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A ABSTRACT
 

L Seven pedons, representing five soil series, were sampled in a
 

felatively straight line along a sandy, topo-biosequence of Spodosols
 

[In northern Michigan. The wet end of the transect is in a poorly

.
 rained organic bog, and the dry end of the transect is on a well- I
 

Orained sand ridge. The characteristics, degree of development and
 

plassification of the Spodosols, in relation to 
the different natural 

32 drainage classes, were investigated. Tn addition, the distribution of 

:, he soils was compared with the distribution of the vegetation along 

14 he slope of the study site. 

The site index of jack pine (Pinus banksiana) and the depths of 

plant roots increase as the depths to the water table or ortstein 

l ayer increase. Certain plant species have their maximum cover on one 

.1 6r more given soil series, but the overall vegetation is best described! 

S s a Pinus banksiana forest--Chamaedaphne calyculata bog transition. 
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Chemical, Pysical"nnd mineralogical data show' that the'intensiityI 

'of weathering incraSes with proximity to th-a soil :surface. These 

:data also sliow that the somewhat poorly-drained profiles along thIe 

edge of the bog, and poorly-drained profiles in the bog are the most, 

ad least weathered, respectively. : -I 

The maximum spodic horizon development occurs along the edge of 

the bog in these profiles that are subjected to a combination of 

..,,alternately wet conditions and flushing moisture regimes. " 

. Starting at the wet end of the toposequence, the sequence of 

V) Isoils is as follows: Histi.c Haplaquods (Kinross) -- Aeric Haplaquods 

i I(Saugatuck) -* Entic Haplaquods (AuGres) - Entic IHaplorthods (Croswell 

I and Graycalm). At the family level, all the soils of the toposequence 

: tare classified as sandy, mixed, frigid, except for the Saugatuck series 

I.! which also includes an ortstein layer. The above differ from the current 

!classificatIons of Kinross as a Typic Hlaplaquod, Saugatuck as a mesic 

" family, and Graycalm as an Alfic Udipsamment. . 

Additional key words for indexing: toposequence, Aquods and
 

' Orthods, spodic horizons. 



I. 	 Introduction -

A gradation in the moisture regime occurs along the-slope of a I 

toposequence, and the soils have developed under different natural A 

4 . drainage conditions. In humid areas the well-drained soils of the
 

Stoposequence are subjected to leaching and oxidizing conditions for
 

Ithe greater part of the year, while the soils with a-high water table I
I 	 I 
,	Iare subjected to more limited leaching and more reducing conditions. 

I for the greater part of the year (Russell, 1966). Milne (1936) III 
" 	jintroduced the concept of the soil catena for those soils that have.:


Il 
10 developed from a similar parent material but differ in character- I 

10 
1 listics of the solum owing to differences in the natural drainage. i 
I1 Glinka (1927) described the characteristics of some Podzol soil 

Ii 
I profiles developed under different moisture regimes as having differences 

I of considerable magnitude. He attributed the differences to the 

'natural drainage and other features of the topography. Johnsgard I 
II 

I (1938) studied some Ground-Water Podzols and associated soils, and 

!'indicated that the various profiles in the association appeared to owe


Itheir distinctively different morphological characteristics to
I 
'differences in the natural drainage of the site on which they occurred'.
 

ile observed that the order in which the soils occur, as one proceeds
Ii 
frow b[zet; of the poorest tntural drainage toward successively better 

* 	 Jrai ,i i., It;zit ftill o -i IIl. Soil, Bog Transiti.on Plinse Gro'ild

1 , ' l ofeat-1 u *:u,), fitd )1ly S;, Podibo 1. Frumi the stiidy a hydrld ollic 

, ,Podsol t' Ier',i, M.,tIoit iitd i,.1nneintrk (1919) ropoit- ld t.t , starting 

http:Transiti.on
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at the wet end of the series, the sequence of soils is as follows: II 

Peat Podzol, Humus Podzol and Iron Podzol. - .. 

There is h close relationship between the vegetation, natural I 

drainage, and type of soil profile that develops at a particular I 

site. A high water table and reducing conditions are inimical to roo 

I development of many plants. These also slow up decomposition of i 

organic matter and favor shallow rooting plants and peat formation 

(Russell, 1966). Warming (1895) proposed three classes of plants 

*9 (hydrophytes, xerophytes, and mesophytes) characteristic of wet, dry,
 

and moist habitats, respectively. The vegetation of the hydrologic
 

11 sequence of podzols studied by Mattson and Lonnemark (1939) 
consisted
 

of pine and spruce forest with a variable ground 
vegetation. The
 

to the dry end was as
I1 sequence of ground vegetation from the wet 

i(sm
14 1follows:Polytrichum commune, Ledum Dalustre, Vaccinium uliglnosum, 

I Empethrum nigrum, Vaccinium mvrtillus, Calluna vulgaris, Vaccinium 

1 Ivitis idea, and Cladonia. Bouma et al. (1969) found that Podzols on 

Vwell drained sites are indicated by the growth of heather and 

I blueberries, and on moderately well drained iten Calluna sp. and 

, Vacclnlum sp. are always dominant. Byer (4,965) dn'cribed th vogeta

sfte In it ienjllt1i on it the used the prenent study nfi I'll t- lh.a Ip n 

t ol|,ltI Ii. IV Wit 4 1 ,41,1w'I I tIo 111vr,14 lita,% tt,.' i,.1--rt- li levv nt* 

4 it.i ,I 

411 llg vil 111,l I it a ill Ill ots, Iit t rI111lu ft 

0 4 J. 4ll, 11.1 It 1, Mill Cl i t1' M ll t IhW :;lit JOJlI IIi ut luIt Ito Ito 

it , I.n oo"* .1d.1l h.I . . tl! 

i 
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the soils was compared with the 'distribution of the vegetation along
 

Ithe slope of the study site.
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-. DESCRIPTION OF THE STUDY AREA AND 

OF THE PEDONS SAMPLED 

The study area is located in the northern part of Michigan's
B I 

lower peninsula in south central Crawford County. It is located in
 

what is known as the "Jack Pine Area" of Michigan. The soil parent
 

materials are extensive areas of sandy and gravelly tills and outwash
I I 

plains of late pleistocene age. These plains are pitted with glacial
 

kettle holes. 
 It is along the border of one such depressional area
 

that the study site is located. This kettle is occupied by a poorly

drained, acid bog of 
the type known as "leatherleaf" for the
 

dominant shrub cover.
 
.i
 

I The area selected for study extends from out in the bog to the I
 

1 well-drained soil on a sand ridge. Hlence, the study area is a Pinus-I
 
I I 

I Chamaedaphne transition, a sandy topo-biosequence, and it includes I 

17 Inearly the whole range of spodic horizon development commonly observed! I
 
I in Michigan (from i Brown3 Pod;'oI c, GraycaIm to the Ground Water 

IPodtol, Saugarutck with ,n ortta ,In t;tubt~ol1). 

I Seven pedon~t, rep:twiti five were described and(iria o1l tier ie, 

iam;il.i In , relatJv,'ly rtr.gitgh lit(- ialong th, tilopie r-radlont. The 

t,. .tinj f iowntO.r,irenulrtnp, siIl p' rll,- t1 -r i C iii t 'hi I 11'flable I. 

I I 
Ag I 
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METHODS OF ANALYSIS 
 .1 

Hydrogen ion activity was determined on air dry samplesiwth :'.
 

the Hellige-Thuog colorimetric kit and with a Beckman Zeromatic pH I 

meter using the following soil-liquid ratios: 
1:1 soil-H20, 1:2 soil

4 

0.01M CaCl 2 , and 1:2 soil-l.ON Kl (Agronomy No. 9, part 2, 1965).
 

Cation exchange capacity was determined by the NaAc method (Soil
 

ISurvey Investigation Report No. 1,'1967).
 

Calcium, magnesium, potassium and sodium were extracted by use
 

iof a 1.ON NH4Ac solution. 	The leachate was analyzed for calcium and
 

imagnesium by use of a 303 Model Perkins-Elmer 
Atomic Absorption


10 


a Coleman
 
1I Spectrophotometer, and for sodium and 

potassium by use of 


Flame Photometer (Jackson, 1958).
 

13 A Leco carbon analyzer, Model 598-500, with digital readout was
 

The
 
14 lused to determine the total. carbon content of 

a 0.1 gram sample. 

I
 
isiron and aluminum of a 2.0 gram sample were extracted 

by use of a 


IS 

0 P 0 solution, and the extract was analyzed with a 303 
Model
 

1 4 2 7
 

Atomic Absorption Spectrophotometer. In addition, iron
 

I 1.1M Na 


t 'okins-Elmer 


also extracted by use of the dithionite-citrate
 ,aluminum were 

1!0 Imethod (Soil Survey Investigation Report No. 1, 1967). 

I'heI pipette method wan used for ihi ,,,:.ohnnical nnalysIs of the 

* 	2 min ioi| iatrlal. 

e l t .ird X-ray dlffrnctlotiThe c]Iv mtn,-raln we r il 11l' lid V,, 

l qit(I i (\A0 ,)",liny No . 9, pail 1, 1l(.1) iht. mlilw c1 u1of ilhe f hll 

amid f rait loi (0.25-0. 10 m) were del orr I ad by tandard mleralogicdl 

IteteI 

http:soil-l.ON


' . 

'procedures and the relative abundance estimated by counting on
 

I regularly spaced traverses with the aid of a 
automatic recorder
2'1,
 

I (Heinrich, 1965).
 

'Site index measurements for Jack Pine (Pinus banksiana) were
 

4made by using the method of Gevorkiantz (1956). The vegetation was
linvestigated by analyzing the data collected from quadrats (1 
x 1
 

meter) that were randomly located in the study area 
(100 x 100 meters)
 

Byer (1960 and 1965).

s 
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I RESULTS AND DISCUSSION 

2 Variations"in the depths to the vater table I 

*land in ,the'depths to which most roots occur 

Except for sites No. 6 and No. 7, each of the profiles has
 

Ihorizons that were subjected to a permanent water table, Table 2,
 

,land except for site No. 7 each of the profiles has horizons that 

. were subjected to a water table for a considerable part of the year I 

,during the course of these observations (June to September of 1969 

-I and 1970). 

I From Table 2 it In apparent that:
 
1. The plant roots do not extend very deep, 7.6 cm to 15. cm,
 

I~e into the permanent water table of the Mnross woil in the
 

:, bogt. 

2. The plant roots do not extend very deep, 7.6 c to 10. cm, 

into the ortatein layer of the Saugatuck and Saugatuck

1, Au Ores profiles.
 

o I 3. The plant roots atop In the sone of fluctuation of the water 

table in the Au Cres-Crosvell and Croswoll-Oraycslm profiles. 

. 4o Zxcopt for site# No. I and No. 20 maxiam depths t~o the water 

table are below the depths to tItich most roots occur. 

These ohsnrvtt.lte. are In agreiWaent with those of Joffe (191) 

"M N4114110uI (966). .l.tle (1941) c.tciuded that the avoiding of the 

-ortsteln ayoer by plant roots In not merely a mechanical problem hut 

* ! 
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r----------------------------is also one of aeration. Russell (1966) indicated that the reducing
 

conditions created by impeded drainage and a.high water table are very
t 

inimical to ropt development.
 

The average range in the depths to the water table for the
 

individual soil series as represented in the toposequence are as
 

follows: Kinross, 15-38 cms; Saugatuck, 38-9 cms; Au Gres, 69-89 cus;
 

Croswell 89-147 cme, and Graycalm, 147 cms+.
 

Much of the variation in the depths to the water tabl, can be
 

jaccounted for by the amount and frequency of precipitation and
 

However, the
s 	 accumulation of run off and seepage water in the bog. 


fact that some sites varied considerably more than others, means that
 

, soil properties and vegetation are also important. The relatively 

tt 
high silt content of the upper part of the Au Gres-Saugatuck profile 

helps to explain the variations at this site. Some of the variation 

le due to the consumption rate of .aistureby the plants, since plant 

, activity was at a high level during the daylight periods that the 

Ineasurements were made. 

I 
10 13oil reaction 

i, Regardless of suspending media, pH'S generally increase from ths 

'lowest values in the organic surface or tpper A horizons to higher 

. values in the A2 hQrLxons and then cornli,,io to incresf to the highest 

, valu.s in thd, C or lower 5 horizons (N.t4 1). Thu differences in 

ImoLl p11 with depth vary from 1.0 to 1.6. 1111 -. it in each profile. 

,, I There is an irresular, but not Inctueu. in pH as the natural 
L a ir aa i - s- ira------------------------a ... - - -, - m- ,, -m -m -, -m -m - .4J 



drainage improves from poor to well. However, the lowest pH does not I 

Soccur out in the bog at the Kinross sites, but along the edge of the
 
I 
bog at the Saugatuck site. 

4 The pH's measured in water, in 0.01M CaC1 and in L.ON KC1 with 

the glass electrode are on the average 0.6, 0.9 and 1.2 pH units lower 

I than those measured with the Truog Kit, respectively. However, there
'I 

lare smaller differences in the pH's as measured in the three
 I I 

, I suspending media with the glass electrode. 

I 
' size distribution
-Particle 


The total sand percentages of these soils range from 80 to 99%.
 

In the better drained soil, the total sand percentages are higher in
 

Ithe A horizons than in the upper B horizons and increase to values in
 

, the C or lover B horizons that are higher than those in the A or 

lupper B horizons. In the two Kinross soils, In the bo, the total I 

,Isand percentages increase with depth. In each horizon of the seven 

, profiles (Figure 2), three sand fractions are dominant: medium 
II 

I 	I sand (68-432) ) fine sand (39-16%) - coarse sand (21-5%). 

I Total silt percentages are usually highest in the A and upper 3 
I I 
l horizons and tend to drop off rather sharply to low values in the 

,, lover part of the profiles (Figure 3). The silt is about equally
I 

it ldivided between course silt (50-20u) and fine silt (20-2u).

I 

ii I Much o' the silt may have weathered from the sand fraction, since 

1, lite distribution in the profile follows the usual pattern of increasing 

t1 	 lintensity of physical weathering, i.e., increasing with proximity to 
L ---- ---- -- -- J 
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2 

I*I 

the soil surface. St. Arnaud (1961) demonstrated that significant
 

amounts of sand were lost from the coarse saind fraction of the Ae andl
 

Cl horizons of'a Grey Wooded soil when they were subjected to 200
 

4 cycles of freezing and thawing. 

Except for the two Kinross soils, where the maximum clay occurs 

1	in the A2 horizons, there are slight clay accumulations (Figure 3) 

in the B2 horizons. 

, I Using the totals of the fine materials (silt plus clay) in the 

,. 
I I

Iprofiles the following sequence is apparent: No. 4 Saugatuck-Au Gres 

30 No. 5 Au Gres-Croswell = No 6 Croswell-Graycalm - No. 7 Graycalm > I 

11 No. 3 Saugatuck > No. 2 Kinross (better drained) > No. 1 Kinross I 
II 
I1(organic surface). This suggests that: i 

33 1. The excess moisture at the wet end of the transect has II I 
14 severely reduced weathering. I

I 	 I 
V" 2. Ddficiency of moisture at the dry and of the transect has I 

1e slightly reduced weatheri ng.
 

,Iv 3. Conditions favoring formation and accumulation of clay and
I 	 I 
s
si'It occur alon' tiat portion of the transect where

'p 	 I 
I* I the water tbh', In the soil profile In subjected toI 	 I 
p g considerable fluctuations.I I 
a, 4. The organi'c mat on the Kinross soils may inva reduced frost 

to act ion. I I 

it !.1tinl t tnil _calw ivinod c',xelanllnbl iebane 

t Catioi oxclungn ipatcity and cxchnttgunbln bases (num Cal K,Mir 
.* * * ' , t. . . . . . 
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jNa) are always highest in the organic matter-rich Al horizons (Figure I
 

4). Exchangeable bases tend to decrease with increasing depth from
 

.the Al horizon. Cation exchange capacity (sum of bases plus BaCl2-TE
I 2 TAj 

4 extractable acidity), for the five less well-drained profiles, shows 

a maximum in the upper B horizons and then decrease to lower values 

in the C or lower B horizons. For the two best drained profiles 

I(Nos. 6 and 7), CEC values show a continuous decrease from the 

highest values in the Al horizons to the lowest values in the A'2 

1horizons, with an increase being exhibited by the A2' & B2t' horizons,.: 

In each of the seven profiles, the exchangeable bases are 

11 predominantly calcium. Exchangeable base contents are highest along 

2'the edge of the bog in the Saugatuck profile and lowest in the two 

1 IKinross soils in the bog. 

14 These data suggest that the amount and distribution of bases in 

1 the soils are related to the movement of water through the profile 

s Iwhich may be at a minimum in the Kinross soils. Bases are highest 

'along the edge of the bog, in tho Saugatuck profile, probably as a 

Iresult of enrichment by drainage water from the surrounding better

,, drained sot is. In addition, the data also shows evidence of nutrient 

,cycling whore ba!;e.; are returned to the soil surface by the vegetation, 

21 enrichlg he Al]1 hbrirois ard the A2 horizons of the better-drained 

It 11 |!1 .! 

l.Im y. 

31 The In rgett pire'ntJIge of the feldsparn were Identified as 

. ~ ., ,,a. ,.a ,t , . cl.ay frar-t iori 
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*.orthoclase and albite which en 7aremore 


theeeldsars.resistant to we'atherinig :than
whc 
..the calcium feldspars./ The-garnets were dar in color, such as
 

melanite and grossularite, and hence contain no iron. The sums of 

Iquartz and feldspars plus garnets, and .pyroxenes plus amphiboles, of I
41 

the fine sand fraction, were used as resistant and weatherable primaryl
 
. minerals, respectively.
 

The variations in the mineral percentages and the mineral ratios'
 

Iwithin and among the profiles, indicate that the seven soil profiles'. 

Shave developed in heterogeneous materials. However, the mineral .1 

Isuite is the same for all profiles which indicates similarity in the 
10 

loriginal parent materials.
 

The ratios of resistant mineral/weatherable mineral generally
 

tend to decrease wit' increasing depth, which means that the intensity
 

of weathering decreases with increasing depth. Those ratios also
14' 

show that the soils in the bog and the soils along the edge of the I 

lbog are the least and most weathered, respectively.
6I#
 

Quartz is the only mineral that accounts for more than 40%lbut.
 

less than 90% of the mineralogical composition of the fine sand 4 

fraction of these soils. Hence, these soils have mixed mineralogy 

(Soil Taxonomy - 1970)... 

The clay fraction of all horizons contain kaolinite and quartz. ;, 

Thu clay of the least altered horizons of the seven profiles contain. 

the following clay minerals: illite, chlorite, and chlorite-vermicu

,lite intergrade. Each of the spodic horizons in the seven profiles
 



contain chlorite-vermiculite intergrade.
 

The distribution of discrete illite, chlorite and kaolinite in
 

the profiles suggests that these clay minerals are being weathered
 

out of the upper parts of the profiles.
 

Montmorillonite occurs only in the Al or A2 horizons and has 

probably formed in situ from illite, chlorite and chlorite-vermiculite
1 

intergrade, through vermiculite (Franzm [r et al. - 1963, and Ross 

1965).
 

lVegetation along the topo-bioseauence
 

The site index of jack pine (Pinus banksiana) increases as
 

'natural drainage improves from poorly to well-drained (Figure 5).
 
iiI
 

IThe relatively low site index at the wet end of the transect can be
 

lexplained by the presence of the high water table and the associated
 

poor aeration. The relatively high index at the dry end of the
 

itransect can best be explained by the absence of a high water table
 

land the presence of the thin Bt bands which serve to increase the
 

1 available water and nutrient supplies within the reach of plant roots.
 

IThese conclusions are in agreement with the tree growth observations
 

lof vanEck (1958) and Shetron (1970).
 

I Byer (1960 and 1965) 3tudied the vegetation along the moisture
 

land slope gradient used in this study. The discussion which follows
 
21 1 

is hased on his investigations. 

The species area curves show that the flora of Kinross is the 

211richest in species, and that of the organic bog is the poorest (Figures[1 

...................................................



6 and 7). Graycalm is intermediate between the two, and the total
 

the depth to the water table decreases from the
 2 	 flora increases as 

well-drained Graycalm soil to the less well-drained Saugatuck soil 

This strongly 	suggests that the organic

4 along the edge of the bog. 

'bog is the most unfavorable habitat for the plants that occur in the 

'area, more so even than the well-drained sandy soil. 

Both the lichen and noss covers decrease sharply from the 

* 	Graycalm site to the Croswell-Graycalm site, and then increase again
 

I 
lbetween the Croswell-Graycalm site and the Kinross soils. This is
 

explained by the fact that mosses are probably no so much restricted
10 

it 	by moisture conditions as they are by accumulation 
of deep leaf
 

12 Is litter. 

Tree cover is much greater on the dry end of the gradient than it13 


Iis 	 in the bog. This is due to the variation in the depths to the 

Iwater table along the gradient. Shrub cover increases steadily from
 

Ithe well-drained Graycalm soil to the organic soil in the bog. The
 

cover on the organic soil in the bog is at least partially
17 	 Ihigh shrub 


1
l,
a consequence of the low true cover and partially as a result of the
 

Speculair adaptation of Chnmaedaphne. Herb cover decreases sharply
 

2h ion Saugatuck and continues to decrease on the Kinross tioil and the 

Sorganir soils. This indicates tht each layer of the vegetation 

Sinh1Iblts the 	one below it. 

pla11 ?411' I' hr,!iaet t0i 111 4 - hiivtl th.tr lt.winifllmifini'oveb, (il g)111oif Iof 

given soil .,erles. llo.,vero oeveral species, such n, Pinti, baikslnnn 
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rZT.cd 1,t. antuatifol u span the entire moisture gradient, and 

I demarcations between the vegetation groups are by no means very sharp.t 
t l 

hence, the vegetation is beat described as a Pinu& bankslana forest-II- -

I Chaaaedaphne calyculata boa transition. I

I I 

a ,Torsi carbon and extractable irond I 
land aluminum (2eleuental) I 

All profiles show a subsurface mximm of carbon and aluminum 

land each profile, except the two Kinross soils, show a subsurfaceI1 I 
I mmaxImum of iron (figures 8 and 9). The iron and aluninw.. maxim 

ta Ioccur in the same horizon .4 alI profiles, except the Kfuross soils 

wwhich do not show an iron maximum and the SaugAtuck-Au Gres profileI 

wwhich show a second maximm of alumina but not of iron. The carbon 

milmum occurs below the eluminum maximum in profiles Noe. 3 and 5, 

ibut In the other profiles the two occur in the same herizon. 

I The occurrence of the Iron, aluminum and carbn mxtM and the 

e !relationship of these maxima to the water table (Table 2) in each 

"llot the seven profiles suglest tha~:these three constituents may move 

Iindependently or in association with each other, aW that the water 

I"table has played an important role In the occurrence of the carbon 

' maxima In all except the two bottor-shll.Ji profilee. IWaddition, 

'" IIt appoars Iht the development of fha r,--l IIa boriunvimre'r euofubmsnd 

rMt41tIMti way nomt tircoosily tim *t -1j to 441ipp' g~ wrrpnc @1116 OfI 

water tabile which decends prlh al),1t ,I 5aorlaon poweve, 
It wter table hoalonthe111 must be below the S t~irc,., ihfor Mthe cuulation ofof 

http:bottor-shll.Ji
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iron. In fact, iron i being lost from the profiles of the Kinross I 
" !
 

and Saugatuck soils. The low content of iron in these three profiles
 

, probably explains why no mottles were observed as they were described 

in the field. 

The maimem spodic horison development occurs in the profiles
' I
 

Ilo. 3 end 4. along the edge of the bog, that have been subjected to a I

'I I 

!combination of alternating wet conditions and flushing moisture I
 
,trelimes. 
 I
 
I 
 I
 

** I Pyropospba** extracts more aluminum ihan iron from the A
i 
 I
 
e
It!horiv.n of all profile, In a4dittlne pyrophosphate extractable
 

ialuminum appears to be a goo intdicotor of spodic hrtio. dovelolopmoe,' 

i inece is mimim valus were Wobaitd from the oTimein layer of the 

ISaugatuck profile and slightly higher valwos wre @btained froe the 

wll thaifrom the pooily-droQ solls.
i 
 U
 

of I"b studied. 

, lA Oree (epro.eettio the range of $k# Satg!tuck serlis), met Ch 

eI MY twot ##on profit@ FPaugauck sd qgtuck- i 

I I 
tfint of The three sedtc borts Criteria (ceotedbebo 1. CS 

thick) lited i ill Tomomm. (190# voedited)-Tall 3. !ch of ;ke
 

1ew., profiles has a 6lb spodle boriso.Oubkortfon that Owe t effoo 


IC ilelos (e0ad or sos lowy -withland atils Ceveed willh
 

sraw-44 .eSi.t), each of Cho to"*.profiles swot efrierlo Ul wd 

lb, uteperilveiy. Weept for lh two blir-hlrasd stes, Croeewli
! 
 t
..
0 0iraiymtalu mid Orslyraim, each of fihe profiles ha ai ebhor ices *ttl 

IV
 



ction 3d, all profiles have spodic horizons by revised 

. spodia horlon criteria proposed below. Citerion 3c was not tested 

since the date. are sufficient to indicate that the hortsons of theme 
I I 

.	 alseets 


1 proftles are not cambia. 

Considering the above and other data collected Q this s4tudy, 

the five *oil serie of the toposequonce vere placed in the new soil Ie1 

IClaseification system as follows 

e!IUnrossalstle Holaquodl sedy, mniaodg frigid.i I 
, I uptucka icNaplaquodi sndy mixe, frigid, ortacen. 

II 

ttAu Haplaquod; sandy, mixed, frigid. 	 Itesntic 
II


I Crosuellabotic liplorthod; sandy, mixed, frigid. 
II OrayCeatlUtic hplorthodl seady, mixed, frigid. I 

STheass placaments differ fro, current placements of these soils as II 

o I follevt Kinros isa Typic Nkplaquodl faugatuck is mesict and III 
I Orayc is an AifIiio Vlipsmment. 

the results of the saturated sodium pyrophosphatoAecordale to 	 IH, 

*,	II quik test (Nmohll color values of 7 or lower anW chromas of 3 or I 

I o Lestake of the seven profiles hashoer) developed by (198) suech 

am herion that qualitfies as spodti. Kch of the profiles has 

s b as to the then currentebhoriuoe that qualifies spodic, according 

j,tsp'oie lhorion Criteria as refined by Lietake (1960)-Table 4. 

S It11 Mto 0e'(1448) refinaemnt, Kinroes and r-Augatuck would 

Wt Nw4 v spogd i1tv Pilt pntIs ,mild 1.. Oth-uds, I'aing the cirrenr 

11 ! plaeim~to the two better drained seil series or# Orthods and the 

n 	 sn 	 rai-, L ... a r%,* 	 n r a a f-a a a a a 
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t
lss 	well-drained soil series are Aquods.
 

ii S The pretiont rrttcrl4 (S'oil Taxonomy. 1920) recognizes the high 

Iwater tale In the lIt-sti w1 l-d'alltltid .ioils at th tit-border level, 

1while the critt, ia ,as. retlnt-d by Lietzke (19684) reconizes the rela
'I 

Itively hitgh petii tin t catrbon II taoiv taic tni lb IL the u~ame level of' 
SI 
Ithe 	clabbii ica
loa ll zy±A ei. 

I In vivw ot (ti! ,it ove ind other data collected in thin study, the 

Ifollowlng revi s I ai pr| .ot :.iu | 


a. 	Reduce ctiltarion ,is(% iPO4Fe + Al/% clay) of Soil Taxonomy 

from .5l'J t, .Oti; and. reduce criterion lb (2 pPO4 Fe + 

AlZ dlth.-cit 1,-4 Al) ot O;oil Taxonomy from . .45 to 

) .30. Ther ciprtqhitA urvtb nru of 	the ctirrent npod Ic 

horilon crit eria wtioul, 1 Iinclude in the rangjc- of the upodic 

horitortn, thj bc thteinh rlln utrd In this httstly. The current 

., I critria uuidtr .I:e.ii ti ne nof thtc woat deve loped sub-

II horizonb, ., Hillh horiwu ofr Ninrotits, wd H2,,h of 

, IT S4upatu4 t. th weet onei or both of the fitr t 2 criterla of 

apodic Ior on rt-quir tall th ene. proptert eti.- ; bht of Ien 

I developed ltr I.:OtrpIto eet-d theio propohetl liu rtr, if they I 

do not meet vo tif the flt-it , Itrld, evell tholugh they 

*e reld, alIIy.I, til . II ii lu,toabthet rtletcu,!n 11 . JA 	 ve lo 

I v l t I:o, t ,II,' ,s 	 r,1p iIt gi rl. v,ks
 

ii j~* * vtm 1 1 .~still sl tu I Juu Ii.
iii 	 it i I~~s hoI 0ort 

Ge apotlic hiirtronu £'rit1v11 ao #44hIisto by Lietak.0 or revision of 
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I 

those criteria so that No. 1 (% Tot. C + 

Fe + AI/% clay) 1; ra-ied from .12 to 

dith.-cit. Fe + Al) 1,; reduced from > .8 

% dith.-cit. 

.30, and No. 2 (Z 

to .7. 

4 

I 
I 

36 

IT 

I#I 
I 

*6 
"I 

1* 

I 

I. 

I" 

I, 

I 

I 

,I 

I 

11 

I' 

I 

16 

I 

i 

I 

I

I 
II 
I 
I 
I 

II 
I 
I 
I
i 

I 
I 



LITERATURE CITED
 

11. Agronomy Monograph No. 9 (Parts I and 2).- 1965. Amer. Soc. Agron.1, 

I Madison, Wisconsin. 

12. Bouma, J., llocks, J., Van Der Plas, L. and Van Scherrenburg, B. 
4 

I[ 1969. Gene!s and morphology of some alpine podzol profiles.*I 
£ Jour. Soil Se. 20:384-398. 

13. Byer, H. D. 1960. An an.lysis of pattern and interspecific
I 
association along a noil moisture gradient on the Jack Pine 

* 	 plains of northern lowter Michigan. H. S. Thesis, Michigan
 

State Untver; ity, lst Lansing, Hichigan.
I, 	 I 
14. Byer, H. 1). 1965. Pattern anilysis along a Pinu-Chamed phne

I
 

transition as a key to vegetational structure and organization,

I:
 

g Ph.fD. thesis, Michigan State University, Past Lansing,

I
 
S Michigan.
 

13. Collins, J. H. 1971. Characteristics of spodosols devoloped on
 

aatopo-blosiquenve in northern Hichigan. Ph. D. thesis. 

II Michigan Stt~o Unt l.ancing. Hichigivi.tniverslty, si 

16. Franim .ier.1). '. and 1.ittestdo. E. P'. 1961I, A chronosequence of 

I Podrols In northerti Mi clttvati, I 411d II. Hichlrgaii Scat.eIm I 
I Quarterly bt.11 ,"h.-1 Vol. 46. 

1?. Gevoirl; aot., S, R. I9'Ph, ',lie index carve. for Jatk Pine In th. 

1 0t j i t4t-t. 1,th. oIrt Not. 461, 1IJl..A. ?.Itut fli rvI,.o. 

*t1Oy0 11,*Is'ttst.. (1.1110"I r- 1'y C, r. H41rb11) l-Il tis Iro"°, I 



22 

9. ieinrich, E. W. 1965. Microscopic identification of minerals. 
I 

McGraw-Hlll Book Co., New York.	 II 

10. 	 Jacksom, M. .. 1958. Soil chemical analysis. Prentice Hall,
 

Engew 01 C1 if f';, New je r!'tV.
I 

il. Johnsg-ard. G. A. 1938. A pedological study of a ground water 

I 'Pod:'ol and ,o,, A,n.ocita t~ld .oils. H. S. thesis, Michigan State 

Collego, laAst Lans in g , Hichig,m 

J. S. 	 1W41. Soil forming procep.es: Pedology in the 
V2. Joffe,
II 

service 	of soil civnce. Soil Sci. Soc. Amer. Proc. 6:68-77. 

3. Lietzke, D. A. 1968. valtnit ion of spoilic horizon, criteria and 
I0 

clasrlficat ion of snOn1 ici'hi;an -oilis. M. S. thesis, Michigan 
I 

U 	 ] State Ui wvvt,,lity, Lait l.amill , Michigan. 

,4o Hattskon, . i~nI . , It. 1939. Vhe pedography of hydrologic 

I podsol nri,,n . I . Am. Ag r. Coll. Sweden. 7:185-227. II0 

Eant Africa. East
15. Milne. G. 193. A provinim l ;oil map of 

I 	 ISAfrican Agr. lk.,,. Sta.. Anion.. Tanip,,-yika Territory. 

i6. Roa., G. .1. 1905. Chare'teri.-at Ion of a mronumorillonito in a
 

I northe~rn 11ichigan Pmnhiuol. l1h. I). thtAis, Michigan State

I, 

*9 Univeroltv. [atl Ivatt.infi ligchip.on. 

J7. Rummell , L. W. 190i. So lI comi t l tt and plant growth. John 

WI Ivy "111l i '.'4W or< 

* t H.;, 	 ,.llol S, ,i, ',. (. V'hil,l tit leil for 1ol t 1 0sto plotductivity aumtng 

!1 lltitolll , 11tolvW tttly o Hitchtinil. Altn Arbot, Mt'lltg.tln. 	 II i 

http:ligchip.on
http:procep.es


23 
|.'A
 

9 . Soil Survey Investigation Report No. 1. 1967. Soil survey
 

I laboratory merhods and procedures for-collecting soil samples.
 

Soil Con.;ervation S;ervice, U.S.D.A., Washington, D. C.
 

tO. Soil Classification, P'lacement of Michigan Series into the Soil 

Classification System. 1971. U.S.D.A., Soil Conservation 
II 

Service, East Lansing, Michigan. 

71. Soil Taxonomy. 1970 (unedited). Soil Survey, Soil Conservation 
II 

p U.S.D.A.,• Service, Washiington, D. C. 

J2. St. Arnaud, R. J. 1961. Pedogenesis of black-grey wooded
 
*1 

sequence in Saskatchuwan, Canada. Ph. D. thesis, Michigan State
 

University, East Lansing, Michigan.
II 

P3. van Eck, W. A. 1958. Site and root studies of Red Pine (Pinus

II 

reslnosa Ait.) plantations in lower Michigan. Ph. D. thesis,
 

, I Michigan State University, East Lansing, Michigan. 

I I 

I II I
I I 

I I 
I I 

I I 
I I 
I I 

jII 
I, I 

I I 
L .. .. . .. .. . ...... . .. .. ..4 



TABLE 1 - DESCRIPTION OF SOILS 

Depth Color 

Horizon (cms) Main.ottles Structure Consistence Boundary 

KL2CSS SAND (CRG ,C S-FACE) - NO. 1 

01 
021 

33-18 
18-8 

IrfiR 
5YR 

7/2 
3/2 

Moderate coarse 
Weak coarse pl. 

pl* Soft 
Soft 

AzruZ: 
Abrut: 

smooth 
smooth 

022 8-0 N 2/0 Weak fine sbk** Friable Abr-=: smooth 
Al 
A2 
B21h 

0-2.5 
2.5-28 
28-53 

lOYR 2/2 
1011R 4/2 

5YR 3/3 

Single grain 
Weak fine gr + 
Weak medi=--, sbk 

Friable 
Loose 
Friable 

Clear 
Clear 

smooth 
wavy 

B22hir 53-69 5YR 4/3 Moderate coarse sbk Firm 
B23 69-94 7.5n 4/3 Weak medium sbk Firm 
Cl 94-127 lOYR 4/3 Single grain Loose 

KINROSS SAND (BE- DRAINED) - NO. 2 

021 
022 

5-38 
38-0 

10YR 2/2 
N 2/0 

Weak coarse sbk 
Moderate coarse pl. 

Friable 
Friable 

Abrun: wavy 
Clear smooth 

Al 0-3.8 N10 Weak fine gr Friable Clear smooth 
A2 3.8-38 1OYR 5/2 Single grain Loose Clear -mooth 
B21h 38-63 5YR 2/2 Weak medium sbk Friable 
B22hir 63-89 * 5YR 3/2 Moderate coarse sbk Firm 
B23 89-137 5YR 3/3 Weak medium sbk Firm 

SAUGATUCK SAND - NO. 3 

.02 10-0 1OYR 3/2 Weak medium sbk Friable Clear wavy 
Al 
A2 

0-2.5 
2.5-28 

N 2/0 
1OYR 6/3 

Weak medium sbk 
Single grain 

Friable 
Loose 

Aarut smooth 
A-ru.-t smooth 

B21hirm 28-43 5YR 2/2 Strong coarse sbk and abk Strongly cemented 
B22hirm 
B23hir 

43-61 
61-84 

5YR 
5YR 

2/3 
3/3 

Strong medium sbk and abk 
Moderate medium sbk 

Weakly cemented 
Firm 

Cl 
C2 

84-118 
118-155 

7.5YR 4/2 
lOYR 4/3 

Single grain 
Single grain 

Loose 
Loose 



SAYJGATUCK-AU GRES SAND - NO. 4 

01 8.9-2.5 7.5YR 3/2 Weak coarse gr Friable Abrupt smooth 

02 2.5-0 7.5YR 2/0 Weak fine gr Friable Abrupt smooth 
AiJ 0-3.8 10YR 2/1 Weak medium gr Friable Abrupt smooth 

A2 3.8-7.6 IOYR 5/2 Weak fine gr Loose Abrupt smooth 

B21hir 7.6-18 5YR 3/3, 7.5YR 5/3 Weak fine sbk Firm Clear smooth 

B22hir 18-28 5YR 3/3, 7.5YR 5/3 Weak fine sbk Pirm Clear smooth 
A2' 28-41 10YR 5/3, 7.5YR 4/4 Weak medium sbk Friable Abrupt wavy 

IIB21hir' 41-58 5YR 3/4, 7.5YR 4/4 Weak coarse sbk Firm Clear smooth 

•IlBbr'm 58-84 5Y 3/2 Massive chunks Weakly cemented Clear smooth 

l1B3' 84-122 5Y 3/3 Massive chunks Firm Clear smooth 
IIC1 122-147 7.5YR 4/3 Single grain Loose --

AU GRES-CROSWELL SAND - NO. 5 

02 2.5-0 10YR 3/2 Weak medium sbk Friable Abrupt smooth 

U 0-15 7.5YRN 2/0 Weak fine gr Friable Clear wavy 

A2 15-25 10YR 6/1 Single grain Loose Gradual irregular 

Bihfr 25-36 5YR 4/6, 10YR 6/6 Moderate fine sbk Friable Clear wavy 

B22bdr 36-53 10YR 6/4, 7.5YT 6/6 Weak fine sbk Friable Clear vavy 

B23h 53-71 10YR 5/4, 7.5YR 7/8 Weak fine gr Friable Clear wavy 

B31 71-99 10YR 6/4, 7.5YR 7/8 Single grain Loose Clear wavy 

B32 99-12, 101Y 6/4, 7.5YR 7/8 Single grain Loose Clear wavy 

CX 137-153 10YR 6/1 Single grain Loose 



L±~UWLA.Lin~r-1L UL - LU. U 

02 

Al 

A2 

B21hir 

B22hir 

1.3-0 

0-2.5 

2.5-7.6 

7.6-18 

18-46 

1OYR 3/2 

10YR 2/1 

IOYR 6/2 

5YR 3/3 

7.5YR 4/4 

Weak medium sbk 

Weak medium gr 

Weak medium gr 

Weak fine sbk 

Weak fine sbk 

Friable 

Friable 

Loose 

Firm 

Friable 

Abrupt smooth 

Abrupt smooth 

JAbrupt wavy 

Abrupt wavy 

Clear smooth 
B3 46-58 7.5YR 5/4 Weak fine sbk Friable Clear smooth 
A2' 

AZ' & B2t', 

A' & B2c', 

Cl 

1 

2 

58-71 

71-99 

99-125 

125-153 

10YR 6/3 

10YR 6/3 (A2), 7.5YR (5/8) &.7.5YR 5/4 

(B2t), 5YR (5/8) 

10YR 7/3 & 10YR 6/4 

10YR 7/3 

Weak fine pl 

Single grain (A2) & 

Massive (B2t) 

Single grain (A2) & 
Massive (B2t) 

Single grain 

Slightly brittle 

Loose (A2) & Slightly 

plastic (B2t) 

Loose (A2) & Slightly 
plastic (B2t) 

Loose 

Abrupt wavy 

Clear wavy 

Clear wavy 

-

GRAYCALM SAND - NO. 7 

Al 

A2 

0-2.5 

2.5-7.6 

10YR 2/1 

10YR 6/2 

Weak medium gr 

Single grain 

Friable 

Loose 

;Abrupt wavy 

jAbrupt wavy 

B21hir 

B22hir 

AZ' -

A' & B2t', 

A' & B2t', 

1 

2 

7.6-28 

28-58 

58-76 

76-140 

40-153 

7.5YR 5/6 

10YR 6/6 

10YR 7/4 

10YR 7/4 (A2), 7.SYR 5/6 (B2) 

0YR 7/3 (A2, 7.SYR 5/6 (B2t) 

Weak fine sbk 

Weak fine sbk 

Weak medium gr 

Weak fine gr (A2) & 

Weak fine sbk (B2t) 

Weak fine gr (A2) & 

Weak fine sbk (B2t) 

Firm 

Firm 

Soft 

Soft (A2) & Slightly 

hard (B2t) 

Soft (A2) & Slightly 
hard (B2t)
hard (B20 

I 

IC ear wavy 

Clear wavy 

Clear wavy 

Clear wavy 

-

* Pl-platy; ** sbk-subangular blocky; +-granular 

NOTE: Soil texture and soil reaction appear in other sections 



TABLE 2 --Depths (cms) of water table and plant roots in each of the seven pedons.
 

Site No., 

Pedon 

Identity 


1, Kinross
 
(organic 
surface) 


2, Kinross
 
(better 

drained)
 

3, Sauga-

tuck 


4, Sauga-, 
tuck-AuGres 


5, AuGrcs-

-Croswell 

6,. Cro.ell-

Graycalm 


7, Graycalm 


Average 

Depths to 

Water 

Table 


15. 


28. 


48. 


, 68.. 


89. 
". 

147. 

"* 

)165. 

Range in 

Depths to 


Water Table 


1969 1970 


0-47 0-28 

5-60':; 12-46 

15-76 38-56. 


28-99 51-.89 


58-126 74-99 

146-)165 1351l65 

' 165. - 165. 

Maximum Var-

iations in 

Depths to 

Water Table 


1969 1970
 

47. 28. 


755. 34. 

63. 18. 


71. 38. 


65. 22. 

44. 30. 

>165. 3165. 

Horizons Subjected 

to Water Table 

Fluctuations 


01,021,022,A 

upper A2 

Al,A2, lower 	B21h 


Lower A2 

B21hirm, B22hirm, 

upper B23hir
 

A2', IIB21hir' 

IIBhirm, IB3' 


B23h, B31,B32 


C2 

None... 

Depths
 
to Which Horizons in Which
 
Roots Roots Occur
 
Occur
 

63. 	 01,021,022,AI,A2,"
 
upper B21h
 

69. 021,022,Al,A2,B21h
 

37. 	 02,Al,A2 (not observed
 
in 522hirm or below)!
 

66- 021,022,Al,A2 B21hir,
 
,
B22hir, A2 1 IIB21hir4


''Bhir (end in this 
horizon) 

76. 02,AT,A2,B21hir,
 
B22hir, B23 

140. All ecepr C2 

165. <Tnrouzhouz the profile 



TABLE 3. --Application of spodic horizon criteria (Soil Taxonomy--1970, unedited) tc." theaso .S oed in,
 
in this study.
 

Site 3d
 

Number, 3a (CEC(pH 8.2)-


4 
 -
Pedon Horizons % pPO0 Fe+Al PPOie+Al 1/2% Clay) X
 

Identity % Clay 7. Dith.-cit. Fe+Ai Thickness in 


.15 >.45-- cm) > 65. 


1. Kinross B21h .07 .48 181.4 

(organic B22hir .07',- .62 79.6 

surface) B23 .09 .-.65 	 135.6 


Total 396.6

2.Kinrost J B21h .06 .60 163.8 

(better B22hir" .07 .71 -. ::, - 179.6 

drained) B23 '.10 .50 184.4 
- total 527.8 

3., Saugatuck B21hirij./ ..231 - .76 	 333.1 
.B22hir.-.06, 	 -.54 132.6 


-. 48 Tols 1 ..04 


4 Saugatuck- B21hir - 07 .49 	 65.3 

A.res .06 .86 -109.1 

IIB2!hir 7 -15 - 65- 227.1 
IlBhirm .25 .44 135.1 

Total 536.6
 

5 -AuGres- B21hir . 1348 	 64.7-

,Crosifell ' 06 ._ 0 :- 44.8 

B23 . 06 -30,-r; ,yes 12.1 


. - 121.6Total --


Szdiz " 

CurraEn 	 Revised
 

3a &3b
 

no yes
 
yes yes


-no yes
 

no yes.
 

yes yes
 

no -yes
 

yeE
 
yes es
 

v a no 

yes 	 yes
 

ys yes
 
*yes yes
 
yes yes
 

t'-

'-	 s
 

CT rTDNLM 



TABLE 3. --Continued
 

Site 3d -
Number', -:3a 3b (CEC(pH 8.2)- Spodic Horizon 
Pedon Horizons 7. pPO4 Fe+Al 7. pP0 4 Fe+Al 1/2% Clay) X " ''! 

Identity 7. Clay 7 Dith.-cit. Fe+AI7 Thickness in Current Revised 

.15 	 ,45
.	 . cm) P 65. 3a& 3b: 

6. Croswell- upper .12 .34 	 6.0 no yes
 
Graycalm 	 B21hir
 

lower .12 .. 62 32.5 no yes
 
B21hir
 
B22hir .10 .37 45.5 yes yes 
B3 .08 - " .38 16.3 no yes 

Total 100.3 

:G:"-". 	 upper .11 .47- 26.4 yes .,yes 

B2hwer /- .09 	 ..38 26.5 yes yes 

B22hir .07 .31 50.0 no yes 

Total 103.8 

Notes:
 

m--Continuously cemented horizon 2.5 cm thick. 
.-- sand grains covered with cracked coatings. 

yes--meet criteria 1 or 2 or 3a + 3b + 3d; totals basedon 3a and 3b as revised 

2 



TABLE 4. --Application of spodic horizon criteria as refined by Lietzke (1968)
 

Site 
 Tot. C % + Spodic Horizon
 
Number, 
 Horizons Tot. % C + Dith.-cit. Fe+AI Dith.-cit.
 
Pedon 
 % Clay Fe+AI Lietzke Revised
 

Identity 1 .12 1!0.8
 

1. Kinross B21h 
 .55 	 1.15 yes yes

(organic B22hir 	 .42 
 .75 no yes
 
surface? B23 .43 .51 no 
 yes


2. Kinross B21h .52 1.30 yes yes

(better B22hir .55 1.22 yes yes

drained) B23 1.01 
 .91 yes 	 NEs
 
3. Sauga- B2 1hirm .53 	 1.27 
 yes 

tuck B2 2hirm .36 1.21 yes 
 -s
 

B23 	 .74 2.52 yes !Ps
 
4. Sauga- B21hir 
 .45 	 3.92 yes 'es

tuck-Au 	 B22hir .25 
 1.69 yes 	 no
 
Gres 	 IIB21hir' .77 2.39 yes yes


IlBhirm' 1.12 1.23 yes yes

5. AuGres- B21hir .30 1.29 yes yes

Croswell B22hir 
 .32 1.46 yes yes


B23h .61 1.64 yes yes
 
6. Croswell- Upper
 
Graycalm .B2Lhir .35 1.76 yes yes
 

Lower
 
B21hir .41 1.47 yes yes

B22hir .36 1.03 yes 
 yes

B3 .28 .71 no no
 

7. Graycalm Upper

B21hir .46 1.61 yes yes
 
Lower
 
B21hir .44 1.92 yes yes

B22hir 135 1.28 yes yes
 




