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This picture of the Columbia glacier in Alaska illustrates how glaciers form 
and move. Note that the smal1 valley glaciers in the background have joined 
together into a large glacier in the foreground. This larger glacier is pushing 
into Prince William sound. It is approximately 5 miles across at its widest 
point and about 800 feet thick at its front. Between 200 and 250 feet of ice 
show above the water. The dark streaks are glacial till imbedded in the ice. 
This glacier is very small compared with the ice sheets that covered most of 
Michigan in past ages. The deposits left by these large glaciers and their 
melt waters are the materials from which most of the mineral soils in the state 
were formed. 
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Soils of Michigan 
By E. P. WHITESIDE, I. F. SCHNEIDER, and R. L. COOK 

INTRODUCTION 

WHAT IS SOIL? What are the different kinds of soils in Michigan? Why 
are soil differences important in land use? Where are the different 
kinds of soils in Michigan? 

Parts I and III of this bulletin attempt to answer these questions 
simply, clearly and correctly. That those sections are incomplete is 
partly because of a desire to be brief, but largely because there is 
still much to be learned about the soils of Michigan and their best 
utilization. 

The properties of soils that are commonly used in soil classifica
tion and mapping are discussed in Part II. It is hoped that part of 
the bulletin will be of use to people unfamiliar with those properties 
and particularly to individuals interested in land judging. 

PART I. WHAT ARE SOILS, HOW DO THEY DIFFER, AND 
WHY ARE THEIR DIFFERENCES IMPORTANT? 

WHAT IS SOIL? 

Soil is the collection of natural bodies in the earth's crust that 
commonly supports growing plants. By natural bodies is meant 
that they were formed by natural processes rather than by artificial 
means. Soils have depth as well as the width and breadth seen at 
the land surface. Each of these natural bodies is a soil type and 
consists of two or more layers whose physical, chen1ical and biologi
cal properties differ from each other and the underlying parent 
rock lnaterials from which they were formed. 

The rock materials have been altered in place at various temper
atures by the action of water, air and organislns. These changes 
are called weathering or soil formation . The intensities of these 
weathering or soil formation processes vary with depth below the 
earth's surface. This results in layers within each soil body that 
are nearly parallel to the earth's surface. Since these soil layers 
are nearly parallel to the horizon of a landscape, they are called 
soil horizons. 
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A vertical section through all the horizons of a soil type is a 
soil profile. The profiles of the soils in Fig. 1 are exposed to view 
at the edge of the diagran1. For convenience, soil scientists have 
labeled the major horizons with capital letters in the alphabetical 
order in which they con1monly occur beneath the soil surface. The 
right side of Fig. 1 has been labeled to show the major horizons. 
Each of these major horizons may be subdivided into layers or sub
horizons with different properties. 

Fig. 1. Diagram of a landscape along the north shore of Lake Michigan, 
west of the Straits of Mackinac. The soils named on the land surface are shown 
in their natural relationship to each other. The lower and right sides of the 
diagram show a vertical cross section exposing layers or horizons in each soil 
and the rock materials. Some of the native vegetation associated with these 
soils is shown on the upper side of the diagram. Additional comments con
cerning this figure will be found on page 14. 

The "A" horizon includes the surface soil layers to which or
ganic matter has been added by growing plants and from which 
the finer mineral particles and soluble materials have been washed 
out by water moving down through the soil profile. The "B" 
horizon or subsoil includes the layers in which some of the fine 
particles and some of the less soluble materials have been de
posited by the percolating water. The "e" horizon is the slightly 
weathered to unaltered material beneath the subsoil. The "D" 
horizon consists of rock material unlike that from which the over
lying soil was formed. 
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In Fig. 2, the comn10nest subdivisions of these horizons are 
sketched for a Marlette loam profile. The A horizons, for example, 
include: the Ao horizon which is mainly organic materials or hUIllUS; 
the AI horizon which is usually the uppermost mineral horizon, mixed 
with organic matter so that it is dark in color; and the A2 horizon 
(subsurface) which is a light-colored, bleached, mineral layer. The 
B horizons, may include a Btl horizon enriched in clay particles and 
a Bir or Bh horizon enriched in iron oxides (iron which has rusted 
is coated with iron oxides) or humus washed down from the A 
horizons. 

0" ORGANIC MATERIALS IN VARIOUS STAGES OF DECAY. 

MINERAL AND ORGANIC LAYER, DARK IN COLOR. 

BLEACHED, LIGHT COLORED, MINERAL LAYER. 

YELLOWISH TO REDDISH BROWN MINERAL LAYER ENRICHED WITH 
IRON OXIDES, Bir, OR HUMUS, Bh, WASHED DOWN FROM ABOVE. 

A BLEACHED, LIGHT COLORED MINERAL LAYER. 
24" 

36" YELLOWISH BROWN, MINERAL LAYER ENRICHED WITH CLAY 
('TON' IN GERMAN). Bf, WASHED DOWN FROM ABOVE. 

48" 

SLIGHTLY WEATHERED TO UNALTERED LIMY PARENT MATERIAL. 

Fig. 2. A sketch of a Marlette loam soil profile, showing the major soil 
horizons. A colored picture of this soil profile is shown at the right side of 
Fig. 3. 

The colors of the A or B horizons n1ay be 111ade gray or splotched 
with gray (n10ttled) because of poor drainage and lack of aeration. 
They n1ay then be designated as Ag or Bg horizons. Where this 

(continued on p. 7) 

It is an abbreviation of ' ton ', the G erman w ord for clay, or a 'texture ' difFe rcnce 
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Fig. 3. The most common kinds of soil profiles, or Great Soil Groups, in 
Michigan are pictured above. The soils that are found in southern Michigan 
are shown on the left of the Organic Great Soil Group which is represented 
by the Carlisle soil series. The soils of northern Michigan are shown on the 
right. The soils with the best natural drainage are shown on the edge of the 
picture in each group and the most poorly drained mineral soils are shown 
adjoining the organic soils. The Organic soils are found in the most poorly 
drained positions throughout Michigan. The imperfectly drained mineral 
soils are between the soils with poor and those with good natural drainage. 
Except for the Brunizem soil, Warsaw, which formed under grass instead of 
tree vegetation, the differences in soil profiles pictured may be observed along 
a fresh road cut from the top of a ridge down to a wet swale in southern or 
northern Michigan, respectively. 

Such a succession of profiles, when formed from similar parent material, 
is a toposequence or catena of soils. The column which each profile represents 
in Table 1 is indicated by the letters above each profile. Some common 
soils with similar profiles in southern (= S) or northern (= N) Michigan, from 
different kinds of parent materials, are shown in each column of Table 1. The 
toposequences or catenas of soils are shown on separate lines in Table 1. 
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graying is very pronounced, they may be called G horizons. These 
horizons are major parts of the soil's anatomy. A colored photo
graph of the Marlette loam profile is shown at the extreme right 
in Fig. 3, page 6. 

WHAT ARE THE DIFFERENT KINDS OF SOILS IN MICHIGAN? 

Soils differ in the kinds and vertical sequence of the soil horizons 
in the profile. They also differ in the color, texture, structure, 
thickness, and chemical composition of the various horizons, as well 
as in the shape of the soil body. If the reader is not already familiar 
with how each of these properties can be measured or described, 
explanations will be found in Part II, beginning on page 25. 

There are only 12 major kinds of soil profiles generally recognized 
in Michigan. Seven of the most COlnmon are reproduced in 
color in Fig. 3. Each of these profiles represents a group of soil 
types. All the soil types in each of these great groups have the 
same kinds of horizons, and these horizons occur in the same vertical 
order in the profile. 

Each soil type (an individual soil body) differs from all the 
others in each group in the color, texture, structure, thickness, or 
chemical composition of one or more of the horizons, or in its shape 
(e.g., slope). 

When these differences are near the surface where they arc:> 
easily observed, the differences are indicated by the descriptive part 
of the soil type name. For example, "Roscommon sand, 0-2 percent 
slopes," has a plow layer of sand, occurs on slopes of 0 to 2 percent 
gradient2 , and has not been affected by accelerated water or wind 
erosion since man's occupancy of the area. The remainder of the 
soil type name, "Roscommon", stands for all the other properties of 
that soil. 

This proper noun, "Roscommon", is the name of a geographic 
feature in the vicinity where this soil was first described, in this 
case, Roscommon County, Michigan. "Roscommon" is the series 
name, and all types of that series include it as a part of the~r names; 
for example, Roscommon sand, 0-2 percent slopes, slightly eroded, 
and Roscommon loamy sand, 0-2 percent slopes. The different soil 
series in Fig. 1 are separated by the dashed lines in the diagram. 

2The percent of slope is equal to the number of feet rise or fall of the land surface for each 100 
feet of horizontal distance . 
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WHY DO SOILS DIFFER? 

The answers to this question make it possible to describe the 
important differences between soils most simply, and to predict 
where one may expect to find the different kinds of soils in Michigan. 
Largely as the result of scientific field and laboratory studies made 
in the past 50 years, it is known that the soils of Michigan differ 
because of five groups of factors that influenced their formation. 
These are: climate; vegetation; the parent materials or rocks from 
which they were formed; topography and drainage; and time, or 
the age of the soil. All of these formation factors have affected 
the properties of each of the soils in Michigan. 

CLIMATE 

The humid climate of Michigan has resulted in the removal of 
the easily soluble constituents from the upper layers of most of our 
soils. Some constituents have been washed out of the surface horizons 
and deposited in the subsoil. The well-drained soils in the Gray
Brown Podzolic areas of southern Michigan (Fig. 4) have subsoils 
that are enriched by clay washed down from the overlying horizons. 
These Bt horizons are finer textured than either the overlying or 
underlying horizons in the soil profile. The Miami profile in Fig. 3 
is a typical well-drained Gray-Brown Podzolic soil. 

Soils that formed from coarse to medium-textured materials on 
well-drained sites in the cooler northern part of the state have a 
different kind of subsoil horizon than do the well-drained mineral 
soils in the southern part of the Lower Peninsula. Those northern 
soils are called Podzols3 (Fig. 5, map on inside ba~k cover). 

The Podzol soils are represented by the Marlette profile in Figs. 
2 and 3. They · have a subsoil horizon, Bh, ir, in which humus and 
iron oxides have been concenb'ated by movement out of the overlying 
horizons. The practical significance of this type of subsoil has not yet 
been properly evaluated. Iron oxides, however, react with phos
phates to give insoluble compounds. This may mean that phosphate 
fertilizers will be less effective in fields where this kind of subsoil 
layer has been mixed into the plow layer. 

3This term is from the Russian language and m eans "ash -like soil", b ecause of the light gm y 
subsurface horizon. 
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MICHIGAN 

Fig. 4. Soil regions of Michigan and the approximate limits of native 
white pine and beech vegetation (Veatch, 1932. Michigan Acad. Sci. Papers. 
Vol. 15: 267-273). 
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Many of these well-drained soils in the Podzol region of Michigan 
have a textural B horizon, Bt, in addition to their characteristic humus 
and iron, Bh, ir, subsoil layers. The Bt horizons in these soils is found 
below the Bh, ir horizon as in the Marlette profile (Fig. 2). 

The well-drained soils formed from fine-textured parent materials 
in northern Michigan do not have Bh, ir subsoil horizons. They do 
have a textural B horizon, Bt, similar to the subsoils of the Gray
Brown Podzolic soils of southern Michigan. They are called Gray 
Wooded soils. 

The differences between the well-drained soils in northern and 
southern Michigan are due in part to the differences in climate. 
However, the soil differences are also associated with differences in 
the native vegetation. 

VEGETATION 

The first white explorers in Michigan found that the country was 
largely covered with forest. The distribution of native h-ee species 
and the broad soil regions of Michigan show some fairly close cor
relations. The southern limit of white pine coincides closely with 
the boundary between the Gray-Brown Podzolic and the Podzol 
regions (Figs. 4 and 5). The western limit of beech in the Upper 
Peninsula is approximately the division between the non-limy parent 
materials to the west and the limy parent materials to the east. The 
fine-textured soils in Ontonagon County, however, were formed from 
limy parent materials. 

In the southwestern parts of the state, the early settlers found 
small areas of prairie grasses in which only scattered burr oak trees 
were growing. These areas, the larger of which are shown in black 
on Fig. 6 became known as "oak openings" or "prairies". The 
soils of these areas have darker colored and deeper surface (Al ) 
horizons than do the soils in the adjoining timbered areas. The 
bleached subsurface (A2) horizon so characteristic of the well-drained 
timbered areas is usually absent. 

The Warsaw profile in Fig. 3 is representative of the most import
ant of these soils in Michigan. They are now called Brunizems be
cause of the brownish to blackish color of the surface horizons. This 
dark color is due to the large amount of organic matter which has 
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MICHIGAN 

Fig. 6. Prairie and oak openings in the southwestern counties of Michigan. 
(Veatch, 1927. Michigan Acad. Sci. Papers. Vol. 8: 269-278.) The black spots 
on this map indicate areas of dark colored soils. They formed under grass vege
tation in the prairie or oak openings in the southwestern counties of Michigan. 

been added to the upper mineral soil horizons by the fine fibrous 
roots of the native grasses. In the timbered areas, the annual leaf 
fall is added to the immediate surface where it decays more com
pletely and is only mixed with the mineral soil to a shallow depth, 
as in the Miami profile in Fig. 3. 
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PARENT MATERIALS 

The parent n1aterials of Michigan soils vary greatly In texture, 
fabric and mineralogical or chemical con1position. The textures of 
the mineral parent n1aterials range fron1 sands to silts and clays. 
These differences in texture are apparent in the soils fon11ed frOln 
these materials . 

The fabric varies fron1 the porous , 'unconsolidated sediInents 

in which the individual particles are arranged ahnost at randOln 

(glacial tills), or in bands (waterlaid deposits) , to hard consolidated 

rocks (sedin1entary rocks) of sinlilar con1position. Hard rocks formed 

by the cooliI1g of molten rock at or below the earth's surface (igneous 

rocks) are found in the western part of the Upper Peninsula. 

In areas where soils have formed from consolidated rocks, the 
soils are shallow because tilne has not pennitted deeper weathering, 
and outcrops of bedrock as knobs or ledges are found (Fig. 11). 
This is cOlnlnonly the case in Soil Associations No. 10 through 15 
in the western Upper Peninsula and Soil Association No. 30 in the 

southern part of the eastern Upper Peninsula and along Lake Huron 

in the northeastern part of the Lower Peninsula (Fig. 5, n1ap inside 

back cover). 

The mineralogical or chen1ical con1position of the parent rocks 
has been studied less than their textures and fabrics, but here too 
great differences occur. Many of the parent materials of ~![ichigan 
soils contained free lime, but in the western Upper Peninsula, Soil 
Assooiations No. 1 through 15, the parent rocks contained no free lilne. 

As a result, many of the soils forn1ed fron1 these materials are 

more acid than other similar soils forn1 ed fronl rocks which con
tained free lime. Few lin1ing n1aterials are present locally in this 
part of the state. The shallow lin1estone bedrocks in Soil Associa

tion No. 30 are the sites of :Michigan's great lin1estone quarries 

that serve the steel, celnent, chelnical and agricultural industries. 

Nitrogen frOln the air is the only n1ajor plant nutrient added to 
~![ichigan soils during their fCln11:ltion. It n1:ly be converted to oxides 

of nitrogen by lighh1ing or utilized by son1e organisn1s in their 
growth. The nitrogen n1ay then be added to the soil in rain water 

or by the decay of the organic n1aterials. 
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The other plant nutrients are minerals which come from the par
ent rock materials -!. During soil formation, SOlne of the mineral nu

trients were changed into forn1s n10re available to plants, and SOlne 
were concentrated in the layers to which organic Inatter was added. 
However, the total an10unt of plant nutrient elements in the soil fre
quently is less than that in the parent rocks. 

l\1an with his knowledge of fertilizing and manuling is adding 
available plant nutrients to the soil at ever increasing rates and, 
consequently, Inany soils are more productive than wh ::m the tin1ber 
was first ren10ved. This increased productivity is also due in part 
to better cultural practices, the development of plant varietiEs better 
able to utilize these nutrients efficiently, and the protection of plants 

with suitable pesticides. 

Most of the state was covered repeatedly by great ice sheets called 
glaciers (see frontispiece). These huge ice masses n10ved across the 

state fron1 the l1orth, crushing, grinding, and mixing the rock ma
terials in their paths. As these glaciers n1elted, the waters sorted and 
mixed the rock n1aterials along the drainage ways and in the glacial 
lakes. The later glaciers again picked up these unconsolidated ma

terials and continued the sorting and mixing process. 

Great local soil variations resulted from the varied texture, fabrics 
and mineralogical compositions of the l11aterials left by these glaciers 
and their n1elting waters. These deposits are over 600 feet thick in 
l\1issaukee, Otsego, and Wexford Counties. Over lTIOSt of the state 
these thick, unconsolidated rock l11aterials were the parent materials 
from which th e n1ineral soils were formed. 

The last of these great ice sheets disappeared from Michigan 
about 10,000 years ago. The soils in the parts of Michigan covered 
longest by that glacier are younger than thos e in parts of the state 
covered by earlier ice sheets. All l\1ichigan soils are geologically 

relatively young, although son1e of thes e glacial n1aterials in the 
southern part of the state 111ay have been deposited over .30,000 

years ago". 

"Sin ce th c parcnt material s co ntain vc rv little iodine. a nd s ince this a rea h as not b e nef ited by 
additions of sc'a spray as haH' som e coas tal areas. :'Iichi ga n is part of a large goitre be lt where iodi zed 
salt lllu s t h c u sed to control thi s human ma lady ca used b,' lack of iod in e in loca ll y grown foods. 

"Se(' also: [Jelen l\lartin. S urfacl' fo rma ti (, l1 s of th e So uth e rn P e ninsuh of Y[ichi l!;an. Pllhli ca t ion 
49, Michigan D epartm e nt of Conservati on. Geological S lIrvey Divis ion ( Tn press) . . 
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TOPOGRAPHY AND DRAINAGE 

The topography and drainage of Michigan were also greatly modi
fied by glacial action, and these added to local soil variability. Natur
ally poorly-drained soils and well-drained soils occur within both 
the Podzol (northern) and the Gray-Brown Podzolic (southern) regions 
(Fig. 4). 

Organic soils (mucks and peats) have developed in the swamps 
in both regions. Their properties are largely dependent on the kinds 
of plants from which they were forn1ed. Some of these plants, such 
as the sphagnum mosses and leatherleaf shrubs, are so low in minerals 
that the soils formed fron1 thenl are low in mineral nutrients and 
very acid (pH 3.0-5.0). 

The Greenwood peat in Fig. 1 is an example of the above type. 
The forested swan1ps and those forn1ed frOI11 sedges have a higher 
mineral content and are less acid (pH 5.0-7.0). The Carlisle muck 
in Fig. 3 is representative of a soil profile of this kind. Since these 
soils occupy the lowest levels in the landscape, cold air settles in 
them and crops growing there are subject to frosts even during the 
summer months. 

Poorly-drained mineral soils are forn1ed in those low areas where 
water did not cover the soil completely enough to n1ake an organic 
soil possible. These soils originally supported a SWaI11p forest type 
of vegetation but 111any of thel11 have now been drained, particularly 
in southern Michigan, and are an10ng the more productive 111ineral 
soils. 

Organic matter was better preserved in these soils and n1ixed 
with the mineral soil to greater depths than in their well-drained 
timbered associates. Their organic-mineral surface horizons (AI) are 
darker colored and thicker than the At horizons of the associated 
Podzol or Gray-Brown Podzolic soils . Beneath this organic-n1ineral 
layer, the soils are frequently gray in color or strongly splotched with 
gray. German soil scientists have called the process by which these 
gray colors are developed "gleying." 

The Brookston and Sin1s profiles in Fig. 3 are exan1ples of this 
kind of soil, called Humic-Gley because of the dark-colored surface 
hoIizons (humic) and the gray (gleyed) subsurface layers. Compare 
these Humic-Gley profiles with the well-drained Podzol (Marlette) 
profile and the Gray-Brown Podzolic (Miami) profile in Fig. 3. 
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Better drained mineral soils were developed in drainage situations 
intermediate between those of the HUlnic-Gley soils and the Podzols in 
Northern Michigan and are sin1ilar to the Saugatuck profile in Figs. 1 
and 3, except that the dark brown subsoil horizon may be splotched 
with gray and is frequently not cen1ented by iron oxides and humic 
substances as is the subsoil of the Saugatuck profile. The mineral soils 
developed in natural drainage situations intermediate between the 
Humic-Gley soils and the Gray-Brown Podzolic, or between the 
Gray Wooded and Hnn1ic-Gley soils, are siInilar to the Conover 
profile in Fig. 3. 

Since the kind and sequence of horizons are the san1e in the 
imperfectly drained soils as in the associated well-drained soils, they 
are called imperfectly drained Podzols or in1perfectly drained Gray 
Wooded soils in Northern Michigan, and in1perfectly drained Gray
Brown Podzolic soils in Southern ~1ichigan. These soils have larger 
proportions of gray colors higher in the profile than do the well
drained soils. Their surface Inineral horizons (AI) are son1ewhat 
deeper and darker on the average than are the surfaces of well
drained soils. 

TIME OR AGE OF THE SOIL 

The different soil characteristics associated with the different 
factors affecting their formation - parent material, clin1ate, vegeta
tion and natural drainage or topography - require time for their 
development. The relationships of some COlnn10n soils found on the 
north shore of Lake Michigan west of the Straits of Mackinac to 
each other and to the soil fon11ation factors are shown in Fig. 1. 
They have all been formed on sands of varying thickness over lime
stone bedrock. 

From the edge of the Roscommon sand, just inland from the 
sand dunes at the left side of the diagrmn, to the extreme right of 
the diagran1 the land is covered almost continuously by soils. The 
A horizons (surfaces) and B horizons (subsoils) are almost parallel 
to the land surface. The common kinds of soil profiles in this area 
are those shown on the right side of Fig. 3, and are called Northern 
Michigan soils. 

The beach and dune sands in Fig. 1 have been so recently deposi
ted by the waters of Lake Michigan and winds that vegetation has 
not yet become established. In those areas, no recognizable soil 
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horizons are present. Consequently, these are called 111iscellaneous 
land types instead of soil types. The bare limestone rock ledge in the 
center of the diagral11 is another example of a miscellaneous land type. 

Lake Michigan once covered the whole area represented in Fig. 
1, and all the sands shown have been deposited over the limestone 
bedrocks by water and wind. The water disappeared first frOI11 
the higher areas at the right of the lin1estone ledge in the center 
of the diagram and later fron1 the Saugatuck, Deer Park, Eastport 
and Roscommon areas below the lil11estone outcrop. 

The subsoil horizons are weakly developed on the Eastport and 
Deer Park ridges and are n10derately to strongly developed in the 
Rubicon and Wallace areas. The subsoil (Bh-ir) of the Wallace 
soil is so strongly cen1ented that the Germans call this an "ortstein" 
layer (ort - place; stein - stone; ortstein - stone formed in place). 
The differences between Wallace and Deer Park are due to the 
greater length of til11e in which these cen1enting materials have 
been accun1ulating in the subsoil of the Wallace series. 

The natural processes of weathering or soil formation are con
tinuing daily. The soil is an ever-changing, natural body. Changes 
in soil moisture, soil air, soil organic 111atter and available plant 
nutrients are among the most conspicuous and n10st important of the 
dynamic properties since they greatly influence the soil's productivity. 
Man can alter these soil properties by drainage, irrigation, tillage 
practices, cropping and the use of n1antUeS or fertilizers . Successful 
farming depends upon a knowledge of the different kinds of soils 
present on the farnl. 

MAJOR LOCAL DIFFERENCES IN MICHIGAN SOILS 

The major local differences in Michigan soils are associated with 
variations in the texture of their parent 111aterials and the drainage 
conditions under which the soils were forn1ed. The relationships of 
some common Michigan soil series to each other are shown in Table IG. 

Textures of parent n1aterials are listed vertically along the left 
side of the table with the finest textures, clays, at the top, and the 
coarsest textures, sands, at the botton1. 

The differences in natural drainage are shown horizontally across 
the top of the table, with the well-drained soils at the left and the 

"The complete " Taxonomic Classification Chart for Michigan Soils" can be obtained from the 
Soil Science Department, Michigan State Un iversi,ty, East Lansing, Michigan. 
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- - - - - - - - -
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- - - - - - - - -
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- - - -- - - - - . 

S Oakville 
Plainfiel 
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very poorly-drained organic soils at the right. This chart shows 
some of the COmlTIOn Michigan soils fon11ed fron1 limy parent ma
terials. The soils found in northern and southern Michigan are listed 
in the same blocks, but are separated by dashed horizontal lines. 
The northern soils (N) are listed at the top of each block. 

TABLE l-Relationships to each other of some common Michigan soils 
from limy, mineral or organic materials 

Mineral soils I Organic soils 

Natural drainage 
Texture of mineral Part 

parent materials of Very poorl y drained 
State Well Imperfectly Poorly 

drained drained drained Shallow- less Deep- over 
than 42" thick 42 " thick 

(A) (B) (C) (D) (E) 

(1) F ine clays (55% + ) S Paulding 

(2) Clays and silty clays N Ontonagon* Selkirk* Pickford over clays, 
Bergland Willette 

- - - - - ------ ------ -- ----
S St. Clair Nappanee Hoytville 

(3) Clay loams N Nester* Kawkawlin * Sims high lime , 
- - - - - -- ---- ------ ------ Carlisle 

S Morle y Blount Pewamo 

(4) Loams N Marlette Capac Parkhill over loams, 
- - - - - ------ - ----- ------ Linwood 

S Miami Conover Brookston or 

N McBrid e Coral Ensley over marl, 
Emmet Edwards 

(5) Sandy loams - - - - - ------ ------ ------
S Fox Mathe rton Sebewa 

Warsawt 
Hillsdale Barry 

(6) Loamy sands N Montcalm Otisco Edmore 
- - - - - ------ ------ ------

S Coloma 
Oshtemo Brady Gilford 

(7) Sands N Rubicon Au Gres Roscommon over sands, very acid, 
Wallace t Saugatuck t low lime, low lime, 

- - - - - ------ - - - - - - ------ Dawson Greenwood 
S Oakville Granby 

Plainfield Newton 

*These Gray Wooded soils ha ve profiles similar to the Gray-Brown Podzolic soils of southern Michigan 
Howeve r, they are associated with the Podzols in northern Michigan. 

t This soil has a de e pe r, darke r colored surface than othe r soils in this column. (See Fig. 3) 

t The subsoil horizon of thi s soil is cemented by iron oxides and humic substances so that it interferes with 
the mo vement of plant roots through tha t la yer. This limits the feeding of plants to the surface soil horizons . 

L OCAL DIFFERE~CES IN MICHIGAN SOILS ARE COMMONLY ASSOCI ATED WIT H VARIA
TIONS IN T H E TEXTUHE OF T H E PARE NT MATERIALS AND T H E DRAINAGE CONDITIONS 
UND E R WHICH THE SOILS WERE F ORME D . T H E MOST COMMON KIND S OF SOIL PROFILES 
IN MICHIGAN ARE SHOWN IN COLOR I N F I G. 3 . 
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In using this classification for practical purposes, one must keep 
in mind the very great clin1atic variations in Michigan. The northern 
soils formed from loan1, sandy loan1, or loan1Y sand Inaterials in 
column (A) have profiles like the Marlette, Fig. 3. The northern 
soils formed from clay loan1 or finer n1aterials and the southern soils 
in this column have profiles similar to the Miami or Warsaw. 
The northern soils forn1ed from sands ha ve only the humus-iron 
subsoils, Bh, ir. The textural B horizon, Bt, of the other well and 
imperfectly drained ~!lichigan soils is absent. 

The northern soils fonned from 10aIn or coarser materials in column 
(B) have profiles similar to the Saugatuck. The other soils in this 
colun1n have profiles similar to the Conover, Fig. 3. Both the poorly
drained northern and southern soils, colulnn (C), have profiles similar 
to the Brookston. 

The deep organic soils throughout the state, column (E), are 
represented by the Carlisle profile. The shallow organic soils in column 
(D) have mineral horizons (of the textures indicated at the left 
side of the chart) within 12 to 42 inches of the land surface, with 
organic materials above these Inineral layers. The shallow organic 
soils are not represented on Fig. 3. 

HOW ARE THESE SOIL DIFFERENCES IMPORTANT IN 
LAND USE? 

In the following section, the practical importance of son1e of these 
soil differences are discussed briefly under these headings: (1) avail
able soil moisture, (2) drainage, (3) fertility, (4) erodibility, and 
(5) erosion conh'ol. 

Available soil moisture7 • The an10unt of water that a n10ist soil can 
hold against the downward pull of gravity is called its n10isture hold
ing or field capacity. The difference between the field capacity and 
the moisture content when plants wilt is called the available soil 
moisture, assuming that the water table is below the reach of the 
plant roots. 

Table 2 shows the rates , in inches of rainfall per hour, that sod
covered areas of son1e of the mineral soils in Table 1 will absorb water 
before runoff begins. Cultivated areas of these soils will take up 

7This discussion is based on the preliminary results obtained by A. E. Erickson, L. Stolzy and 
H. Vollbrecht of the Soil Science D epartment of Michigan State University with funds provided for 
Soil Conservation Research. 
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water at about half this rate. When the rainfall rate exceeds these 
values, water will be lost by runoff on slopes: or will accun1ulate as 
ponds in depressed areas. 

Of the mineral soils, those fornl ed from sand parent materials can 
absorb rainfall most rapidly (Table 2). Soils formed frOln sandy 
loam to fine clay absorb rain at increasingly slower rates. Conse
quently, the finer-textured soils would be expected to lose greater 
proportions of the rainfall as runoff. 

TABLE 2-Rates at which sod-covered areas of different mineral soils absorb 
water, in inches per hour. 

Texture of mineral Well Imperfectly Poorly 
parent material drained drained drained 

Fine clays (over 55% clay) ...... .25 
Clays ......................... 0.5 0.7 .8 
Clay loams .................... 
Loams ........................ 1.0 1.0 1.0 
Sandy loams ................... 1.3 1.5 
Loamy sands .................. 
Sands ......................... 4.0 2.5 

THE SOILS FORMED FROM FINE TEXTURED MATERIALS ABSORB WATER LESS RAPIDLY 
THAN THOSE FROM COARSE TEXTURED MATERIALS. MORE WATER WILL BE LOST AS 
RUNOFF FROM THE FINE TEXTURED SOILS ON SLOPES . ( SEE TABLE 4 .) 

The actual losses of water through runoff observed on some of 
the erosion demonstration plots in Michigan substantiate these ob
servations (Table 4). For example, about 46 percent of the rainfall 
was lost as runoff on corn plots cultivated up and down the slope on 
Miami loam, and 28 percent was lost on similar sod areas. Coloma 
loamy sand, however, lost only 10.7 and 1.4 percent by runoff 0'n 
similar corn and sod plots. The loss of water by runoff can be de
creased with the use of contour tillage or by substituting small grain 
or sod crops for cultivated crops in the rotations. 

Soils developed fron1 loam parent material when wetted hold rela
tively large amounts of water which are available to plants (Table 3). 
On slopes, however, these soils may not absorb enough water during 
hard rains to permit optimuln plant growth. 

Soils formed frOln finer-textured parent n1aterials hold larger 
amounts of water at field capacity than do soils fron1 loam materials, 
but less of the water is readily available to plants. More of the rain
fall may be lost in runoff on slopes because of their slower perme-
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ability. On all fine-textured soils, an an10unt of water equal to field 
capacity n1ay actually cause plants to suffer frOITI poor aeration unless 
a good structure is maintained by growth of a sod crop in the rotation 
every third or fourth year, or by growing a green manure crop every 
second year. Soil structure may also be a problelTI on coarser-textured 
soils. 

TABLE 3-Average readily available moisture in inches oj water for the upper 
40 inches of some Michigan soils * 

Mineral soils Organic soils 
Texture of 

mineral parent Very poorly drained 
material Well Imperfectly Poorly 

drained drained drained Shallow t Deep 
- .1------1--------------

Clays ............ 4.5 in. 5.0 in. 
Clay loams ....... 
Loams ........... 5.5 in. 5.6 in. 5.7 in. 11.0 in. t 
Sandy loams ...... 
Loamy sands ..... 
Sands . ........... 4.5 in. 6.0 in. 

*Measurements were made on sod-covered areas, except for the organic soils which were cultivated. The 
water table is assumed to be out of reach of plant roots. 

-rEdwards muck (muck over marl at 12" + ). Reported in Howard Ferris (1951). A pedologic study of the 
shallow bog-diatomaceous earths of the Klamath area, Oregon. Thesis for degree of M.S., Mich. State Uni
versity, East Lansing. 

t Organic materials 12 to 42 inches thick over mineral materials. 

ORGANIC SOILS HOLD THE LARGEST AMOUNTS OF WATER READIL Y AVAILABLE FOR 
PLANT GROWTH. THE FINEST-TEXTURED MINERAL SOILS AND THE COARSE-TEXTURED 
MINERAL SOILS HOLD LESS THAN THOSE FOHMED FHOM LOAM MATERIALS . 

The well-drained soils from loamy sand and sand parent n1aterials 
hold less available water than do those fonTIed from loan1 lTIaterials 
(Table 3 ) . Consequently, deep-rooted crops or crops that grow dur
ing the cooler, nloister parts of the year are better adapted than 
shallow-rooted or SUlTIlTIer crops. These soils lose less of the rainfall 
by runoff on slopes than do finer-textured soils (Table 4). This 
tends to COITIpensate for their lower water-holding capacities. These 
soils have been used extensively for fruit and truck crops in south
western Michigan. 

Perhaps because of the higher organic content of their surface 
horizons , the more poorly-drained soils frOITI these sandy materials 
have good available n10isture-holding capacities. They lTIay be quite 
productive if drained and fertilized so that cultivated plants can be 
grown. 

20 

TABLE 4-Annual runoff losses, a. 
cropped to corn, oats, or me 
slope or on the can tour * 

Tillage practice U 

Crop grown Corn 

Soil: Miami loam, 7% slope, 72 
feet long. 

Parent material: loam. 46 .6~ 
Natural drainage: good. 

Soil: Hillsdale sandy loam, 6% 
slope, 72 feet long. 

Parent material: sandy loam. 20.0~ 
Natural drainage: good. 

Soil: Coloma loamy sand, 6% 
slope, 72 feet long. 

Parent material: sand. 10.7f1j. 
Natural drainage: good. 

*Data from the Soil Erosion D emonstration P 
lationships between permeability of St Clair, 1\ 
losses under different cropping and tillage pra( 
East Lansing. 

WATER RUNOFF LOSSES ARE GREATE 
CONTOUR TILI;AGE AND GROWTH OF II 

The organic soils have tl 
capacities of any of the Michi! 

Drainage 8. Soils developed . 
artificial drainage before they I 

able drainage practices, howe 
of the soils. The poorly-drain 
shallow organic soils over sand~ 
drained with open ditches if s· 
of doubtful value in draining th( 

Poorly-drained soils develo 
clay loan1s, or shallow organic 
and surface drains (Table 1) 
together on the soils developed 

8More complete dra inage reeommend ati( 
D epartment, M ichigan State University, East 
Drainage of :Miehigan Soils" prepared by th e 
and the United States D epartment of Agri eu 



TABLE 4-Annual runoff losses, as percent of the rainfall, from mineral soils 
cropped to corn, oats, or meadow: when cultivated up and down the 
slope or on the contour * 

Tillage practice Up and down hill On the contour 
---- - --- - ---

Crop grown Corn Oats Meadow Corn Oats Meadow 
- -------- -----------------------------

Soil: Miami loam, 7% slope, 72 
feet long. 

Parent material: loam. 46.6% ...... 28.3% . ..... 35.0% 15.8% 
Natural drainage: good. 
-------------------------------------

Soil: Hillsdale sandy loam, 6% 
slope, 72 feet long. 

Parent material: sandy loam. 20.0% ..... . 1.0% 10.0% . . .... . ..... 
Natural drainage: good. 

--------------------

Soil: Coloma loamy sand, 6% 
slope, 72 feet long. 

Parent material : sand. 10.7% ..... . 1.4% 7.0% ..... . . ..... 
Natural drainage: good. 

*Data from the Soil Erosion Demonstration Plots in Michigan, reported by A. Rezende (1951) . Some re 
lationships between permea bility of St Clair, Miami, Hillsdale and Coloma soils and their water and soi
losses und er different cropping and tillage practices. Thesis for degree of M .S., Mich. State University, 
East Lansing. 

WATER RU 10FF LOSSES ARE GHEATEST FHOM THE FINER TEXTUHED MINEHAL SOILS. 
CONTOUR TILI;AGE AND GROWTH OF MEADOW CROPS DECREASE THE RUNOFF LOSSES . 

The organic soils have the highest available n1oisture-holding 
capacities of any of the J\;fichigan soils (Table 3) . 

Drainages. Soils developed under poorly-drained conditions need 
artificial drainage before they can be used for cultivated crops. Suit
able drainage practices, however, depend in part upon the nature 
of the soils. The poorly-drained sandy soils , deep organic soils, and 
shallow organic soils over sands or gravels can usually be satisfactorily 
drained with open ditches if suitable outlets are available. Tiling is 
of donbtful value in draining these areas. 

Poorly-drained soils developed fron1 the sandy 10al11s, loan1s , and 
clay loan1s, or shallow organic soils on such 111aterials 111ay need tile 
and surface drains (Table 1). Tile lines should be spaced closer 
together on the soils developed frOI11 the finer n1aterials in this group. 

BMore comple tc dra inage recomm endations can be obtained from the Agr icultural Engin eer ing 
Department, M ich igan State Un ive rsity, Eas't Lansin g, in the pamphlet "Hecom mended Standards for 
Drainage of M ichi ga n Soils" prepared by the Cooperative Extens ion Service , M ich igan State Un ivers ity 
and the United S~ates D epartmcnt of Agri culture. 
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The economy and feasibility of using tile drains on the finest-textured 
mineral soils is doubtful. Surface drains may be more satisfactory on 
such soils. 

Imperfectly-drained soils frequently have some natural surface 
drainage, but the ways of providing additional drainage are similar 
to those for poorly-drained soil formed from materials of similar 
texture. However, the drainage lines n1ay be farther apart or may 
need to be distributed to intercept lateral water moven1ent on imper
fectly-drained soils. 

Fertility 9 . The poorer the natural drainage conditions under which 
the soil developed, the higher is its organic matter content. The nitro
gen supply of the soil is in this organic n1atter. When organic n1atter 
decomposes, nitrogen is released for use by plants. Decomposition 
goes on more rapidly under warm, moist, but well-drained, well
aerated conditions. Consequently, one of the results of in1proved 
drainage is a larger supply of available nitrogen for plants. 

Organic soils vary greatly in pH and plant nutrient content. Some 
are very strongly acid, but they contain sufficient lime for most crops 
except where the pH is below 5.0. Most organic soils are very low 
in potassium. 

The poorly-drained n1ineral soils are usually less acid than the 
well-drained n1ineral soils fron1 sin1ilar parent materials. Only a few 
of the poorly-drained n1ineral sails in Michigan are below pH 6.0, 
even ll1 the surface horizons. 

The well-drained soils fonned frOln sandier 1naterials absorb more 
of the rainfall and have lower water-holding capacities than those 
from loan1Y materials. Consequently, n10re water moves down through 
these soils , and soluble nutrients are more completely removed. Be
cause of the greater leaching and the lower original supply of plant 
nutrients in the coarser n1aterials, sandy soils are usually lower in 
lime (lime has been removed to greater depths), and are commonly 
lower in available potassium than are the finer-textured soils. 

Nearly all crops on ~;fichigan soils respond to phosphorus fertili
zer. Nitrogen is commonly a limiting factor for non-legume crops, 
unless they follow a good stand of alfalfa or clover or are grown on 
organic soils that are adequately drained. 

"For a more complete discuss ion of fertilizer and lime use on Michigan soils consult Porter , J. A.; 
P. J. Rood and E. D. Longnecker (1952) . Lime and its use. Mich. Ext. Bu!. 314, 36 pp. Also 
D ept. of Soil Sc ience and Horticulture (1954). Fertilizer recommendations fo'r Michigan crops. 
Mich. Ext. Bul. 159. 39 pp. 
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Minor elements are seldom needed on mineral soils in Michigan 
unless the soil is only slightly acid to alkaline in reaction. At pHs 
above 6.0, boron and manganese may be needed by some crops. Some 
mineral soils are known to be deficient in magnesium. The slightly 
acid to alkaline (pH above 6.0) organic soils are usually deficient in 
manganese. Acid organic soils are con1monly deficient in copper. 
Some crops, under certain conditions, respond to magnesium, boron, 
zinc, or ordinary salt when grown on organic soils. 

Maintaining a balance of the plant nutrients in the soil is an 
important fertility problem. The question on Michigan soils is not 
usually, "Is fertilizer needed?" but rather "How much fertilizer can 
be used economically?" Test, don't guess! 

Erodibility. Soils differ in the ease with which they may be eroded 
by wind and water. More water commonly runs off soils formed 
fron1 loam and finer-textured parent materials than from those formed 
from coarser-textured sandy loam, loamy sand, and sand parent 
materials (Table 4). Less soil is lost with the runoff water from the 
finer-textured soils under similar cultural conditions and crops than 
from the coarser-textured soils (Table 5). 

This is probably due to two facts: the particles in the coarser soils 
are more easily dislodged or detached by the rainchops and the 
water flowing across the surface; and the greater natural fertility of 
the finer textured soils supports a more vigorous and complete vegeta
tive cover. 

Because of the greater ease of detachment of the coarse soil 
particles, wind as well as water becomes an active erosive agent on 
unprotected sandy soils. Drained organic soils, when farmed, are 
very susceptible to wind erosion. 

Erosion Control. The detrimental effect of a given amolmt of 
erosion is probably greatest on soils formed from fine textured 
parent materials. Very little quantitative data, however, are available 
on the effects of varying amolmts of erosion on the productivity or 
costs of production on Michigan soils. A vigorous, complete and 
continuous vegetative cover is the most effective erosion control meas
ure. A satisfactory fertility level for the plants grown is the first re
quirelnent in erosion control for it n1akes possible good vegetative 
cover. 
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TABLE 5-Annual soil losses in tons per acre from soils cropped to corn, 
oats, or meadow: when cultivated up and down the slope or on the con-
tour * . 

Tillage practice Up and down hill On th e con tour 
-.------------- ---- --------------------

Crop grown Corn Oats Meadow Corn Oats Meadow 
--------------------------------------
Soil : St. Clair silt loam, 9% 

slope, 72 feet long. 
Parent material: silty clay. 2.9T 1.7T O.24T 1.1T 1.2T O. 16T 
Natural drainage: good. 
-------------------------------------

Soil: Miami lo am, 7% slope, 
72 feet long. 

Parent material : loam. 4.3T 2.1 T O.14T 1.2T O.49T O.065T 
Natural drainage: good. 
--------------------------------------

Soil: Hillsdale sandy loam, 
6% slope, 72 feet long. 

Parent material: sandy loam. 21.3T ..... . O.OT 9 . 3T ..... . .... .. 
Natural drainage: good . 
- - -----------------------------------
Soil: Coloma loamy sand, 

6% slope, 72 feet long. 
Parent material: sand. 22.8T ..... . O.02T 16.6T .... .. ...... 
Natural drainage: good. 

*Data from the Soil Erosion Demonstration Plots in Michigan reported by Rezende, A. Op. cit. 

CmnOUR TILLAGE AND GROWTH OF SOD CROPS PROTECT SOILS FROM WATER 
EHOSION. SMALL GRAIN CROPS FURNISH MOHE PROTECTION FOR THE LAND THAN 
CULTIVATED CHOPS. 

Water erosion increases with the speed of the water flowing across 
the land surface, the an10unt of overland flow, the distance the water 
travels , and th e ease with which the soil particles are dislodged. The 
speed of the water increases with the an10unt of fall or percent of 
slopE' 

Plants protect the soil fron1 erosion by slowing up the flow of 
water, allowing more of it to soak in and thus decreasing overland 
f]ow or runoff losses (Table 4). Plants also bind the soil particles in 
place and break the force of rain drops that 111ay dislodge unprotected 
soil particles. The effectiveness of the plant cover increases with the 
vigor of the plants, the density of the stand, and the proportion of 
the year it is on the land. A vigorous, cOlnplete and contil; uoUS cover 
such as tirnber, or sod crops for hay or pasture, gives n1aximun1 pro
tection. Sn1all grain crops provide n10re protection to the soil than 
do cultivated crops (Table 5) . 
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On slopes greater than 18 percent, the area involved should be 
pern1anently covered with protective vegetation. On the soils develop
ed from sand parellt materials and wh ere land is too steep to pern1it 
the use of tillage equipm ent, conifer species such as Red, Jack or 
Scots Pine n1ay be used . Where the soil is developed from a loamy 
sand or finer parent n1aterial on these steeper slopes, th e land 111ay 
be left in p ermanent sod, or planted to trees. 

On less erodible areas with long slopes where the direction and 
degree of slope permit, crop strips approxin1ately 85 feet wide n1ay 
be laid off across th e slope. Alternate strips are used for protective 
sod crops, while the others are in row or small grain crops. These 
sod strips reduce erosion by decreasing the distance water can travel 
unhampered downslope across less protected soil. 

Terraces can be used in special cases to decrease the distance of 
rapid overland flow. They lead the water off slowly along the terraces 
and decrease its erosive action. 

Grassed waterways should be n1aintained wherever runoff water 
concentrates its flow. Grassed outlets for terraced and contoured 
fields should be es tablish ed before the terracing or contouring opera
tion - otherwise erosion n1ay be greatly increased and gullies started 
in those channels . 

Farn1ers n1ay obtain technical advice or assistance with their 
erosion control proble111s fron1 the county agricultural agent or the 
local Soil Conservation Service personnepo. 

Wind erosion is an in1portant problem on sandy and organic soils. 
The finer, l110re highly fertile soil particles are actually carried away 
by strong winds which are especially con1n10n during the spring 
l11onths, the principal planting and seeding seasons. The coarser soil 
particles drift across the field surface, cutting off and destroying seed
ling plants, finally con1ing to rest in the form of a drift wherever the 
wind is slowed down by barriers, fences , hedge rows or other vegeta
tion. These drifts 111ay clog the drainage ditches in organic soil areas. 

The most practical n1ethod of wind erosion control on agricultural 
soils consists of b ying out a series of windstrips in the cropping 
area. Such strips, of a uniforn1 width fron1 70 to 120 feet, are laid 
out at right angles to th e direction of th e damaging winds during the 

IUFo r more d e tail s co nc(' rnin g recomm end ed cropp in g prac tices, se e : A guide for th e management 
of so il s, fa rm crops, a nd pastures in Mich igan. D epa rtm e nts of So il Scien ce . Fm-m Cro ps and ' I-Iorti 
culture of Michigan Sta te U n ive rs ity , and So il Con se rvat ion S(' rvi ce of th e U nited S ta tes D epartment 
of A g ri c nJt-l.IIc. Septemb e r 1952. 



spring months. In northern Michigan, the winds trips generally run 
north and south. As with contour sh-ips, alternate windstrips will be 
in protective sod crops and the others in row or sn1all grain crops. In 
fact, the alternate strips can be considered as individual fields with 
a definite rotation. 

Wherever wind erosion is serious, rotation and n1anagement prac
tices which keep the land covered with vegetation as n1uch of the time 
as possible should be followed. On sandy soils, large quantities of 
organic matter should be added to increase the moisture-holding ca
pacity and improve the plant growth. 

Windbreaks are used in special cases to reduce wind erosion 11. 

PART II. PROPERTIES USED IN SOIL CLASSIFICATION 12 

Soils differ in the kinds and in the vertical sequence of the horizons 
in the profile. They also differ in the thickness, color, texture, struc
ture, and chemical con1position of the horizons, and the shape of the 
soil body. Each of these properties can be measured or described 
for each soil type. To do this, first expose a vertical soil face in a 
road cut or an excavation. Mark out the boundaries between the 
layers with similar properties. 

The boundaries between the different horizons of a Marlette 
loam profile are sketched, and each layer is briefly described in Fig. 
2. This profile is shown in color in Fig. 3. With these horizon bound
aries as illustrations, proceed to describe each of the following prop
erties of each soil horizon. 

The thickness of the soil horizons varies considerably between soil 
types. The organic surface horizon, Ao, of n1ineral soils is usually 
thin in Michigan, but in organic soils it varies fron1 a foot to many 
feet in thickness. The organic mineral horizon, AI> varies from a 
fraction of an inch in such soils as Grayling to as much as 15 inches 
in the Warsaw or Kokomo soils. 

One of the most common ways of estimating the aITIount of erosion 
that has taken place is to compare the thickness of the upper horizons, 
or the depth to a certain horizon in the soil profile, in eroded and 

"For further information see Stevens, T. D . and W . I. Bull (1954) . Forest trees and shrubs, 
what-where-how to plant. Mich . Ext. Bul. 264, 23 pp. 

"These g·eneral suggestions will be h elpful to individuals using th e Michigan Lmld Conservation 
Soorecard. Copies of this scorecard may b e obtained from the State Soil Conservation Committee. 
412 Agricultural Hall, Mich . Sta te Univ ., East Lansing, Michigan. 
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uneroded areas. The relative thickness of each soil horizon deter
mines in large measure its contribution to the properties of the whole 
soil body. 

The thickness of the soil profile is the sun1 of the thicknesses of 
its A and B horizons and as much of the parent n1aterial or other 
layers, C or D, beneath them as influence the fOfl11ation and behavior 
of the soil. A shallow soil over bedrock can store less water for plant 
use than can a thick soil with otherwise similar properties. In the 
making of soil 111aps in Michigan, augers are used to examine the 
soil to a depth of 66 inches. 

Soil colors may be detern1ined by comparison of each soil horizon 
with standard color charts 13. Fig. 3 may be used as a color chart in 
describing soil colors. A card punched to show the different colors in 
Fig. 3 has been prepared for this purpose and n1ay be obtained free 
of charge from the Soil Science Department of Michigan State U ni
versity, East Lansing. To use it, hold a piece of the soil in question 
close to the chart to find the color it n10st nearly 111atches. Then note 
the nan1e of that color on the card. 

The charts listed at the botton1 of this page contain many more 
colors more systematically arranged for easy color comparisons. The 
color names on the Rock Color Chart are preferred by the authors 
because they have been proposed for use with all colored articles, not 
just for soils 14 . However, the soil color names proposed by the United 
States Department of Agrkulture are n10re widely used in describing 
soil colors. 

The texture of a soil horizon depends on the proportions of the 
different sizes of mineral particles (cobbles, gravels, sands, silts or 
clays) present. The diagran1 on page 47 is a textural triangle showing 
all the possible proportions of sand, silt and clay in any n1ineral soil 
layer. The corners of the triangle represent 100 percent of sand, silt, or 
clay. The different percentages of sand, silt and clay are shown along 
the three edges of the triangle. Lines similar to each of these edges 
show these proportions within the triangle. For example, the red lines 
across the triangle represent the percentage of silt, shown where they 
join the red edge of the triangle. 

13Soil Color Charts may be ohtained from Munsell C olor Company, 10 E. Franklin Street, 
Baltimore 2, Maryland (1954 price, $18.00). Rock Color Charts may be obtained from the Geological 
Society of America, New York, New York (1954 price, $7.00). 

HM ecthod of d esignating colors. Naticon3Jl Bureau of Standards, Resear ch Paper 1239 (1939) and 
Oircular 553 (1955). 
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Each point in th e triangle represen ts a definite percentage of 
sand, silt and clay. The sum of the three constituents is always 100 
percent. For exanlple, point x in th e triangle represents a nlineral 
soil sample, containing 44 percent clay (blue line), 22 percent silt 
(red line) and 34 percent sand (black lin e) . The dashed lines in 
the triangle bound the proportions of sand, silt and clay in each son 
texture. The texture names are shown in each of these areas of the 
triangle. The eXaInple just cited has a clay texture. 

Textural nanles nlay be nlodified by adjectives describing the 
coarser mineral particles in the soil. The sample already cited might 
be a "gravelly clay" or a "stony clay" if it contained a considerable 
proportion of gravels or stones in addition to the sand, silt and clay. 

By practicing with samples which contain known proportions of 
sand, silt and clay, a person can learn to deten11ine soil texture by the 
feel of the nloist soil. (Sets of standard texture samples of Michigan 
soils I11ay be purchased fronl the Soil Testing Laboratory in the Soil 
Science Deparbl1ent of Michigan State University in East Lansing.) 

This is possible because nloist clay is plastic and sticky; silt is 
sn100th and floury; and sand is coarse and gritty. Mixtures of sand, 
silt, and clay have properties between these tlu-ee extremes which 
are shown near the corners of the textural triangle (See diagI'am on 
page 47). 

In the 10aI11 texture, the physical properties of the soil are influenc
ed about equally by the sand, silt and clay. \Vhen moist, loan1s are 
I11ealy instead of plastic, floury, or gritty. LOaI11 soils have physical 
properties that are desirable for the production of 111any crops. Be
tween these four textures (loanl, sand, silt and clay) are others inter-
111ediate in their properties. They are designated by con1binations of 
the names of the four textures they nlost nearly resenlble in physical 
character (silt loam - between silt and loanl textures, 10anlY sand -
between the sand and loanl textures but nlore like the sand, and the 
sandy loam - between the loanl and th e sand textures but nlore like 
the loam ). 

Soil sh'ucture refers to the way in which the individual soil 
particles are joined into chm1ps or aggregates. If the aggregates 
are irregular in shape but rounded, porous , sl11all, and weakly held 
together, the soil has a cnlnlb structure. If they are less porous and 
more strongly held together, the structure is granular. The more 
nearly cubical aggregates represent blocky structure. 
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When the aggregates are of about equal dimensions horizontally 
but are longer in the vertical direction , the structure is prisrnatic (or 
colun1nar if the tops are rounded). If the vertical din1ension is 
luuch shorter than the horizontal, the aggregates are platy. Fig. 
7 shows some of these kinds of soil structure aggregates. 

The 111aterials n10st effective in binding the soil particles into 
aggregates are the clay and organic materials. Consequently, sandy 
soils low in organic matter are very weakly aggregated or unaggre
gated, and the structure is said to be single grain. Individual sand 
grains can be easily n10ved by wind. Clay soils which are low in 
organic matter so that all the particles tend to stick together in one 
large clun1p are called massive and structureless. In this case, the 
pores between the particles are so sn1all that it is difficult for water, 
air and roots to enter or move through the soil. If the clay particles 
are grouped into sluall lun1ps or granules, they lnay be more easily 
drained and are n10re productive. 

A B c o 

E F 

Fig. 7. Drawings illustrating some of the kinds of soil structure: A, pris
matic; B, columnar; C, angular blocky; D , subangular blocky; E, platy; and 
F, granular. 
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Organic matter improves the structure of mineral soils and makes 
sandy and clayey soils behave physically more like loams. Organic 
soils frequently have good structure and are readily permeable to 
water, air and plant roots. After they have been farmed for a while 
and the plow layer has decomposed or has been broken into fine 
granules, these small organic fragments are easily nloved by the wind. 

In the silt loanl s0'ils, the pores are fr equently too snlall to permit 
ready movement of water, air and plant roots unless they are well 
aggregated. Again this requires the presence of organic 111atter and 
some clay. Good structure in medium to fine-textured mineral soils 
is destroyed by working thenl when they are wet and by excessive 
tHlage. Growth of grass or legume-grass sods for one or two years 
greatly improves the structure of the plow layer of these soils. 

Shape. The shape of the soH body is important in its use. The 
hDrizontal extent of a soil area is shown by its outlin e on a soil 111ap. 
The donlinant slope of the land surface is conlnl0nly shown by the 
slDpe class. 

A slope finder such as the scale in the center of this huHetin , can 
be used in determining the slope, i.e. , the number of feet rise or fall 
in 100 feet of horizontal distance. 

TD assemble the slope finder, fasten the scale to a flat surface 
of a board by using shellac or some other adhesive 111aterial. Tmee
ply veneer wood cut to the size of the sheet does very well. If shellac 
is used, apply three or four coats, allowing the previous coat to dry 
hefore each new application. When the last coat is partially dry or 
"tacky", lay the scale in place, smooth all wrinkles, and allow to dry. 

The weight (a metal washer or nut will do) can be hung with a 
string from a short pin or brad. The string should be snlall but strong, 
such as cotton or silk thread. It should be long enDugh SD that the 
weight hangs free of the bDard. 

To make the sighting pins, use conlmon pins or, preferably, sll1all 
needles driven firmly into the board at the points indicated. Cut them 
off about one quarter-inch frOlll the surface of the board. 

To use, hold the slope finder sheet with the long axis approxinlately 
vertical. Line up the sighting pins by sighting along the sluface 
whDse slope you wish to measure or by sighting along the top of two 
objects of equal height on that surface, e.g., two fence posts. When 
the sighting pins and the surface (or the tops of the objects on the 
surface) are in line, allow the weight to swing free until it is station-
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ary; catch the string on the lower edge of the board with a finger 
and read the percent of slope at the point where the thread crosses 
the numerical scale. 

Slope classes commonly used in n1apping of soils in Michigan are: 
A= O-2 percent; B= 2-6 percent; C= 6-12 percent; D= 12-18 
percent; E = 18-25 percent; F = 25-35 percent; G= 35 percent+. 

Chemical composition. The above physical properties, while im
portant, are not enough to characterize the soil. The chemical com
position, the forms and relative amounts of the different plant nutri
ents, are an expression of its fertility. While the fertility of the plow 
layer can be controlled by fertilizing and n1anuring, the expense of 
these practices may be too great to permit economical production on 
some soils when naturally more feTtile soils are available. 

The nutrient content or reaction of the soil horizons beneath the 
plow layer luay detennine the relative needs for fertilization of a 
crop on different soils once its roots have extended to the underlying 
soil horizons. The presence or absence of lime in the soil, the depth 
at which it occurs, and the pHI G of the individual soil horizons are 
used in the classification of Michigan soils. Differences in the prop
erties of Michigan soils are reflected in the fertilizer and lime recom
mendations for the various crops. 

PART III. WHERE ARE THE DIFFERENT KINDS OF SOILS IN 
MICHIGAN? 

HOW ARE SOIL MAPS MADE? 

Satisfactory soil maps can be n1ade only by actually observing the 
soils in the field. Today, the boundaries b etween the different kinds 
of soils are plotted on aerial photographs of the area by soil scientists 
as they walk across the fields , systematically observing the soil char
acteristics not only at the surface but also to depths of 42 to 66 
inches. The aerial photographs are a great aid in plotting boundaries 
accurately. Many reference points (such as houses, fi elds, roads and 
streams) are visible on the aerial photographs, and many soil differ
ences show up in the color of the soil or the character of the plants 
growing on them at the time the photograph was taken. An aerial 
photograph with soil boundaries is shown on th e cover of this bulletin. 

15pH is an express ion of acidity or alkalinity on a number scale of 0 to 14. A pH of 7. is 
a neutral reaction. pH's below 7.0 increase in acidity. pH's above 7.0 increase in alkalinity. 
The pH of soils in Michigan varies from 3 .0 (extremely acid) to 8.3 (containing free lime). 
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WHAT INFORMATION IS AVAU-,ABLE ON MICHIGAN SOILS? 

As a result of the cooperative efforts during the last 55 years of 
the j\lIichigan Agricultural Experinlent Station, the ~!(ichigan Depart
n1ent of Conservation and the United States Department of Agricul
ture, general infon11ation on the kinds of soils in n1any parts of the 
state is now available. SOl11e of this general inforn1ation is Slll11mar
ized in the next section of this bulletin and in the n1ajor soil associa
tion n1ap attached to the back cover 1 (i. 

Fig. 8 shows the kinds of soil surveys that have been lTIade for 
different counties in ~!(ichigan. In addition, sinee 1935 the Soil Con
servation Service has been n1aking soil n1aps of individual farn1s for 
use in farn1 planning. Copies of these fan11 n1aps and all the soil sur
veys listed in Fig. 8 are available for use at the Michigan Agricultural 
Experin1ent Station. Most of the inventory infornlation for each 
county is available locally, either through the County Agricultural 
Agent or local Soil Conservation Service personnel. 

Since reconnaissance and land type lTIapS show only groups of 
soils instead of soil types , they are not detailed enough to show all 
of the different kinds of soils in each fan11 field. Since aerial photo
graphs became generally available (1935), it has becon1e possible to 
show the location of the soil types in individual farm fields in detailed 
soil surveys. The older and Jll0re generalized surveys, however, are 
still very useful for 111any purposes. 

In order to show the n1ajor land divisions which exist in Michigan, 
the 43 n1ajor Michigan soil associations have been grouped into 26 
divisions on the D1ap attached to the back cover. The land divisions 
are indicated by capital letters on the map legend and are described 
here in alphabetical order. 

LAND DIVISIONS 

LAND DIVISION A 

Level to rolling soils developed from red, acid, sandy loams and loamy 
sands: ~!(unising , Keweenaw, Skanee and Gay are the principal soil 
series in this land division, which coincides with Soil Association No. 
1 on the state 111ap. 

This land division represents the 10aITIY sand and sandy 10an1 soils 
with slightly to strongly cen1ented n1aterial at 12 to 36 inches below 

H'For a more d e tailed ge ne ral account see Veatc h , J. O. ( 19.53). So ils ({.nd Lands of l'dichigaH . 
Mi ch. State Un iv. Press, East Lans in g. 
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the surface . The soils which are pinkish or pale reddish in color show 
the strong influence of Lake Superior sandstone. The n1aterial is de
rived largely from sandstone or crystalline rocks with an absence of 
liInestone material. The soils are stron gly acid to a depth of several 
feet. Sandstone bedrock actually ontcrops or is close to the surface 
in 111any places. 

~ ROYALE 

MICHIGAN 
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These soils occur on benches or plains frOIn 50 to 500 feet above 
the level of Lake Superior. The benches at the lower elevations show 
a considerable mnount of strealn dissection in places, while at higher 
elevations the land becomes rolling to hilly. 

These are among the better agricultural soils in the westeTn part 
of the Upper Peninsula. The value of the land for farn1ing purposes is 
lowered by the slopes, stoniness and associated poorly-drained soils. 
Only a small percentage of the land is cleared. Timothy, alsike clover, 
oats and potatoes are the principal crops grown. Dairying and part
time farming near the mining centers are the principal types of farm
ing. Strawbeny and raspbeny production are important enterprises in 
some localities. 

LAND DIVISION B 

Undulating to hilly soils formed from acid, stony, sandy loams, loams 
and silt loams: Iron River, Wakefield and Gogebic are the dominant 
soil sm-ies. This land division includes Soil Associations No.2, 3, 4 
and 5 on the state Inap. 

This land division occupies the rolling to extremely hilly medium 
textured uplands in the western part of the Upper Peninsula at eleva
tions of 1,300 to 1,900 feet above sea level. Either gravelly or organic 
soils occupy considerable aggregate acreage in the associated valleys 
and plains. 

The surface soils range from sandy loams to silt loams overlying 
either reddish, somewhat cemented, sandy loams, loams, or rather 
coarse sandy glacial drift. The underlying n1aterial is dominated by 
the influence of igneous and n1etamorphic rocks, with a strong influ
ence frOIn the iron-bearing rocks and reddish sandstones. The in
fluence of the sandstones becomes n10re n1m-ked in the western part 
of the division where the Wakefield series occurs. The soils are acid 
in reaction to a depth of several feet. 

The present locations of the farming communities in this land divi
sion are closely related to the mining industry. The principal farming 
areas are found near Iron River, Iron N[ountain, Ironwood and Crys
tal Falls. The agriculhlral use of the land (Fig. 9) is affected by the 
unfavorable slopes, stoniness, and shortness of the growing season. 
Hay, pasture, oats and potatoes are the n1ain crops. Pasture grasses 
do well when areas are cleared and properly fertilized. 
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LAND DIVISION C 

Gently rolling to very hilly soils developed from acid, stony sands 
to sandy loams: The dominant soil series in this land division are 
Marenisco, Vilas and Gogebic in the uplands, and Stambaugh and 
Pence in the valleys. Soil Associations No.6, 7 and 8 on the state 
map comprise this land division. 

The soils in this grouping have been developed from acid, stony 
sand to sandy loam parent material. This land division occurs in the 
western half of the Upper Peninsula at elevations of 1,400 to 1,800 
feet above sea level. The topography varies from gently rolling to 
extremely rough uplands with either silty or organic soils in the 
associated level valleys. 

Only sn1all areas near mining locations are utilized for farming 
purposes. The value of the land for crops and pasture is lowered by 
the variability of the soil textures, the steepness of the slopes, the 

Fig. 9. Iron River loam (Soil Association No.2). The agricultm·al value 
is reduced by stoniness, unfavorable slopes, and shortness of growing season. 
Note the stone fences and large stone piles in the center of the photograph. 
Only a small percentage of this land is in cultivation. However, this association 
represents potential agricultural land. 
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Fig. 10. Dry sand plains (Soil Associations 9 and 28) with second growth 
jack pines. Best land use is forestry and recreation. 

excessive an10unts of stones and boulders, and the shortness of the 
growing season. The best use for n10st of this land at the present 
tilne is for forestry and recreation. 

LAND DIVISION D 

Level to hilly dry sands: The principal soil series are Rubicon, Olnega, 
Vilas and Pence. This land division coincides with Soil Association 
No.9 on the state n1ap. 

The soils of this land division (Fig. 10) are n1ainly well-drained 
sands which extend to depths of several feet. These soils are strongly 
acid and low in organic luatter. Organic soils and lakes are COlnmon. 
The topography ranges fron1 level plains to extren1ely hilly uplands. 
The lin1iting factors for agricultural use are low natural fertility, 
low lnoisture-holding capacity, and wind erosion when the soil is tilled. 
The land is largely in second growth forests. The best land use is for 
forestry and recreation. 
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LAND DIVISION E 

Gravelly, stony, sandy loams and loams or sandstone benches along 
Lake Superior: Onota and Waiska are the principal series in this 
land division which coincides with Soil Association No. 10 on the 
state map. 

The land is used prin1arily for forestry and pasture because of the 
excessive stoniness and the closeness of the bedrock to the surface 
(Onota). The agricultural value is further affected by the associated 
dry, gravelly, cobbly ridges (Waiska) and wet areas which are both 
mineral and organic in character. The fanning areas are limited to 
those locations which have a thicker soil covering over the bedrock. 
Forestry and recreation are the primary uses for this land. 

LAND DIVISION F 

Hilly and mountainous-Soils formed from acid sands to silt loams: 
Soil Associations No. 11, 12, 13, 14 and 15 comprise this land division. 
The major soils are Baraga, Champion , Gogebic, Vilas, Iron River 
and Munising. 

This land division represents the rough, steep and 1110untainous 
areas in the western part of the Upper Peninsula, includin g the iron 
and copper ranges and th e Huron and Porcupine n10untains. The 
areas occur at elevations of 1,200 to 2,000 feet above sea level, with 
the highest point in the state located in this land division. The 
soils are fanned fron1 a variable thickn ess of sands , sandy 10an1s and 
silt 10an1s over bedrock of granite, basalt, slate, shale or schist. In 
general, the soils are excessively stony and bouldery with rock knobs , 
ledges and outcrops con1mon (Fig. 11). 

This land has very low agricultural value because of the occur
rence of rock outcrops, th e extreme stoniness of the soil, the steepness 
of th e slopes, the shortn ess of the growin g season and th e great varia
bility of the soils. A very limited an10unt of part-time farn1ing is found 
adjacent to the mining locations and larger cities. Other than iron 
and copper n1ineral resources, th e chief value of th e land is for fores
try and recreation purposes. 
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Fig. 11. Rock knobs and ledges typical of Soil Associations No. 11, 12, 13, 
14 and 15 in the western part of the Upper Peninsula. The best use of this 
land is forestry and recreation. 

LAND DIVISION G 

Nearly level to rolling soils developed from limy red clays-con
siderable portion poorly-drained-some stream dissection: Ontonagon, 
Pickford and Bohemian are the dominant soil series. Soil Associa
tions No. 16 and 17 are included in this land division on the state map. 

The soils of this land division were formed from reddish limy 
lacustrine clay or stratified silts, clays, and very fine sands. The areas 
are dominantly level plains with strips of strongly dissected land 
bordering the courses of the deeply intrenched streams. Soil Associa
tion No. 16 in the southeastern part of Ontonagon County, however, 
is rolling in character. The topography, especially in Chippewa Coun
ty, is generally favorable for large fields. 

Limiting factors in the use of this land are the difficulties of tillage 
and inadequate drainage. The soils are cold and wet in the spring, 
the growing season is short, and the distance to large markets is great. 
The area is best adapted to hay, small grains and pasture. Dairying 
and cattle feeding enterprises utilize the principal crops produced. 
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LAND DIVISION H 

Level to rolling soils developed from limy clay loam and silty clay 
loam soil materials: The principal soil series in the Upper Peninsula 
(Soil Association No. 18) are Watton, Ontonagon and Bohemian, while 
in the northern half of the Lower Peninsula (Soil Association No. 19), 
Nester, Kawkawlin and Selkirk are the dominant soil series. 

The soils in this land division are lnainly fonned from glacial tills 
of clay loam to silty clay loan1 textures. The drainage usually varies 
frOln good to imperfect. Poorly-drained soils are found in depressional 
areas and in natural drainageways. 

The level to rolling topography is generally favorable for tillage 
operations. The closely associated wet areas, both mineral and organ
ic, often influence the size and shape of fields. Locally, slopes are 
excessively steep and, where cultivated, n1ay have deteriorated because 
of water erosion. 

The soils are deep, relatively high in fertility, and durable under 
cultivation except on the steeper slopes. Dairy and livestock farms 
represent the principal agricultural use for this land division. A con
siderable portion is in second growth forest. 

LAND DIVISION I 

Level, poorly-drained soils formed from loams, silt loams, and clay 
loams: The principal soil series in Soil Association No. 20 are Sims, 
Parkhill, Kawkawlin, Capac and losco. Soil Association No. 21, occur
ring along Saginaw Bay, includes the Wisner, Thomas and Essexville 
soils which are limy on the surface. 

The soils of this division were developed under very poor natural 
drainage conditions from IOaIn, clay 10aIn or silty clay IOaIn parent 
material. The soils are relatively high in organic matter, nitrogen 
and lime. They are moisture retentive, have good natural fertility 
and are durable under cultivation (Fig. 12). Closely associated are 
varying sized areas with 18 to 42 inches of loamy sands or sandy loanls 
covering the clay lomns or silty clay loams. 

The topography is nearly level, with some low depressions and 
narrow sandy ridges. ~lost of this land was wet, swampy, and heavily 
timbered in its native state. The principal hazards to crop production 
are the naturally poor drainage and poor tilth (soil structure). When 
tile drainage with adequate outlets is provided, the soils are very 
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Fig. 12. Level land (Soil Association 20-21), productive when tile drains 
with adequate outlets are provided. 

productive because the surface is deep, fine-textured, and well sup
plied with hunlus. They are not subject to serious erosion losses by 
either wind or water. 

In the northern part of the state where the growing season is 
shorter and the soils are cold in the spring, the land is largely in sec
ond growth forest or is utilized for pasture purposes . 

LAND DIVISION J 

Well-drained, level to rolling soils developed from limy, sandy loams 
and loarns: Onaway, Trenary, McBride, Guelph, Marlette, Posen, 
Elnnlet, and Bark River are the dominant upland soil series. The 
associated organic soils are largely Carbondale and Carlisle. This land 
division coincides with Soil Association No. 22 on the state nlap. 

In Menominee and the western part of Charlevoix and Antrim 
Counties, the soils occupy narrow, elongated ridges and drunllins , ris
ing 25 to 100 feet above the intervening swamp areas. The remainder 
of the division is largely till plains. Areas with a shallow covering of 
brown loanl soil over limestone bedrock are also included in the divi
sion. In SO'111e localities, stones interfere with cultivation. 

These high lime, relatively fertile soils with high 1110isture-retain
ing capacity, are ideal for alfalfa. Snlall grains , corn and potatoes 
are the other principal crops. Dairying is the principal type of far11l
ing in these areas. 
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LAND DIVISION K 

Level, poorly-drained soils formed from limy, sandy loams, loams and 
silt loams: Angelica and Richter are the don1inant soil series in Soil 
Association No. 23, while the stratified stone-free silts and very fine 
sands are characteristic of the Brin1ley and Bruce series of Soil Asso
ciation No. 24. 

The soils of this division were developed under poor natural drain
age conditions fron1 either stratified silts and very fine sands or loan1Y 
till material which n1ay or l11ay not show evidence of stratification. 
Organic soils in both large and sn1all bodies are comn10n in this 
division. 

The topography is nearly level with some low swells and narrow 
sandy ridges. The land is naturally wet and swampy and was origi
nally heavily tiI11bered. 

The soils are cold and wet in the spring and the growing season 
is short. Consequently, the land ren1ains largely in second growth 
forest or is utilized for pasture purposes. Areas along the St. Mary's 
River south of Sault Ste. Marie are used to a limited extent for farm 
and truck crops. 

LAND DIVISION L 

Level, poorly-drained soils developed from limy loams to clay loams 
-considerable portion with sand to sandy loam overburden: The 
dominant soil series are Brevort, losco, Ogemaw, Sil11S and Arenac. 
Soil Association No. 25 of the state n1ap coincides with this land 
division. 

This land division consists of poorly-drained 10UI11 to clay 10UI11 
soils with over 50 percent of the total area having a covering of 18 
to 42 inches of l11ixed wet and dry sands and sandy loan1s over the 
loan1 to silty clay lOUIn l11aterials. Deeper, drier sands are also in
cluded in this delineation. A con1plex pattern of these conditions 
frequently occurs on the ~an1e farm and sometil11es in the same field. 
Drainage is one of the principal requiren1ents for the agricultural 
use of this land, and the variable thickness of the sand overburden 
creates a problem in the establishment of a tile drainage system. 

The value of the land for agricultural use is directly related to 
the thickness of the sandy upper layer. The value of the land increases 
as the thickness of the sandy overburden decreases. In the favorable 
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climatic zones, staple field crops are grown on the soils where they 
are adequately drained and the sandy covering is absent or less than 
42 inches thick. In the northern part of the Lower Peninsula, the 
soils are largely in second growth forest or are used to a limited ex
tent for pasture. The higher, dry sand ridges are frequently used for 
tree plantations which reduce wind erosion. 

LAND DIVISION M 

Level to rolling well-drained soils formed from limy sands and loamy 
sands: Kalkaska, Mancelona, Emmet, Montcalm and Blue Lake are 
the dominant soil series in this land division. Soil Association No. 26 
on the state map coincides with this land division. 

This is one of the most extensive land divisions in the northern 
part of the Lower Peninsula and the eastern part of the Upper Penin
sula. The soils are dominantly sands, lomny sands , and sandy loams 
occupying level to rolling locations. The original forest was largely 
hardwoods, mainly sugar maple (Fig. 13). 

A considerable range exists from soils which are excessively dry 
to those which are nl0derately nloisture retentive. The surface soils 
and subsoils are generally slightly to strongly acid. In general, stones 

Fig. 13. Field sh'ips used to reduce wind erosion on level soils of Soil 
Association No. 26. Note large areas of second growth hardwoods in the back
ground. 
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and boulders are not a problem. Some inclusions of Posen and Emmet 
soils, however, are so extremely stony and bouldery that tillage opera
tions are difficult. 

The soils are not naturally highly productive and require very 
careful soil management to obtain satisfactory crop yields. They are 
usually low in organic matter, are easily tilled, warm up rapidly in 
the spring, and require fertilizer for high crop yields. A considerable 
amount of the sandier land which had been cleared and farmed now 
has been abandoned. Soils developed from sandy loam materials are 
excellent for potato production and produce fair to good yields of 
alfalfa, mixed hay, and oats. 

LAND DIVISION N 

Rolling to hilly well-drained soils formed from sands to sandy loams: 
Wexford, Montcalm, Emmet and Leelanau are the dominant soil 
series. Soil Association No. 27 on the state map coincides with this 
land division. 

This division is characterized by rolling to extremely rough land 
which occupies the morainic areas of the northern part of the Lower 
Peninsula and the eastern part of the Upper Peninsula. The parent 
material from which these soils were formed ranges from sands to 
sandy loams, with loams and clay loams in local areas. The original 
forest was largely hardwoods, mainly sugar maple. 

The value of the land for farming is greatly reduced by the asso
ciated sandy soils and unfavorable slopes. Water erosion is a serious 
problem where areas are cultivated. The undulating to gently rolling 
sandy loam areas represent the best potential farming land of the 
division. In Leelanau and Grand Traverse Counties where the climate 
is favorable, a considerable acreage is devoted to cherry orchards. 
Most of the hillier and sandier land is still uncleared and is in second 
growth sugar maple and aspen. 

LAND DIVISION 0 

Level to hilly dry sands: The soils and land use of this division are 
similar to Land Division D. Rubicon, Grayling, and Roselawn are the 
major soil series. These soils were formed from materials low in lime, 
while those in Land Division D were developed from non-limy mate
rials containing more dark-colored minerals. 
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LAND DIVISION P 

Mixed wet and dry sands with organic soils: The dDn1inant so.il series 
are RDscDmmDn, AuGres, Arenac, Spalding, Rifle and GreenwDDd. 
This land divisio.n co.incides with Soil AssDciatiDn No.. 29 Dn the state 
map. 

It includes mixed wet and dry sands with clDsely assDciated peats. 
The mineral sDils were develDped frOln sandy parent material. The 
pDDrly-drained sandy SDils (RDscDmmDn o.r KinrDss) have a thin peaty 
surface with the water table at or near the surface. The iInperfectly 
drained sands (Saugatuck Dr AuGres) have well-developed brDwn or 
mDttled gray and brDwn subsDils. SDme well-drained sands Dccur 
as dry ridges Dr plains. 

The cDmbinatiDn Df wetness and sandy textures results in a very 
IDW value for general farm cro.ps. The sDils are used fDr truck crDps 
and small fruits where the climate is favDrable. In the vicinity Df the 
larger cities, the land is used fDr rural residences and fDr small, part
time farms. Large tracts are in seco.nd grDwth fDrest Df pDDr quality. 

LAND DIVISION Q 

Gravelly, stony limestone benches along Lakes Michigan and Huron: 
Lo.ngt'ie, Summerville and St. Ignace are the dDminant so.il series in 
this land divisiDn which co.incides with SDil AssDciatiDn No.. 30 Dn the 
state map. 

The so.ils are mainly sandy Io.ams and IDams. The land is used 
primarily fo.r pasture Dr fDrests because Df the stDniness and the clo.se
ness Df the bedrDck to. the surface. The agricultural value Df the land 
is further reduced by the associated dry, gravelly, cDbbly ridges and 
intervening wet areas which are both mineral and Drganic in charac
ter. The farming areas are limited to. thDse locatio.ns which have a 
thicker so.il cDvering Dver the bedrDck, and are mainly in the Posen 
and LDngrie series. The land is used fDr summer co.ttage sites and 
recreatio.n. SDme large limestDne quarries are IDcated in these areas. 

LAND DIVISION R 

Level to rolling soils developed from limy clay loams, silty clay loams 
and clays in southern Michigan: The principal sDil series are St. Clair, 
Nappanee, MDrley and BIDunt. This land divisiDn cDincides with Soil 
AssDciatio.n No.. 31 Dn the state map. 

44 

The sDils in this land divi 
tills Df clay IDam, silty clay l( 
drainage Df these soils ranges 
drained, with the latter cow 
smDDther sites. PDorly-drained 
and in natural drainage ways. 

The tDpDgraphy is level to 
farming DperatiDns. The close] 
the size and shape o.f the field 

The sDils are deep, high in 
except Dn the steeper slopes. T 
the rate Df water mo.vement t 
Df gDDd sDil structure on the S1 

land fDr crDpping purposes. T 
staple crDps as hay, corn, whe~ 

LANI 

Level, poorly-drained soils forr 
and clays in southern Michig 
AssDciatiDn No.. 32 are Brook~ 
stratified stDne-free silts and ch 
ly TDledD and CDIWDOd. 

The so.ils o.f this division we 
age cDnditiDns frDm IDam, cla: 
They are relatively high in OJ 

mDisture-retentive, have good] 
cultivatio.n. CIo.sely associated 
Df IDamy sands Dr sandy loan 
These sDils are bDth wet and 

The tDpDgraphy is nearly II 
sandy ridges. A large propo 
swampy, and heavily timben 
hazards to' crop production an 
nance of gDod tilth (soil Structll 
Dutlets is prDvided, and grass 
regularly to' maintain the strue 
cause the surface sDil is deep: 
humus. They are not subject t 
Dr water. 



The soils in this land division are mainly formed from glacial 
tills of clay loam, silty clay loam, silty clay or clay textures. The 
drainage of these soils ranges from moderately well to imperfectly 
drained, with the latter condition generally associated with the 
smoother sites. Poorly-drained soils are found in depressional areas 
and in natural drainage ways. 

The topography is level to rolling and is generally favorable for 
farming operations. The closely associated wet areas often influence 
the size and shape of the fields. 

The soils are deep, high in fertility, and durable under cultivation 
except on the steeper slopes. The tightness of the clay which reduces 
the rate of water movement through the soil, and the maintenance 
of good soil structure on the surface, are problems in the use of this 
land for cropping purposes. The soils are suitable for growing such 
staple crops as hay, corn, wheat, oats, beans and sugar beets. 

LAND DIVISION S 

Level, poorly-drained soils formed from loams, silt loams, clay loams 
and clays in southern Michigan: The principal soil series in Soil 
Association No. 32 are Brookston, Blount and Hoytville, while the 
stratified stone-free silts and clays of Soil Association No. 33 are main
ly Toledo and Colwood. 

The soils of this division were developed under poor natural drain
age conditions from loam, clay loam, or silty clay parent materials. 
They are relatively high in organic matter, nitrogen, and lime; are 
moisture-retentive, have good natural fertility, and are durable under 
cultivation. Closely associated are small areas with 18 to 42 inches 
of loamy sands or sandy loams over the loams to silty clay loams. 
These soils are both wet and dry, and have a wide fertility range. 

The topography is nearly level with some low swells and narrow 
sandy ridges. A large proportion of this land division was wet, 
swampy, and heavily timbered in its native state. The principal 
hazards to crop production are naturally poor drainage and mainte
nance of good tilth (soil structure). When tile drainage with adequate 
outlets is provided, and grass or grass-legume sod crops are grown 
regularly to maintain the structure, the soils are very productive be
cause the surface soil is deep, fine-textured, and well-supplied with 
humus. They are not subject to serious erosion losses by either wind 
or water. 
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LAND DIVISION T 

Level to rolling soils developed from limy loams in southern Michi
gan: The principal soil series are Miami and Conover. This division 
coincides with Soil Association No. 34 on the state map. 

The soils in this land division are derived mainly from limy loam 
glacial till. The drainage varies from good to imperfect with the 
latter condition generally associated with the smoother locations. 
Poorly-drained soils are found in depressional areas and in natural 
drainways. 

The topography is nearly level to rolling, and is favorable for 
tillage operations (Fig. 14). The closely associated wet areas, both 
organic and mineral, often influence the size and shape of fields . 
Locally, on excessively steep slopes, water erosion has caused a de
cided decrease in productivity. 

Fig. 14. Undulating to rolling topography typical of Soil Association No. 
34. The soils are deep and relatively high in productivity when well-managed. 

The soils are deep, relatively high in fe~tility, and durable under 
cultivation except on the steeper slopes. The soils are suitable for 
growing such staple crops as corn, wheat, oats, alfalfa, beans and 
sugar beets. The muck soils which are closely associated in the region 
constitute valuable land for the production of onions, mint, and 
truck crops. 
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Diagram showing all possible proportions of sand, silt and clay in a mineral 
soil sample. The proportions of sand, silt and clay in each texture are bounded 
by the dashed lines in the triangle. Additional discussion of this diagram appears 
on pages 26 and 27. 
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LAND DIVISION U 

Undulating to rolling imperfectly-drained soils from limy sandy loams 
to clay loams in southern Michigan: Coldwater, Hillsdale and Hodunk 
are the principal soil series. This land division coincides with Soil 
Association No. 35 on the state map. 

The surface soils are sandy loams to loams with sandy loam to 
clay loam parent material. Although the land is undulating to rolling, 
the occurrence of cemented or finer-textured layers in the soil profile 
causes wet conditions which require some corrective surface and tile 
drainage over much of the land division. The soils are generally acid 
in the surface and subsoil layers, and are used for general farming. 

LAND DIVISION V 

Level to rolling well-drained sandy loams in southern Michigan: 
Hillsdale and Bellefontaine are the dominant soils in the rolling Soil 
Association No. 36 areas. Fox and Oshtemo soils are found in the 
more level Soil Association No. 37 areas. 

The plow soils are dominantly light-colored sandy loams, coarse 
loams and loamy sands. The substratum is variable from the slightly 
limy sandy loams of the Hillsdale series to the open, loose, pervious 
sand or gravel of the Oshtemo, Fox and Bellefontaine series. The 
topography ranges from level to rolling. Many of the level outwash 
areas are strongly pitted. 

The soils are easily tilled, moderately productive, and require 
fertilizer for high crop yields. They are adapted to a wide variety 
of crops. They are not excessively droughty, but lack of moisture
holding capacity together with the natural low fertility are probably 
the greatest limiting factors in crop yields. The soils are generally 
acid in the surface and subsoil layers and are low in organic matter 
content. They are generally subject to some wind erosion, and the 
rolling areas also suffer from water erosion. Liming is usually re
quired for satisfactory stands of alfalfa. 

Also included in this division are the dark-colored soils, distinct 
from other Michigan soils in that they were developed under a grass 
or prairie vegetation with a scattering of burr oak trees. They are fre
quently referred to as "burr oak openings" and occur in small bodies 
in southwestern Michigan (Fig. 6), with the largest areas in Kalamazoo, 
St. Joseph and Cass Counties . They are shown as Soil Association No. 
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38 on the state map. Warsaw is the n1ajor soil series. The soils are 
naturally well-drained sandy loams and loams which are intermediate 
in fertility, productivity and durability. The surface layer, high in or
ganic matter, extends to a depth of 8 to 20 inches. The sandy clay 
loam subsoil is usually tmderlain by calcareous gravel and sand at a 
depth of 24 to 42 inches. The surface layers are strongly acid. These 
soils occur on level plains with local shallow pit depressions. Lack 
of available moistul'e may somewhat reduce crop yields. 

LAND DIVISION W 

Rolling to steeply sloping well-drained loamy sands and sandy loams 
in southern Michigan: Boyer, Bellefontaine, Spinks and Hillsdale are 
the dominant soil series. Soil Association No. 39 on the state map 
coincides with this land division. 

This land division is characterized by rolling to extremely rough 
terrain with lakes, swamps and marshes in the basin-like associated 
areas. The substratum is variable from loose coarse sands and gravels 
to 'Sandy loams. The topography is not well adapted to large fields 
and mechanical agriculture, and much of the land has depreciated 
in value because of soil erosion on the steeper, cultivated slopes. 

The complex association of diverse soils with unfavorable topo
graphy has resulted in the use of these lands for a wide range of 
crops, including small grains, hay, pasture, fruits and other special 
crops. The farms range frOlll first class in the smoother areas to sub
marginal or abandoned on the steeply sloping, sandier soils. Many 
hilly areas are unsuitable for farn1ing and are best used for forestry and 
recreation. Commercial gravel enterprises represent a non-agricul
tural use of this land, especially in Livingston and Oakland Counties. 

LAND DIVISION X 

Level, poorly-drained sands to sandy loams over loams to clays in 
southern Michigan: The dominant soil series are Berrien and Wau
seon with lesser acreages of Brookston, Conover and Ottawa soils. 
Soil Association No. 40 on the state map coincides with this land divi
sion. This land division consists largely of mixed wet and dry soils, 
formed from a covering of 18 to 66 inches of sands and sandy loams 
over loams to clays. 
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This land division also includes fairly large areas without the 
sandy overburden and areas with deeper, drier sands. A cOlnplex 
pattern of these conditions frequently occurs on the smne fann and 
sometimes in the same field. Drainage is the principal requirement for 
the agricultural use of this land, and the variable thickness of the 
sand overburden creates a problem in the establishment of a tile 
drainage system. 

The value of tlle land for cropping purposes increases as the thick
ness of the sandy overburden decreases. The kind of crops grown 
are also related to the thickness of the sandy covering. In the vicin
ity of the larger cities, the deeper sandy soils which are not suited for 
general field crops are used for pasture, truck crops, small fruits, or 
small, part-time farms. 

LAND DIVISION Y 

Level to hilly dry sand in southern Michigan: Plainfield, Ottawa 
and Newton soils occupy the more level sites, Soil Association No. 
41, while Plainfield, Coloma and Spinks occur in the rolling to hilly 
areas, Soil Association 42. 

The soils of this land division are mainly well-drained sands which 
e~end to depths of more than 66 inches. These soils are sh·ongly 
acid and low in organic matter. The topography ranges from level 
plains to extremely hilly uplands, with some dunes along Lake Mich
igan. The limiting factors for agricultural use are the low natural 
fertility, low moisture-holding capacity, and wind erosion when the 
soil is tilled. Local areas are utilized for special crops when the 
soil is heavily manured and fertilized, where mm'kets are available, 
and where irrigation is possible and practical. The remainder of the 
land renlains in second growth forests, public recreational areas, or is 
used for nlral residences. 

LAND DIVISION Z 

Organic Soils (Mucks and Peats): The organic soil areas include areas 
which are entirely or largely occupied by muck or peat in sufficiently 
large bodies to be delineated on the soil association map. Snlaller 
areas of organic soils are found, however, in most of the other broad 
land divisions. 

In the southern part of Michigan (Fig. 15) nlany of the organic 
soils are utilized for the production of onions, mint, celery, potatoes 
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Fig. 15. Sugal' beets and truck crops growing on organic soils (Soil Associ
ation No. 43). The building in the background is used for the distillation of mint. 
Mint is grown almost entirely on organic soils in Michigan. 

and truck crops. The frost hazard limits the use of mucks and peats 
in most of the northern part of the state largely to timber products, 
mainly pulp and posts, and cover fO'r wildlife. Limited acreage is 
used for pasture. Open marshes and leatherleaf bogs occupy large 
areas in the eastern half of the Upper Peninsula. 

Fertility, control of water table, wind erosion, and the shortness 
of the growing season are the major problems in the successful use of 
the organic soils. Soil Association No. 43 on the state map coincides 
with this land division. 
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LAND 
DIVISION 

AREA 
NUMBER 

ISLE ROYALE 

LEGEND 

SOIL ASSOCIATIONS 

I. PODZOL REGION (Non-Limy Materials) 

o 1 Munising, Keweenaw, Skanee 

2 Iron River Silt Loam 
3 Iron River Loam 
4 Gogebic, Wakefield, T ula 
5 Gogebic, Trenary, Hiawatha 

IT] 6 Munising, Keweenaw, Hiawatha 
7 Marenisco, Gogebic, Vilas 
8 Keweenaw, Munising, Hiawatha 

IT] 9 Rubicon, Omega, Pence 

10 Onota, Waiska 

11 Baraga, Champion, Peats 
12 Champion, Rock Knobs, Peats 
13 Iron River, Gogebic, Rock Knobs 
14 Gogebic, Rock Knobs, Ahmeek 
15 Vilas, Munising, Rock Knobs 

II. PODZOL REGION (limy Materials) 
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II. PODZOL REGION (Limy 

m 16 
17 

18 
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21 

l0 22 

23 
24 

IT] 25 

~ 26 

0 27 

@] 28 

IT] 29 

30 

M unisin g, Keweenaw, Hiawatha 
Marenisco, Gogebic, Vilas 
Keweenaw, M unising, Hiawatha 

Rubicon, Omega, Pence 

Onota, Waiska 

Baraga, Champion, Peats 
Champion, Rock Knobs, Peats 
Iron River, Gogebic, Rock Knobs 
Gogebic, Rock Knobs, Ahmeek 
Vilas, Munising, Rock Knobs 

Materials) 

Ontonagon, Pickford 
Pickford, Bergland, Peats 

Watton, Ontonagon, Bohemian 
Nester, Kawkawlin, Selkirk 

Sims, Kawkawlin, Capac, losco 
Wisner, Essexville, Marsh 

Onaway, McBride, Guelph, Peats 

Angel ica, Richter, Peats 
Bruce, Brimley, Peats 

Brevort, losco, Sims, Peats 

Montcalm, Kalkaska, Emmet, undulating 

Montcalm, Wexford, Emmet, hilly 

Rubicon, Roselawn, Grayling 

Roscommon, Au Gres, Peats 

Longrie, Summerville, St. Ignace 

III. GRAY-BROWN PODZOLIC REGION (Limy Materials) 

31 St. Clair, Blount 

32 Brookston, Blount, Hoytville 
33 Toledo, Col wood 

34 Miami, Conover 

35 Coldwater, Hillsdale 

36 Hillsdale, Bellefontaine, Spinks 
37 Fox, Oshtemo 
38 Warsaw 

39 Bellefontaine, Hillsdale, Boyer, hilly 

40 Berrien, Wauseon 

41 Plainfield, Newton, Ottawa 
42 Coloma, Spinks 
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These Michigan State University students, under the direction of Prof. I. F. 
Schneider, are studying a soil profile. They are preparing for a career in soil 
survey. 

Many other opportunities await the soil science graduate . T he prospective 
farmer may learn to manage his soil scientifically. Industry is calling for men 
with soils training. The)' serve as salesmen, agronomists, land appraisers and farm 
managers. 

The Soil Conservation Service, state highway departments and Federal and 
State Extension Services need soil science graduates. Hesearch in soils is expand
ing so rapidly that Universities and experiment stations are short of men with 
soil science training. 

A degree in soil science is a stepping stone toward success on the farm or 
in a career in any industrial, educational or public service organization connected 
with agriculture. 




