen 1.11 0.99 1.78 0.33 0.21

Iieccnein Gerleft white 0.1: 2.19 0.82 0.85 0.36 0.19

23-. 21;. ) Red 0.1: 1.97 0.75 5.39“ 0.1.0 0.1L:

Black 00.1: 1.92 0.70 0.77 0.1.2 0.11;

Sit. I62, 711.. County, lhite Spruce 0.95 0.87 0.5h 0.23 0.17

Iiecenein (Gerleff Balsa. Fir 1.22 0.75 0.116 0.13 0.13

2 20’ M)

Sit. #55, 711.. County, whit. Pine 1.118 0.32 0.58 0.23 0.15

Wisconsin (Gerleft Red Pine 0.95 0.23 0.1.1 0.17 0.11

33 91., 1961:)

 

*Ceniier needlee at the current yeer were need in the Wiccanin etudy;

it is accused that in the other etudiee the conifer needles analysed were

variable in ac.

“This value eeene to he too high.
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TABIE 3. Coupoeition of Freehly Fallen Leaves from the Same Species on

Different 50110 in the Same Vicinity

 

 

 

 

 

 

Vicinity: near Iitchfield, Connecticut (Scott, 1955)

Ridgean Scarboro We Mel-rinse

Ian Loan Loan Send Sandy Loan

(03*); 10.11 (HG*)3 nor (BF‘); nor (BP*)3 nor

R“ m 0099 0093 "' '-

Maple xx 0.1.7 0.39 - -

$112 0.1.6 0.1.8 .. -

%P 0.11 0.12 .. -

Ihite 90. 0.66 0.69 0.1.1. 0.1.9

Pine %1 0.1.5 0.1.3 0.38 0.37

$113 , 0.33 0.32 0.23 0.31

$13 0.10 0.11 0.11. 0.11

Vicinity: New lork (Chandler, 191.3)

Sandy Lee- Silty Clay Loan Gray-Bran

Podzol Podzolic Soil

Ihite Re 0.60 0.60

513 0.16 0.21

%P 0.05 0.07

 

*08=0nyBydranorphio;m=Bu-iecley;BB=Brawnpodxolio
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TABLE 11. Composition of Mature Foliage from the Same Species on Different

Soils in the Same Vicinity

Vicinity: central New York (Bard, 191.5)

Silt Lou Glacial Silt Lou Glacial Silt Loan Glacial

Till Soil With Till. $011 With Line Till Soil With

Line Within 1 Foot at About 30 Inches No Line in Root

of Soil Surface Below 8011 Surface Zone

 

 

 

in 2.68 2.32 2.1.1.

Bemoed $0.. 2e88 2e87 2e96

%K 2.16 2e35 2030

z? 0.26 0.27 0.33

%N 2.01 1.62 1.99

Iromood 90. 2.62 2.59 2.1.7

“ 0e96 1.10 1e30

52 0.15 0.15 0.19

%N 2.27 1.91 1.90

Ihite 50. 1.70 1.81. 1.68

m. %K 1.70 1.51. 1.37

%2 0.18 0.28 0.2?

$11 - 2.33 2.06

Ihite $0. - 1.60 1.1.1

0.1: $1 - 1.55 1.1.6

31: - 0.21. 0.21.

111 2.56 - 1.92

1011“ $0!- 1.86 " lea?

Birch 91: 1.10 - 1.35

9? 0.18 - 0.25

in - 1.1.1. 1.1.3

Rod 509 - 1.1.2 1.11.

5P - 0.23 0.25

%N 1.81 1.68 1.50

Sucer 50. 1.55 1.63 1.11

mp1. :1: 0.78 1.02 1.21:

12 0.09 0.16 0.21

911 1.61. 1.75 2.29

2.0 90. 1.25 1.02 0.91

0.1: 91: 1.50 1.20 1.52

52 0.11. 0.18 0.25

in 2e37 2.21 2e03

American to. 0.97 1.21 0.85 -

Beech St 1.00 1.39 1.21

%P 0.11. 0.11. 0.17

in - 1.11 1e33

hm m - 9e” 0e71-

Hellcat xx - 0.90 1.20

11’ " Gel-8 0.18
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The studies nude 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 neple and basswood when all six species are

graing on sand. 0n better sites, white pine seems to have considerably

higher contents than red pine and similar values to those of hemlock

(Table 1). latm'e foliage studies in Wisconsin also indicate that white

pine contains a higher percentage of foliar N than does red pine (Table

2).

The ntnre 1.11.3. of hemlock, as indicated in Table 2, contains

lower percentages of N than any of the associated hardwoods. Since the

age of the hellock foliage is not known, interpretation of this con-

parison is difficult. Variations with age nay not be great, however,

since Gerleff gt a}. (19614) give a percentage of 1.21 for current nature

foliage while the freshly fallen litter value reported by Chandler (19113)

is 1.05. The values reported by Bard for uture hemlock foliage of unknown

age are 1.11 and 1.33. The native foliage data in Table 2 also indicate

that white ash, yellow birch and beech have higher foliar ll values than

sugar nple. m acid sites, northern red oak also has higher percentages

ef 3 than sugar nple. Basswood tends to have high values of foliar N

wherever it occurs.

Studies nde on feliar Ca fron different species growing on the sale

or sililar sites, Table 1, suggest that freshly fallen Jack pine needles

hve a lower content than either red or white pills. The foliages of

pine, hemlock and beech consistently have lower Ga concentrations than

associated hardwoods emcept red oak. The foliages of basswood, ironwood,

butternut, black cherry, white-cedar and white ash contain relatively

high concentrations of Ca.
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Table 2 indicates that the mature foliages of basswood, white ash and

black cherry comistently have relatively high concentrations of potassium.

Ihcn associated with hardwoods, the nature foliage of hemlock has potas-

sin values similar to those of its associates except that basswood

feliage consistently has higher values.

The brdwoods in Tables 1 and 2 have foliar magnesiun values which

vary along a contimous gradient with butternut, black cherry, ironwood

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—mte oonparisons between hard-

woods and conifers, it is interesting to note that the highest value

reported for the conifers is the sane as the lowest value reported for

the hardwoods. Site-ate comparisons made by Ovington (1956) in Great

Britain indicate that with the exception of certain oak species, hard-

woods centain higher foliar Mg concentrations than do the conifers.

Site-nte comparison indicate that the foliages of basswood, black

cherry and white ash contain relatively high concentrations of phosphorus

am that the foliages of beech and pines lave low concentrations of that

slant.

Several species in the foregoing studies show evidence of a foliar

nutrient element response to site. Most of the hardwood species studied

by Bard, Table 11, show increasing foliar N concentrations with decreasing

depth te carbonates. Northern red oak and henlock, however, show

decreasg contents of foliar N with decreasing depth to carbonates; this

trend-.ybea general one for these species sincethe-zimrecorded

value for northern red oak foliar N was obtained for leaves collected

frona northernred oakplantation onanacidsand inhgland. The

average $11 there was 2.87, for higher than the values for an 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 (11$ Ovington, 1956).

Data presented by Chandler (191.3) was thought by that author to

confin the lack of foliar calcium response by white pins to soil

conditions but data obtained by Scott suggest a response by this species,

the tw0 well-drained Brown Podsolic soils giving rise to lower foliar 08

values than two less well-drained soils (see Table 3). Comparing the

data of Plies and Gerloff 1t 51. 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 in the freshly fallen foliage from high water table

sites. (The calciun values reported by ilway _e_t _a_l_. are not included in

this comparison since they seen out of line with presently existing data

and were earlier considered abnormlly high by Plice.)

A lack of response by sons pines is attested to by the data of

Oviuten (1959) who states that Scots pine trees (associated with Podzols

in Europe) show no foliar calcium increase with increasing availability

of soil calcium on well-drained sites. Bard's study, Table 14, indicates

the possibility that hemlock foliar calciun does not vary due to site

differences between well-drained, nediun-tartured soils showing con-

siderable variability in acidity, readily extractable calciu- and depth

to carbonates. Most hardwoods in Bard's study contained higher foliar

Cacontcntswhengrowing onhighornedinnlinetillsas comparedtono

line tills, but basswood and white ash mintained high and similar values

on all sites. Scott's data, Table 3, however, show no foliar response by

red nplc within the range of site conditions studied, both values being

lower than for the no line till site in Bard's study. The soil: in

Scott's study were loam sands and sandy loans as conparcd to silt loans

in tint of Bard's.
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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

Ihite, 1951). In the case of sugar mp1s, yellow birch, eastern hemlock

and ironwood, foliar potassium increases as the depth to carbonates in-

creases. Ihite ash reacts exactly the opposite.

I. foliar Iagnesiun response to site is apparent for white pins in

mm. 3 and h.

A foliar phosphorus response of white pins to site differences is

apparent in Table 3. Most hardwood species show increasing foliar P

with increasing depth to line, this relation being nest marked and

consistent in the case of sugar maple and northern red oak.

Inta on foliar composition of minor elennnts in natural stands

in eastern North America is scanty.

Ooaparisons between species on the same plots in Scott's study

are lilited to the following:

£322.22 22*...“ BEL—*1 m...“

Ihite Pine (Plot II) 275 325 550

Sugar Ihple (Plot II) 200 1.50 1000

Rod mp1- (Plot II) 200 150 1650

Ihite Pine (Plot III) 200 350 2650

Red Oak (Plot III) 150 150 h750

Gapariscns between species on the sane sites in the study of Gerloff

33; g. are as follow:
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Site No. Sagies m Fe PE Mn

76b Sugar Maple 157 805

Red Cal: 76 763

55 white Pine 267 181;

Red Pine 206 260

62 Balsam Fir 120 862

lhite Spruce 89 672

18b Ironwaod 239 28h8

Basswood 16h 121;

ll: Butternut 196 1119

Black Cherry 159 620

6 Black Cherry 221 585

Black Oak 206 11459

White on: 126 1371:

Red (3k 125 1736

18a Iromrood 278 968

Big-t. Aspen 106 So

Ihite on: lot 815

Comisons within species but between soil types in Scott's study are

limited to the following: ‘

 
  

31306100 8011 W ppm F0 ppm L1 ppm Mn

Red mp1. , mobfifandy 200 150 700

Red lapls Scarboro 133w 200 150 1650

. sand (mflszamiynor as 25 55

Ihite Pine Ridgebugsazwn 2 0 0

him-1

mu Pine Scarboro 1....275 325 550

sand (11%)"3 nor

lhite Pine Kerri-c loam 175 325 2500

sand (BP‘) 3 nor

Ihite Pine Marx-inc sandy 22S 35 525

loan (31*); nor

"GH'é'Gu‘eledrcsm-phic; HG=HuIicGley3BP=BrawnPodzolic
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A chain of site-mate comparisons, disregarding leaf age, indicate

that the foliages of ironweod, black oak, black cherry, butternut, sugar

nple, red ‘ple and white pine contain higher concentrations of iron

than those of white oak, red oak, big—toothed aspen and red pine.

A chain of site-ate cmrisons indicates the following decreasing

order of foliar 1m concentrations: red nple, ironwood, sugar mp1s and

red eak > white pine, black oak, white oak and black cherry> butternut,

basswood and big-toothed aspen. The latter three species apparently have

especially low In contents.

Scott's data indicate that white pine foliage contains higher concen-

trations of alumina: than those of red oak, red nple and sugar ample.

Evidence for foliar nngansse responses to site also exist in Scott's

study. Rednplehasahigher foliar nnganese content onanorhunus-

cweredfluaioolsyleawsandthnonanullhunus Greymdronorphicsandy

lean. lhite pins he a much higher foliar nuganese content on a nor

hams-covered Brown Podsolic loam sand tun on less well-drained or

finer-textured soils.

Owingten (1956) found that Austrian pine and Douglas-fir both had

about five tines as auchfoliar Inganesewhengrowing onanacid send

as when growing on an alkaline send. In twenty-two out of twenty-three

foliar sasples involving sixteen species, foliar nnganese was present

in later quantities the foliar P with greater amounts in the coniferous

foliage thn in the hardened (families Pagaceae and Betulaceae only)

foliage.

Fron the above-nation“ studies, it is clear that foliages from

the null-associated species, basswood, iromood, butternut, black cherry

and white ash, consistently contain relatively high concentration of

caleiua and either relatively high or intemdiate concentrations of
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potassiun and mgnesiun. The foliage of red oak, which is also

associated with null humus types, seems to be outstanding with respect

to its higher calcium content on high calcium soils and its higher I!

and P content on low calcium soils. 0:: both types of soil red oak

foliage nintains intermediate to high values of K and Mg and may

contain relatively high concentrations of Mn on some sites. These

latter chracteristics may be related to the relatively high antacid

bufferim capacity of red oak litter mentioned below.

Species such as pines, hemlock and beech which are more often

abundant on nor thn on null. humus types, have relatively low values

of foliar Ca, P and Mg. White spruce and balsam fir, also comonly

associated with nor hunzs types, contain intermediate values of

foliar Ca uni P but thsre is sons indication in the data that they

usually have relatively low values of foliar Mg and occasiomlly

very low values of foliar K. Species such as sugar naple and yellow

birch which my be abundant on both humus types apparently have inter-

ndiate end/or variable concentrations of most of the elements studied

so that the mture of the humus layer my depend largely on the

available chemical elements and the associated species.

Plies (1931;) studied the antacid buffering capacity of the litter

froa variou tree species on a range of sites near Ithaca, New York

with the following results:
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miss H-ion Inactivated by; 5g. of litter Que. out of I; added)

Ell \ 30963 3e8h

Red on:

Susir Ripl-

Red Maple

Iellew Birch

White Ash

Beech

Ihite Pine

lhite Spruce

Balsaa Fir

Red Pine

Black Spruce

Jack Pine

Hemlock

3.1:; 3.1L

3.3-3.1:

3.2

3.0-3.1;

3.0; 3.0

2.h-3.o

2.0-3.0

2.0

2.0

2.0; 2.0

2.0

1.5

0.93 2.0

 

Plies concluded that both the chemical element content and the antacid

buffering capacity were influential in determining the humus type.

hyphemls 35 Treew 2'3. Litter

Handlq’ (1951:), after extensive research, concluded that leaf pro-

teins stabilised by mterials similar to tannins are an important factor

in the processes leading to nor hums forntion. These stabilised pro-

teins occur in the nesoplyll tissues and are, under certain conditions,

so resistant to decomposition that the various parts of the debris in

which they do not occur (especially the vascular tissue) decompose and

leave, as a layer lying on the surface of the mineral soil, an amorphous

residue of leaf neoplyll cell walls protected from decomposition by the
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resistant stabilized protein. Davies 32 2.3:. (1960) point out the likeli-

hood that these taImin-like materials stabilizing leaf protein are

P01313330”.

Goulson gt 3. (1960), using paper chromtograply and electro-

phoresis, unlined the polyphenols of fresh green leaves, dried leaves,

litter and superficial humus from null-Brown Earth and non-Podzol sites .

They found a greater diversity and quantity of phenolic substances in

the extract of the fresh European beech leaves from the nor-Podzol sites

than in the extracts of European beech, sycamore and oak leaves from

null-Brown Earth sites. There was a change in quantity of simple

polyphenols ranging from am in living leaves, decreasing through

senescent leaves to dead leaves to freshly fallen leaves, to a minim

in decayed leaves and humus or stored dry leaves. However, tannin-

stripping and kydrolysis-reduction of decayed leaves and superficial

humus released additional polyphenolic substances from both 1:111]. and

nor hm types.

The above-nation“ studies also point out that when polyphenols

are polyaerised beyond a certain molecular sise they are rendered

incapable of am tanning action. Coulson gt 5;. also state that

polyurisation is favored by base-rich conditions and they suggest

tint beech leaves falling on a base-rich surface may explainm

Europeanbeech gives risetoanullhunus typewhengrowing onbase-

rich soils and to a nor humus type when growing on base-poor soils.

The lower foliar calcium concentration exhibited by European beech

on base-poor soils as compared to base-rich soils has been roported by

Handlsy (l95h). It seem likely that . low foliar base content as

well as an acid soil surface would reduce polymrisetion and thereby

increase the taming potential of the polyphenols which are present.
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Ihile certain foliar characteristics my instigate humus type

differences, it is probable that these differences are brought about

by differences in the predominant groups of soil animals attacking

the foliage. lull appears to be the characteristic humus formd

when earthwor- are the predominant group3 transitional types of

hu-swhenthedouinantsoilfaumarenillipedes, woodliceorlarvae

at the larger insects or termites; and typical nor when they are mites

and springtails. The functional relationship see. to be that a

greater proportion of the organic matter on null humus sites passes

through the alimntary caml of the larger soil aninls into the

liners]. soil (Russell, 1961).

Although several studies have indicated extremely low rates of

leaf tissue decomposition by micro-organis- when anillals are con-

pletely emcluded (v_:_l_de__ Edwards and Heath, 1963), evidence exists that

liars-organism play a role in the preparation of leaf litter for use

by the larger soil aninls and my be necessary for complete decom-

position of organic utter followim its ustioation by the larger

soil faun. Darwin, for instance, considered half-decayed leaves to

bethe earthworms chiefarticle of dietandvanderDrift concluded

from his studies that the min result of the activities of nest soil

fans is .clnnical break-down of leaf litter (li_.de_ Handley, 1951;).

Intypioalnorhunus types, the fangisre eftenconsideredto

be the predonimnt group of liars-organism, and they convert mch

of the leaf litter into their own protoplasnwhich is a form that

the mites in particular can digest (31188811, 1961). A stay by

Kendrick (1959) on Scots pine needles indicates tint successive

waves of fungal colonisation initiates the deconposition process
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and complete plusical reduction is eventually brought about by soil

fauna which results in an Oh horizon conposed largely of partly

Inn-ified aninl feces and numerous dead, demtiaceous hyphae, conidio-

phores and conidia. A similar process my lave led to the observations

of Ewell (1935) who stated that heavy greasy nor humus layers in the

northeastern United States sea to be built up chiefly by dead fragments

of brown lyphae.

In lull hams types, however, bacteria are probably the nest im-

portant nicrobial agents of decomposition (Russell, 1961) and they seem

to be acre abundant in the presence of earthwor- (Kent, 1963).

Several conditions seen to be related to these differences in soil.

organise populations and activity. Aside from noisture requirenents

(Lids; Hilde, 1958), studies show that earthworm seen to have definite

preferences for the leaves of certain species of plants. One such

stuw in Europe indicated tint in general, the earthwor- character-

istie of .111 soils showa preference for the litter of elaand birch,

consuls onlysnllanounts of beechandoaklitteramldenotconsme

pine and spruce needles at .11 (119.; Handler. 1951;). In the United

States, they show similar preferences for foliage rich in bases (such

as ash leaves) a reluctant ability to kindle the tough leathery leaves

of oak and beech, and a distaste for acid conifer needles (Spurr, 19610.

Edwards ani Heath (1963) noted that tanned European beech leaves

werenot eatenbya soilfaum including earthornnhilegreener

yellow leaves of the same species were heavily attacked. Recent

finding. an. indicate that m1 can utilise organic substances

containing concentrations of phenols sufficient to inhibit bacterial
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attack (Kononova, 1961 and Basaraba, 1961;). A related study indicated

that nrhed differences in faum populatiom between litter samples rich

in noelia and salples not so endowed were correlated with the lower pH

an! higher tannin content of the melia-rich samples (Kuehnelt, 1963).

Processes 2d Predicts 2f _th_e_m Horisons

Iafonl (19h?) neasured the endation-reduction potential of finely

packed lull ani nor nterial which Ind been allowed to stand overnight

in a water-logged condition. He found that as a rule mll humus has a

positive oxidation-reduction potential whereas nor has a very low

negative potential. Other studies indicate tint ferrous iron become

prelimnt at Eh (satiation-reduction potential) values below about 0.2

volt during periods of intense microbiological action. We is

affected sinilarly but aluninun is not (Alannder, 1961).

In the M501 Region of llichign, McKenzie gt a}. (1960) found

that the Al (or Vh) horison of a well-drained sandy Podsol (Kalkaska

sand) ahihlted the lowest redo: potential inthe profile andwas

consistently at its lowest seasoml value in winter under a cover of

snow during the two-year duration of the study.

Bonell (1935) states tint in the latter part of the 19th century

it was noticed that null and nor give extracts of different colors,

either with distilledweter or with weak anonia. He claim that

mll extracts have a "less inteme hunus color." This eater soluble,

intensely hams-colored extract from nor is probably similar to the

extracts obtained by Berselius who is credited with the original

description of crenic acid and apocrenic acid (Konenova, 1961).

According to Kononova, apocrenic acid is formed by the atmospheric

oxidation of crenic acid. 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

color; both possess acid properties. Kononova also mentions that

Berselins lads couprehensive studies of the K, Na, nah, Ba, ca, lg,

n, In, F.“ and F.” salts of crenic and apocrenic acids . is-

cording to a nn-ber of Russian soil scientists, crenic acid is

profusely produced by the activity of fungi in Podsol humus hyers

(Vilemkii, 195?; Iillians, 1911:).

Oden (vi—dz Koncnova, 1961) introduced the torn 'fulvic acids.

for the group of hunic substances occurring in post waters. He

described these substances as compounds of high nolecular weight

chractarised by a reduced (less tlnn 55%) carbon content and high

solubility in nter, alcohol and albli; their salts are also readily

soluble in water. At low concentrations these substances are slightly

yellow in color. Il'hese chancteristics apparently led Oden to the

assuaption tint fulvic acids are amlegous to crenic acid and apocrenic

acid. Subsequently, fulvic acid was studied try new investigators as

the acid salable portion of emu-extracted orpnic natter (Kononova,

1.951). These studies indicated the presence of pentosans, uronic

anlvdride, anine—nibeger, phosphorus, several sugars, and phenolic

glucosides. Infra-fired spectroscopy and I-ray analysis revealed that

fulvie acids possess 'structural units“ of arontic compounds, nitrogen-

containing substances and reducing substances.

Recent studies by Wright and Schnitser (1963) on a Camdian Podacl

indieated tint the extracted organic utter fron the Oh and Rh (Ihbi?)

horizons contained 30% and 85% fulvic acid, respectively. in mob as

60%of this fulvic acidwas composed offunctionalgroups suchas
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carbozyl, hydroxyl and carboxwl which appeared to be attached to a

predominantly aromtic “nucleus ."

Iarkov (1951;) denonstrated that the nobility of complex organo-

nineral eta-pounds of fulvic acids with R203 depends on the oxidation-

rednction coalition of the soil nediun produced by the seale

noisture regin (L132. Konenove, 1961).

Bloenfield (1957), Kaurichev gt :1. (1958) and Goulson .932 g_l_..

(1960) action that polyphenola capable of forming complexes with

iron are present in Podsol humus layers. Bloomfield considered the

polyphenols to be important in the dissolving and reduction of R203.

Goulson gt :1. showed that D- and epi-catechin (two of the njor

polyphenels of beech leaves) are capable of reducing iron and obtained

evidence of the fornation of ferrous iron-polyphenol complexes.

Aeration had an adverse effect on the forsntion of these complexes.

The novenent of aluninun, however, did not appear to be influenced

by these polyphenols but was nore effectively leached by strongly

acid attractants, the most effective of those having a pH of 3.72.

Hesselnn (1917) concluded fron his studies that, in general,

conifer nor hunus is! characterised by active amonification but no

nitrification. Resell (1931) found that intensity of nitrification

in nor Inmus layers was correlated directly with pH. IVarson and

Sowden (1959) stated that their coniferous litter-Podsol soil

(horison not nentioned, presunbly the A herisonswwere used)

niature produced no nitrate during the course of their erperiaent

(165 days).

Lent (1932), working with New England forest soils, found tint

anlltypes ofhu-is foundinfast-growingtardweodstands nitrified
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to a considerable degree with the accumulation of only a relatively

can elount of W. On the other hand, large quantities of

a-onia accunulated in the thick nor humis found in nture hemlock-

hardIeod and nture 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 transfersation. These correlations

were quite pronounced in the Oh horizons. The addition of line

generally caused the forsation of nitrates at the expense of ammonia,

though no appreciable effect could be obtained in the humus layers

fron red pine plantations.

The work of Lunt agrees with earlier studies by Nenec (1930) and

concurrent research by Renesov (1937) who both found tint nitrification

is greatly retarded in minus layers under stands of spruce and pine.

Anonification, however, took place readily and accumulation of large

anounts of anonia occurred under these conifers. These researchers

explained the lack of nitrification by their discovery of a negative

correlation between the bitunin" content and the rate of nitrification

in the humus layers. With bitunin contents of 5% or nore nitrification

was practically nil.

Chse and Baker (1951;), working with Camdian Podsols, found that

heavy applications of calciun carbonate were required before an of

the added Inchin- nitrogen was converted to nitrate. On an acid

Canadian Podsol under nple, Corina (1958) found that linestone-

phosphte fertilisation had greatly increased the number of am-

nonifying and nitrifyim bacteria 8 years after treat-ant;

 

’Bitunim is apparently a collective term for hunus constituents

such as fats, waxes and resins which are soluble in alcohol and

bensene (see Vilemkii, 1957).
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simltaneously, an increase in ammonifyipg :31; occurred under conifers

following this type of treatnnt. When amoniun sulfate was perfused

through the 10(0) horizon from the maple plots which had been treated

with linestone and limestone phosphate, a fairly rapid oxidation of

NHh-N to ROB-N took place. In order to obtain similar nitrification

rates from the unleaded plots, large amounts of M03 had to be added

prior to incubation. No mention was made, however, as to whether or

not the coniferous 0h horizon could be stimulated to forn nitrates.

Renesov (1937) states that the accumulation of large quantities

of a-oniun in humus layers my promote dispersion of some of the bums

and thereby convert it into forms more liable to leaching.





CHAPI'ER h. TIME RELATIONSHIPS

In his monograph on soil studies in the region of coniferous forest

in northern Swoden, Tam (_v_i_d_e Jemv, 19M) states that in a drained

lakebed perceptible podzolisation can occur in 100 years ; under a mattress

of raw bums, enough Podzol formtion had taken place during that time

to permit a photographic recording of a thin bleached A2 horizon and a

dark orterde none (Podsol "3”).

A study in Alaska made by Cracker and Dickson (1957) indicated that

in 200 years of soil development, a trace of Podzol. formtion was evident

in the sandier mterials although no profile descriptions nor chemical

analyses were presented for corroboration of the visual evidence. The

youngest well-developed Podzols described in this area were 3000 to hOOO

years old (Chandler, 19142; Crocher and Diclmon, 1957).

LEEEmmw°magma

land surfaces in the Podzol Region of Michigan have been exposed

for periods of tine not exceeding 13,000 years (Zusberge and Potsger,

1956). For areas covered by the Valders substage of Wiscomimn

glaciation, this mine: linit is reduced. According to the most recent

radiocarbon dates (Broccker and Farrand, 1963), these areas have been

exposed for a nximn of 11,850 years. In the Lower Peninsula, Valders

drift is alnost confined to Podsol Zone III (1133 Embargo and Potzger,

1956).

In Cheboygan County, Michigan (Podsol Zone III), Frannneier (1962)

studied a ehronosequence of Podsols foned in sand primry materials.

This sequence consisted of weakly developed Podsols recently under pre-

donimntly pine and oak on lake Algon and Lab Nipissing surfaces, a

55
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more strongly developed Podzol which recently supported mostly hemlock

or balsam fir on a lake Algonquin surface and somewhat more strongly

developed Podsols (on the basis of darker upper illuvial horizons)

under northern hardloods (one site) and aspen (another site) on

Valders moraines.

233 E2m_t_g Regional Changes in Climate and Vegetation

If the regional 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 topograptw

and parent mterial are held constant). Since the Podaol Region of

Michigan he been subjected to post-glacial climte and vegetation

changes, land surfaces of widely different ages must have been affected

by different combinations of climatic factors.

For instance, Isle Royals was completely inundated until post-

sub-Duluth tine (Hough, 1958). Potzger (1951;) 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-imndation forest dominated by pine. The bogs at

lower elevation, which are all on Nipissing and post-Nipissing

surfaces, indicated that initial pasta-Nipissing forests were damn-ted

by pine, spruce and birch. Potsger states tht the pine-donimted

parts of the pollen profiles undoubtedly represent the 'njor

zerotherlic' period in that area3 thus initial soil fomtim on

the post-lineng, pre-Nipissing surface took place during a different

clinte-Ivegetation regime tun existed during initial soil formation

on either the older or the youmer surfaces.
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The Isle Royals pollen data suggest that pine forests were re-

placing spruce forests by sub-Duluth time (around 10,000 years B.P.,

Li_de_ Broecker and Farrand, 1963) and were prevalent in early post-

}linong ti. (correlative with lake Chippewa times in the lake Michigan

basin according to Bough). The tine range of 10,180 1: 160 to 9,150

I 130 years B.P. given by Fries (1962) for the decline of spruce in

nearby lake County, Mimesota seem to be compatible with the lake

chronology of Breecher and Farrand (which entails a drop from lake

Algonquin levels to lake Chippewa levels between about 10,500 years

ago and 9,570 1' 150 years ago). The data presented by Rios suggests

that pine was delinant from 9150 2 130 years B.P. until the late

post-glacial increase of spruce and fir occurred. His data also

suggest tint Jack pine was the predomimnt pine until 7300 1' 1140

years B.P.

Based on the above studies, that of Potsger (191.6) and those of

Iilson and Webster (191m and 19h2b), the following post-Valders

clintic and vegetatioml conditions .are inferred for the Upper

Peninsula of Michigan:

 

Tin (_B_l_’) Cli-te Regional Forest Yam

11,850 I 100 to Cold, nesic Spruce-Fir

10,180 : 160

10,1802160to Warmer, less mic Increase inpineandtherlo-

9,150 1'. 130 phileus deciduous species;

hemlock appears in some areas

9,150 I 130 to Even less nesie Pine dominance (ninly Jack

7,300 2'. 11:0 pine); low or no hemlock; low

white spruce; 1w thermophilous

deciduous species

7,300:l.h0te More nesie Increase inwhite pins; in-

approx. 3500 crease or reappearance of

henlock; increase in birch

approx. 3500 to Cooler and oven Increase in hemlock, spruce

lumering era more mesic fir and birch
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The following are estimates of the same types of relationships

for the sandy prism-y nterials of northern Loner Michigan:

2'33 (2.3.)

13,000

11,000

8,500

7,000

3,500

2,500

Climte"

Cool to cold, moist

Cool to cold, moist

Moderating clinte

Farming clients

Warmest and driest

since retreat of ice

Deterioration

(cooler)

Regional Forest Vegtation'“
 

Spruce-Fir

Spruce-Fir

Spruce, fir and Jack pine

Pines, oak

Pines, oak and northern

hardwaods

Pines, northern hardwoods

and oak

i'Based on Zumberge and Potsger's interpretations

“Based on Kilburn's work

In general, both sets of data suggest tint the older sandy land

surfaces in the Podaol Region of Michigan were initially exposed to a

cool to cold moist clinte and supported pioneer stands of spruce and

fir. The middle-aged surfaces were initially exposed to a warmer and

drier elinte and were probably initially forested by such species as

pine and/or oak on the drier sites with arbcrvitae (white-cedar), balsam

fir and white spruce on the cooler and more moist sites. Surfaces

mused since lake Nipissing or lake Algon times were initially exposed

to a cooler and possibly moister clinte and probably supported pioneer

forests with loss oak tun occurred in the initial forests on the

middle-aged surfbees . Aspen also my have been involved in the

initial stages of early, middle and late successions even though

their fossil record is missing (Lila Wright, 1961;).

81:11 percentages of nple, hemlock, beach and other non-boreal





59

hardwoods appear at the end of the spruce-fir pollen zones in peat

profiles fro. northern Lower Michigan and north central Wisconsin.

Indication of beech-uple forests in these areas, however, are

restricted to the last 3000 to 14000 years.

Another tin-related factor which should not be overlooked is

the time during which the “lake effects" have been in existence.

These phenomen are directly or indirectly responsible for men of

the clnraeter 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 example, Grand Marnie, Minnesota, receives about 63

inches of snow per year while Houghton, Michigan, receives about 120.

Male are characteristic in the Houghton area but not in the Grand

Innis, Minnesota area. Milwaukee, Iisconsin,receives about 39

inches of snow per year while Grand Rapids, Michigan, receives about

69. Podaols are present only in the latter location. ..Inwinter, 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 snorfalls onthe doeuindside ofthe lakeswhentheyare

frozen over. By the em of February, 1963, ice covered 95 per cent

or more of lahes Superior, Michiganand Huron. lake Michiganwas

frozen over north of a line between Millaukee, Wisconsin, and

Meshegon, Michigan, fru February 26 to the end of the month, the

only other such knosn occurrence having been in February, 1936

(Heather Bureau, 0.8. Department of Comeree, 1963!). Every section

of the state received less than m1 precipitation in February, 1963

andtheUpperPeninsulareceivedless thannonalinMarch, l963as
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well, with departures from the normal being greatest in the western

part. Chatta- aml Munising (both in Alger County, Michigan) had

negative precipitation departures of more than one inch in March.

The following table compiled froa Climatological Data (Weather

Bureau, 11.3. Department of Connerce, 1963b, e, d, e, f and g)

illustrates these 1963 departures (in imhes) from norml precipi-

tation in regions at comparable latitudes but varying in their climatic

dependency on the Great lakes.

East Central Northwest West Upper

Minnesota Wisconsin Mic%n

February, 1963 £55 3.5

”1!, MB 'I‘OeOh "Oelh .1e61

Southeast East Central West Central

Minnesota Wisconsin lower mew

February, 1963 25.5 5.33 .

”h, MB *0008 40.50 40.50

The above data suggest that during nest of pcst-Valders—pro-

Nipissim tines lalne effects nust have been less pronounced ttan at

present if it is inferred that: (l) winters were somewhat colder

during the spruce-fir period and (2) that a drop of lake levels to

ex'trusely low levels took place during the decline of the spruce-fir

period. Darin the lake Chippewa period, spring and smer temperatures

in southern Michigan would lave logically increased whereas fall and

winter temperatures would likely have been more continental, similar

to those in southern Wisconsin and northern Illinois at that tine.

Fall and winter precipitation would have been cc-ensurately lower

aswell. IhilethebulkofthePrairiePeninsulanyhavebeenfornd

prior to this period, as suggested by Benninghoff (1961;), the lake

Chippewa pericdseen tcbea liblytime ferthsfeuntionofthe

soutmrn Michigan prairies with the disjunct Newaygo prairies developing
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as a partial result of: (1) their position at a latitude betw9en that

of Southern lab Chippewa and Lake Chippewa (see Hough, 1958) and (2)

the prevalence of westerly winds (Weather Bureau, 1959). The subse-

quent rise of water to the lake Nipissing level must have initiated an

increase in the ”lake effects“ which would mean cooler springs and

me, less annual evapotranspiration, milder fall and winters and

more fall and winter precipitation. These changes plus a regionally

cooler clinte beginning between 2000-2500 years B.P. (Deovey and

Flint, 1957) could possibly explain the increase in white pine indi-

cated in the upper levels of several pollen profiles in the laer

Penimula of Michigan (post-Nipissing phenomenon according to Zunberge

and Potager, 1956). These climatic changes could also have simul-

taneously favored the increase of: (1) nesophytic species such as

Mack and mrthern hardIOOds all (2) the rate of 1mm all! Podzol

development. Thus the lupothesis (Zunberge and Pctager, 1956) that

lake Wipissing tines were the nest xeric in Michigan seen untemble

unless it is accused that expansion of beech and hemlock can take

place under such conditions and a rather drastic regional dryness

occurred dtn-im that period thereby overeating the lake effect.

113:mm33 32°.“— Chanes _i_n Soil-Forming Factors

The emergence of cone land surfaces not have been rather rapid

while others surged slowly (Veatch, 19140). The slow subsidence of

labs levels could not only affect the natural drainage of developing

soils but proriaity to the lake could keep sumer temperatures

relatively low and winter temperatures relatively high compared with

more inland positions. For maple, if lake Nipissing receded
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steadily down to the lake Algona level on a stable land surface, the

water table in lake Nipissing beach sands would have been within 5

feet of the soil surface for approximtely 500 years. If lake Algone

levels dropped steadily to those of the present lakes, this time

would be about 1250 years for lake Algona beach sands. it the other

extra-e, deep outwash plains subsequently dissected by saltwater from

the retreating ice front were high and dry shortly after their depo-

sition. Surfaces exposed by the drop of water levels from lake

Algonquin to lake Fayette at an average rate of at least 1!; feet per

100 years (& Bough, 1958 and Breecker and Farrand, 1953) were soon

without lacustrine water table influence as well.



CHAPTER 5. PODZOL PROPERTIES AND PEDOGENIC PROCESSES

32.mconstituents

Determinations of total Fe203 in Podzol profiles usually indicate

 

that at least one illuvial (I) horizon has a concentration twice as

great as that of the e‘luvial (E) horizon and that the eluv'ial horizon

has at least 20% less than the 00’ or W) horizon (v_i_d_g Lunt, 19323

Wilde gt 3., 1910; Wicklund and Whiteside, 1959; Muir, 1961). These

studies also indicate that I/E* ratios of total £1203 are lower than

those of Fe203 except under pure stands of conifers nhere the reverse

is true. muvial peaks of total P205 in the Podzols studied were

incompicuous except where crtstein was present. Otherwise, P205

unsu- occurred in the hulus layers. In the Wisconsin Podzols, total

K20 concentration were considerably lower in the eluvial horizons than

in the other horizons. The New Brunswick Podzols, however, did not

exhibit this type of distribution pattern for x20; instead, the values

were rather constant down to the lower I or upper I horizons where they

increased. Total CaO concentrations in the Podzols stmlied were highest

in the 0 horizons (exclusive of profiles having carborntes in the P

horizons) and lowest in the E horizons. Minimum concentrations of Mgo

were present in the E horizons with hazi- in either the I horizons or

the P horizons of carbonate-free profiles. Where total 8102 was

detcrlmed in the above-mentioned studies, the results indicated that

Podzols of all textures had elnvial horizons with 8102 concentratiom

above 79$. In the Wisconsin sands, Podzol development scene to increase

with increasing l/P ratios of total 8102. in increase of this ratio in

the HewBrmwickPodzols is coincidentwithagreater net increase in

 

11-1/3 gilluvial horizon s

zone 63
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illuvial 11203.

Iassoglou and Ihiteside (1960) determined the amount of soluble

(manic extractable) alumnus in some Michigan Podzols containing

fragipam and found that the morphological degree of Podzol develOpment

varied directly with the content of soluble, illuvial A1203.

Franneier (1962) deterrined the citrate-dittdonite extractable

iron and aluminum of several sandy Michigan Podzols. Concentrations of

the sesquiorides increased with the morphological degree of Podzol

development (based on color of the upper illuvial horizon) up to the

noderately developed Blue lake soil. This moderately developed Podzol

(a continuous ortstein is not present) with the greatest concentration

oil-.203 of am soil in the studywas formed inValders-aged parent

nterial. Free the available evidence, this soil supported a conifer

(white pine and heulock)- northern hardwood stand prior to beirg clear-

cnt. The highest concentration of £1203 was shared by the above-mentioned

Podml and an Algonquin-aged Podzol which supported a pro-disturbance

stand of moplutic conifers (either hemlock or fir or both) with somewhat

of an adlixture of red nple (A_ce_r_ w).

The above study further indicated that in the lowest illuvial

horizon of one of the weakly (Rubicon series) and all of the moderately

developed Podzols (Kalkash ani Blue lake series) extractable alumimns

concentrations were consistently higher than those of iron.

In these profiles, the upper illuvial horizons consistently contend

the highest concentrations of translooated bums. In addition, these

horizons had tb maxim R203 concentration in each profile except where

ortstein chunks were present.

Available phosphorus distributions in Franncier's Podzols are also
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of interest. In the weakly developed Podzols, the illuvial zones show

‘11“ concentrations in their upper horizons while in the Podzol

sequua of the noderately developed Podzols, mdnun concentrations of

available phosphorus occur in the $2393 illuvial horizons. This

distribution in the noderately developed Podzols is most obvious in

the Blue Lane profiles which have Bhir (lhbi) horizon concentrations

that are alncet twice as high as those in the overlying Bh (llaib)

horizons. Total analysis of one Blue Lake profile revealed that the

upper illuvial horizon had actually gained in total aaounts of

phosphoru. The next illuvial horizondownportrayeda net loss of

total phosphorus but contained almost twice as much available

phosphorus as the horizon above.

The 953113 Constituent. 93 Hanged Mechanism 9; Eluviation £1

E Illuviation in Podzols

Podzol illnvial horizons are characterized by accumulation of

eesquiddee 3 however, organic utter accmulations are invariably

present as well. Franz-sier's studies indicate that organic natter:

extractable sesquiozlde ratios are consistently greater than unity in

these horizons regardless of the degree of Podzol develop-ant. If

the extractable sesquiocsides represent that portion of the total which

is acving or has noved, and the conputation of organs utter content

is realistic, then the data indicate an essential role for organic

setter beyond the nere creation of acidity. Because of the onnipreeence

of organic utter in Podzol illuvial horizons, nest of tln modern

lupotheses concerning the mohanisa or neclnrnsm of iron and alumina:

novemnt into the illuvial horizon involve the leaching of organic

substances (Iron 0 horizons or live foliage) which are capable of
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combining with iron and aluminum (Stobbe and Wright, 1959).

Several Russian investigators (11$ Kononova, 1961 and Vilenslcii,

1957) believe that crenic acid is responsible for: (1) the dissolution

of calciua carbomte, (2) reaction with iron and manganese compounds

and (3) disruption of kaolinite thereby releasing silica and alulinmn,

the latter foraing a create (i.e., a salt of crenic acid and aluminum)

which is water soluble. Upon reaching a zone of oxidation, these

cremtes of Fe, Mn and A1 are converted to apocrenates which are not

nter-soluble and thus precipitate out of solution (see Kononova, 1961

and Vilsnskii, 1958).

lright and Schnitzer (1963) postulate that the iteration of fulvic

acid night be visualized as arising through some alteration of humio

acid, including an increase in oxygen content, an increase in carbonyl

groups at the expense of aliphatic and/or alicyclic asterial, and a

decrease in carbon, morogen and nitrogen. With increasing oxidation

the nterial becones acre water-soluble and eventmlly dissolves in

water. is the dissolved fulvic acid noves down the profile it conbines

with pelyvalent cation such as iron and alulmun to fora water-soluble

oeuplexes sole of which probably involve two or nore donor groups of

the ligand resulting in the formation of natal chelates. The authors

suggest that there is a strong possibility that on its lath down the

profile fulvic acid form, at first, water-soluble nultidentate chelates

which later any precipitate lower in the profile upon reacting with acre

of the sen natals orwith extremelysnllaeounts of ionic calcimmd/or

Hen-sin. Wright and 80th also suggest that F's-organic ntter

conpleres are more susceptible to flocculation by Ca and Hg than the Al-

organic fitter comleres which any result in a deeper penetration of the

latter.
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On the other hand, certain researchers believe that organic acids

such as oxalic and citric lay fora conplexes with Fe and Al which

subsequently nave into the illuvial horizons (see Stobbe and Wright,

1959).

Recently, the importance of polyphenols has been stressed in

conjunction with the mnt of iron (Bloomfield, 19573 Goulson, _e_t 91.,

1960; Davies :3: g... 1960). Coulson at 3;. treated nodel soils (con-

sisting of slain and diatmaceous earth inpregmted with ferric

chloride) with catechin* solutions and fresh European beech leaf

extracts. Both treatnents produced dark-colored subsoil bands in

which substantial anounts of ferric iron had been converted to ferrous

iron. Extracts of greenbeech leaves frona nor bums sitewere sore

effective than those from a null huaus site. Siailar treat-cuts of

Triassic sand calms also resulted in the reduction of iron but

apparently no subsoil bands were produced; the ferrom iron appeared

te be present in a conplen fora possessing no residml electric charge.

Isachingofalmnna seened tobe related onlytothe pH ofthe

solutions. Regarding the Podzol-forcing process, Davies 33 31. state

tht, upon reaching the soil, the fate of polyphenols is deterxined by

the soil reaction—the sore acid the soil, the acre stable the poly-

phencl. Further, these investigators suggest that the polyphenels

responsible for movement of iron in soils are likely to be those

washed free the growing leaves into the soil, and not those fro.

litter er hulls. Therefore, if the soil. is acid (pH of 14-5 is optima),

the leaf polyphenols will. readily reduce ferric iron and fen stable

 

“Catechins are a group of polyphenols found in tree foliage.
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conplexes with the resultant ferrous iron. Since these complexes are

water-soluble and non-ionic, they will nove freely in the profile until

they are deposited in a clearly defimd horizon, thus forming the Podzol

illuvial acne. These authors do not postulate a nechanisn for this

deposition, however.

Concerning deposition in the illuvial horizon, several workers

(see Stobbe ad Fright, 1959) have stressed the importance of oxidising

conditions and nicrobial attack of the organic utter as it moves into

this sons. Bloomfield (1957) suggested that drying and/or aeration my

brim abort the precipitation of sesquinndes. He also found that the

instillation of sesquinndes is associated with the sorption of the

couplexes on the aiueral soil particles, particularly on the «equi-

oxides. firtin (1960) comluded, based on his studies of the illuvial

process of Podsols, that the siaultaneous presence of L1, Fe and humus

in the illuv'ial horison can be accounted for solely by the flocculating

properties of Al ions.

m9320% Develop-ant in Michigan

Most studies of Podzol genesis in Michigan have been of a mineral-

ogicel mture and this subject is thoroughly reviewed by Frenneier

(1962).

His study of Podzol sands led bin to postulate the following course

of developuent. An early accululation of available phosphorus occurs

in the very slightly developed illuvial horizon along with colparetively

low concentrations of iron and alt-inn. This stage is referred to as

theW phase." Following this stage, an "organic-accumulation

phi-0" begin and n: horizons fora. Suquwddoo and probably silicate

clays continue to be nobilised in this phase, but sceunmlations of these
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constituents tend to be in different horisom. Several mechanisms

of nobilisation and various combinations of the active components are

probably operative during this phase. The active sesquioxide and

organic comenents are adsorbed or precipitated as amorphous coatings

on slightly oryetalline coatings in the Podzol illnvial horizons

developed during the I'inorganic phase.” The thickness of the amorphous

coatings gradually imreases until they flaloe off and bacon inter-

granular deposits. Here, acting as nuclei for further precipitation

and adsorption of saterial from solution, they cause an increase in

the amount of intengranular eaterial. Sims these aggregates are

relatively weakly held together, chemical, physical and biological

agents prevent them from growing indefinitely. Host of the aggregates

are about 0.02 to 0.1 III in diameter. is the large pores becone filled

with this debris, the capillary pore space, readily available water-

holding capacity, exchange capacity and entangeable bases increase.

Condition are thus nde acre nssophytic and these changes are

associated with the maple-beech succession of the pine-hardwood

association.

0!: the basis of his chronosequence stuck, Frenneier further

concludes that, during the entire course of Podzol forntion, plusieal

weathering caused a breakdown of sand grains to silt sise (especially

near the soil surface), and the total clay content of the solun

increased.
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CW 6. WIRED SOILS DEVELOPED IN IELIDW‘BH SANDS

IN THE PWZOI. REGION OF MICHIGAN

The Podzol Region of Michigan contains a very large acreage of soils

developed in yellowish (Munsell hues of 7.5m to 101R) sand. However,

compared to Gray-Brown Podzolic Region soils developed in yellowish sand,

those in the Podzol Region vary greatly in their norpholog.

V Iell-dnined Podzol Region sand soils, exclusive of those on the

younger land surfaces, nay belong to any one of the following three great

soil groups: (1) Podzol, (2) Brown Podzolic or (3) Brunisen. In

addition, transitions between (1) and (2) and (3) my occur. However,

theBruniseeintergrade onlyoccurs inPodsel Zone I (Figure 2) under

white pine—mixed oak (ninly white and black) stands adjacent to the

Brunlsen areas (personal observations by the writer). On the younger,

well-drained land surfaces Regosols can also be found (persoml obser-

vations).

The plusical geography of the well-drained sand soils in the Podzol

Region is presented in the following sections.

”mm

Restart Lnd

This very weakly developed Podzol is found only on surfaces abandoned

by late ngm (personal observations and Veatch, 1953) near Iahe Michigan

or labs Huron. It has a shallow (usully less than 2% feet deep) solue,

contains no dark (Munsell values and chroma less than h/h) illuvial

horizon, nor reddish horisons (hues redder than 1013.), and overlies a

calcareous or alkaline G horizon. In Delta County under relatively un-

disturbed conditions, the hunus type is usually a strongly acid to very
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strongly acid nor or duff-null.

The mtural vegetation (recent) on this soil in Delta County varies

fron an overstory of white and red pines with an understory of arborvitae

(1112a occidental-la) and balsam fir to stands of northern hardwoods, red

oak and white pine. According to personal comunication with S. G.

Shetron (fornerly of the 8.0.5. new graduate student at the University

of Michigan), the undisturbed Eastport sends in the northwestern part

of the lower Peninsula have similar vegetation types. The Sanilac

County (east central lower Peninsula) soil survey report (1961) indicates

that “scattered scrub oaks" may have been a part of the natural vegetation

on Eastport sand in that county.

Eastport sand has developed under a more marine clients than exists

in areas further fron the Great lakes. This is particularly true on the

west coast of Lower Michigan where mean January temeratures my be as

each as 5°!" warner than nore inland stations at the sane latitude. Mean

July tenperatures are only slightly cooler in the coastal areas, however.

The frost-free season say be as much as a month longer on the coast than

inland. Eastport sands which have developed in Podzol Zone III receive

apmciably more fall precipitation and armnal snowfall than the east

coast Eastport sands (11.8. Weather Bureau, 1955; Brunnschweiler, 1962).

no.2 an 22

Deer Park sand, like Eastport sand, occurs on lake Alger. SWIM”.

It, too, is a veryweakly developed Podaol (no dark illnvial horizon

and no reddish illuvial horizons), but the solun overlies several feet

of acid sand. Generally, this soil has a deeper water table than

Eastport sand sites (Veatch, gt 3., 1929; see Appendix v).
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The natural vegetation on this soil is quite uniform, being composed

of red, white and jack pines with some admixture of northern red oak

(Quercus rubra and Quemus rubra 1° borealis).

enlarge 22

Rubicon sand is a weakly developed Podzol; i.e., it has reddish

illuvial horisom, but no appreciable (thicker than an inch) dark horizon

in the illuvial part of the solun. The solum is variable in thickness,

but the mxinun my be greater tmn either of the two preceding soils ,

tongues sonetiaes approaching 5 feet in Delta County.

This soil can be found throughout Podzol Zones II and III and my

occur on ary land surface that is 3500 years old or older (persoml

observations by the writer in Delta and Alger counties; and Veatch,

1953).

The natural vegetation of Rubicon can! (as defined by the Natioml

Cooperative 3011 Survey) is quite uniform in the Upper Peninsula, being

coaposed of red and white pines minly. Northern red oak and red mple

my be present in smll quantities in undisturbed stands, however. In

the lower Peninsula, northern red oak was present in most stands and

probably in greater numbers. In addition, white oak was sometime

present (Stewart, 1927a and 1927b and Elliot, 1953). In Delta County,

white pine is dmimnt and hemlock is present where Rubicon sand grades

into the moderately well-drained Croswell sand. Where the i-perfectly

drained Au Cree sand is encountered, balsa: fir is frequently a component

of the forest as well as henlock. As the degree of Podzol developmnt

approaches that of a nodentely developed Podzol, hemlock and northern

hardwoods my both be present; in this case, hemlock is usually more

prevalent than northern hardwoods. In Kalkasln County (Podzol Zone III
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in the Lower PardnquA), Stewart (1927) describes a virgin timber stand

on Rubicon sand which consisted of basal area percentages of: 69% white

pins, 7% red pins, 20% hemlock and 14% northern hardwoods (sugar mple,

beech and yellow birch). This stami data suggests a transition to the

noderately developed Podzol, Kalkaska sand. A more typical maple is

the basal area composition of another virgin stand in the same county

which contained 23% white pine, 75% red pine and 2% hardwoods (red mple,

red oak and poplar). Stewart described a third virgin stand in the

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

finish and
 

Kalhsh sand is a moderately develmd Podzol; i.e., the illuvial

sons contains both dark horizons and reddish horizons, with the dark

horizon averaging several inches in thickness. In addition, at least

one dark horison nest be continuous and an inch or more thick.

Ialkasln sand is largely restricted to Podzol Zone III; however,

it also occurs near Lake Huron in Podzol Zone II (Schneider, 1961).

It is nore frequently found on surfaces which pro-date Lake Nipissing

but can be founi on Ialne Nipissingqabandoned surfaces in Delta Cotmty".

The recent natural vegetation of Kalkash sand varies fron nearly

pure stems of white pine (observations by the writer and Sanilac

County Soil Survey Report) to 100% northern hardwoods. In Alger County,

(one virgin stand contained 711% sugar mple, 18% beech, 7% yellow birch

and 1% iromood (933m 3%) while another contained 115% beech,

28% supr mple, 22% yellow birch, 11% red mple and 1% balsam fir

 

"nlheh sand on lake Nipissing surfaces: (1) 9% 5w} Sec. h

I he N n 21 11, Rapid River Quadrangle, use: Geological Survey; 1958, (2)

Shimlfiec. 23 T 39 n n 22 w Rapid River Quadrangle, USDI Geological

Survey; (3) seems». In T to N R 20 w Garden Quadrangle, USDI

Geological Survey, 1958.
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(Stewart, 1929). Other stands (non-virgin) on Kalkaska sand in the same

area contained black cherry (Pr_u_r_1__us; serotim) and hemlock in addition to

beech, birch and mple. The nearly virgin Cross Village stand in Ell-st

County (Lower Peninsula) is a mixture of northern red oak, hemlock,

sugar mple, beech, white pine, hornbean and yellow birch (personal

comication fron J. E. Cantlon, Botany Department, Michigan State

University).

Elli": as!

IaJJaee sand represents the mxinun developmnt of Podzol morphology

in lichigan. The bleached eluvial horison is irregularly thicker than

those of other Podzol sand soils; the illuvial zone is highly indurated

(contains Inch ortstein) in addition to having the dark and reddish

horizon. Eluvial and illuvial tongues are characteristic, the latter

somtims extending to depths of 5 feet.

Illace sand occurs locally throughout Podzol Zone III and to a

lesser extent in Podzol Zone II where it is not extensive enough to be

mpped as a single unit but it is cabined with associated soils such

as Weare fine sand (Johnsgard, 1950. Wears is now correlated with the

Kslhska and Rousseau series.) and Kalhsh sand (Schneider, 1961).

In Delta County, Iallace sand can be found on an land surface which

pro-dates Lake Algom (perseml observations)”.

In nest soil survey reports (Voatch 93'. 31.” 1932 and 1931;; Homer

3} 21., 1938; Foster 93:. 3.1., 1939; see Appendix V) the recent natural

 

*wellnce sand on Lake Nipissing surface: seizes} Sec. 12 'r 39 N a

22', Rapid River Quadrangle, 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

type3 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 hardwmd stands on

Wallace sani.

BROWN PODZOLJI} SANDS

Only one soil series belonging to the Brown Podzolic great soil

group has been adequately described in the yellowish sand soil area

of Inchigan. This series has been given the name Grayling arri is

represented by only one soil type, Grayling sand. Recently, however,

some sand soils origimlly identified as Grayling sand were found to

have loany sand or sandy loam subsoil bands; these soils are currently

being classified as Graycalm sand but little informtion is available

on their distribution or range in natural vegetation.

eyes2

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 (101R) colors

or (kill (clnems less tlnn 6) reddish colors and overlie several feet

of acid (pH values muelly between S and 6) send. This soil often

grades laterally into Rubicon sand or into Croswell sand, a moderately

well-dreimd Podzol.

 

*One of these sites is in the stuiy area (see previous footnote).

The other is in Marquette County and was shown to the writer by Donald

Buchamn (USDA Soil Conservation Service).
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Grayling sand is usually found on ”dry sandy plains" or "the drier

pine plains” (Mick, _e_t_ 91., 1951; Veatch, at 31., 1936). 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 Lake Algonquin. In Delta County, Grayling sand

occurs 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 Inner Peninsula, south of Indian River,

white oak (guercus 93:13) and black oak (guercus velutina) are also

forest components on Grayling sand.

BRUNIZEM SANDS

The only Brunizen soil series in the Podzol Region of Michigan has

been given the nam 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 A1 horizon 8-20 inches

thick with a brighter colored illuvial (‘3) horizon immediately beneath

(see Appendix V).

Veatch (1938 and 1910) states that the Sparta series in Michigan

developed in basim which were formerly occupied by shallow greasy or

mrsh lakes. He postulates that these lakes dried up during a post-

glacial "dry period.”

 

*‘Scrub oak'I robably represents rcus rubra v. borealis, ercus

e111 oidalis a or hybrids of rcus e em; ea Quercus ra

_ persoml cannunicat on ran . J. E. Cantlon, Botary

Department, Michigan state University).

%
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Hauser (1953) states that these areas are vegetated by assemblages

of characteristic prairie species such as Andrgmgon gerardi, Andropogon
 

”Mus, Sorghgstrum m, Koeleria cristida, Eragrostis pectrmacea,

Liatrism and Hieraciun longipilmn. However, the high incidence of

are}; Efllnnica and certain weecw plants is not typical of other

prairies. Many species in the Newaygo prairies are also found in the

Sand Brrens of central Wisconsin but a few species are more typical of

the Bracken Grasslands in northern Wisconsin, viz. §_o_a_ co ressa, £93

pratensis andM acetosella (1133 Curtis, 1959). The Bracken Grass-

lands are in a great soil group transition zone similar to that in

Nsseyge County but they occur on loans to fine sands and are not mapped

as Brunisem. Curtis states, however, that the Bracken Grassland soils

have a fairly deep incorporation of organic matter and little evidence

of a highly leached A2 horizon.



Part II. The Present Study
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0mm 7. CLIMATE OF THE UPPER PENII‘EULA

The cli-te of the Upper Peninsula was analyzed by means of water

balance computation (according to the Thornthwaite System) and simmeries

of man fall precipitation, mean annual snowfall and months of maximum

precipitation. These variables were chosen because of their correlation

with soil and vegetation characteristics in the Lower Peninsula. The

data used in the analyses were obtained free U.3. Weather Bureau publi-

cations (Weather Bureau, 1951;, 1958, and 195%). The detailed procedtn'ee

used are the can as those used to obtain the sale infor-ation for the

Lower Peninsula (see Brunnschweiler, 1962 and Messenger, 1962) except

that nonthe of precipitation mum and co-nxila were determined on

the basis that all other months had nean values at least 10% lower

instead of 20% lower.

The regloml distribution of precipitation reginee for the Upper

Peninsula can be seen in Figure 12. The southwestern section of the

peninsula Ins a continental type of regim. The reminder of the

peninsula has a regime which reflects a greater lacuetrine influence on

the climate with a Septemberm or co-mxim of precipitation.

The nean fall precipitation is plotted in Figure 1.3. The isohyets

indicate that the western one-half of the peninsula receives less than

9 inches. Within that area, most of Menominee, Dicldmon and Iron

Counties receive less than 8 inches.

Mean annual snowfall, shown in Figure 11;, is highest near lake

Superior3 from Ironwood through the szeemw Peninsula it averages over

120 inches. In southeetern Delta County and throughout most of

Menominee County, an annual snowfall is lees than 60 inches.

Average annual PE values are plotted in Figure 15. The lowest values
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are in coastal areas in the eastern one—half of the peninsula and the

highest values are in the southern one-Inlf of Menominee 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 Ishpemng.

The than annual water surplus and the norml statue of available

soil noieture in November are plotted in Figures 17 and 18. These maps

indicate: (1) that send soils would nornally reach field capacity in

Novenber in all of the Upper Peninsula except southwestern Delta County

and southern Ballerinas County and (2) that all soils would normlly

have an amml surplus in excess of 75 m.

Moisture-wise the clinnte of Menominee County and parts of bordering

counties resembles that of the Saginaw Valley and parts of the I'Thmh"

area in the Lower Peninsula (which overlaps Podzol Zones I and II).

The profile descriptions given in the Menominee County soil survey

report (noon 2 93., 1930) indicate that no strictly well-dramd Podzol

having a dark orterde horizon occurs in the county although sand parent

nterial is widespread. It is therefore believed that Menominee County

and an indeterlimnt portion of adjacent counties should be a part of

Podzol Zone II rather than III.
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CHAPTER 8. DESCRIPTION OF THE STUDY AREA

Seven well-drained, relatively undisturbed sandy sites in Delta

County and one 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 .

inn-.2

(The clinte of the study area is strongly influenced by the posi-

tions of lake Michigan and Tales 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

Iron 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

Encamba is from the north or northwest. Thus the winter temperatures

in southern Delta County are less moderated by the lakes than are the

8Il-er tenperatures. Green Bay, Little Bay de Noe and Big Bay de Noe

r:Iceese over during thewinter, and during the part of thewinterthey

fire frozen, the lake influence on temperatures is even less pronounced.

The open water of lake Michigan proper, however, appreciably moderates

the winter telpentures in the Fayette-Sac Bay area in the southern

Pill-t of the Garden peninsula at the southeastern tip of Delta County.

For the period 1931-52 the mean temperature, precipitation and

“fiber balance values for Chathan, Escambe and Fayette-Sac Bay are

Presented in Table 5.
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TABLE 5. SOME CLIMATE FEATURES OF THE DELTA-ALGER STUDY AREA (1931-52)*

 

Eecensbe

Chathen

Fayette-SB

Escambe

Chatlnl

Fayette

Escensbe

Fayette

Eseambe

Chatte-

Fayette

TEIIIPERATURE (°F)

J F n A n J J A s 0 N DAVE

18.6 18.3 26.3 38.6 50.1: 61.0 67.3 65.3 57.5 h7.3 311.0 25.9 h2.5

17.6 17.1. 21»? 37.8 h9.8 60.1 65.9 6h.1 56.6 h6.1 32.2 21.9 1.1.2

20.3 19.6 27.0 38.5 h9.3 59.0 66.1 65.3 58.1I h8.0 35.h 25.2 h2.7

PRECIPMION (from)

J F n A M J J 1 s 0 N DTOTAL

1.61 1.29 1.68 1.95 2.86 2.96 3.514 3.03 3.01; 2.09 2.30 1.37 27.72

2.30 1.68 1.72 2.08 3.00 3.68 3.27 3.37 h.22 2.81 3.39 2.20 33.72

2.10 1.68 2.12 2.31 3.05 3.1I3 3.31; 3.00 3.39 2.1I6 3.20 1.99 32.07

swam (mans)

J F n 1 n J J 1 s o N DTOTAL

1h.6 12.7 9.7 2.8 0.1 0.0 0.0 0.0 0.0 0.2 h.9 10.1: 55.1:

19.1: 13.6 10.8 6.1I 0.6 1' r T 'r 2.6 12.7 17.9 8h.0

20.7 18.8 114.3 5.6 mt 0.0 1' 0.0 1' 0.5 8.7 16.1 85.1

mm BAIAHCE (WEBB 03' wuss)

IN 3011. Inn 111- CAPACITY IN son. wrrH h' wmm

Pa DEFmn suamn NOVEMBER SURPLUS

(nude 10!!) (and: loan) (and)

558 15 161 o

553 10 33h 90

51:6 11 280 to

 

*rhe raw data for this table were derived from U.S. Weather Bureau

publications (Ieather Bureau, 1959a and h).

These data show that Escamba has clintic nodeture characteristics

noretypicelofPodzol ZoneIIthanPodzolhnem. Baeedonthese
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data and Figures 13 and 124, it is apparent that Site Bl south of Escanaba,

Figure 19, exists under a somewhat less favorable climate for dark upper

illuvinl horizon develoment than do the other sites in this study.

Surface Geolog

The surface geology of Delta County and neighboring counties is

depicted in Figure 1913.

Delta and Alger counties were completely covered by Valders ice

(Bough, 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 mxinum advance, Valders drift

is logically somewhat younger in these northern areas tlnn it is farther

south. is a nutter of fact, Hough postulates that the ice was still

present in Delta County during the highest stage of Glacial Lake

Algonquin. Accordingly, then, the longest period of tin that any

surfaces in Alger County and northeastern Delta County have been exposed

to post-glacial neathering should be about 10,500 years (Broecker and

Farrand, 1963).

lake Algonquin was assumd by Leverett and Taylor (1915) to have

extended into the Lake Superior basin through the Au Train-Whitefish

Valley system in central Alger and Delta counties. Observations of

lacustrine features were nude by those workers, and subsequently by

others, up to 960 feet above sea level in the vicinity of Munising in

Alger County. The highest of these features was much higher than the

isobase line of the highest Algonquin level derived by Leverett and

Taylor fron observations in other localities. As a result, these

features were assumed to be of local origin. 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 east. South of Munising in southern

Alger County, and northern Delta County, observations of lacustrine

features are lacking. Based on this dearth of observations, the

anonlous lacustrine features near Munising and the configuration of

the moraine-outwash system in that area, Hough postulated that: (l)

the highest stage of lake Algonquin did not extend into the lake

Superior basin because it use damned by glacial ice and (2) by the

tine the Au Train—Whitefish valley system no ice-free, Algonquin labs

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 lake Duluth, which is assuned to have been contemporaneous

with the min Algonquin stage but confined to the western part of the

lake Superior basin, is thought by Hough to rave used the Au Train-

Ihitefish valley system as its spillway following the unblocldng of

this passageway by the glacial ice during the "Upper Group” of lake

stages in the lake Michigan basin. The resultant deluge is postulated

to have inundated all but the highest moraines 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, tm lowest of these in the Ialne Michigan basin

being lake Chippewa. This subsidence occurred between about 10,500

and 9570 2 1.50 years ago (Breecher and Farrand, 1963).

1'01le the lake Chippewa period, water levels rose, and

presunbly by 5720 2: 250 years B.P., they were close to the present-



I
.
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day levels (based on the buried ash tree referred to in Chapter 3). By

3500 years B.P., a 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 level at Escanaba to 629 feet

at Munising (Leverett and Taylor, 1915).

Following lake Nipissing tines, 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 Algona and it has

been dated at about 2500 years B.P. (Hough, 1958). lake Algoma beaches

and terraces have been identified on Garden Peninsula (eastern Delta

County) at elevations 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 Algoma

levels. Bergquist states that these beaches were formed either during

the lowering of the Nipissing waters or by store waves of lake Algosa.

The Algosn shore in Schoolcraft County is not traceable as a

continuous feature but occurs rather as more or less disconnected

units along the lake Michigan shore. In certain areas, the Algoua

features are very definite but in the main they are either obscured

by low data developments or are nissing entirely as a consequence of

later wave activity. In several places a series of low fore-dune

ridges or limestone rubble ridges extend outward from the Algona shore

features to the present shore. Bergquist states that these ridges my

represent store wave deposits of the present lake.

Stern waves are maples of short-period fluctuatiom in lake

levels. The nxinun rise resulting frat 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 toward these locations. At the east end of

lake Erie, for imtance, the maxim short-period rise recorded was

8.1; feet (laidly, 1962).

The monthly average level of lake Michigan reached the maximum

recorded value of 583.6 feet above sea level in June, 1886. This peak

mked the end of a four-year period during which the monthly average

level exceeded 583 feet each summer. No other comparable period has

been recorded (laidly, 1962).

The writer has identified what he believes are Algosa terraces

cut into linestone bedrock at several locations on Stonington Peninsula

and on the east side of 0gonts Bay in Delta County. These terraces

invariably occur between the 590 and 600-foot contour lines. In some

areas, terraces or low, dune-like ridges are present above Algona Inve-

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

Algon cliff was identified at the upper end of that series of ridges.

Sit: Locations

Three sites are located on low dunes below lake Algonn wave-cut

cliffs. These dunes are considered to be post-Algom in age based on

their sinilarity 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 nan-made wood chips and a buried tree trunk
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beneath 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 lake Michigan indicate that from 1882 through 1886 the monthly

average lake level during the peak months (summer) was between 583 and

581; feet, a portion of the surface now beneath the sand cap would have

been inundated and storm waves say have inundated most of it. Since

loggixg began in the general area between 1880 and 1890, the sand cap

on these sm‘faces was probably deposited no earlier ttnn 1880 and in

all likelihood was deposited during and immediately following the high

lake levels in the add-1880's. Until fm'ther investigations are undo,

these sites will be collectively referred to as being post-aAlgom in

age.

These three sites are designated 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 (ninly JuniErus spp.) sons. Site 12 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 A1 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 beg to the east and northeast, but by well-drained uplands

to the west and northwest (site locations are shown in Figuresl9A and B).

Tm sites are located at levels between those of the A sites and

lake Nipissing terraces. The parent naterial at each site is composed

of a stratum of medium to fine sand overlying a calcareous stratum of

coarse sand, gravel 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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soil. The El 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.

Tle 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 02 on the basis of a darker upper

illuvial horizon in the 02 soil. Site 01 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 01 is located. Site

01 1. about 100 yards from the escarpment. Site 02 is surrounded by

well-drained sands with occasional pits typical of outaash plains.

Both of these sites lie inland more than 10 miles fmm either lake

Michigan or lake Superior.

Site D1 is located near the top of a moraine 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 ago. Site D1 is well inland from the Great lakes but is

situated about 3/h of a mile south of an extensive area of smll

lakes, all of which lie at elevations 100 to 130 feet lower than Site

D1.

The approximate ages in years of the surfaces at these sites are

therefore assumed to be as follows:
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SITE

A2

BI

32

Cl

02

D1

98

AGE-ROUGH CHRONOLCBY

post-ngom (writer's estimate)

post-Algona (writer's estimate)

post-Algae. (writer's estimate)

3000 (writer's estimate)

3000 (writer's estimate)

7500

7500

8500

AGE-BROECKER AND FARMND CHRONOIDGY

10,000

10,000

10,500



CHAPTER 9. METHODS USED IN ECOSYSTEM INVESTIGATIONS

mCognition

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, crown of the

neighboring trees 3 (2) "intermediates" which refers to those components

fron one inch in diameter (at breast height) up to, but not including,

the dominant trees 3 (3) “reproduction” which refers to tree reproduction

and includes seedlings and saplings up to one imh in diameter. In the

individual site descriptions, these term are abbreviated to D, I and R.

aw... an:

The humus types of the profiles studied are classified according to

the system developed by the Comittee 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 intial appearance of the 2 33.33 Rubicon sand hum layer,

Site 01, suggested a nor humus type. Closer impaction, however,

revealed that what appeared to be an H-layer was actually a mixture of

bleached sand grains and black humus which graded rather abruptly into

the underlying Es (A2) horizon. The estimation of the percent organic

fitter based on organic carbon content revealed that this dark horizon

contained only about 7% organic setter therefore the humus layer seemed

to be most appropriately classified as a Shallow Sand Hull.

There was some question as to whether the upper hundc horizon of

Site 13 net the specifications for an H-layer since it contained

99
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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 hunts horizon was considered to be an H-layer and the humus type

was classified as a thick duff-mull. In a recent paper, White (1965)

states that there is no evidence of biological incorporation of organic

setter in some lake States humus types which morphologically appear to

be duff-nulls. The Vh (Al) horizons underlying the Oh horizons of such

soils usmlly contain less than 14% organic natter and therefore it was

felt that such humus types should be classified as nors rather than

duff-nulls. It is possible that the humus layer of Site A3 is also

of this type but confirming data other than z 0.1!. is lacking.

Comequently, the humus layer is tentatively classified strictly

according to its morpholog.

The humus layers of Profiles A1, B2 and D1 definitely lack an H-

lsysr and exhibit a gradual decrease in organic matter with depth. 111

Profile D1, however, there was a gradual 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 rather than biologi-

sally incorporated organic setter. In Profile B2 also, the lowermost

Vh horizon say contain mostly infiltrated organic matter. Since these

problems cannot be resolved with the data at hand, these humus layers

are classified as nulls. Due to the looseness and low organic matter

content of the humus layer in Profile A1, it is classified as a sand null.

The other two are classified as coarse or median nulls.

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

residual effect from disturbances during earlier lumbering Operations .





101

However, the height of the trees and the density of the stand are such

that the writer feels that an 0h 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). Designations for the horizons in the following profile de-

scriptions have the following equivalents in the nomenclature outlined

in the 1962 supplement to the Soil Survey Mamnl (Soil Survey Staff,

1951):

Of = 01 (F layer)

Oh = 02 (H layer)

Vh -"-' Al (and H layers containing less tmn 20% organic natter)*

El 3 L2

1111b 3 Bhir

Bibi = Bhir

lhbic = Bhir (or ma if cemented horizon is at least 90% continuous)

lib = Bir

1131 I Bir

w = C (or Cl formerly)

P = c (or 02 formerly)

U = II C (or formerly, D)

p = b (buried soil)

 

“The 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 criterion was used to separate 0h from Vh

horizons in this study.
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colors are for moist soils; color names are those of the ISCC-NBS (U.S.

National Bmau of Standards, 1955). Acidity was determined with a

Hellige-Truog pH kit (pH meter values are listed with the soil test

data).

SITE L1: SAND REGOSOL UNDER BALSAM FIR

Location: salsa}, Sec. ll, Twp. 38N, Rge. 22w

Drainage: well-drained (water table at 7 feet in summer of 1961)

Slope an! aspect : negligible

Topography: slightly undulating to level

Landforms low dunes

. Elevation: between 580 and 590 foot contours on topographic nap

Forest characteristics : basal area/acre = 90 sq. ft.3

balsam fir - 89%, DR3

paper birch - 1.1%, D.

Hume type: deep sand mull

Field description of horizons :

 

 

Horizon Depth (mg Characteristics

0: +1 to o balsam fir debris; white fungal mom;

pH variable, spots of 5.0, 6.5 and 8.0.

Vhl 0 - 1 sand; black; pH 8.0.

M l - 14% sand; brownish gray (1013 3A)! PH 8.0.

p h% - 10 sand; light yellowish brown (101R 6A);

pH 8.00

pVh 10 - 114% sand; dark grayish yellowish brown

pIib 11% - 17'} sand; moderate yellowish brown (lam

5/103 pH 8-0-

P 17% - 66 sand; light yellowish brown (10m 6/t);

pH 8.0.
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SITE A2: EASTPORT SAND UNDER PINE

Location: swede}, Sec. 12, 'I‘Ip. 38N, Rge. 22w

Drainage: well-drained (water table at 5% feet in summer of 1961)

Slope and aspect: negligible

Topograplv: slightly undulating to level

Iandforn: low dunes

Elevation: 590 feet

Forest characteristics: basal area/acre = 1140 sq. ft. 3

white pine - 29%, D;

balsam fir - 21%, I;

aspen - 21%, D3

white-cedar - 21%, I;

red pine - 7%, D;

paper birch - 7%, D.

Humus type: tl'dck nor

Field description of horizons :

  

Horizon Depth (1m) Characteristics

or +23,- to +1% mostly coniferous debris ; yellow and white

fungal melts; pH variable, spots of

5.0 and 6eSe

0h +1; to 0 black humus with scattered, bleached

sand grains 3 pH h.0.

E, o .. 1% sand; grayish yellowish brown (10m 5/2) 3

pH heo "’ Seoe

lib ll} - 6} sand: strong yellowish brown (101m 5/6);

pH 5e2e ‘

I/pV 6% - 12} sand; moderate yellowish brown (10m h/B);

pH 3.0.

P 12‘} - 66 sand: light yellowish brown (101R 6/h) ;

pH Boo.





10h

SITE L3: EASTPGRT SAND UNDER RED OAK

Location: NWiSEfi, Sec. 2h, Twp. hON, Rge. 20W

Draimge: well-drained

Slope and aspect: negligible

Topograplw: sligltly undulating to level

Landforl: low dunes

Elevation: between 580 and 590 foot contours

Forest characteristics: basal area/acre = 120 sq. ft. 3

red oak - 67%, D3

white pine - 25%, 1);

sugar maple - 8%, DIR.

Hunus type : thick duff-mull

Field description of horizon: :

  

Horizon Depth (mg Characteristics

at +13; to a pine and hardwood debris ; white fungal

malls; pH 6.2.

011 0 - 1 dark grayish yellowish brown to brownish

gray (10th 2/1-3/1) humus; scattered,

bleached sand grains; pH 5.0.

Vhl 1 - l4} brownish gray (101m 3/1) humus and sand

mixture; PH heOe

Vh2 1%; - 2% send; light brownish gray (1013 5/1);

pH 13.0.

ns 2} - hi sand; light grayish brown (7.513 6/2);

PH Seoe

lib his - 101; sang; strong yellowish brown (101m 5/6);

PH eze

pVh 10} - 11-3/1: sand: brownish grey (101R h/l); pH 6.0.

pm 11-3/1; - sand; light grayish yellowish brown

12-3/h (1013 6/3); pH 6.0.

pIib l2-3/h - sand; strong yellowish brown (101R 5/6) 3

16.3”! PH 6e0e

I 16-3/14 - 38 sand; light yellowish brown (101R 6/14); pH 7.0.

P 38 - 66+ sand; light yellowish brown (101R 6/h); pH 8.0.
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SITE Bl: RUBICON SAND UMBER HELEOCK

Location: NEfi‘l‘IEi‘, Sec. 27, Twp. 37N, Rge. 21m

Drainage: well-drained

Slope and aspect: zero

Topography: slightly undulating to level

landforn: low dunes ("Upper Algoma”)

Elevation: 595 feet

Forest characteristics: basal area/acre = 220 sq. ft. 3

eastern hemlock - 36%, DIR;

yellow birch - 23%, D3

white pine - 18%, D;

paper birch - 11%, D;

white spruce - 5%, D3

balsam fir - 1%, DR;

red maple - O, R.

Humus type: thick mor

Field description of horizom :

Horizon Depth (ind Characteristics
  

01' +3 to +2 Gymnosperm and Angiosperm debris; white

fungal melia; pH variable, from h to 7.

0h +2 to 0 black to dark gray humus with scattered

bleached sand grains 3 white and yellow

fungal mycelia; pH 11.0.

Vh o - é send; grayish brown (5m h/2); pH h.o.

an i - 7% and: light grayish brown (7.5312 6/3); pH Inc.

11:11: 7% - 98‘ sand; strong brown (511?. 14/8); pH h.0.

Iib 9% - to sand; strong yellowish brown (7.513 5/8); pH 6.0.

P to - 66 sand; light yellowish brown (lOYR 6/h); pH 8.0.

U 66+ sand, gravel, gastropod shells and shell

fragments ; pH 8.0.
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SITE B2: EAST IAKESANDUIDERRED OAK

Location: SEfiNWfi, Sec. 21:, TWp. hON, Rge. 20W

Drainage : well-drained

Slope and aspect: 3% east

Toposraphs‘:

low dunes ("Upper Algom")

595 feet

Iandform:

Elevation :

undulating

Forest characteristics: basal area/acre -"- 130 sq. ft. 3

Humus type:

red oak - 5h%, DI;

sugar maple - 31%, DIR;

beech - 8%, DI;

basswood - 8%, DI.

Field description of horizons :

Horizon

Of

Vhl

lib

d

Depthg(in.)

4-1/8 to 0

0-2

2-5%

52-6

but mostly

absent

Sit-8’:

Bat-15%

nl-n

26+

very deep coarse or medium mull

Characteristics
 

hardwood debris; pH 7.0.

black hunms and sand nurture; pH variable,

spots of h.0 and 6.5.

sand; brownish gray (101m 3/1): pH 11.0.

sand; grayish yellowish brown (1011! 5/2);

PH heSe

sand; strong brown (513 3/6): pH h.8.

sand; strong yellowish brown (7.5m 5/3);

pH 6e00

sand; dark orange yellow (101R 6/6); pH 6.0.

coarse sand, gravel and gastropod shells;

light yellowish brown (101R 6/h); pH 8.0.
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SITE Cl: RUBICON SAND UNDER RED PINE

Location: 11%;», Sec. 7, Twp. h2N, age. 20w

Draimge : well—drained (water table deeper than 11; feet)

Slope and aspect: negligible

Topograplv: level

Iandform: plain

Elevation: 750 feet

Forest characteristics: basal area/acre -"-'- 160 sq. ft.;

red pine -- 100%, D;

red maple - 0, R;

balsam fir - O, R.

Humus type: shllow sand mull

Field description of horizons :

  

Horizon Depth (in; Characteristics

0f 2% to 0 pins debris; white fungal nycelia; pH 11.5.

V]: o - 1} black humus and sand mixture; yellow fungal

melia; pH h.0.

n- 1?; - 6 sand; light grayish brown (513 5/2); pH h.o.

lhib 6 - 13 sand; moderate brown (7.5m h/h): pH 5.0.

Iib 13 - 35 sand; strong Nelle-i111 bro-n (7.5m 5/6)s

pH 6.0.

n 35 - 156 sand; light brown (7.5m 5/h); pH 6.0.

5 156 4- fine sand; light brown (51H 5/3); pH 6.5.
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SHE 02: KALKASKA SAND UNDER HEMLCBK

Location; xvi-m, Sec. 10, Twp. hsN, Rge. 19w, Alger County Michigan

Draimge: well-dram (water table deeper than 1).; feet)

Slope and aspect: 3% south

Topography: undulating

Landforms outwash plain-

Elmtion: 900 feet

Forest characteristics: basal area/acre = 160 sq. ft.;

hemlock - 58%, DI;

yellow birch - 21%, D;

rod mph - 110%. 1:

balsam fir - 7%, I.

Humus type: thick mor

Field description of horizons :

 
 

Horizon Depth Lin.) Characteristics

Of +3 to +2 coniferous and hardwood debris; white fungal

mom; pH variable, 14.0 with spots of 6.0.

on .2 to 0 black humus; yellow fungal mocha; pH h.o.

h 0 - 6 sand; light grayish brown (7.5m 6/2);

In 11000

Ihib 6 - 8 sand; dark: brown (SIR 2/3); pH 14.0.

nlbic 8 - M; sand; discontinuous, indurated tongues;

dark grayish brawn (SIR 2/2); pH 5.5.

1131 8 - 26 sand; strong yellowish brown (7.513 5/8);

pH 5.50

If! 26 - 38 sang;53trong yellowish brown (7.515! 5/6);

pH 0 e

I 38 - 96+ sand; light brain (7.5m 6/h); pH 6.0.
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SEE D1: KALKASKA SAND UNDER SUGAR MAPLE

location: MM, Sec. 7, Tip. hBN, Rge. 18W

Draimge: well-drained (water table deeper than 11; feet)

Slope an! aspect; Id east

Topography: rolling

Iandfm: moraine

Elevation; 890 feet

Forest clarecteristics: basal area/acre = 180 sq. ft.;

sugar mp1s - 89%, DIR;

black cherry - 11%, DR.

Hqus type: very deep coarse or medium null

Field description of horizom :

  

m Depth (2111.) Characteristics

m o - it black humus and sand mixture; pH 5.0.

m t - 1 send; very dark gray (513 3/1); pH 6.0.

We 1 - 5 Band; dark gray (SIR M1): pH 5.0.

h 5 - 7% and; rOddiBh my (SIR 5/2)3 pH 5.8.

Ihibl 7% - lO sand; dark reddish brown (513 2/2); pH 6.2.

Ihi'b2 lo - in sand; reddish brown (513 MB): pH 6.8.

Ibl 1h - 31% Bands strong bra-n (7.5m 5/6): pH 5.5.

ll 31; - lhh sand; yellowish bro-n (7.5m S/h); pH 6.0.

W2 3104-168 aandwith thin, orange to pink loony

and bands; sand—brown (7.5m 5AA);

acid.

223.122 Eng

Three Lakes Bog is located approximtely 100 yards south of Site 02.

The bog is surrounded by sand for at least 3% miles in every direction.

The soil type surrounding the bog for at least 3; mile in every direction
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is Kalkaska sand (Veatch, 93': 33.3, 19314 and confirmation by writer).

The nrgin 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 9% feet of peat overlying sand into which some organic

mtter has been incorporated. The surface of the bog is completely

covered with a mt of sphagnum interspersed with leatherleaf. The

forest composition immediately around the bog contains a somewhat

higher percentage of red maple and alder (A_l_._n_u_s ma) than is found

farther from the bog margin. Tree species found in the upland areas

around the bog which are not included in the Site 62 description are

white pine, American beech and white spruce. Sugar mp1s was notably

absent in this forest cover type which was designated as hemlock on

the 1951i U.S. Forest Service Tinber Survey map of Hiawatha National

Forest.

Sampling of the peat bog was accomplished with the use of a Hiller

borer by Dr. A. T. Cross of the Geology and Botany departmnts, Michigan

State University, and the author. Samples were collected from three-

to six-inch intervals within the peat itself and as a continuous core

for the first six inches of the underlying peat—sand mixture. The

samples were kept frozen until macerations were begun and kapt under

refrigeration between subsequent sub-samplings .

The first maceration technique employed was simply the boiling of

the wet sub-sample in 10% NHhOH. This treatment did not isolate the

pollen grains sufficiently, therefore bleaching with sodium hypochlorite

prior to the 1!th 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 : (l) About an inch

of wet peat was loosely packed into a ho ml centrifuge tube and 10%

mm was added until the peat was completely covered. The tube was

then placed in a 100°C water hath for % hour with occasional stirring.

Next the fixture was centrifuged at 2500 rpm for 5 minutes and the

supernatant liquid decanted. The residue was then washed with water

and centrifuged with subsequent decantation. The residue was next

dehydrated with glacial acetic acid followed by centrifugation md

decantetion. (2) For lignin oxidation, 5 ml. of glacial acetic acid,

5 I]. of 50% Na0103 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

decantetion. This technique is recommended by Faegri and Iversen (see

Brown; 1960). (3) For cellulose decomposition, an Erdtnn (see Brown,

1960) acetolyeis mixture (9 parts acetic anhydride to one part concen-

trated 3250‘) we added to the residue, and the mixture placed in an

80°C water bath. The bath was then brought to the boiling point and

allowed to boil. for two minutes. The tube was then centrifuged, the

liquid decanted 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 eupermtant liquid was obtained. The resultant residue was then

strained through a double layer of cheese cloth with concurrent washing.

The suspension was concentrated by centrifugation and transferred to

vials fru which slide preparations were made.

Pollen counts were made on glycerine mounts only. Size frequency
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distributions were nude on pine pollen grains using the distance between

upper wing imertions as the criterion. The resulting bar graph indicated

a ml curve distribution around a distinct hh-nicron peak and a

suggestion of another peak at SS microm. The hit-micron peak was at-

tributed to the presence of Jack pine and red pine pollen based on the

stub of Cain and Cain (191:8). Based on the presence of a "saddle” in

the distribution curve at 50 microns, all pine pollen grains having

dinemiom greater than 50 microns were considered to be from white pine.

Two hundred tree pollen grains were counted per slide. 110le

pollen was not considered except to note that it was not prevalent at

any level.

Foliar images

A cuposite foliage sample was collected from one tree of one or

 

more representative species on each of five plots. The samples were

collected between 9 a... and 12 noon during the first two weeks of

SepMer, 1961. Collections were made from the southern, lower one-

third of the crown only. In the case of conifer foliage, only the

current year's growth was sampled.

These-plesweresuhjectedtooven-drying onthe myoftheir

collection; drying was accomplished at 70°C. The oven-dried salples

werenoundinslileymfllsndthenturnedovertoDnA. L. Kenworthy

of tin Horticulture Departmnt at Michigan State University. With the

emception of total nitrogen, the elemental analyses were done spectro-

DOOMe

Soil Mieroflore Studies

The hum-containing horizons fro: all A, B and 0 sites were

salpled to obtain a quantitative estinte of the bacteria, actinomeetes
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and fungi. ho 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 21; hours after the collection

of the samples; the preparation technique used was that of Jones and

Mollison (l9h8). 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 lvphae, 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.

“tweet” were enumerated by length measurements of stained fila-

ments only.

Total Soil Carbon andm Matter Determinatiom
 

Total carbon was determined in duplicate by the wet combustion

method of Allison (1960). The values obtained can be interpreted as

organic carbon except for those of the Vh2 horizon of Profile A13

this horizon contained carbonates as well as organic matter.

3112.5 Density 9; §9_i_l_ Horizom

In order to evalmts 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 fill a sampling spoon

calibrated to hold 2.5 gram of a soil raving a bulk density of 82.6

lb./cu. ft. or 2,000,000 lb./acre furrow slice (AFS). The weight of

soil per AFS was calculated by the ratio:



llh

ngt. of sample ' 2.5

town‘s 3 T—‘6,000,00
 

The percentage of the various constituents times the weight of soil per

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

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

z I/AF'S. The thickness used for P, W and U horizons was determined by

subtracting the solum thickness from 66 or 96 inches. Although sampling

at 96 inches was only done in the case of Profile 01, visual examination

and pH readings in the field did not indicate the necessity for sampling

it. this depth.

391]: _s_oi_1_ Nitrogen Determinations

Total nitrogen was determined in duplicate by the KJeldahl method

essentially as described by Jackson (1958), except that no selenium was

used.

_SgilmmFractionation

Allan-soluble organic nutter was extracted and fractionated accor-

ding to the method outlined by Stevenson (1960). The lignin of the

buds acid fraction was subjected to a theme-decomposition process

(see Johnston, 196b,) and the products of decomposition were determined

by paper and gas chrontomphr'. No analyses were node on the fulvic

acid fraction.

Creme Acid g Nitrate Production of Soil Horizons

The (21, VII and 111 samples used for this study were frozen shortly

 

*Degradation and chrmtograplv was perforsed by Dr. Harry H. Johnston

of Wilmington College, Ellington, Ohio.
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after their collection and kept frozen until sub-samples were taken. In

the laboratory, either 5 or 10 gram sub-samples were placed in carbon

filter tubes and leached to determine the initial nitrate content.

Leaching was accomplished by using 60 ml of distilled water and vacuum,

then adymting the leaclnte volume to 60 all. One to four ml aliquots

were taken from the leachate for nitrate determination using phenoldi-

sulfonic acid (Stanford and Hanway, 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-casual” were leached at weekly intervals

with 60 ml of distilled water and then re-incubated. The water-soluble

organic latter (designated as crenic acid) appearing in the leachates

was measured relatively by determining the percent transsdttance of the

leachate at a wave length of 370 my. (mldmm absorption was actually

in the ultra-violet, beyond the range of the calorimeter used). A

Beckmn glass electrode pH meter was used for determining the acidity

of the leachates.

Soil treatments consisted of: (l) inoculation with a l:l0,000

suspemion of an actively nitrifying garden soil3 (2) fertilization

with 50 p}: P (as ordinary super phosphate) and 0.25% Ga (as lime);

and (3) both of the above treatments combined. Two replicates of 10

grams each were used for the controls and single 5-gran samples were

used for the treatments.

Iron and alulinun were extracted from duplicate lO-gram sanales of

soil by the sodium dithionite—citrate-bicarbonate 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 ll H2801, and to Ill HGth). Heating was continued until the solutions

were evaporated to dryness. The resulting white residue was taken up in

dilute (1!) H01 and brought up to 50 ml with distilled water. Aliquots

were then taken for iron and aluminum determinations.

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

um was determined by the 8111an method using the modifi-

cations recomended by Franzmeier (1962) in his work with similar soils.

Available Phosphoms" _i_._n _S_9_i;|._ Horizons

Available phosphorus was extracted from a 2.5 g sample of soil

(approximately 2.5 g in the case of horizons below the upper humus

horizon) with 20 ml of 0mg nabs mind with 0.0253 HCl (Bray and Kurtz,

19115). The suspensions were skmhen for one finite and then filtered.

Phosphorus in solution was determined colaimtrically using the ammonium

noly‘bdate—lwdrochloric acid solution of Dickson and Bray (l9h0) and the

l-amlno, 2-mphthol, h-sulfonic acid reducing agent developed by Fiske

and Subbarrow (1925).

Exchangeable 1252* in _s_o_ii Horizons

Ehcchangeable bases were extracted by adding 20 .1 of neutral 0.13

Mama to 2.5 g of soil (approximately 2.5 g in the case of horizons

below the upper humus horizon), sinking the suspension for one minute

and filtering. Calcium, mgnesium and potassium were determined on the

extracts using a flame photometer.

 

*Deterninations nude by Soil Testing laboratory, Soil Science

Department, Michigan State University.
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Reaction* _<_>_f_ Soil Horizons

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

with a Beckmn glass electrode pH meter.

Mechanical blames 93 _Sgil Horizons

Mechanical analyses were made by the pipette method (Kilmer and

Alexander, 19149) 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 mtter in it digested with 30% H202 (technical grade) and

heating. At the end of the digestion, while the suspensions were

still hot, 1! HCl was added to the samples containing carbonates until

further additions induced no reactions. The samples were then filtered

through a 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 0.11! NaOH to the

phenolphthalein endpoint (pH 9) and then shaken for 21; hours in a

reciprocating shaker. The dispersed samples were then washed through

a BOO-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 BOO-mesh sieve into a sedimentation

cylinder was diluted with distilled water up to a known volume and

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

 

”Deteminations nude by Soil Testing laboratory, Soil Science

Departmnt, Michigan State University.



118

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

Pollenm9!. Three Lakes Egg

The results of the pollen grain counts are shown in Table 6 and

 

illustrated graphically in Figure 20.

The data indicate that the beginning of pollen accumulation in

Three Lakes Bog was dm'ing the Jack pine period suggested by Zunberge

and Potsger (1956). If Breecher and Farrand's proposed chronology of

lake events is correct, the bog could not have been in existence prior

to about 10,000 years B.P., since the area was immdated by the Sub-

Duluth deluge at approaintely that time. According to Fries (1962),

this period was characterised by decreasing spruce and increasing pine

(especialJy Jack pine) with pine am. in existence by 9.150 2 130

years B.P. Evidence that pollen accumulation in Three Ialses Bog began

at the beginning of the pine period and not later is derived from the

data of Iilson and Webster (191:2) which indicates that the initial

doninnce, the subsequent decline and resumption of dominance by Jack

pine pollen occurred at the beginning of the pine period in north

central Iiscomin. Fries' data indicate that Jack pine doctrines

lasteduntilabout vacancy-arc B.P. mmummm

with other pines being dodmnt true that ti. until the late pest-

glacial increase of spruce and fir occurred. Pollen from Three lakes

Bog, hosever, indicates that Jack pins remined duinant until the

late post-glacial increase of spruce and fir occurred. This variance

is probably related to the large area of sand soils in which Three

Iahss Bog 'is located.

Following the initial Jack and red pine dodname, white pines

apparently began to succeed the other pines concurrent with an increase

ll?
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in other genera such as m, Quercue and _Ulms;. 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 a drying climate which would affect

soil moisture condition relatively more on slightly developed sand soils

than on medium—textured soils. Although this trend may have been

brought about by regioml factors, it is likely significant that Green

Bay was completely dry during lake Fayette and lake Chippewa tiles,

thus the southerly winds characteristic of May through October at the

northend of GreenBaywere libelyconeiderablywareeranddriertlnn

previously or subsequently.

This secondary delimnce of Jack and red pine pollen persists from

the 110 to the hO-inch level where once again succession toward white

pine is indicated. From the Ito-flinch level upward, natural succession

under noister conditions my be indicated by the increase in hellock,

birch and beech pollen. The slightly later increase in spruce and fir

begimingatthe ZS-inchlevelistypicalofanusberefbogs in

northern fiscensin, northern lflnneserta and Isle Royals. This trend

nrks the end of the 'hypsithernl' interval (Fries, 1962) which is

cited at about 2000 years B.P. (Deevey and Flint, 1957). Hoieter

conditions were likely brought about by the rise of water levels to

the Nipissing level while subsequent cooler conditions with a con-

current drop of labs levels could have been induced by an increased

denimnoe of dry polar air in winter.

Free the 1.0-inch level upwards, no clintic imlieatiom are at-

tached to the fluctuation of percentages since lumberim activities

my have influenced then. In eenparing the pollen percentages at the

10-inch level with the pro-lumbering forest cespesitien around the bog,
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it Moons obvious that Jack and/or red pine pollen overrepresents the

local abundance of these species since about 17% of the pollen is Jack

and/orredpdnewithno evidence of Jaekorredpine treeswithinihnile

of the bog. IIite pine pollen percentages, however, do not seen to be

much out of line with the relative abundance of that species in the

local area. ml: and elm pollen percentages likewise do not represent

local trees. Red nple trees in the vicinity of the bog are definitely

underrepresented by the pollen, however. These relationships agree

with the findings of Beminghorr (1960) and wileon and Potsger (191:3).

The presence of hickory and butternut or white walnut (M cinerea)

pollen throughout most of the profile probably represents "long-range

drift." The unusual occurrence (compared to northern Iieconein bogs)

of both of these pollen types in the upper foot of the profile needs

erplantien. The nearest known source area for hicloory pollen today

is60te70eileseoutlwestef'rhree IahseBoginDicldnsonCounty,

Michigan (conversation with an unidentified forester in the llichipn

Department of Conservation). The nearest known butternut trees are on

StoningtonPenimula, sene25to30nilessouthefThreeIakee Bog

(persoml observation and correspondence with J. 0. Veatoh). House

plantings at closer locations is perhaps possible but no such obser-

vations are onrecordas fares thewriterisaware norwere any

observed by the writer.

The fact tint Valdere ice did not extend into the high country

comment of Dickinson County (Hough, 1958 3 Thu-altos, 191:3) In!

indirectly account for the occurreme of the call percentages of oak,

all, beamed, hickory and butternut pollen present at the lower levels

of the bog profile. Curtis (1959) cites evideme indicating that
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Valders ice did not exert a refrigerating effect capable of completely

elinimting oak and associated thereophiloue species from the surrounding

areas. 111 this event, post-glacial clieeral and successional ctnnges

nuet have been consistently more advanced in the peri-Valders area of the

Upper Peninsula thn in the Delta-Alger County area, not only because of

the ties factor but because of the warmer, more continental growing

season in the peri-Valders area of western Upper Michigan and adjacent

Iisconsin. lay and June temperatm-es at Iron Mountain (Dickinson County)

average 34; degrees higher than those of the Deltaqllger area, for

instance.

The interpretations presented above are subject to additioml in-

accuracy resulting fron the possibility that peat accunulation rates

and absolute pollen rain have varied greatly during the past. Certain

pollen grains such as those of Popgus do not preserve well and thus the

poet-glacial importance of that germs is difficult to evaluate. Some

pollen profiles in Minuseta show high percentages of P9213 pollen

within the spruce sons and the supraadjacent transitional zone (Wright,

1961;). making aspen, however, grows into drier clintes than the

conifers (Spurr, 1961;) and thus post-glacial Minnesota conditions nay

have been more favorable for their relative abundance than post-glacial

Upper Peninsula conditions.

Correspondence of surface pollen percentages to sample plot forest

composition (% of total basal area) also eight not agree closely because

of the possible lack of representativeness of the sampling point with

respect to the total stand.

ram helm

The foliar analyses 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 tbn do the northern hardIoods, except that beech has relatively

low I all lg contents. Sugar nple and beech have high contents of 1m

celpared to all other species analysed. In the case of calciun, balsan

fir foliage from a calcareom site Ins a content considerably greater

than that of the pines on a calcareous site. Regardless of exchangeable

soil calcium quantities, the pines in this study contain lower amounts

of foliar calcium and molybdenum than an of the other trees amlysed.

Foliar conpesition differences due to site are apparent in the

ease efredandwhite pine. We andalneinue contents arenuch

greater in the foliage from the Rubicon site (01) than from the Eastport

site (12); in addition, potassiun, iron, copper and boron contents are

somewht higher in Cl pine foliage the in L2 pine foliage.

lack of response to site see. evident in the case of red pine

foliar ealciun, phosphorus and ngnesiun. Foliage sanples from both

red pine sites (12 and C1) contain identical aeounts despite wide

differences inavailable Pand exchangeable Ca andlg inthe soils.

Definite differences between species are indicated where two or

eorekinds oftreeswere sanpledonthesansoiltype. Theredoak

seeple contained decidedly higher concentrations of all the elements

except I, Zn and Al when compared with the pines. The white pine

salples contained more N, Ca and Fe thn the red pine samples with the

difference tending to be greater on the better developed Podzol. On

the otherhaml, theredpinefoliage contaimddecidedlvmrenntlnn

did the white pine foliage 3 the ratio bet-em the two species was

silllar on both sites, averaging about 2.16/1. The yellow birch

saaple contsdnd decidedly higher concentrations of Ca, Mg, Fe, Cu,
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B, Zn, a!!! 110 than did the hemlock sample; pester amounts of N and lln

in the yellow birch foliage are also indicated, but to a lesser degree.

The hellock foliage, however, has concentrations of Al amounting to

twice tht of the yellow birch foliage. The sugar maple foliage sample

contains considerably more N, P, Ca and In than does the beech sample,

whereas the beech foliage apparently has higher concentrations of K,

Fe, 011, Zn and i1.

Similarities between site-slates also seen to be present. Foliar

‘x values of the two pines and red oak are quite similar on Eastport

sand. Thepines have silllarwalues of KandPonEastporteaniand

Rubicon sand. The yellow birch and hemlock samples contained similar

concentrations of potassiua and phosphorus. Comerning sugar mple and

beech foliage, only llg seen to be similar, but both the sugar naple

and the beech easples contained concentrations of Mn that were at least

twice as high as those of the other sanplu.

The foliar calcium values for pines, heuloch and beech in this

stun are low but are within the ranges reported by others, Tables 1

and 2. The 3522 of percentages for the various species is essentially

the cause that of Bard for hardwoods and hesleckandthe senses that

of Plice for fir and pines.

Foliar potassium values for white pine and balsaa fir foliages are

very sililar to those of Gerloff _e_'_t. g._l_.. reported in Table 2. For hemlock

and beech, potassiua values are siailar to those of Bard listed in Table

2. For other northern hardwoods, potassiun valnes are higher than those

ofGerloffgtg. butlowerthanthose ofBard. Baleaafirhadthe

lowest foliar K in this stuxh and in that of Chandler. Foliar phosphorus

values for the conifers are sisilar to those found by Gerloff gt _a_l_...
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Values for hardwoods are similar to or higher than those of Bard. Bard's

chta indicate that, for most species, foliar P increases with depth to

11.. This trend is most obvious in the case of sugar maple but also

seem to be quite consistent in red oak foliage. From this trend it

night 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 for sugar maple, beech

and yellow birch reported here my be largely related to the soil acidity.

Foliar N values in this study are sililar to or somewhat lower than

those of Gerloff _s_t_ _a_1_. but the values for hardIoods (except beech) are

similar to those given by Bard for nature foliage. Values are within

the ranges reported in individual studies except for the high value for

heslockwhich ny be due to sampling inadequacy or to the nature of the

site. Orders of percentages between 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

siailar, if there had been replications in this study and if the

salpling procedures in all the studies involved had been standardised

(m Ira-er and Koslowski, 1960).

"A” site cosponents seen to be characterised by having relatively

low concentrations of foliar K, P and Mn. Perhaps their status as

pioneer trees on relatively unweathsred calcareous sands is dependent

on their low requirements for these three elements. For instance,

white spruce, which is a frequent conponant on these types of sites,

was found to have a low foliar deficiency level of potassium (Heiberg
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and Ihite, 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

alusinua content. On Site B1, hemlock and yellow birch are site-mates

and have siailar concentrations of foliar K and P. The similarities

end there, however, with the consequence that these two species nest

likely do not affect the upper soil horizons in a like manner.

Specifically, yellow birch probably tends to raise the percent base

saturation while hemlock tends to lower it.

Supr ample and beech occur together on Site B2, and their foliage

seem to be sililar with respect to magnesium and high concentrations

of nauganese found in then both. In this case, perhaps sisilar

tolerances to high soil nnganese is important. Wilde (1958), for

instance, nentiom that high contents of soluble Ianganese in Podzols

seen to lisit root penetration. If the high concentration of foliar P

in the sum waple sample is representative, the presence of this

species should have an appreciable effect on the chemical and biological

properties of the upper soil horiaom.

During the course of natural forest succession and soil development

at these sites, certain trends in nineral cycling seen to be indicated.

Foliage of pioneer balean fir stands bring considerable quantities of

calciun into the surface horizons of the soil. Should pines be the

pioneer forests, however, each snller ascunts of calciun are brought

to the surface along with only call anounts of the other ole-ante 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 fora with the consequence that greatly increased anounts

of Al and Mn are brought to the surface. it this stage white pine

tends to bring considerably sore N, Ca, Mg, Fe, Cu and Mo into

circulation than does red pine, while the latter species cycles much

acre In than does white pine. is 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 nixed stands of white pine, hemlock

and yellow birch takes place prior to deep leaching of the carbomtes,

weakly developed Podzols (such as that at Site Bl) my still fora, but

the mineral cycling pattern will probably differ considerably from

tint of the pine-dominated, weakly-developed Podzol sites (such as

Site 01). GoIpared to red pine foliage from the carbonic-containing

sands the foliages of henlock and yellow birch contain concentrations

ch, Ga, FeandMothatareat leasttwiceas high, andPandB

concentrations which are somewlnt higher. Cycling of aluminum by

heslock is intense.

Succession to sugar mple and beech involves the introduction of

foliage with high concentrations of K (beech) or P (sugar nple) and

In (both species), thus subsequent leaching losses of these elements

ny be thereby reduced.

Although red oak is not necessarily a constituent of the sores

leading up to the sugar maple-beech slim, this oak does occur through-

out the Podzol Region of Michigan, and is nunerically dasimnt in some

mtural stands and on new cut-over pine-oak sites. It is associated

withredandwhite pins as wellas northernhardwoods. The red oak



I
.

I
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foliage from Site 13 indicates that on very weakly developed Podzol

sands, this species cycles concentrations of potassium similar to those

of the pines. Phosphorus concentratiom are intermediate between those

of the pines and those of the northern hardwoods, while nitrogen,

calciua and ngnesiun concentrations are sore similar to those of the

northern IIIrdIoods.

Acid fall leaching under pines should be quite severe since the

forest 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 in October should

reduce the potentiality for subsequent acid leaching by forest floor

constituents. Spring leaching, however, say be comiderable due to

the increasing release of tydrogen ions (in the process of root respi-

ration) and the replacement of basic cations, some of which my not be

tshenupbyplant roots andnythusbeloachedfrosthe ecosystem

33;m For-.ticn

Based on the theory of nor humus fornticn developed by Handley

(1951:) and Davies 33 _s_1_. (1960)* 1+. see-s likely that nitrogenom

constituents in tin sesophyll tissues of dying pine, hemlock, and

beech foliage become stabilized by polyphonols. Since polerrisation

of polyphenols is favored by base-rich condition, and polymerisation

beyond a certain selecular sise precludes aw tanning action by

 

“The theory proposes that polyphenols in dying leaves stabilise

the proteim in the sesoptyll tissues. These stabilised proteins

protect the sesopm‘ll cell walls from deco-position and together

theyfornsnanorpheus residue lying on the surface of the mineral

soil.
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polyphenols (Couleon it; 22..., 1960), it is probable that the low calcium

and ngnesinn content and/or the low antacid buffering capacity of the

foliage of the above species is conducive to the tanning process. This

wpothesis seems logical since the chemical characteristic that most

clearly separates the null horizorm from the nor horizons in this study

is the exchangeable Ca (it/us): organic utter (%) ratio which is above

200 in all the Vh horizons and below 100 in all the Oh horizons.

§3_i_.l_ Microflora Studies

Direct microscOpic counts of nicroflora in the Oh horizon of the

Site Bl soil and in the Vhl horizon of the Site Dl soil are tabulated

in Tables 8 ani 9. These horizons represent the extremes of nor and

null humus types found in this study.

Counts of bacterial cells didnot reveals mimgggggfsoil
 

in the null humus horizon but there were twice as new cells p_e_r_ m 95

95.89.13. git}; in the null horizon as in the nor horizon. The null

horizon contained vastly greater amounts of actinomcete filaments; and

per gram of organic matter, this horizon contained 25 times as much as

the nor (h horizon. Amounts of unstained fungal mphae were greater in

the nor 0h horizon than in the null Vhl horizon. Again, however, amounts

of stained and unstained twphae per gram of organic utter were greater

in the null m.

The presence of greater amounts of sctinoswcete 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 a lower value (Alexander, 1961). High numbers of bacterial

cells/g of soil in the nor Oh horizon are likely the result of the hid:
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percentage of organic matter in that horizon; on the other hand, the

relatively low numbers per gran of organic natter is possibly related

to the greater decomposition resistance of nor organic matter as com-

pared to that of null. Although anti-bacterial substances may be

partly responsible for this low density, the lower N content of the

organic utter 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 Molliaon) in the nor

a: horizon agrees with the findings of Romell (1935) and statements

nde by Wilde (1960). The fact that the volumes of these fragments

comprise as much of the weight of the organic mtter in the null m

as in the nor a: is due to larger quantities of mphae of large

diameter in the Vhl horizon. This hyphal diameter difference points

to a difference in specific composition of fungal populations in the

two horizons. Comparisons of hyphae volumes pei° unit volume of organic

ntter, however, cannot be made from the data available.

Despite the possibility that the results of this study nay have

only limited applicability, it seems worthy to mention the possible

significance of relatively high aaounts of actinomete filaments.

Alexander (1961) states that mess organisms are relatively scarce

during the initial stages of plant residue decomposition but becme

lore prominent later when nutrient levels are lower and competition

from other organism is less. Their competitive advantage in the

latter stages of decomposition probably stems fro. the fact that they

can utilize such carbon sources as cellulose and chitin. Since chitin

is a cell wall constituent of new fungi, the larger surface area of

unstained typhae in the Vhl horizon might be a factor in promoting
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the larger number of actinonycetes in that horizon. Actinonycetes 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 fanned produces complex, dark-colored humic substances.

mailers-i:wwwgmuuen

Total carbon concentrations were invariably highest in the surface

horizons. When converted to percent arganic matter, these surface

horizon values range fron 14.87% in the V111 horizon of Profile A1 to 51.0h%

in the Oh horizon of Profile CZ (see Appendix). Prafile distributions

of percent organic matter and total nitrogen are shown graphically in

Figure 21. These graphs show that a secondary peak of organic natter

occurs in the subsoil of all profiles with an E horizon. This peak is

most pronounced in the Ihib horizons of Profiles 02 and D1 (the only

nderetely developed Podzols), a result expected since the dark colors

of these horizons indicate a relatively high organic matter content.

However, the organic matter percentage is apparently not the only factor

contributing to dark illuvial horizons. For imtance, the lhib horizons

of Profiles Bl and B2 contain 0.78% and 0.79% organic setter, re-

spectively. The Munsell color notation of Bl-Ihib, however, is SIR M8

while that of BZ-Ihib is SIR 3/6. The upper illuvial horizons of

Profiles Cl and D1 contain 1.13% and 1.16% organic matter, respectively,

while their colors are moderate brown (7.5m h/h) and dark grayish

brown (513 2/2), respectively.

Conversion of 0.11. percentages to the estimted number of pounds

per acre results in the following values for the illuvial zones:
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PROFILE DISTRIBUTIONS OF ORGANIC MATTER
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Profile PoundsLilluvial zone/acre

n .-

12 55118

A3 63611

Bl 112,120

B2 19,628

01 111, 762

02 511.356

D1 57, 753

These values indicate that illnviation of organic utter has been

taking place at a faster rate and/or for a longer period of time in

Profile Bl tlnn in Profile 32 although the soils are chronologically

ofthesameage. ThesauthingistrueofProfileCZascompared

with Profile Cl. This difference in degree of development may be

related to the length of tine daring which the sites have been

characterized by nor humus layers and hemlock-hardwood forests.

S92: 9353313m Fractiomtion

The percent humic acid of the illuvial horizons fro- Profiles B2

and D1 (hardwood null. hunus sites) exceeded the percent organic matter,

thus pointing to the possibility that clay was also present in the hustle

acid fraction obtained. Fulvic acid was present in all horizons con-

taining organic latter, the brownsh orange or brownish yellow colors

reseeblim very closely the color of concentrated crenic acid described

later.

The results of several studies indicate that hardwm lignim

contain syritul groups whereas conifer lignins do not (see Kononova,

1961). a. I. Morrison (1958) used this distinction to identify 1.11.

source of organic utter in some Scottish soils and pests. The thereo-

decomposition technique used in the present study suggested that

urinal groups were absent even in 100% hardwood soils. Guaiacol
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and phenols were present in the humic acid fraction from both more and

mulls (Bl-0h, Bl-Vh, B2-Vh2, D1-Vh2) and in the Ihib of Profile B2 (in

this soil, the 17112 grades directly into the Ihib). In the D1 soil, no

sinnlar components could be found in the 111in (distinct E horizon

separates W from I horizons), suggesting tint illuvial humus has a

different composition than Vh humus.

“though the origin of the illuvial organic matter could not be

determined as anticipated, it is clear that the organic hatter of the

Oh and Vh horizons studied contains mterials derived from lignin

polymers; thus the nan 'ligno—mcelial nor” (Wilde, 1958) seem quite

appropriate for the Imus layer of Profile B1.

The presence of illuvial horizon music acid does not necessarily

imply movement of this fraction since hunic acid can be formed from

fulvic acid in the presence of iron 10m in an acid medium (Sheffer

and Ulrich, 1960). Martin (1960) states that the relative amounts of

these two organic matter fractions seems to be controlled by the amount

of ionic 11 present; his studies indicate that ionic Al is capable of

flocculating Podzol humus at pH values comonly found in Podzol soils.

m 529 Production _o_f_ S211 Horizons

At the onset of the incubation and leaching stuw, obvious amounts

of acidic, yellow organic latter were noted in some leachates while

others contained none. Berzelius applied the term 'crenic acid“ to such

acidic, rater-extractable organic nterials. Crenic acid, or components

of this fraction, lave frequently been referred to as important metal-

complezlng agents in the fomtion of Podzols. The pattern of crenic

acid production for each sample is shown graphically in Figure 22.

The Hansell color notations of these yellow leachates were all close
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to 2.513 8/6 when considerable amounts of the organic matter were present.

Several hundred milliliters of these leachates (initial composite pH of

5.3) were concentrated by evaporation at 70°C to a volume of about 10 ml3

at this point the pH of the concentrate was 11.11 and the color notation

was SIR-7.5m 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 ultradviolet light, the leachates fluoresced

a light green.

When two replicates of the A‘s-Oh sample were depleted of the yellow

organic ntter by continuous leaching, one week of incubation was suffi-

cient to bring the concentration of this material back up to values

existent prior to continuous leaching. In addition, the yellow organic

letter was depleted less rapidly when leached at weekly intervals than

when continuously leached. These relationships are shown graphically

in Figure 23. It would appear that crenic acid production was an on-

going process, probably associated with microbial degradation of litter

residues in the Oh horizon.

The illuvial horizon of Profiles B1, B2 and D1 and the M horizon

of Profile Dl produced clear leachates having pH values near neutrality.

MProduction _s_f_ in}; Horizons

None of the untreated samples contained nitrate initially and only

the mullmsampleswore nitrifyingbythe 'IOthday of incubation. The

average length of tin required for the inception of nitrification in

each samle is shown in Table 10. The pattern of cunrulative nitrate

production is shown in Figure 21.



BONVLLIWSNVUL °/o

F
I
G
.
2
3

D
E
P
L
E
T
I
O
N

A
N
D

R
E
C
O
V
E
R
Y

O
F

C
R
E
N
I
C

A
C
I
D

I
N

L
E
A
C
H
A
T
E
S

F
r
o
-
I

O
h

H
o
r
i
z
o
n

A
}

S
i
i
e

A
3

2
0
—

3
0
—

4
0
—

5
0
—

6
0
—

7
0
-

s
o
—

9
0
—

.
0
0
_

I
I

I
I

I‘
I

I
I

I
I

I
I

I
I

I
I

I
I

I
2

3
4

5
6

7
8

I
O

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

I
O
O

N
U
M
B
E
R

O
F

<
—
—
—
L
E
A
C
H
I
N
G
S

O
N

J
A
N
U
A
R
Y

9
,

|
9
6
3

D
A
Y
S

O
F

I
N
C
U
B
A
T
I
O
N

A
T

3
0
°
C

F
O
L
L
O
W
I
N
G

D
E
P
L
E
T
I
O
N

O
F

C
R
E
N
I
C

A
C
I
D

a
v
C
O
N
T
I
N
U
O
U
S

L
E
A
C
H
I
N
G

O
N

J
A
N
.
9

1&2



F
I
G
.

2
4

P
A
T
T
E
R
N

O
F

C
U
M
U
L
A
T
I
V
E

N
I
T
R
A
T
E

P
R
O
D
U
C
T
I
O
N

 
B
l
-
O
h
M
o
!
6
4
%
.

C
o
n
i
f
e
n
.

p
H

4
.
4
.

m
e
d
.
C
a
,

m
e
d
.
P

“
A
S
-
O
h

D
u
f
f
-
M
u
l
l
7
5
%
.

R
.
O
a
k
e

N
.
H
o
v
d
w
o
o
d
e
,

p
H
S
J
.

m
e
d
.
C
o
.
,
m
e
d
.

P
.

'
0
—
0

e
z
-
v
n
M
u
n
I
o
o
%

R
.
c
o
k
e

N
.
H
a
r
d
w
o
o
d
s
.
p
H
5
.
2
,
m
e
d
.

0
0
.
,

h
i
g
h
P

4
0
0
.
H

A
P
V
I
I

M
u
l
l
8
9
%

B
a
l
s
a
m

F
l
t
,

p
H

7
.
3
,

h
i
g
h

C
e
.
,
m
e
d
?

-
-
-

A
Z
-
O
I
M
o
t
7
2
9
6

C
o
n
i
f
e
n
,
9
H
4
!
»

m
e
d
.
C
d
,

m
e
d
P

3
5
0
-

"
"
"
"

D
I
-
v
h
M
u
l
l

I
O
O
°
/
o

N
.
H
a
r
d
w
o
o
d
s
,

p
H

5
.
2
,

h
l
q
h

(
3
0
.
,

l
o
w
P

I

g S 2

I I I

2 é 8 gN _

(.punod) auov NOZIUOH use E0N 3Auv1nwne

I

O

D
  
  

 

 

_
_

'
I

'
.
.

.
.
.
.
.
.
.

I

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

I
O
O

I
I
O

l
2
0

I
3
0

I
4
0

I
5
0

I
6
0

I
7
0

I
8
0

I
S
O

2
0
0

D
A
Y
S

O
F

I
N
C
U
B
K
T
I
O
N



lid;

TABLE 10. REIATIONSHIP OF HUMUS TYPE, pH AND % 0.11. TO THE DBEPTION (r

REBATE PRwUCTION IN 3113me HUMUS-CON'I‘AINIM} HoaIzoms.

 

 

_Si_t_e_ Hulus gm m g M Inception of N03 Production

A1 sun nun Vhl 7.3 h.87 Approximtely 50 days

12 Thick nor 0h II.5 31.39 168-175 days

3 Thick Duff-Mull on 5.1 28.73 133-11Io days

Bl Thick Im- Oh II.II 32.72 233-21I0 days

B2 Medium or Coarse

Mull m 5.2 11.91 S7-6h days

c1 smug: Sand nun Vh I4.5 7.19 None producedin 210 days

131 M“ m. 0:3,. Vhl S .2 13.16 Less than 50 days

 

Since tln‘ee replicates were already nitrifying after the first

incubation period (50 days) and therefore their imeption date unknown,

a third replication was initiated with four of the couples in order to

determine early trends in N03 and yellow organic utter production. The

1103 inception tiles were :

Bl-Oh - lhl days

BZ—Vhl - 21-28 days

Al-Vhl - 7-1I4 days

Dl-Vhl - 0-7 days

The pattern of crenic acid production for Replication #3 is shown in

Figure 22. Results were probably affected by the suller sample sizes

(5g. instead of 10g.) used in the third replication but the order of

nitrification inception and create acid production agrees with the

first tee replication.

The treat-ants used did not appear to have ary effect on total

nitrate production (see Figure 25) . However, inception of nitrification

occurred earlier in the treated samples than in the untreated ones and
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crenic acid production was less in the fertilized saanles (see Figure

26). Since smllsr samples were used for the treatments than for the

controls, earlier nitrification inception may have been related to

sample size rather than treatment.

Figures 27 and 28 indicate that there is a relationship between

nitrate prediction, pH and the production of yellow organic matter.

Further, the inception of nitrification is accompanied by slurp

decreases in pH and sharply reduced production of yellow organic

utter.

Since nor humus is a feature of nest Podzols and since the Podzol-

foo-ling process is thought by some to be intimately associated with

crenic acid activity, it is not surprising to find that mime crenic

acid production occurred in the nor hums horizons. However, some

cronic acid was produced in the Vhl horizon of one of the null hulms

layers (Site B2).

Although nitrite and anioninn measurements were not nude in the

present study, studies of similar soils indicate that amoniun

accumlation occurs in the absence of nitrification and Basaraba (l96II)

found that around 0.50% chestnut tannin was sufficient to inhibit

nitrite formation. Basaraba an. noted that fungi, especially

m11511:, developed in soils having concentrations up to

2.00% chestnut tannin. Since hmillus 93:83.12 utilizes tannins as

a carbon source, it is conceivable that these and/or related fungi

are the major unifying organisms which are functional at these

high tannin levels. Such a circa-stance could conceivably result in

appreciable amninn accunmlstion until the phenolic content of the

hams is reducedto a levelwhich is non-toxic to the nitrifying

bacteria. The consequence of such an accumulation of amoniun my
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be the dispersion of some of the organic matter as NHh- crenate thus

mung it more susceptible to leaching as suggested by Remesov. The

results of this study seem to support this contention since the

highest rates of crenic acid production in all of the samples took

place in the absence of nitrification. Further, in samples producing

large mounts of crenic acid initially, the inception of nitrification

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 amonimn that was involved in cronic acid

production was suddenly diverted into the nitrification process

especially since logarithmic increases in nitrate production were

correlated with 10ng decreases in crenic acid production.

The inception of nitrification could have resulted from the slow

decrease in toxic substances removed by crenic acid leaching. The

lost likely toxicants involved are phenolic substances which are

known to occur in humus layers and in fulvic acid (according to Oden,

fulvic acid = creme acid I- apocrenic acid, L192 Kononova, 1961).

lhile 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 luphae. In

this connection, the sample producing tin most crenic acid (Ch

horizon, Site Bl) contained yellow fungal nycelie and three times

as each surface area of dead (unstained) fungal luphae as the sample

producing the least alount of crenic acid (Vhl horizon, Site D1).

Bacterial populations (per gran of 0.1). soil prior to leaching) were

similar in both samples.

Although no inforntion was gathered on concentration of
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utrification inhibitors in these studies, certain upper humus horizon

properties seen to be related to the observed patterm of nitrification.

If the horizons are gt-otnaed 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 alu-inun concen-

trations and relatively high pH values. Group II horizons have high

organic latter and extractable aluminum concentrations and the Group

III horizon has a very high c/N ratio.

According to Alexander (1961), the rate of nitrification typically

becomes negligible below a pH of 5.0. He states further that some

soile nitrify at a pH of h.S and others do not. In this study,

nitrification was negligible for four months in horizons having pH

values below 5.2. High aaounts of extractable aluminum seen to be

more distinctly related to the lack of nitrification but no corroborating

correlations could be found in the litexettn'e. TI‘O horizons having

initial pH values of hob-1:5 eventually nitrified while a third horizon

did not; the non-utrifying horizon had the highest c/N ratio (30) of

all the upper henna horizons studied. Russell (1961) mentions that

Intrification is liaited by low phosphate contents . Although lag

periods (pro-nitrification periods) in Group I very inversely with

exchangeable calciun, the horizon with the longest lag period produced

the nest nitrate by far; this horizon Ind an available P concentration

about 5 tines as high as the other two. lilde (1958) states that the

absence of large quantities of soluble organic latter is essential for

the process of nitrification. The Group II horizons produced the soot

crenic acid and the relative amounts produced within the group "1"
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inversely related to the N03 produced and directly related to the lag

period.

In attalpting to relate the above humus (layer) properties to their

respective ecosystems, several relationships seen pertinent. In the

first place, Group I properties are related to the absence of vegetation

having low foliar contents of calcium and high concentrations of aluminum

(i.e. 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 prevaleme of low N red pine foliage.

The occurrence of pH values 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 nple on Sites ‘3 and 32, sugar maple and black cherry on

Site D1 and balsae fir on Site 11). Chi ratios greater ttan 20 are

related to the presence of 7% or more red pine.

In country, it is postulated that the specific characteristics of

tree foliage which are nest strongly related to humus type, nitrate and

creme acid production are the Ca/Ll ratio and the $1! content. CAI/Al

ratios an). %N values my be subject to some error due to inadeqmte

replication; also these values my change with a change in site

conditions. Ocparisons between species my be Justified, however,

since the calcim values do not seen out of line with the ranges

reported in the literature and one site for each species contained

carbomtes within the root zone. The values indicate two distinct

groupings of species with respect to their foliar co/u ratios and

two distimt groupings with respect to total N. On these bases, the

species are divided into four groups (see Table 12).



n
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TABIE 12. FOLIAR COMPOSITION GROUPINGS 0F SPECIES

 

 

Carbonates

Foliar Basis for in Foliar Foliar

Group Grouping Species Root Zone Ca/Al %N

I High Ca/n- Sugar Maple + 367 1.60

High II Red ml: 4- 235 1.96

Yellow Birch + 200 2.32

II High oa/u- Balsam Fir + 319 1.07

Low N

III Low ca/n- white pm. + 80 1.19

Low N American Beech 4- 75 1.13

Red Pine 4- 70 0.92

Ihite Pine 0 2h 1.23

Red Pine 0 1b 0.52

IV Low Ca/Al- Eastern Hemlock 4- 27 1.77

High 1!

 

The preseme of stands containing no species in Group III and Group

IV is correlated with the presence of relatively well-developed null

hunus types which have pH values greater than 5.0, ratios of emchangeable

ca to extractable A1203 greater than h.0 and prcdme no cranic acid when

incubated an! 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 anountsfl of nitrate and short nitrifi-

cation lag periods. The presence of stands on carbomte-containing sand

soils supporting sore than 30% Group III and GroupIV species is correlated

with the existence of extranely acid nor hunus types which produce crenic

acid profusely and for an extended length of tine when incubated and

leached in the laboratory. On a semi soil containing no carbomtes, a

pure stand of red pine was associated with a hunm type classified in

this study as a shallow sand null which was extremely acid and exhibited
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a sustained but low rate of crenic acid production. The presence of

status containing lore than 30% hemlock is correlated with the nest

acid and thickest nor hunus types in the study, whether or not carbonates

are present in the profile.

Extractable 12335 g Aluminum :Ln flail Horizons

Profile distributions of extractable iron and alumnus percentages

are graphically shown in Figure 29.

Profile 11 shows no sign of sesquioxide eluviation and illuviation

but a slight increase of sesqfloxides is evident toward the surface where

sons weathering scans to have taken place and where foliar iron and

alulimn has probably accumulated. The calciun-saturated null humus and

the lack of crenic acid production are possibly responsible for this

type of sesquimde distribution.

Profiles A2 gnd 13 show definite eesquioocidem below relatively

thin eluvial horizons. The inception of Podzol formation in these pro-

files correlates with the presence of upper huaic horizons which produce

erenic acid. The concentration of iron is greater than that of aluninun

in every horizon and profile min of iron are lore pronounced than

those of alulinun.

In Profiles El and B2, extractable sesquiexide min and percentages

are greater than in the younger profiles. The El profile, however,

contains much higher concentrations of extractable iron and aluminu- in

the lower part of the solo: (Iib horizon) than the B2 profile does. In

addition, the nxinun extractable i1 concentration occurs in the lower I

horison ef Profile Bl but in the uppermost I horizon of Profile B2.

laboratory studies indicate that crenic acid production by the Oh

horison of Profile B1 is quite profuse and sustained. The relatively
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PROFILE DISTRIBUTIONS OF EXTR'ACTABLE 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 prodmtion.

The estilnted total alcunt of extractable sesquioxides in the illuvial

zones (see Table 13) is directly related to the depth of leaching among

all the profiles raving a calcareous P or U horizon. The data of Wright

and Schnitzer (1963) indicate that F‘s-organic matter is considerably

were susceptible to flocculation by Ca and Mg than is Al-organic matter

and they suggest that the latter will consequently nove deeper in the

profile providing most of the free functional groups have not become

bonded with polyvalent cations. The recycling of aluninun in Ecosystem

Bl is undoubtedly greater than in Ecosysten B2. It therefore seems

logical that nore Al-organic mtter complexes have been forned in the

upper horizons of Profile B1 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 cronic acid), a lesser anount of recycled

0a and Mg encountered in the upper part of the solun 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 aluflnun in these relatively young soils as well as

the greater ease of formtion and flocculation of organo-iron complexes.

in the A and B profiles are characterized by having P and/or U

horizons which contain carbonates. Extractable aluminnn is nil in these

horizons but extractable iron is invariably present in concentrations

ranging fron 0.12% in Profile B2 to 0.27% in Profile B1; these values

probably represent "free Fe203'. The calciun and nagnesiua present in

these horizons, and in the W horizon (pH 7.0) of Profile A3, my be
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capable of flocculating downward moving sesquionde-organic matter

complexes in the nenner described by Wright and Schnitzer. That these

horizons are directly below illuvial horizons seems to support this

contention. In the B site profiles the sesquioxide build-up in the

upper part of the illuvial zone my reflect the flocculating effect

of the sesquioxides alreacv precipitated or it may result from the

higher redox potentials in the lower illuvial horizons (see McKenzie

21;, 2.. 1360).

The c and D profiles contain no free carbonates within 114 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 almninun which are much higher than in the younger profiles.

The extractable iron and aluminum distributions in Profile 01 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-

tratiom of alunirmn (especially on acid sites). The comparable values

of extractable iron, on the other hand, is probably a function of the

greater rate of forntion and flocculation of organo-iron complexes.

Profile 02 shown that the upper illuvial horizon (Ihib) has a

decidedly higher concentration of extractable iron than aluminum

whereas the three illuvial horizons below the Ihib have higher concen-

trations of aluminum than of iron; this is particularly true of the

disjunct tongues of ortstein (Ihbic) which altermte laterally with

areas designated as Ibi horizon. The ortstein and lower illuvial
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horizons of Franzmeier's Kalkaska sand also exhibit the dominance of

extractable aluminum. The pro-lumbering vegetation on both these sites

indicate a long-sustained prevalence of coniferous vegetation. High

foliar alunimm contents are indicated by the prevalence of hemlock and

the extractable aluminum concentration of the Oh horizon of Profile 02;

this horizon contains the highest concentration of extractable almimm

of all the upper humus horizons studied.

Profile D1, the oldest chronologically, contains the most pronounced

extractable iron mximun in the sequence of soils studied. The peak

concentration occurs in the middle illuvial horizon (lhib2), however,

thus differing from the pattern exhibited by Profile 02 where the peak

occurred in the upper illuvial horizon (Ihibl). The upper illuvial

horizon of Profile Dl shows a surprisingly low concentration of extract-

able aluminum, the order of magnitude resembling those of the B profiles

which are less than half as old chronologically. The lower illuvial

horizon (Ibi) contains higher concentrations of alumlmm than of iron,

but both elements are present in lower percentages than occur in the

lib horizon of Profile 01 and the Ibi of Profile 02. Franzmeier's

Blue lake I (moderately developed Podzol under northern hardwoods)

resembles Profile D1 by also having unusually low percentages of

extractable aluminum in the upper illuvial horizon and a dcmimnce of

aluminum over iron in the lower illuvial horizon (i.e. of the Podzol

sequun) . Data presented previously indicate that sugar nple and

possibly other northern lardwoods have higher cornentrations of foliar

iron tun aluminum thus it is reasonable to assume tint iron is

selectively removed free the illuvial horizom by these species and

returned to the soil surface via leaf fall. Subsequent mobilization





161

of this re-circulated iron my not result in its return to the horizon

from which it was extracted. The data of Bloomfield (1957) indicates

that sesquioxide-organic utter complexes are imobilized by their

sorption on sesquiouddes 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

horizon) without the necessity of additional iron-release from mineral

weathering.

Total extractable sesqnioxides should be lore indicative of the

degree of Podzol developnent than mere comentrations. Accordingly,

Table 13 gives illuvial zone totals, solum totals, Sé-foot profile

totals and 8-foot profile totals . These computations indicate that

extractable sesquioxides in the illuvial zone and in the solue increase

with the thickness of the solu 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-sole: horizons. In the older soils, the greatest quantity of both

sesquioddes is present in Profile 61 (100% pines), the only Weakly"

developed Podzol in this group. In this group, extractable aluminum

in the illuvial zones decreases with increasing hardwood occupancy

regardless of soil age similarities or differences. This order of

decreasing alullmn is also the order of increasing concentrations

of extractable iron in the upper illuvial horizons (lhib horizons).

Available Phosphorus i__1_1 Soil Horizons

Profile distributions of available phosphorus are shown in Figure

30 .



a
n
d

D
E
P
T
H
S

H
O
R
I
Z
O
N
S

U
N
C
H
E
S
)

20

40

60

20

4O

60

4O

60

4O

60

162

 

 

 
 

 

   

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

FIG. 30

PROFILE DISTRIBUTIONS 0F 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 nutter content the lower the concentration of

available phosphorus. In the soils producirg crenic acid, however,

the distribution of available phosphorus is quite different; in these

soils, the upper humis horizon invariably contains concentrations

which are at least twice as great as that of the underlying primry

nterial. Distinct marina of available P occur in all the illuvial

zones with highest concentrations in either the Ibi (or Iib) horizon

or the lhbic (ortstein) horizon.

Concentrations of available P are about twice as high in the non-

calcareous I horizons as in the calcareous primry naterials.

Estimtes of total available phosphorus by profile zones are shown

in Table 11;.

mm It. Es'rnwran POUNDS PER ACRE 0F LVAILLBLE mospsdws

 

#Avail.P/A in #Avail.P in

Profile 1bJ/illuvia1 zone/A 1b.P/solnn/A Si—foot profile 8-foot profile

 

Al - 8 128 187

12 16 57 8h 98

A3 Ill 50 131 213

B1 151 163 193 225

32 222 21:5 302 31:?

01 22h 2h2 350 W:

02 259 282 339 t 1437

91 213 22h 331 1126
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While available P concentrations do not show an increase with age,

estinted 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 a decrease

was also present in the moderately developed Podzols of Franzmeier's

study. Franzmeier suggests that the decrease might be due to either

increased removal of Bray's available P by vegetation or conversion

to for. not extractable by Bray's solution (i.e. calciun phosphate

and/or iron phosphate).

The stand of sugar maple and black cherry at Site D1 probably has

a dry weight of about 270,000 pounds per acre.* Shanks 333 2.1- (1961)

calculated that Aeerican beech trees (total above-ground parts) contained

about 0.03% phosphorus . Since sugar maple foliage has higher concen—

trations of phosphorus than beech, perhaps 0.0m phosphorus is a

reasonable figure for the average phosphorus concentration of the

whole 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 crop of pines such as that on Site 01

would likely not contain more than about 20 pounds per acre (L122.

Ovington, 1956). The unsalpled litter and 2% inch thick F layer (or

horizon) on Profile 01, however, could contain as much as 30 pounds

of phosphorus per acre (Lid: Alway gt 5}” 1933 and Trinble and Lull,

1956). The litter at Site 01 was very thin with no F layer at all at

the time of sanpling, thus non-soil phosphorus in the D1 ecosysten was

neatly in the standing crop. Fron these figures, it seems possible

 

*Based on relationship of basal area per acre to dry nutter-

DBH relationships established by Shnlcs 3:9. §_l. (1961) for Amrican

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 crap content of

this elenent. However, in this soil, low concentrations of available

P are found in the Vh horizons having exchangeable calcium contents

greater than W/LFS (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 V11 horizons

unless such phosphorus is in a form which is not extractable by Bray's

solution.

The surface horizons having less than 3000#0a/AFS all have available

phosphorus concentrations which vary directly with their ability to

produce crenic 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 calciun and available

phosphorus also apply to some extent to the illuvial horizons. For

sample, the illuvial horizons having the lowest exchangeable calcium

concentrations (Cl-lib, Cl-lhib, CZ-Ihib and CZ-lhbic) have an average

available phosphorus concentration of 77#/AFs while those having the

highest exchangeable calcium concentration (Dl-Bzibl and lhib2) contain

an average of only ZQHAFS.

Enchageable Potassiun Ln §3_i_1- Horizom

The highest concentrations of exchangeable x, by far, are found in

the upper husic horizons of all profiles except D1 which has a double

madman shared by the Vh2 and the 111in horizons. The Vhl horizon of

Profile B2 contains by far the highest concentration of am horizon in

the entire group of profiles. The lowest values per profile do not



166

consistently occur in arw particular horizon. The absolute lowest value

occurs in the lower solun of Profile CZ.

In the younger soils (A and B profiles), exchangeable K in the upper

husdc horizons increases with the stAge of plant succession in each age

group. In the A profiles this also means an increase with the organo-

chenical (illuvial zone Coll. and sesquioxides) degree of Podzol develop-

ment. In the B profiles, however, organo-chemical Podzol development

varies inversely with the stage of plant succession therefore exchange-

able K in the upper hunic horizons varies inversely with the organo-

chelioal degree of Podzol development in these profiles. Despite the

within (age) group differences the average exchangeable K values per

group increase directly with organe-chenical Podzol developmnt and age.

Concentrations 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.

Estintes of total exchangeable potassim per illuvial zone, solun

and profile (5% and 8 feet) are given in Table 15.

mm 15. ESTIMATED POUNDS PER ACRE 0F EXCHANGEABLE Ponssnm

 

#Exch. K/iin #anch.K/a1n #mmx/am #Exch.K/Ain

 

Profile Illuvial Zone Solu- sé-root Profile 8-foot Profile

n - 17 266 388

12 17 63 209 28].

LB 23 73 hOS 68?

Bl 195 321 556 799

32 253 1:60 666 828

01 1M; 219 1:31 633

02 he 11.0 205 27?

131 203 308 538 71:0
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These values indicate that exchangeable K in the soles: of the

young soils increases generally with age and Podzol development. In

the B profiles, Wer, solun 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 lest sons potassiun or that the primary materials were endowed

with a lesser amount. While solun values do not comistently increase

with the sage of vegetation succession in the C and D profiles, the

clinx stage (D1) is characterized by laving higher amounts of exchange-

able K in the solun than the two earlier stages (01 and 02).

my”sable Calciun E §3_1_1_ Horizons

Profile distributiom of exchangeable Ca concentrations are shown

in Figure 31.

The Oh or Vh horizons contain the mxinun comentration in each

of the profiles. In the Podzols occupied by more than 50% hardwoods,

a secondary peak occurs in the illuvial horizons. In the Podzols

occupied by neatly conifers, no such illuvial zone peak occurs, either

as a result of grachaally increasing values from the B horizon down to

the calcareous sub-solun horizons or because E horizon concentrations

are similar to I horizon concentrations (both being low). With in-

creasing age and development, Podzols with nor hunus types show

gradual calciun desaturation in their Oh horizons while the opposite
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is true for the Insper humic horizom of hardwood Podzols.

Sub-eolun concentrations are less than 110#/AFS in all the C and

D profiles despite large differences in solun concentratiom between

these profiles, indicating that either carbonate calcium has been

removed from depths considerably greater than the depth of solum

developnent or that the primary naterials contained no carbonates.

In the Delta-Alger County area, carbonates in sand soils cannot be

found within 5%- feet of the surface unless the soils are younger than

3500 years (unpublished field description mde by the author and others

during soil survey operations).

Estintions of total exchangeable calciun in the various zones of

the profiles are shown in Table 16.

IABIB16. ESTMTEDPOUNDSPERACREGFEXCHANGELBIEGLIOIUH

 

Profile Illuvial Zone Solun sit-root Profile 8-foot Profile

 

11 - 1hoo 12,168 17,888

12 359 1005 23,7l4h 35,025

13 231: 662 5,090 8,6147

' B1 10% 1507 8,189 15,101

32 11:35 2397 10,6h8 17,128

01 3&1 788 1,237 1,705

ca 301 558 78? 1,108

In 27th 3756 h,2h6 h,678

On the youngest surfaces, solun totals tend to decrease with the

degree of Podzol develop-ant. No such relationship is evident in the

older profiles; here, the solun values are higher in the hardwwd site
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Podzols (B2 and D1) than in profiles beneath dominantly coniferous

forests. The exchangeable calcium value is lowest at Site 02 under

henlock and at the B sites it is lower under hemlock (B1) than under

red oak (B2).

manageable Magnesium _i_n Soil Horizom

Highest concentrations of exchangeable Mg in each profile are

likewise found in the upper hustle horizons. The absolute highest

concentrations are shared by the upper hunic 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-solun concentrations are found in Profiles A3, B1

and B2 thus indicating that the hardwaods on A3 and B2 have been more

effective in adding Mg to the exchange complex of the upper hunic

horizons (see above) then the conifers on Site Bl have been.

Estimtion of. total exchangeable Mg per genetic zone (in #/A)

and the concentration of emchangeable Mg per upper hunic horizon

(in {/AFS) are presented in Table 17.
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TABLE 17. ESTMTED POUNDS PER ACRE OF EXCHANGEABLE MAGNESIUM

 

 

Upper Humus Sé-foot 8-foot

Profile Horizon Illuvial Zone Solm Profile Profile

(all/us)

11 108 - So 819 600

12 99 12 39 203 28h

LS 188 28 86 116 1090

B1 115 1011 156 I431; 722

B2 170 162 2146 613 901

01 11.11 9h 129 2112 350

02 109 1 3h 67 68

D1 108 203 250 372 1180

 

In each age group, solun Mg is greatest in the predominantly hardwood

soils (A3, B2 and D1). The two solawith the absolute highest values are

found in the two profiles under 100% hardwood stands (B2 and D1).

Eight-foot profile saxin correspond to naximun comentrations in

the upper hunic horizons (13 and B2). In other cases, however, upper

hunic horizon concentrations do not reflect sub-solun quantities. In

fact, all the other upper hunic horizons have essentially equal concen-

trations while their sols aml profiles contain quite variable nounts

of exchangeable Hg.

The exchangeable Mg content of Profile 02 is particularly inter-

esting. First of all, 97% of the exchangeable Mg in the solun is

located in the Oh horizon despite a relatively high content of

illuvial organic utter. Secondly, the sub-solun 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 domimted by such forests throughout the comes of its

development. The pioneer forest of Jack and/or red pine indicated by

the bog pollen would certainly not lave been conducive to the unintename

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 yeatly especially if the carbonates were deeply

leached prior to the succession.

Reaction 2f S3}; 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, B1, Cl and 02) are quite obvious. In fact,

the upper humic horizons fall into three distinct categories: those

having a pH of 11.2 to h.5 (A2, B1, Cl and C2); those having a pH of 5.1

to 5.2 (A3, 132 and D1) and the one with a pH of 7.3 (A1). The pH values

of 5.1 and over correlate with relatively high concentrations of ex-

changeable calciun (Al and D1) or magnesium (i3 and B2). These high

concentrations of emchangeable 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 naple and black

cherry (D1), and high ngnesiun being attributed to the predominance of

red oak (13 and B2).

The relationship of pH to nitrate and crenic acid production has

alreachr been discussed.

Iith imreasing development, Podzols with nor husms 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 CZ.

The lowest pH in the hardwood mull Podzols (132 and D1) is h.8 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 IhbiZ horizons, precisely

coinciding with concentration peaks of exchangeable K, Ca and m.

In all profiles except D1, 8. gradient of increasing pH values

occurs from the Vh2 or E horizon downward. The steepest gradients are

found in the profiles which contain an E horizon and a carbonate-con-

taining P or U horizon.

Mechanical Ammes of _s_o_i_l Horizons

Distribution of the particle size fractions in the profiles studied

are shown in Figures 33 and 3h.

The prinry neterial (or slightl;r weathered I horizons) of all eight

profiles is composed of 98-10% sand (see Appendix); however, profiles

A1, 12, A3, B1 and D1 contain finer sand in their P or W horizons than

do the other profiles and the ortstein tongues in Profile 02 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 fraction into the Ibi

horizons. In the B site profiles, clay marina are more marked than in

the younger profiles. Higher concentrations of silt in the Vh2 and En

horizons indicate the possibility that sand is being weathered to silt

faster than silt is being weathered to clay. Clay concentrations in

Profile BZ (weakly to moderately developed Podzol with null humus) are

considerale higher than those in Profile Bl (weakly developed Podzol
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FIG.33

PARTICLE SIZE DISTRIBUTION PROFILES
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FIG. 3 4

SILT AND CLAY DISTRIBUTION

 

 

 

  

 

 
 

 

 

  
 

   

 

 

 

 

   
 

 

 

 

 

    
 

 

 

 

 

Percent of Separate Percent of Separate

Ol23456789l00l23456789|0

O

1” V'L-lhib

lib

20 '/p

40 P

U

50 Site Al Site 82 '

Regoebl WeokIrMod. Developed Podzol

0 E

E lhib

20 llb

40 P

W

Very Weakly DeveIOped Podzol Weakly Developed Podzol '

o ' I I I fi I I

lib

20 w

40

p

60 Site A3 Site 02

I Very Weakly Developed Podzol" MOdi DOVOIOPOU POlel

O I fl 'r\I I C

E

Ithé

20

' Mb

40

p

60 Slte Bl Site DI

Inn-l

U Me Weakly Developed Podzol Mod. Developed Podzol

'h    
08$ilt:A

F

 

 
ozClayIA

 

 



177

with nor humus). In the 0 Site profiles, the gap between silt and clay

concentrations in the Em horizons continues to widen with the mgnitude

being similar in both profiles. Clay concentrations in the I horizons

are lurked but the Cl profile has a lower madmum than the BZ profile

which is chronologically much younger. The 02 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 En horizons. The naxinmm

concentration of clay is almost identical to that in the CZ profile,

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 am of the other profiles.

Clay marine, where present, always occurred in the I horizons.

Where more than one I horizon was present, the maximum occurred in the

uppermost one of these. This distribution is somewhat at variance with

the findings of Franzmeier (1962), inasmuch as the chronologically

younger soils in his study showed lowm or co-zexima of clay

concentrations in the Vh horizons.

Estimated amounts of clay (method of estimtion outlined in

Chapter 9) in the illuvial zones of each profile are shown in Table 18.

These values indicate that I horizon clay increases with age with the

outstanding exception of Profile 02. Since conditions are extremely

favorable for crerrle acid production (thick, extremely acid mor humus)

but unfavorable for complex immobilization by Ca and Mg, clay-crenic

acid complexes say have been leached completely out of the profile.

Studies slide by Wicklund and Uhiteside (1959) indicate that clay

destruction or eluwiation my be more active than clay formation and
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illuvietion in some mor humus Podzols in New Brunswick. Although the

New Brunswick soils were silt loams, their solum morpholog and pH

values were similar to those of Profile 02. The sub-solum material

was also carbonate-free as in Profile 02.

TABLE 18. ESTIMATED PQINDS PER ACRE OF CLAY IN ILLUVIAL ZONES

 

 

Profile Clay(lb/A)

A1 .-

12 6,035

13 13, 709

B1 71, 299

132 65,863

01 117,815

02 52,177

D1 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< 2mm particles) in the uppermost mineral horizon in each

profile. Ihen these data from both studies are combined, the percentages

of sand for the 2500 year old and younger soils are 99.1, 99.0, 99.1; and

99.2. The percentages for the Isles Nipissing-aged soil (approximtely

3500) of Frenzneier's study and the Upper Algom-eged soils (approximately

3000) of this stufl are very similar, being 97.1» 97.? and 96.9. The C

profiles (umd to be of Sub-Duluth ago) in this study contain 95 .6 and

small: while the lake Algonquin-aged profile (in Franzmeier's stew) has a
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value of 92.5%. 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 Algonquin. The Dl

profile contaim 90.5% sand which my indicate that the D1 moraine was

deposited before the highest siege of lake Algonquin subsided. The

sand percentages for the Blue lake profiles in Franzmeier's stuchr were

8h-1S and 79.3%. 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 horizom of the older profiles and the general decrease

of silt downwards in the solun may reflect the relative intensity of

physical weathering with depth as suggested by Franzmier (1962) or they

my represent additions of aeolian silt to the surface with subsequent

down-drifting as suggested by Olson (1958). Plotting the percent silt

of the Impermost 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

Why), a result that might be expected if hydrolysis and other

moisture-dependent weathering processes were less prevalent during

lake Chippewa to Ialoe 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 loose depositions my be involved.

_S_;_ei_1_ Differences Associated E33 Cliseral 52.1. SuccessionalM 33

as; as.

Profile Al (Regosol) reflects the short time and slow rate of

weathering taking place under neutral to alkaline conditions saintained
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by the presence of calcium-rich balsam fir foliage and free lime.

Although low in fertility, Profile A1 shows evidence of increasing

fertility in the Vh horizons except for available P. The mull humus

characteristic of the Juniper thickets in the dune heath zone* is

somewhat more shallow in Profile A1, pointing to the possibility that

gradual destruction of the Vh horizon is taking place. No illuvial

horizon is present in the currently developing solum above the pVh.

Profile A2 (very weakly developed Podzol) reflects a more rapid

rate of weathering taking place beneath a strongly acid nor lmnus which

releases crenic acid upon being incubated and leached with water in

the laboratory. The dominance of calcims-poor pine foliage (which also

has a low foliar Ca/Al ratio) is related to the occurrence of this

humus typo apparently at the expense of the entire upper part of the

fornr dune heath Vh horizon which may have contributed humus, by

oluviation and illuviation, to the horizons below. In this profile,

silt and clayfiexima are definitely present in the illuvial horizon

along with a peak in extractable iron and aluminum, available P,

exchangeable llg and K, and organic matter. The simlltaneous occurrence

of these auxin in the illuvial horizon along with the occurrence of

crenic acid production in the Oh horizon strongly sugests that cronic

acid is at least partially responsible for this profile development.

Profile A3 is a very weakly developed Podzol which is, however,

somewhat more strongly developed than Profile A2 (on the basis of

illuvial zone totals of organic utter and extractable sesquoxides).

The composition and age stratification of the stand at Site A3 (red oak,

 

1"Terminology used by Cowles and Gates (vide Olson, 1958).
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pioneer sugar maple and relict white pine) suggests that red oak invaded

a 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

type; characteristics of foliage and Mums-containing horizons indicate

that the alterations were in the form of increases in the content of

calcium, magnesium and nitrogen with a related increase in pH. In turn,

these alterations are related to a decrease in crenio acid production

and an increase in nitrate production (as compared to Profile A2).

Profile B1 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 AZ (i.e. a change from white and

red pine dom’.nants to white pine, hemlock and yellow birch dominants).

The invasion of hemlock introduces foliage which contains relatively

high concentrations of aluninun and has the lowest Ca/Al ratios 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 of all the under nutrient

elenents than the foliage of the pines on Site AZ. The encroachment

of yollow birch introduces foliage having conlparatively very high

concentratiom of calcium and iron. However, the dominance of pine

and henlock foliage plus sustained production of crenic acid probably

has precluded aw rapid build-up of bases in the surface horizons.

The high concentrations of extractable iron in the Ihib horizon,

though, my 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 a 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 horizom by these

species has certainly been instrumental in forming a well-developed

null humus which has all but completely concealed the Em horizon

(which is only present in small disjunct spots or patches just above

the Ihib horizon). As a consequence, the concentration of all the

major plant nutrients 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 B1. The degree of

Podzol development, based on the sum of illuvial totals of extractable

eesquioxides and organic matter is less in Profile B2 than in Profile

B1. 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 hmnid 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 01 is a weakly developed Podzol which has evidently sup-

ported pines for about 10,000 years (based on pollen analysis strati-

grapl'q in a peat bog near Site 02). 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 aluminum in the illuvial horizons.

Carbonates are not present within ll; 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 02 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 became 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 02 as compared with Site Cl is associated

with a greater amount of solum organic utter and total nitrogen.

The profile also differs from that of Site Cl by having a thick nor

humus and an illuvial zone which is darker, contains acre organic

matter and has a higher extractable aluminum content than extractable

iron. The thick nor hunms is related to the dominance of hemlock; the

high amount of illuvial organic utter is related to the are favorable

conditions for crenic acid production (i.e. nor hunms with high organic

setter and total nitrogen content) 3 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'sldy, 1961) resulting from an increase in the

biological circulation of tilt element by red saple and beach. The
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high amount of extractable aluminum is correlated with (l) the high

acidity of the upper solum which increases aluminum solubility and

availability and (2) the fact that pine and hemlock foliages contain

1% to 3;: times more aluminum 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 foliar 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 02 development can be

estimated. On these sandy sites 2000 pounds per acre is a reasonable

estimte of ammal leaf fall for pines (v_'i_c_1_e_ Scott, 1955). If red

and white pins 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 0.21; pounds per acre per

year ani would amount to 1560 pounds per acre for a SOOO-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 value of 139 ppm of Al can be used for the foliar content;

this would amount to about 0.28 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 forntion, the estinated amount of A1

phyllocycled is 251:0 pounds per acre, about 11% of the extractable

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 tins as great as ttat in

the foliage, an average of around .1; pound per acre per 100 years would

be added from this source, amounting to a 10,(D0 year total of only to

Pounds per acre.
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Much of the phy'tocycled aluminum in the estimated 2510 pounds was

probably cycled more than once, thus the actual addition of almimna by

the vegetation to the solum has probably been small. The same would be

true 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. Intra-solum translooation, 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 Ihib. In the case of the pines, the ratio of

foliar aluminum 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 aluminum 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 element to other

parts of the profile thus leaving extractable altnsimn dominant in

horizons having high concentrations of birch and beech roots.

Profile D1 is a moderately developed but more highly base-saturated

Podzol thn the others. It evidently supported spruce and fir durirg

the first 1000-2000 years or more of its development. Became of the

shade intolerance of jack and red pine (Kramer and Koslowski, 1960) and

the fertility status of the soil, a warming climate very likely favored

the invasion of the more shade tolerant white pine. Subsequent

succession from white pine forests to hemlock and yellow birch forests

to sugar maple, beach and black cherry forests has evidently taloen

place. The maintemnce of a high soil calcium content by spruce and

fir my have been influential in determining the course of cliseral
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and successional changes and soil development. Hardwood encroachmcnt,

however, may have begun before the carbonates were leached beyond the

reach of their roots. In this event, yellow birch could saturate the

surface horizom with calcium and nagnesium thereby bringing the humus

layer pH within the Optimum range of sugar maple and black cherry

seedlings (see Wilde, 1958). Continued increases in the percent base

saturation of the solum has evidently resulted in the cessation of

crenic acid prodmtion and promoted the forsation of a well-developed

mull humus.

Nutrient M Relationships

When the soil profile data are compared and combined with an esti-

mte of the standing tree crop on each site (Table 19') it is readily

seen that the site sequence Al, A2 and A3, is characterised by tree

crops having rapidly increasing amounts of calcium, magnesium and

potassium with more slowly increasing amounts of phosphorus. These

tree crop increases are accompanied by rapid solum decreases in ex-

changeable Ca and fairly rapid increases in exchmgeable 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.

0n the older sites, tree crop calcium, ngnesium, potassium and

phosphorus all increase directly with the stage of plant succession

but with no consistent increase in individual available solum nutrients.

More available P is present in the solum of each Podzol than is

estinted to be in the respective tree crop. Exchangeable 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 P001. ESTIMATES"

51“, Eat. Dry

Vegetation Ecosystem Weight of

and Soil Components #Ca/A #Mg/A #K/A #P/A Stand (#/A)

Site Al: Standing Crap 183 23 76 21 99,090

Balsam Fir-801um (1733') 1100 50 17 8

Regosol 5? Profile 12 héh 1:19 266 128

Sand CropecProfile m m 312 E9“

Site 12: Standing Crop 289 36 122 29 131,890

Pine— 50111:: (12%") 1005 39 63 5 7

Eastport 593' Profile 23 7M: 203 209 81;

sand CropscProfile 211,033 '53? 3.31 113

Site A3 2 Standing Crop 380 63 198 36 165,000

Red Oak- Solum (38") 662 86 73 50

Eastport sin Profile 5090 its hos 131

sand CropeoProfile 31:70 W 603 E?

Site Bl: Standing Crop h89 65 263 51; 223,850

Hemlock— Solum (hO') 1,507 156 321 163

Rubicon - 5%! Profile 8 189 h3h 556 193

Eastpert eropaprofilo ‘8‘578 W 819’ '21:?

sand

Site B2: Standing Crop h8h 78 2141 Sh 190,900

Red mk— Solum (26") 2397 2146 1:60 2145

East Take 5%: Profile 10 6&8 613 666 302

sand Crop&Pre£iJ.e m 69]: W7 353

Site 01: Standing Camp 2145 29 1.15 29 1hh,000

Red Pine— Solum (35") 7’48 129 219 2142

Rubicon 5% Profile 1237 2&2 1:31 350

sand Crop&Proi‘ile ‘27! 553 W

Site 02: Standing Crop 32h ha 179 36 156,830

Hemleokh— Solum (38') 558 at no 282

Kalhsh sgv Profile 787 67 €355 33h

sani CropscProfile 1115 375

Site Dl: Standing Crop 735 117 327 108 270,000

Sugarlhple—Solum (31%") 3756 250 308 2214

Kalkash 5% Profile MM 372 a; 331

sand CropaPrcfile _m 1789 W

 

*See Appendix IV for calculations .
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in the stands on the older soils might result in a drastic lowering of

exchangeable K such as has occurred in Wisconsin (Wilde, 1958). a similar

reduction of exchangeable Mg in Ecosystem 02 might also be expected should

such a practice be pursued without artificial replenishment.

Relationships Bemen Podzol Development, Time, Plant Succession and
 

Solum Fertility

If degree of Podzol development is based on totals of illuvial organic

utter and extractable sesquioxides, Table 20 shows relationships between

these criteria, morphological degree of development (based on color profile

develOpment), age, successional stages and solum fertility.

TLBIE 20. REHTIONSHIP BETWEEN AGE, SUCCESSIONA]:- STAGE, MCRPHOIIBICAL

DEBBIE 0F PODZOL DEVELOHIENI‘, ILLINIAL TOTALS OF ME

MATTER AM) EXTRACTABLE SESQUIOXDFS AND SOLUM FERTIIm

 

 

Approx. #/A Solum

Soil Successional Stage Morph. Illuv. ktrJll. Ill. Fertil-

Site Age and Major Dominate Devel. 0.x. R203 Totals ity*

11 2500 I-Balsam Fir 0 0 0 0 2127

12 2500 14m Pines v.Ueak 55% 3911: 91450 2701;

A3 2500 II-R.0ak&W.Pine VJIeak 6361: 61:50 12,811; 2510

B1 3000 III-E.H.,I.B.&W.P. Weak 172,120 56,010 98,130 h79h

B2 3000 Iv-R.0., SM. w-M 19,628 26,808 86,836 6650

01 10,000 II-Red Pine Weak 81,762 56,215 98,007 3056

02 10,000 IV-E.H.,I.B.,R.M. Mod. 5h,356 83,856 98,212 5733

m 10,500 V-S.hi., B.C. Mod. 57,753 “4, 233 101,986 8h33

 

*Sun of total N, available P, exchangeable K, c. and mg in #/A.
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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 mple. 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 pine for at least 1600 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. Ehctractable sesquioxides in the illuvial zones,

however, are greatest in Podzols which are weakly developed morphologi-

cally (as at Site 01) and support dominantly coniferous stands which

contain no maple or beech. 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 extractable illuvial sesquioxldes is used to

determine t1. degree of Podzol development, it becomes apparent that

there are l; moderately developed, one weakly developed and 2 very

weakly developed Podzols in the group. Three of these moderately

developed Podzols are presently occupied by pine and/or hemlock and

the fourth (131) must have been similarly occupied between the end of

the spruce-fir period and the assumption of dominance by northern

hardwods within the last two to four thousand years.
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CHAPTER 11. SUhflxlARY 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 computations. 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 characterized by spring mxima of precipitation

while the Podzol Region has summer maxim or mima 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 claracteristic

applies to all of the Upper Peninsula except for the area west of Green

Bay. Computations indicate that in almost all of the areas having

these characteristics, fall precipitation exceeds fall potential

mpotranspiration by a considerable amount resulting in the attain-

ment of field capacity in sand soils 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

grating season. The relatively large precipitation to evapotranspiration

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 soils. It is concluded that the insulation provided by

an early and persistent snow cover significantly retards or prevents soil

freezing (nary chemical, physical and biological processes could thus

continue even during the winter when the average air temperature is below

freezing).

To gain some informtion concerning the vegetation present through-

out the formtion of a well-developed, well-drained sand Podzol, a peat

bog surrounded by Kalkaska sand was sampled for pollen analysis. Pine

pollen constitutes over 60% of the total tree pollen in the lower three-

fourttsof the peat bog column. The lack of a spruce-fir maximm at the

bottom of the colunm is attributed to the late emergence of the surround-

in land areas from beneath the spillway waters of glacial lake Duluth.

The upper one-fourth of the column is characterised by increasing

amounts of hemlock and birch pollen, a substantially higher percmtage

of spruce and fir pollen and a somewhat higher percentage of beech and

nple 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 beneath forests dominated by pine. Thus forest succession

from pins to the present hardest-northern hardwood forest in the

eurrmnding area apparently took place during the time of deposition

of the upper one-fourth of the peat solum. 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 accumulation 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

Kalkaska 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 vegetation.

A composite foliage sample was collected from one tree of one or

more representative species on each of five plots. 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 lees foliar

calcium than arw 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 lower concentratiom of foliar N

than sugar naple and yellow birch and (1;) that maple foliage contains

comparatively high concentrations of manganese.

Results from the present study alone also indicate that red pine

contains similar amounts of foliar calcium, mgnesium and phosphorus

when growing on sand soils having a considerable range of exchangeable

and/or available toms 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 sand. A yellow birch foliage sample

contained much higher concentrations of Ca and Mg than any other

sample 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 extractable Al concentrations in the Oh horizons of

soils under stands containing hemlock.

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

as 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 a 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-gran—of-eample sari-um in the V’hl (mull humus) horizon

studied when compared with an Oh (nor bums) horizon. However, there

were twice as m cells per gram of organic matter in the Vhl horizon

as in the Oh horizon. The Vh horizon contained vastly greater amounts

of actinow'cete filaments than did the Oh horizon even when expressed

on a per-gram-of-eample basis. Amounts of stained am unstained fungal

twphae per gram of organic latter 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 horizon. 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

utter and its apparently greater susceptibility to microbial attack.

Organic matter determinations indicated the presence of illuvial

axis in all profiles having an eluvial (E) horizon. However, darker

colors of illuvial horizons were not always indicative of higher organic

utter contents but were in some cases more closely related to the

presence of a considerable proportion of mple in the surrounding vege-

tation. The calculated weight of illuvial organic hatter increases

generally with age but other factors were evidently responsible for

rather large variations from this pattern.

Total nitrogen varied directly but not alrays proportionately with

organic hatter content. When converted to percent N in the organic

matter, the resultant values were distinctly higher for the profiles

under hrdwood-doninated forest types. Judging from the literature,

hemlock contains lower foliar nitrogen concentrations than associated

hardwoods. Hemlock and northern hardwoods (exclusive of beach) in

this stuck have distinctly higher foliar N values than the pines.

Thus it is concluded that total nitrogen percentages in the upper

mimic (Oh or Vhl) horizons is dependent both on foliar nitrogen

concentrations and on the organic matter content.

Fulvic acid could be extracted from all Oh, Vh and illuvial hori-

some but no quantitative determinations on this fraction were mde.

Guaiacol and phenols were present in the mimic acid fraction from both

Oh and Vh horizons. The hunic acid fraction from an illuvial horizon
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of one of the well-developed Podzols contained no identified organic

conmounds like those found in the same fraction of the Oh and Vh

horizons when subjected to the same them-decomposition and chrom-

tographic identification technique .

When 0h horizons (from mor and duff—mull humus layers) were alter-

nately incubated and leached 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 crenic acid by Vh horizons was either not profuse or

not sustained. Vh horizons containing more than 3000 # Ca/AFS

produced no crenic acid. Nitrate production was nil when crenic acid

production was profuse. Logarithmic decreases in crenic acid pro-

duction were accompanied by logarithmic increases in nitrate pro-

duction and acidityeof the leachates .

It is suggested that some components of crenic acid and up in

the fulvic acid-containing illuvial horizons as a part of a flocculated

organo-mineral complex. msed 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 tamled protein present which, in turn, restricts the

numbers and kinds of micro-organisms and soil faum present. It is

further believed that flmgi are the primary attackers 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-soluble

leachate produced by alternately incubating and leaching Oh and Vh

horizons in the laboratory.
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profuse and ammonia oxidation by bacteria is inhibited.

Illuvial naxima 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 laboratory.

Extractable iron is greater than extractable aluminum in every horizon

in every profile that is younger than 3500 years in this study.

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 approximately 3000 year old profile than in two of the older

(between 10,000 and 10,500 years old) profiles. Extractable aluminum

exceeds extractable iron in the lower part of the solum in two of the

three older profiles and in the ortstein of one of these.

Distinct medias 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 estimted that the Oh horizon contains over 50% of the

total exchangeable K in the solu.

Either a Vh or an 0h horizon contains the mxilmm concentration

of exchangeable calcium and magnesium in each solm. In four sols,

over one-third of the total exchangeable calcium is estimated to be

in the uppermmt mimic horizon. In one of these, 97% of the ex-

cl'nngeable ngnesium in the solum is estimated to be in the Oh

horizon.

Rough estimtes, based on an 8-foot soil profile, indicate that
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up to 39% of the "available"* potassium and magnesium in the ecosystem

studied my be in the standing crop. 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 14.2 to 14.5 which was more acid than those of Podzols

beneath other forest stands. With increasing development, Podzols

with 0h horizons exhibit increasing penetrations of very strongly and

extremely acid reactions. This trend is also exhibited by estimated

totals of extractable aluminum in the sole and the concentration of

extractable aluminum 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 others. The percent sand in the uppermost

mineral soil horizons decreased with clu'onological 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-eged

profiles. Further investigations are necessary for adequate

explanations of some of the apparent anomlies regarding clay and

silt content and distribution.

The fertility data indicate that succession from pins 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

 

“available", as used here, refers to total elements 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 sole and

increasing concentrations of exchangeable calcium in the uppermost

hunic horizons.

ConclusionsW_t_h_e_ Seguence ofm _in 213 Development of

___Podzola 22 3313 see £33.

Initial profile development in linw well-drained sends in the

study area involves the formtion 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 component species and the aeolian transfer of unweathered sand

grains from nearby unstabilized beach sand areas. it biologically

favorable temperatures, s olutions moving through the Vh horizon tend

to rennin clear and nearly neutral in reaction.

If, however, pioneer shrubs have been succeeded by an overstory

of red and white pines and the distance from unstabilized sand is

several hundred feet, an acid Oh horizon begins to develop which

apparently contains substances (probably tannins) that inhibit

nitrification. Under favorable environmental conditions, crenic

acid is then rapidly formed in these 0h horizons and is later leached

by rainwater or melting snow into the mineral horizons below.

 

"'Sun of total N, unable P, exchangeable K, Ca and Mg in #/A
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Grenates of iron, aluminum, calcium, magnesium, manganese, ammonium

and potassium my be formed within the Oh horizon, in the mineral

horizon below, or in both. The VH horizon is thus destroyed, a

reduction in exchangeable Ca and Mg occurs below the Oh horizon and

a bleached, acid E horizon forms as crenic acid and/or water soluble

crenates such as those of Fe, Al, Ca and Mg move downward from the

developing Oh horizon.

in illuvial horizon forms within the upper part of the subsiding

zone of carbonates or above it. The illuvial horizon is characterized

by main of extractable iron and aluminum, clay, available P,

exchangeable Mg, exchangeable K and organic nutter. Because of the

initially restricted zone of low pH values, almimns solubility is

lisited. The fact that all young profiles developing in calcareous

parent materials contain more extractable iron than aluminum is either

dependent upon the low solubility of almlim, a greater affinity of

the organic matter for iron, easier flocculation of organs-iron

complexes than organs-aluminum complexes or a combination of these

factors.

The fact that some studies indicate that organo-ircn complexes

can also be flocculated by relatively smll amctmts of aluminum suggests

that this nchanisn could become increasingly important as the profiles

been-s more acid and as forest succession proceeds toward a higher

proportion of vegetation which has the ability to cycle relatively

large quantities of alulinul. The relative alounts of plutooycled

A1, Ga and lg are thought to be of some consequence since other studies

indicate that the depth of penetration of some organs-aetal coaplemes

are not only controlled by the concentration of flocculating agents





200

in the illuvial horizons but also by how "sensitized“ with polyvalent

cations the complexes are upon their arrival in these horizons. 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, extremely acid, aluminum-rich Oh horizon and a high rate of

crenic acid production. A sustained dominance of these species, in

association with a much smaller percentage of hardwoods such as red

maple and yellow birch on deep-tc-carbonate sites, apparently initiates

the evolution of very strongly to extremely acid illuvial horizons

which contain as much or more extractable aluminum as extractable iron

and sometimes contain ortstein. 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 s‘ggest an increase in Ca and Mg sensitization of am' 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

as extractable Fe. Persistence of a climx 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 organise pepulation is

responsible for the conversion of what was an extremely acid nor humus

(Oh + 0f horizons) 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 lb/AFS. At this stage,

nitrification is favored and soil solutions moving downward out of

the Vh horizons are clear and have near neutral reactions when

tesqaeratures are favorable for biochemical activity.

The. Proaection 2f. the;M £9. Relationships 32 the 29332 Region

The extrapolation of the study area relationships to the entire

Podzol Region of Michigan suggests that Podzol Zone III is a zone 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 conducive to

the forntion of nor Imms layers; (2) a current climte 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, ample

and beech on son 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 Podzols were only weakly or moderately deveJcped

(i.e. mini-.1 Podzols according to Michigan nomnclature) prior to

hardwood encroachment if the previous vegetation was predominantly

pine. Limited observations in the study area indicate that dark

upper illuvial horizons can $1331 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

increase.

Podzol Zone II, despite the prevalence of older land surfaces,

is a zone 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 pr0portion of oaks during post-glacial

times than in Zone III.

Podzol Zone I is a zone of weak or no Podzol development as a

result of relatively dry soils in fall and certain climatic conditions

which have been responsible for this area being a vegetation temion

zone 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 In. Considerable proportions of oaks are (and

probably have been for the latter part of post-glacial time) almost

invariably associated with pines and some of the sand soils recently

supported ninly grass (Newaygo prairies). It is suggested that the

weak Podzols 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 mterials.





BIBIIOGRAPHY

Alexander, M. 1961. Introduction to Soil Microbiology. John Wiley

am son-s, Imb’ New York.

Allison, L. E. 1960. Wet-combustion apparatus and procedure for

organic and inorganic carbon in soil. SSSA Proc. 2h(1):36-ho.

Alway, F. J., Kittredge, J ., Methley, W. J. 1933. Composition of

the forest floor layers under different forest types on the

same soil type. Soil Science 36(5):387-398.

Ambros, Z. 1955. (The composition and changes of humus in some

forest soils). Fol. Biol. I: 148-53.

Arnenan, H. F. 1963. Soils of Minnesota. Agriculture Extension

Bulletin 278, University of Minnesota.

Bailey, H. H., Whiteside, E. P. and Erickson, A. E. 1957. Mineralog-

ical composition of glacial materials as a factor in the morpholog

and genesis of some Podzol, Gray-Wooded, Gray-Brown Podzolic and

Humic Gley soils in Michigan. SSSA Proc. 21:1;33-hh1.

Bard, G. E. 19115. The mineral nutrient content of the foliage of

forest trees on three soil types of varying limestone content.

8011 Seie 3000 Am. Proc. 103h19-h220

Basaraba, J. 1961;. Influence of vegetable tannins on nitrification

in soil. Plant and Soil 21(1) :8-16.

Bear, F. E. 1957. Toxic elements in soils. Yearbook of Agriculture.

The United States Department of Agriculture, Washington, D.C.

Bear, F. E. 1961;. Chemistry of the Soil. Reinhold Publishing

Corporation. New York.

Benninghoff, W. S. 1960. Pollen spectra from bryophytic polsters,

Inverness Mud Ialns Bog, Cheboygan County, Michigan. Papers

Mich. Acad. Sci., Arts and letters XLV ale-60.

Benninghoff, W. S. 1961;. The Prairie Peninsula as a filter barrier

to postglacial plant migration. Proc. Indiana Acad. Sci. 72 :ll6-124.

Bergquist, S. G. 1936. The Pleistocene history of the Tahquamenon

and Manistique drainage region of the northern peninsula of

Michigan. Mich. Geol. Survey Pub. No. 140.

Bloomfield, C. 1957. The possible significance of polyphenols in

soil formtion. Jour. Sci. Food Agric. 8:389-392.

Boggess, W. R. 1956. Weekly diameter growth of shortleaf pine and

white oak as related to soil moisture. Proc. Soc. Amer. For.

1956383-89e

203



0 e .

I O . C u

o O o O O

I I

. . .

. eO . I r

R . e e O

O O O .
f

C

’ . I e. . O

( I

e d

z

0

O C O

- . O O C O

O I o

o I

I C O

.

O O C

O O

O . C I

I

e .

’

AI d

c. . .

I

e e e n

O

a O I a .

O O I Q

0 O .
r

. C C

O O O o

[
I



20h

Bray, R. H. and Kurtz, L. T. 1915. Determination of total, organic

and available forms of phosphorus in soils. Soil Sci. 59:39-16.

Broecker, W. S. and Farrand, W. R. 1963. Radiocarbon age of the Two

Creeks Forest Bed, Wisconsin. Geol. Soc. Amer. Bull. 711(6):

795-802.

Brown, Clair A. 1960. Palynological Techniques. Clair A. Brown,

1180 Stanford Ave., Baton Rouge 8, Ia.

Brown, H. P., Panshin, A. J. and Forsaith, C. C. 19149. Textbook of

Wood Technology. McGraw—Hill Book Co., Inc., New York.

Brunnschvreiler, D. 1962. Precipitation regime in the lower peninsula

of Michigan. Papers of the Mich. Acad. Sci., Arts and Letters

XLVII 8367‘381e

Bunting, B. '1‘. 1965. The Geography of Soil. Aldine Publishing 00.,

Chicago, Illinois

Burrichter, E. 1951:. Regeneration von Heide-Podsolboden und die

Entwicklung des Bodenkeimgehalten in Abhangigkeit von der

Belaldung. Ze Pfle thI‘e Dung. 67 8150.163.

Gain, 3. A. and Cain, Le Ge 19h8e Palynological studies at Sodon

lake: II. Size-frequency studies of pine pollen, fossil and

modern. Am. Jo BOte 35 8583’590e

Chandler, R. F., 1911.1. The amount and mineral mitrient content of

freshly fallen leaf litter in the hardwood forests of New York.

Jo Allie SOC. Agron. 33 (10) 3859-8710

Chandler, R. F., 19143. Amount and mineral nutrient content of freshly

fallen needle litter of some Northeastern conifers. Soil Sci.

Am. PI‘OOe 89409-4413..

Chase, F. E. and Baker, G. 1951;. A comparison of microbial activity

, in an Ontario forest soil under pine, hemlock and mple cover.

Can. J. Microbial. 1415-514.

Ciric, M. 1962. The problem of classification of podzolic soils.

NOLIT Publishing House, Belgrade, Yugoslavia.

Cobb, M. J. 1932. A quantitative study of the microorganic population

of a hemlock and a deciduous forest soil. Soil Sci. 33 :325-3115.

Coffin, D. E. and Delong, W. A. 1960. Extraction and characterization

of organic natter of a Podzol B horizon. Trans. 7th Intern. Cong.

$011 301. 2391.97.

Coils, T. S. 1938. Podzol soils in the southern Appalachian Mountains.

seen Proc. 3:27h-279.



I
'
D

fl.

(
0

(
O

I
.



205

Corks, C. T. 1958. Nitrogen transformations in Ontario forest Podzols.

First North American Forest Soils Conference. Agric. Expt. Stao,

Mich. State Univ., East Lansing, Mich.

Coulson, C. B., Davies, R. I. and Lewis, D. A. 1960. Polyphenols in

plant, humus and soil; I. Polyphenols of leaves, litter and

superficial humis from null and mor sites. Jour. of Soil Sci.

Coulson, C. B., Davies, R. I. and Lewis, D. A. 1960. Polyphenols in

plant, humus and soil; II. Reduction and transport by polyphenols

of iron in model soil columns. J. of Soil Sci. 11(1) :30—hh.

Cracker, R. L. and Dickson, A. B. 1957. Soil development on the

recessional moraines of the Herbert and Mendenhall glaciers,

south-eastern Alaska. Jour. Ecol. 16:169-185.

Crocker, R. L. and Major, J. 1955. Soil development in relation to

vegetation and surface age at Glacier Bay, Alaska. Jour. Ecol.

1&3 9427-34113.

Curtis, J. T. 1959. The Vegetation of Wisconsin. The University of

Wisconsin Press, Madison.

Davidoff, M. 1960. Ts canadensis in middle Michigan: the rela-

tionship of its eco ogy to its status as a natural resource.

M.S. thesis, University of Michigan, Ann Arbor.

DaViSS, Re Io, Coulson, Ce Be 83d “"18, Do A. 1960. Polyphenols

in soil profile development. Sci. Proc. of the Royal Dublin

Soc.; Series A, Vol. 1(h) :183-189.

Dicknan, S. R. and Bray, R. H. 19h0. Colorimetric determination of

phosphate. Ind. and Eng. Chem. Anal. Ed. 12:665-668.

Dimbleby, G. W. 1957. Pollen analysis of terrestrial soils. The

New Phytologist 56:12-28. .

Doeksen, J. and Drift, J. Van Der. 1963. Soil Organisms. North-

Holland Publishing Compaq, Amsterdam.

Donahue, R. L. 1939. Forest-site quality studies in the Adirondacks I.

Tree growth as related to soil morphology. Cornell University

Agriculture Experiment Station Memoir 229.

Drift, J. Van Der. 1951. Analysis of the animl community in a

beech firest floor. Meded. Inst. Toegep. Biol. Onders. Nat.

NO. 9.

Edwards, C. A. and Heath, G. W. 1963. The role of soil animals in

breakdown of leaf material. Soil Organisms. Proc. of the

Colloq. on Soil Fauna, Soil Microflora and Their Relationships.

Oosterbeek, The Netherlands. 1962.



(
"
I

(
1

{
O

(
O

/
.

¢
Q

I
.

(
O

f
.

[
U

[
I



206

Elliot, J. C. 1953. Composition of upland second growth hardwood

stands in the tension zone of Michigan as affected by soils and

man. Ecol. Monographs 23 :271—288.

Fisher, R. T. 1928. Soil changes and silviculture on the Harvard

Forest. Ecol. 9(1) :6-10.

Fiske, C. H. and Subbarrow, V. 1925. The colorimetric determination

of phosphorus. Jour. Biol. Chem. 66 :375-h00.

Foster, Z. 6., Veatch, J. 0., Schoenmann, L. R., Pasco, R. E.,

Hubbard, H. E. and Donahue, R. L. 1939. Soil Survey of

Schoolcraft County, Michigan. Bureau of Chemistry and Soils,

USDA; Mich. Agric. Expt. Sta. and Mich. Dept. Conservation.

Franzmeier, D. P. 1962. A chronosequence of Podzols in northern

Michigan. PhD. thesis, Mich. State Univ.

Fries, Magnus. 1962. Pollen profiles of late Pleistocene and

Recent sediments, northeastern Minnesota. Ecol. 143(2) :295-308.

Gleason, H. A. 19211. The structure of the mple-beech association

in northern Michigan. Papers of the Mich. Acad. Sci., Arts and

letters 14:285-296.

Glinka, K. D. 1911;. Die Typen der Bodenbildung. Borntraeger, Berlin.

Graham, S. A. 19111. Climax forests of the upper peninsula of Michigan.

Ecol. 22:355-362.

Griffith, Be 6., Hart-“311, E. W. and Slaw, To E0 1930. The 9170111131011

of soils as affected by the old field white pine—mixed hardwood

succession in central New England. Harvard Forest Bull. No. 15.

Gysel, L. W. 19h1. The forest humus layers of Ohio. Ph.D. thesis,

Ohio State Univ., Columbus.

Handley, W. R. C. 1951:. Mull and mor formation in relation to forest

soils. Forestry Commission Bull. No. 23. Imperial Forestry

Inst., Oxford.

Hauser, R. 1953. An ecological analysis of the isolated prairies of

Newaygo County, Michigan. Ph.D. thesis, Mich. State Univ.

Heiberg, S. O. and White, D. P. 1951. Potash deficiency of reforested

pine and spruce stands in northern New York. Soil Sci. Soc. Am.

Proc. 15:369-376.

Hesselman, H. 1925. Studier over barrskogens humustacke, dess

egenskaper och beroende av skogsvarden. Medd. Skogsforskosanst

22:169.

Hills, G. A. 1952. The classification and evaluation of site for

forestry. Ontario Department of lands and Forests. Research

Report No. 2h.



{
I

[
I

f
.



207

Horr, W. H. 1955 . A pollen profile study of the Muscotah Marsh.

Univ. Kansas 5010 Bull. 3704) :1113-1119.

Bough, A. F. 1960. Silvical characteristics of eastern hemlock.

Station paper No. 132, Northeastern Forest Experiment Station,

Upper Darby, Pennsylvania.

Hough, J. L. 1958. Geology of the Great lakes. Univ. Ill. Press,

Urbana.

Husch, B. 1959. Height growth of white pine in relation to selected

environmental factors on four sites in southeastern New Hampshire.

Us Of No He Agric. EXP. Sta-o B11110 100.

Ivarson, K. C. and Sowden, F. J. 1959. Decomposition of forest litters.

I. Production of ammonia and nitrate nitrogen, changes in microbial

population and rate of decomposition. Plant and Soil 11:237-248.

Jackson, M. L. 1958. Soil Chemical Analysis. Prentice-Hall, Inc.,

Englewood Cliffs, N. J.

Jackson, M. L. and Mehla, O. P. 1960. Iron oxide removal from soils

and clays by a dithionate-citrate system buffered with sodium

bicarbonate. Clays and Clay Min. Proc., 7th Natl. Conf. (1958):

317-327.

Jen-Hu-Chang. 1958. Ground temperature. Volume I. Harvard Univ.

Blue Hill Meteor. Observatory, Milton, Mass.

Jenry, Hans. 19111. Factors of Soil Formation. McGraw-Hill Book Co.,

Inc. New York.

Joffe, J. S. 1936. Pedology. Rutgers Univ. Press, New Brunswick,

N. J.

Johnsgard, G. A. 1938. A pedologic study of 3. Ground Water Podzol

and some associated soils. M.S. thesis, Mich. State Univ.

Johnsgard, G. A., Bartelli, L. 1., Mick, A. H., DeBoer, W. J.,

Schneider, I. F. and Striker, M. M. 1950. Soil Survey.

Midland County, Michigan. USDA and Mich. Agric. Expt. Sta.

Johnston, H. H. 1961;. Relationship of brown humus to lignin. Plant

8: Soil 21:191-200.

Jones, P. C. T. and Mollison, J. E. 19h8. A technique for the

quantitative estimtion of soil microorganisms. Jour. Gen.

Microb. 23514-690

Kaurichev, I. 3., Kulakov, E. V. and Nozdrlmava, E. M. 1958. The

formation and migration of ferroorganic compounds in soils.

Soviet Soil Science 12 :1307-1313.

Kelley, K. L. and D. E. Judd. 1955. The ISCC-NBS method of designating

colors and a dictionary of color names. National Bur. of Standards

Circ. 553’ U.S. GO'V'be Print. Offs, Washington.



o
l

0D

.
1

OOD

0
1



208

Kellogg, C. E. 19141. The Soils That Support Us. The Mcmillan Co.,

NBW York.

Kendrick, W. B. 1959. Succession in the pine needle microhabitat.

Proc. IX Int. Bot. Cong.:188.

Kilburn, P. D. 1957. Historical development and structure of the

aspen, Jack pine and oak vegetation types on sandy soils in

northern Lower Michigan. Ph.D. thesis, Univ. of Mich., Ann Arbor.

Kilmer, V. J. and Alexander, L. T. 19119. Methods of making mechanical

analysis of soils. Soil Sci. 68 :15-214.

Kononova, M. M. 1961. Soil Organic Matter. Pergamon Press, New York.

Kramer, P. J. and Kozlowski, T. T. 1960. Ptysiology of Trees.

McGraw-Hill Book Compary, New York.

Kubiena, w. L. 1953. The Soils of Europe. Thomas Murby and Co.,

London.

Kuehnelt, Wilhelm. 1963. Uber den Einfluss des Mycels von Clitocybe

infundibuliformis auf die Streufauna. Soil Organisms. Proc. 0

the Colloq. on Soil Fauna, Soil Microflora and Their Relationships.

Oosterbeek, The Netherlands, 1962.

 

lafond, A. 1958. Some soils, vegetation and site relationships of the

clincic and sub-climacic black spruce forest in northeastern

America. First North American Forest Soils Conf. Proc.; Agric.

Expt. Sta., Mich. State Univ., East lensing.

Iaidly, W. T. 1962. Regimen of the Great lakes and fluctuations of

lake levels. Great lakes Basin. American Association for the

Advancement of Science, Washington, D.C.

leverett, F. and Taylor, F. B. 1915. The Pleistocene of Indiana and

Michigan and the history of the Great lakes. U.S. Geol. Survey

Monograph No. 53.

leyton, L. 19148. Mineral nutrient relationships of forest trees.

Forestry Abst. 9:399-1408.

lessaint, P. 1953. (Effect of the chemical comosition of forest

litters on their rate of decomposition). C. R. Acad. Sci. 236:

522-5214.

lent, H. A. 1932. Profile characteristics of New England forest

80118. Conn. Agric. Expt. Sta. Bull. 3112.

lent, H. A. 191:8. The forest soils of Connecticut. Conn. Agric.

Expt. Sta. Bull. 523.

McKenzie, L. J., Whiteside, E. P. and Erickson, A. E. 1960. Oxidation-

reduction studies on the mechanism of B horizon formation in

Podzols. SSSA Proc. 21:01) :300-305.



O

. O Q . C

I

O O . .0 Q

. . C I

0 Il . O O .

. O I u

u c l n

. I

C O-

I C

I O

I C

r

O I n

. O

. II. >

O O

U N. 0 fl

0

O O

a. n n

O I 0 fl

0 I. O

. C

O

o u o

O

. o a o o

- _ . o

C -0 O C O C

I U C

C O

O . O ‘1 O O p I!

(
C



209

Bkrtin, A. E. 1960. Physico-chenfical studies of illuvial organic

nutter from Podzol soils. Jour. Aust. Inst. Agric. Sci. 262711-75.

muun, R. P. and Turk, 1.. M. 19m. Heavy minerals in some Podzol

profiles in Michigan. Soil Sci. 61494594495.

Messenger, A. S. 1962. The water balance of the Lower Peninsula of

Michigan. Papers of the Mich. Acad. of Science, Arts and Letters

XLVII8383“3920

Mick, Allan B., Basile, R. M., Gronlund, A. 71., Stone, J. T., Bemett,

C. l.., Monser, C. H. and Striker, M. M. 1951. Soil. Survey

1"“ng County, luchigan. USDA and Mich. Agric. EDCpte Sta.

Nikola, P. 1951;. (Experiments on the ability of forest soil

basictlonwcetes to decompose litter material). Comm. Inst.

F0381}. Fem. 112(7) 81-17.

Morrison, R. I. 1958. The alkaline nitrobenzene oxidation of soil

organic nutter. Jour. Soil Sci. 9(1) 2130-1140.

Muir, A. 1961. The Podzol and podzolic soils. Advances in Agron.

13 :1-66. Academic Press, New York.

NOR-3 Technical Comittee on Soil Survey. 1960. Soils of the North

Central Region of the United States. Agric. EIpt. Sta. of the

Twelve North Central States and USDA.

Name, A. 1930. Untersuchungen uber die chemischen Veranderungen

der organischen Substanz bei der naturlichen Zerzetzung der

Hulusauflagen inWe bite H130 Dung. and Bdke 183650

Olson, Jerry S. 1958. Rates of succession and soil changes on

southern lake Michigan sand dunes. Bot. Gas. 119(3) :125-170.

Orvedal, A. C. 1960. Great soil groups. Goode's World Atlas.

Rand McNally and Co., Chicago.

Ovington, J. D. 1956. The composition of tree leaves. Forestry

29 222-28.

Owington, J. D. 1956. The form, weights and productivity of tree

species grown in close stands. New Phytologist 55 :289—388.

Owington, J. D. 1959. The circulation of linerals in plantations

of firms glvestris. Ann. Bot. (New Series) 23:75.

Owington, J. D. and mdglick, A. A. I. 1959. Distribution of organic

matter and plant nutrients in a plantation of Scots pine. Forest

Science 5 filth-355.

Parnelee, G. W. 191:7. Postglacial forest succession in the lensing

area of Michigan: 9. study of pollen spectra. M.S. thesis,

Mich. State Univ., East lansing.



. O I p

D

. . . ‘

.

Q (n

. h I. a

I O O r. C

n

O O 1

It a e

D O 0 e

I O

V O I

. l

I 0 .

Q Q

0 O C e

n. .

O O O N

l

C

O I I .

C I I ,e

O

O 0 o

o I. .

. . 0 . fi



210

Pearsall, W. H. 1952. The pH of natural soil. J. of Soil Sci.

3(1) :hl-Sl.

Plice, M. J. 19314. Acidity, antacid buffering and nutrient content

of forest litter in relation to humus and soil. Cornell Univ.

Agric. Expt. Sta. Memoir 166.

Pol'skiy, B. N. 1961. Chemistry of ortsteins in sod-podzolic soils.

Soviet Soil Science 2:198-200.

Potzger, J. E. and Friesner, R. C. 1937. Soil acidity and hemlock

reproduction in relic colonies in Indiana. Proc. Ind. Acad.

$010 ’46 :93”99e

Potzger, J. E. 191114. The vegetation of Round Island, Michigan

Butler Univ. Bot. Studies 6:116-121.

Potzger, J. E. 19h6. Phytosociology of the primeval forest in

central northern Wisconsin and upper Michigan and a brief post-

glacial history of the lake Forest formation. Ecol. Monographs

163211-250.

Potzger, J. E. 19148. A pollen study in the tension zone of lower

Michigan. Butler Univ. Bot. Studies 8:161-177.

Potzger, J. E. 1953. History of bogs in the Quetico-Superior country

from fossil pollen studies. J. Forestry 51:560—565.

Potzger, J. E. 1951;. Post-Algonquin and Post-Nipissing forest history

of Isle Royals, Michigan. Butler Univ. Bot. Studies 11:200-209.

Remesov, N. P. 1937. Theory of the podzolization process. Trans-

lation No. 366, USFS (from Pochvovodenie 32(8) 31139-1159).

Remesov, N. P. 1958. Relation betwaen biological accumlation and

eluvial process under forest cover. Soviet Soil Sci. 6:589-598.

Robinson, G. L. 19h9. Soils. John Wiley and Sons, Inc., New York.

Romell, L. G. 1935. Ecological problems of the hmms layer in the

forest. Cornell Univ. Agric. EDCp‘bo Sta. Memoir 170.

Romell, L. G. and Heiberg, S. 0. 1931. Types of lmmus layer in the

forests of northeastern United States. Ecology 12(3):567-608.

Rudolf, P. 0. 1957. Silvical characteristics of red pine (Pinus

resinosa). Lake States For. Expt. Sta. Pap. M. St. PEI",Minn.

Russell, E. W. 1961. Soil Conditions and Plant Growth. John Wiley

and Sons, Inc. , New York.

Scheffer, F. and Ulrich, B. 1960. Humus and Humusdungung. Ferdinand

Enke Verlag ; Stuttgart.



' u

I . C a

C . O

I C O or

U 0 er

0 1| . l .

Q 0 O or

O I

I O I n

I .. .

C U 0 n

C

O O I . fl

0 C C A.

. . 0 "

n . I

O . O I n

' O . er

. Q . fl

\ .

-r H I 0 fl

. C O n

.

I I I p-

-. fl

0

f
.

[
I



211

Schneider, I. F. 1961. Soil Survey. Sanilac County, Michigan.

U.S.D.A. Soil Cons. Serv. ani Mich. Agric. Exp. Sta. Series

1953, N0. 10.

Scott, D. R. M. 1955. Amount and chemical composition of the organic

utter contributed by the overstory and understory vegetation to

forest soil. Yale School of Forestry Bull. 62.

Shanks, R. E., Clebsch, E. E. C. and DeSelm, H. R. 19613.. Estimates

of standing crop and cycling rate of minerals in Appalachian

ecosystems. Symposium on Cycles of Biologically Important

Elements in Ecological System. (Unpublished).

Shanks, R. E., DeSelm, H. R. and Clebsch, E. E. C. 1961b. Vegetation

studies related to movement of radioactive wastes. Progress

Report. The Atomic Energ Commission and The University of

Tennessee. (Unpublished).

Sinclair, W. C. 1960. Reconnaissance of the ground-water resources

of Delta County, Michigan. Mich. Dept. Cons. , Geol. Survey Div.

Progress Report No. 2h.

Soil Survey Staff, USDA. 1951. Soil Survey Manual. U.S. Govt.

Printing Office, Washington, D.C.

Soil Survey Staff, USDA. Soil Classification. A Comprehensive

System. 7th Appronmation. U.S. Govt. Printing Office,

Washington, D.C.

Spurr, S. H. 1961:. Forest Ecolog. Ronald Press, New York.

Stanford, G. and Hamay, J. 1955. Predicting nitrogen fertilizer

needs of Iowa soils. II. A simplified technique for determining

relative nitrification rates in soils. SSSA Proc. 19 87h“77e

Stewart, G. I. 1927a. A report of forest types and forest conditions

of Crawford County, Michigan. Unpublished report suhnitted to

the Michigan Department of Conservation.

Stewart, G. I. 1927b. A report of the forest types and forest

conditions of Crawford County, Michigan. Unpublished report

submitted to the Michigan Department of Conservation.

Stewart, G. I. 1929. A report of forest types and forest conditions

of Alger County, Michigan. Unpublished report submitted to the

Michigan land Economic Survey.

Stobbe, P. C. 1960. The great soil groups of Camm. Agric. Inst.

R". 15:20-22.

Stobbe, P. C. and Wright, J. R. 1959. Modern concepts of the genesis

of Podzols. SSSA Proc. 23(2):161~16h.



O . C I

I

. O O O

. . e

I

O i O O O

O a

O . 1 e. O

l I

O

.x

. C C

. n .x

Q

0

9 I e

. I

e

'

O I

C O

4

.

. O

I

O

. I

I

O O O

. e . e

l l

O . .

O O 0 fl

.

.

I

_ a .
O O 0 I

v .

O O O N

. .

O O C

-0

C . C

.

s CO f C

. O .

(
D



212

Tenn, 0. 1932. Der braune Naldboden in Schweden. Proc. Second Int.

Congr. 501.1 SCie S, 178e

Tavernier, R. and Smith, G. 1957. The concept of braunerde (Brown

Forest Soil) in Europe and the United States. Adv. in Agron.

98217-289 e

Tedrow, J. C. F. 1962. New Jersey Soils. Rutgers Univ. Circ. 601.

Thornthwaite, C. I. and Mather, J. R. 1955. The water balance.

Publication in Clintolog, Vol. VIII, No. 1. Drexel Inst.

of Tech., Centerton, New Jersey.

Thornthwaite, C. I. and Mather, J. R. 1957. Instructions and tables

for computing potential evapotranspiration and the water balance.

Publications in Clintolog, Volume I, No. 3. Drexel Inst. of

Tech., laboratory of Climstolog, Centerton, New Jersey.

Thwaites, F. T. 19143. Pleistocene of part of northeastern Wisconsin.

G901. SWO mre Bulle 511387-1th

Triible, G. R. and Lull, H. I. 1956. The role of forest humus in

watershed mgement in New England. NE Forest Erpt. Sta.

Paper No. 85, Upper Darby, Penna.

Veatch, J. O. 1932. Soil ups as a basis for mapping original forest

26w”. Papers of the Mich. Acad. of Sci., Arts and letters 15:

7‘2730

Veatch, J. O. 1938. Pedologic evidence of changes of climate in

Michigan. Papers of the Mich. Acad. of Sci., Arts and letters

23 3385-390.

Veatch, J. 0. 19110. Soil profiles in relation to the recession and

extinction of Michigan lakes. Soil Sci. 50(2) :103-113.

Veetch, J. O. 1953. Soils and land of Michigan. Mich. State College

Press, Bet lansing.

Veatch, J. O. 1959. Presettlement forest in Michigan (mp). Dept.

of Resource Development, Mich. State Univ., East lansing.

vauh’ JO 0., Shoomm, Le R0’ 0“,, ‘0 10., 81mm, G. 5. Bid

Foster, Z. C. 1932. Soil Survey of Chippewa County, Michigan.

Bureau of Chemistry and Soils, USDA; Mich. Agric. Expt. Ste.

and Mich. Dept. Conservation.

Veatch, Je 0e, Shoemmnn, Le Re, Iflflh, Fe Be an). Foster, 2. Ce 19314.

Soil Survey of Alger County, Michigan. Bureau of Chemistry and

Soils, USDA; Michigan Agric. Expt. Sta. and Mich. Dept. Conservation.

Veatch, Je Oe, Shoennnn, Le Re, Millar, C. Ee and Shearin, Le Be

1936. Soil Survey of Oeccda County, Michigan. Bureau of Chemistry

and Soils, USDA; Mich. Agric. Erpt. Sta. and Mich. Dept. of

Conservation.



I
.

r
.

f
.

(
e

r
-

O

O s

I

'C

.

O C

e

l

I.

I

I

C

I

. O 0

I

. c .

. . .

.

.

O C . .

. U.

I

I

O . .

O O J e
1

O

U. Q

e

.

O O u
I

.

O 0 fl

. O I

'

. . . e

I

.

.

I. . . e

I 4

e . a

.

O

o. C . e

I I

e

I

I. . . e

I I

O



213

Vilenskii, D. c. 1957. Soil Science. The Israel Program for Scientific

Translations, Jerusalem.

Weather Bureau, U.S. Dept. of Commerce. 19514. Climatic summary of the

United States—supplement for 1931 through 1952. Minnesota.

Weather Bureau, U.S. Dept. of Commerce. 1955 . Climatic sumnnry of the

United States—supplement for 1931 through 1952. Michigan.

Weather Bureau, U.S. Dept. of Commerce. 1958. Local Climatological

Data, Marquette, Michigan.

Weather Bureau, U.S. Dept. of Commerce. 195%. Climates of the States-

Michigan.

Weather Bureau, U.S. Dept. of Commerce. 1959!). Local Climatological

Data, Escanaba, Michigan.

Weather Bureau, U.S. Dept. of Commerce. 1960. Climates of the States—

Wisconsin.

Weather Bureau, U.S. Dept. of Commerce. 1963a. Climatological Data,

National Summary 1h(2) :59-60.

Weather Bureau, U.S. Dept. of Commerce. 1963b. Clinetological Data,

Michigan 78(2) 319-20.

Weather Bureau, U .5. Dept. of Commerce. 1963c. Climatological Data,

Michigan 78(3) ash-35.

Weather Bureau, U.S. Dept. of Commerce. 1963d. Climatological Data,

Minnesota 69(2):19-20.

Weather Bureau, U.S. Dept. of Commerce. l963e. Climatological Data,

Minnesota 69(3) :314-350

Weather Bureau, U.S. Dept. of Commerce. 1963f. Climatological Data,

Wisconsin 68(3) 335-36.

Weather Bureau, U.S. Dept. of Commerce. 19638. Climatological Data,

Wisconsin 68(2) :19-20.

Weaver, J. E. and Clements. 1938. Plant Ecology. McGraw-Hill Book

Co., Inc., New York.

White, D.P. 1951;. Variation in the nitrogen, phosphorus and potassium

contents of pine needles with season, crown position and sample

treatment. Proc. Soil Sci. Soc. Amer. 18:326-330.

White, D.P. 1965. The classification of uplani forest humus types in

the northern lake States region. Unpublished -e

Whiteside, E. P. 1959. A proposed system of genetic soil-horizon

designations. Soils and Fertilizers 22 :1-8.



I
.

(
I

I
.

[
I



21h

WhitBSidS, Ee Pe, Schneider, Ie Fe and COOK, Re Le 1959e 50113 Of

Michigan. Special Bull. h02. Soil Sci. Dept., Agric. Expt.

Sta., Mich. State Univ.

Whitford, H. N. 1901. The genetic development of the forests of

northern Michigan; a study in physiographic ecology. Bot. Caz.

31:289-325e

Wicklund, R. E. and Whiteside, E. P. 1959. Morphology and genesis

of the soils of the Caribou catena, in New Brunswick, Canada.

Canadian J. Soil Sci. 39 :222-23Lt.

Wilde, s. A., Wilson, F. G. and White, D. P. 1919. Soils of Wisconsin

in relation to silviculture. Publication No. 525-449, Wis. Cons.

Dept., Madison.

Wilde, S. A. 1958. , Forest Soils. Ronald Press. New York.

Wilde, S. A. 1960. The role of organisms in the genesis of forest

soils. Seventh Int. Cong. Soil Sci., Vol. II, Comm. III:7ll-713.

Wilson, L. R. 1938. The postglacial history of vegetation in north-

western Wisconsin. Rhodora ho :137-175.

Wilson, L. R. and Webster, R. M. 19h2a. Miorofossil studies of three

northoentral Wisconsin bogs. Trans. Wis. Acad. Sci., Arts and

Letters 3h 8177-193.

Wilson, L. R. and Webster, R. M. 19h2b. Fossil evidence of wider

post-Pleistocene range for butternut and hickory in Wisconsin.

Rhodora Mt :hO9-hlh .

Wilson, L. R. and Potzger, J. E. 1943. Pollen study of sediments

from Douglas Lake, Cheboygan County and Middle Fish lake,

Montmorency County, Michigan. Ind. Acad. Sci. Proc. 52:87-92.

Winter, A. G. and Bublitz, W. 1953. Untersuohungen uber antibakterielle

Wirkungen im Bodenwasser der Fichtenstreu. Natur Wiss. ho :3145.

Wonser, C. H. at El. 1938. Soil Survey of Oceans County, Michigan.

Bureau of-Ehemistry and Soils, USDA, Mich. Agric. Expt. Sta. and

Mich. Dept. Cons.

Wright, H. E., Jr. 19614. Aspects of the early postglacial forest

succession in the Great lakes region. Ecol. 15(3) :h39-hh8.

Wright, J. R. and Schnitzer, M. 1960. Oxygen-containing functional

groups in the organic natter of a podzolio soil. Nature 181;:

12462.11463 e

Wright, J. R. and Sohnitzer, M. 1963. Metallo-organic interactions

associated with podzolization. SSSA Proc. 27(2):l7l—l76.



f
,

f
.

C .

.

. n

I. . e

.

C x ,

.

I.»

O

C . II

.

0 0 fl

I . p

.

e n

C

n

. n

e fl

1
‘

I
.

I
.



215

Wright, T. M. and Will, G. M. 1958. The nutrient content of Scots

and Corsican pines growing on sand dunes. Forestry 31 :13-25.

Yassoglou, N. J. and Whiteside, E. P. 1960. Morphology and genesis

of some soils containing fragipans in northern Michigan. SSSA

PPOCe 2113396‘h07e

Zahner, R. 1963. Internal moisture stress and wood formation in

conifers. Forest Prod. Jour. 13:2140-2147.

Zumberg, J. H. and Potzger, J. E. 1956. late Wisconsin chronology

of the lake Michigan basin correlated with pollen studies.

Bull. G801e SOCe Amer. 67 3211-228e



.
l



APPENDICES



APPENDIX I. CIASSIFICATION OF THE SOIIS STUDIED

Miohg’n 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 Regosols 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 minimal,

medial and naximal 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:

1.1. 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 horizon...............................................Podzol

1.11. single I horizon with a color value not more than

one unit lower than that of the P horizon; illuvial

zone less than 18 inCheS thiCkeeeeeeeeeeeeSUb—WI POdZOl

1.12. same as 1.11 except illuvial zone is thicker than

18 inches.....................................Minimal POdZO].

1.13. 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

thickeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesub-mdial POdZOl

1.131. color values in illuvial zone not more than

2 units lower than that of P or W horizon

eeeeeeeeeeeeeeeeeeeeeeeeeYBllCWiSh Sub-medial POdZO].
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1.1311. hues in lower illuvial horizon redder

than those in P or W horizon.........

.Yellowish Ferro-aluminic Sub-medial Podzol
 

1.1312. hues in lower illuvial horizon not

redder than those in P or W horizon..

.Yellowish Alumino-ferrio Sub-medial Podzol
 

1.132. color values of upper illuvial horizon more

than 2 units lower than that of P or W

horizon.......................Dark Sub-medial POdZOI
 

1.1321. hues in lower illuvial horizon redder

than those in P or W horizon and/or

little or no ortstein in illuvial zone;

pH above 5.5 in lower illuvial horizon

..... .Dark Ferro-alumiuic Sub-medial Podzol
 

1.1322. hues in lower illuvial horizon not redder

than those in P or W horizon; pH below

5.5 in entire illuvial zone; mor humus

and ortstein chunks commonly present

under relatively undisturbed conditions

......Dark Alumina-ferric Sub-medial Podzol

1.114. same as 1.13 except that illuvial zone is thicker than

18 inches...".................................Medfi31 POdZOl

1.1m. IellowishM3.9333

1.11311. .....Yellowish Ferro-aluminioM 329331

1.11:12. .....Iellowish Alumina-ferricmM

1.11:2. ._D_a_r_1_:_ Mega} £9933;

1.11:21...........D_a_1_'_l§ Ferro-aluminic £292}. £9323;

1.11.22. ..........Dark Alumina-ferricm 5.123;
 

1.15. same as 1.11; except that a continuous ortstein zone is

present.......................................Maximl POdZO].

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

horizon".........................................Br0ln FONSt 3011

The terms miniml, medial and maximl 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 evaluated. The terms "yellowish",

"dark", "alumina-ferric" and "ferro-aluminic" are related to base status,

induration, content of extractable aluminum, organic matter and color.

”Iellowish” 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 )4 units lower than the

underlying P or W horizon. "Alumino-ferric” indicates that the upper

illuvial horizon contains more than 0.1% extractable aluminum and when

used in conjunction with "dark” further denotes that the illuvial zone

is low in bases and may contain chunks of ortstein. "Ferro-aluminic"

indicates that the upper illuvial horizon contains less than 0.11% 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 nitrification rates took place in the Vhl horizons of the

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

 

mass.

The classification scheme suggested above has some practical sig-

nificance since thickness and organic hatter contents of illuvial zones

have pedogenic, hydrologic and fertility implications. The terms ferro—

aluminic and alumina-ferric have pedogenic and fertility implications.

Aluminum 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 aluminum and

manganese in the accumulative layers of Podzol soils appear to arrest



 

I

I
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the downward 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)

Iellowish Alumina-ferric Medial Podzol - Rubicon (C-l), Kalkasm (F)

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

Dark Ferro—aluminic Medial Podzol - Kalkaska (D—l), Blue lake I (F)

Dark Alumina-ferric Medial Podzol - Kalkaska (C-2), Blue lake II (F)

The Dark Ferro-aluminic Medial Podzols and the Dark Ferro-aluminic Sub-

medial Podzol all supported pure northern hardwood forests. Dark Alumina—

ferric Medial Podzols are currently being separated from the Dark Ferro-

aluminic Medial Podzols in the U.S. Forest Service soil survey of

Hiawatha National Forest. Soils mapped in Delta County as Rubicon sand

but which have a shallow solum cormnonly supported mainly jack pins as

the natural vegetation. 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.

Th: EuroEn Classificationm

The terms "Hunms Podzol", "Iron Podzol" and "Iron-Humus Podzol" do

not bring out important differences with respect to degree of Podzol

development and fertility. Thus, profiles A2, A3, B1, and 01 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 251 value of the E horizon of Profile A2 would be higher

than that of the underlying Ibi horizon. Thus, all the Podzols in this

study can be said to have an "albic" 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 01, C2 and D1 contain horizons '

having more than 0.58% carbon and are the only ones which qualify as

Spodosols. Profile 01 qualifies for the subgroup Entic Normorthod.

Profile C2 falls into the Typic Normorthod subgroup. Profile D1 is

also classified as a Typic Normorthod.

Profile A1 qualifies for the subgroup Cumulic Normipsamment and the

renaining profiles qualify for the subgroup Spodio Normipsamment.

The following table gives a ready comparison of the profiles as

classified by: (1) the former system of the National C00perative Soil

Survey, (2) the author's suggested classification outlined previously

and (3) the 7th Approximtion.



[
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Former Classi- Suggested Classi-

Profile fication fication 7th Approximation

Al Regosol Brown Forest Soil Cumulic Normipsamment

A2 Minimal Podzol Sub-minimal Podzol Spodio Normipsamment

A3 Minimal Podzol Sub—minimal Podzol Spodio Normipsamment

B1 Miniml Podzol Yellowish Ferro-aluminic Spodio Normipsamment

Medial Podzol

B2 Minimal to Dark Ferro-aluminic Sub- Spodio Normipsamment

Medial Podzol medial Podzol

Cl Minimal Podzol Yellowish Alumino—ferrio Entic Normorthod

Medial Podzol

C2 Medial Podzol Dark Alumina-ferric Typic Normorthod

Medial Podzol

Dl Medial Podzol Dark Ferro-aluminic Typic Normorthod

Medial 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 horizons. The writer whole-

heartedly supports Franzmeier who suggested this amendment previously.

Concerning field characteristics, the writer believes more emphasis

should be put on chrome 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 horizons. With moderately well-drained soils and imperfectly

drained soils, this procedure would probably not be satisfactory, how-

ever.

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 napper 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.



APPENDIX II. FUTURE RESEARCH NEEDS

Climatic Studies

The effects of snowcover and fall rains need 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 null humus sites and nor humus sites. Concurrent studies of

the plwaiological activity of evergreen conifers and hardwoods might

also be enlightening, both edaphologically and pedogenically. Con-

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 chemical

processes.

Pollen Analysis

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 stratigraplv

should be strengthened with radiocarbon dates of the key peat layers.

___Fohn 212.12

High priority should be given to a study desigzed to bring out

between species differences in foliar composition by studying a

series of neighboring trees of different species and to determine

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 ozddes.

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 determimtions 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. mrtin found that the amounts of Al.

extractable from acetylacetone dispersions of Podzols greatly exceeded

extractable iron. Extractable Al in this study neverM

exceeded extractable iron although somewhat greater amounts were

found in the lower horizons of the illuvial zones in Profiles 02

Rad Dle
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APPENDIX IV. CALCULATION OF NU‘I‘RDJNT POOL ESTDIATES

Calculation of total stand weight per acre was based on: (1) the

regression analysis relation between total tree weight and tree DBH

(Shanks _e_t_ al. 1961b) and (2) the relation betwaen 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 available, using relative oven-dry specific weights of the

wood as a basis (3393 Brown _s_t 11., 19119).

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 canposition 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 or a species is 80 eqmre 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 species.
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APPENDIX V. SOIL SERIES DESCRIJ’I‘IOI‘B
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237

L . :k caries consists of well drnixci weakly dewo’opcl yo no; :02...3 icufi": hf ';

,;:olic soils which developed in acid fine 0 ads and sonic on dunes near t e L

;1. They have faint A2 horizons and us ally have thin Bzir horizozs of sli~htly

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

.cizonation and lighter colored BZir horizons than the Rubicon and Vilas soils, and

are formed in finer sands. The Deer Park soils differ from the Grcyling and Omega soils

1 having more distinct A2 horizons. Deer Park soils are devcl pad in sands in the

r-%: 2d of t'.c met'inm sand size and in fine sands; while Grcyling and Omega“are

clcpcd in sauce in the coarse and of the medium sand size aizd in coarse on de. DELI

-;; 20113 include profiles with EZir hor'zas comparable to those of G1ayling and

“a at the most '”'ongly developed and of their range. Deer Park soils alsoa)»-

:‘1Le soils without idontificcle E21: horizons, which the 6:2ayling and Omega soils

#2:. The? beive loss df.ctinct horiso:.ation than the Eastport soils and are medium it;‘

72:23.0 of somnl feet, while Eastport coils are sligltly acid tozildly allelire

r“: so?a ani overlie calcareous or no:crately allcnline sands at depths of 25

:3 or 1eco. Dcer PJLR soils have much more weakly developed Podzol horizons tLt:

'géu - 5‘3 and are coarser in tc"turo. roar Park soils are more cold. t.cv. lore

. f x 13:: the atrociiizct..cn of t13 Lbccota and 82:83:: 23113. Ice: :r‘“

'v 04-0'31 a in the dune n:t‘3 ale*3 £22 Gicc.t Lclca bit c e 'gcd 1:24: y L

.C;Cl purposes.

Cflffiaijlci. Deer Park sand.

C~1"Vcry dark brown (lOYRZ/Z) to very dark gray (lOYRB/l); sand; single 5

structure; loose; contains considerable organic matter; l/4winc.h at:

of forest litter on surface; medium to strongly acid; clear smooth

boundary. 1 to 3 inches thick.

1:4” Light b10"nish gray (171'R6/2); sand; single grain structure; loo:o,

mczy fin1e roots; medium to strongly acid; clear wavy boundary. 2 L0

6 inches thick.

2 4230” Yellouish brown (lOYRS/d) to light yellouish brOJn (200'36/)

sand; single grain structure; loose; common fine roots; medium to

strongly acid; gradual wavy boundary. 12 to 25 inches thick.

20~60"+ Pale bro"n (10"R/3); sand; s’ngle grain sructure; loose; few fire

roots extend to 63 inclm s; mc'ium acid; noy feet thick.

3-".§51:1::1f‘°§1111 Sand and fine sand types are recognized. The AZ horitt

u.;no is as b: igiit cs town (lOYRS/3). fibers the A2 horizons are thic303t, Lie

can is on1"s lightly lower in c::1ro:x1 than t1c 8211' 110112011 he?on it,(10-2.: only

‘*2. The Blir horizon is usually present, and may range up to 25 1:120 "

LZir horizon is never well expressed, and usually has values of 5 or g.

cm usually ranges in thicl.oss from 18 to 36 inches. Fine sand r'“urc often

‘2- :’.n the unyer 30111c1es with the con’nnt of modium sands smuetincs increasing 1..

313 1c.or to moist conchti.ons.
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;'--“h': Cont-o to 3.829 sand dunes.
..--..I.-'Ilb..->
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):1"1_cjd Forrcthilitv: Well drained, Sur: e rune”
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teniiiny is rnpio.
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5.}lflTA EERIES
 

The Sparta series comprises somewhat excessively drained.Regosols intergrading to

the Urunizem group. They have developed in acid sandy parent material on level

to gently sloping outwash plains and stream terraces under a grass cover. The

parent material consists almost entirely of quartz sand and contains very few otheT

minerals. Sparta soils occur in close association with the Plainfield and.Gotham

series. They differ from Plainfisld soils in having a thicker and darker colored

A horizon. Gotham soils have a slightly lighter colored A horizon. a thicker

solum, and a B horizon with slight clay'accumnlationo lacking in the Sparta serissc

SpaTta soils have developed in 0081'Cso textured parent material, lack the B horizon

n“i.ha.ve a thinner solum than the Dakota soilsr. Hubbard soils have a B horizon;

t12cter s l , and have dcvelopedfTom mixed 1i“hologic material. Although Sparta

soils are r tEer widely distribxtod their total acreage is relatively small and

they make 1 ttle contribution to agricultureo

e: SpaTta loany fine sand - meadow

0

Q
3 2

<
2

)
"
3 r
.
»

;2y'dark 5T2; (10?? 3/l) to very dark brown (lOYR 2/2) cany fine
.. . - 1 I)" -, .111“ Fm, -.l_ f.. K -‘-1 f." . . a,

PM .P n ,9 o "iv-'7‘ 5 0'. :‘HQ. 3‘ '! -;r :\a - _ .- {07- zfl‘

C -. T-‘Jxlt ::t;3~‘k J— 1-;2KJ ‘x :33," L’L‘ JV1" 5. C, ’ ‘reo'. y .. n‘b‘AJ.) .r ’ .3:ch ‘21:. $1. a\. v)

‘ «i- a A1 .2, 4:. f. 3‘ j Q, \ a“ — .; .- u'Q—v A w~, . 2-Qv-p n '0 1.!) -_ u \ 44‘TQ‘90? ,g

1“ \. \I‘ Vat; J.L'3.; '44.; 1:»; o l..:r1..4U- L14.s CT#381 WC.‘.' ‘ bulludui 0 1:0 ‘ 44.1.4 1;;3)
. H

.11... ‘1

L3.» “Gr. 0

r ~ ‘m a» " I \

,3 QMIB“ Lcry brown (10m3;,) to YO”y'd T1{ grayish bro":i (lOIR 3/2) lo Ty

" fine sand.; vs;-'y fiiie: weak g:anu;aT structure; vsTV fii3bls; Toots

p1entiful;s+"cngly to medium acid; clear waxy boundary. 8 to 12

isohes thick.

Cl 18n26” Yel].owish brown (1013 4/4) fine sand; single grain; loose; for

plant Toots; very siTongly to s ongly acid; indISLinct boundazjo

8tto 12 inches this}

ft - r u o o q

C? 23”? lellcw1sh.bTown (1mMS/) to brownish yellow (lOYR 6/6) fine sass;

single gain; loose; weMil stratified; strongly to medium acid

becozTiig moTe neatly nouth.l with depth. Seoral ieet thick°

jfilj:1.ijgp;§ffj:rws-Lcs° Color of Al hcrLzon ranges from black (lCYR 2/1) to

‘Cif darhzr'319h 01OJJ (lOfR 3/2)o LNG 91 ran:as in thici:ness from 8 to 2

incxes. Thin noncontanuous lenses or clayey <Mxo3 may occur i.'1 saostracun be.:.o

36 inchooo Colors ago for moist scils; dry soil colors commonly are one or more

units of value highero

n

2oj“”3"“"7° Love to gent3.y noduleHingtream terraces and outJash olainso Viid
-.-'- 4".”- ~.‘”

cisc,-n has rcsul ted in a nummoclcv surface (dztres) in some areaso

'r‘r’arv‘are Pr?“ 223»;2.32:5: Smmy}2t e22: essive surface drainage is slow but-§

Q -- up ‘ ‘:.~ 9‘... chnnp. “a... _w‘-..

.-

.tc.n;lora-naoc is rapido Very rapidpexmea:ilit a’
:
.
I
~
7
1

leer"fies. Mixed prairie grasses and scatteTed oak and hickoryo
--\— 1‘- O.)



;uch ni' this. land is under cultivation. Corn, small grains and forage crops

soils are mrmn;A ;roperly. Dlouth and wind erosion“Iu‘5.2-3.3 yieg :3 Khan “his:

.‘ir s Rnx<::" chfi~hly cvedrd 3?Cm5 are boing planted ta trees or used as5 «fr

'0 x . v-,. 3..._-' .‘~"‘.‘,‘r-::r" v. I- '5 ‘7: urn‘ ”qu .‘ q o-

, 3_. 1 3:33 o 3 w: ok h¢3u0u5.n and ad301ning stateso

. ‘ ‘ "t i c “.r n r ,v "- 1. *3. «a . . " .t.

. i w .3, ”1.0.33 1443419 9.0L ’0 133113100Cu‘.“a{3:79 E..j_scon5_._n°

Ldi an 1 002;:rative Soil 8:110) « U S £0
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