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THE MUCK SOILS OF MICHIGAN

Their Management for the Production
of General Crops

By M. M. McCOOL and PAUL M. HARMER

The total area of muck soil in Michigan has been estimated by
various investigators as from 2,000,000 to 4,000,000 acres. Unlike con-
ditions in many states, where the muck soil is localized and occurs in
large areas, that of Michigan is widely distributed, and, for the most
part, in relatively small areas. Because of its wide distribution and the
difference in extent of development, muck land varies from the un-
settled, unreclaimed areas, valued at practically nothing to areas which
have the highest valuation of any agricultural land in the state. The
latter group owes its high value to the highly developed, intensive
cropping systems practiced.

A considerable proportion of Michigan farms (Table 1) have, within
their bounds, muck soil. This may occur in upland fields as “pot holes,”
or, in more extensive areas, as pastures, usually in a worn-out condi-
tion, as wood lots, meadows, cultivated fields and waste areas. This
last group is by no means small and such areas are in many cases
found near the farmstead, an “eye-sore” to passersby. Many times
these waste areas are so located that they result in irregular fields
and increase the problems of management. Since these areas in most
cases are producing nothing, are interfering with the most economical
system of farm management and are nevertheless taxed, the net re-
sult is an increase in the average cost of operating the farm.

Muck farming in Michigan is in its infancy. Of the total muck
area, the proportion of reclaimed land is not more than a small per-
centage. The acreage of the special muck crops grown in the state,
notably celery, onions, and mint, is gradually increasing, but, assum-
ing the total muck area to be 2,000,000 acres, the porportion used at
thc present time for the production of these three special crops com-
bined is less than three-fourths of one per cent. It is evident that any
large increase in the proportion of the total muck area used for the
growing of the special muck crops would result in a serious over pro-
duction of these crops. IFurther, since such crops require considerable
hand work, the labor situation in the state tends to prevent such in-
creases at the present time. Instead, the development of new muck
areas must be along the line of general farming, with the raising of
products which are in general demand.

Crop production on muck soil is largely dependent on five different
factors worthy of careful consideration by the farmer, viz.: nature ofs
the muck, extent of drainage, cultural methods, fertilization, and crop
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Table 1. Showing Percentage Muck Area, Total Muck Area, Percentage of Sec-
tions containing Muck, and Average Muck Acreage in Sections containing
Muck, as calculated from Soil Survey Report (24).

Average
Percent- | Percent- N?' e Total

age muck age of c?)n{?x% e\d acreage

Area surveyed (1) of total sections in sections | ©f muck

land contain- w(;n ah in area

area ing muck contain. surveyed

muck
ANCTIAN TI0k 02 4 0 538 5 S5 B0 SRS e 5 g oo i ot o 9.3 57.6 .0 49,280
Alma area (part of Gratiot G0 smsse s emsmsmmams smas 9.5 57.3 .5 17,408
CalOUTL G0k 5 655 65w @ 5mw0m 55 60 516 415 81 6 88, 08105 & 0 & 12.5 74.6 3.5 55,616
B 0kt 535 oo 5o, STt oS T Tiks) ST B ) S 8.0 51.5 %) 25,728
G O CIOE: U Oh s wimgpit, e o 0 vy (e 1 00 1 e e G R B N 2 L 55.4 .4 24,192
Munising area (part of Alger Co.).................. 8.1 41.2 .3 21,184
Oxford area (part of Oakland Co.).................. 15.2 91 .7 .5 20,416
Pontiac area (part of Oakland Co.)................. 4.4 41.4 5.2 8,640
Owosso area (part of Shiawassee Co.)............... 5.8 33.7 el 9,088
Saginaw area (parts of Bay, Saginaw, Tt a and

HOTON G085 ) ace svaswons ve 2w s g0 swse 7.6 34.9 .6 48,128
St JOSBPR C00y s w5 5w 55 om0 9 1 510 50806 5 5100 8ip 8 5 90585 551538 13.9 82.2 5.6 44,864
WEKEOTA T 0 i o513 6 e i 5 sy o5 505000 51 0 3 80608 08 6 e e s o el 22.6 9.6 7,744
BErren. Co: (Bl v i as v s a5 5 o5 Siem i & Wi 6 s 98 2.8 39.5 i | 10,196
TSI AT E 02 i ivtoms: 21550 ovtim s P, rep N rosh i, RS 13.8 87.9 5 48,841
A L B O N v s ey e i e 70 8 e G W58 4.5 55.9 o2 16,474
K alaFnaz 00 ClOL A2 « v o v g m s arss ¢ w s sy o i 25 9.2 79.2 2.4 32,983
Livingston Co. (2). . ...ttt 15.4 98.1 el 56,018
ManiStes Co. (). vuii s inisss so s 65 ma s aim e s 56 hs 6o 6.3 28.1 .9 22,592
QAW CO: ()4 o v vmom e s s mssssss s s ssnis 5.0 23.1 o2 18,080
Vam: BUTeI CO% (20 s e b s s s s 58 56 6 69 8.3 67.6 5.6 32,775

(1) In some of the earlier soil surveys, small areas of meadow and swamp
were mapped. Since recent investigation has shown that these areas are largely
muck, they are included as muck in the above calculations.

(2) Survey of county completed but report not yet published.

adaptation. In general, the methods of soil management which are
successful on upland (mineral) soil are not adaptable to muck soil.
General farming on the larger muck areas of the state has not in all
cases proved successful, largely because the farmers have attempted
to use upland farming methods. It is for the purpose of pointing out
the methods which are proving successful in muck farming, and of
presenting the results of four years of experimental work on the muck
soils of the state, that this bulletin is prepared.

Definition of Muck. The term “muck,” as used in Michigan, refers
to those soils which contain a high percentage of organic (vegetable)
matter, in a well decomposed condition. Peat signifies the rawer or-
ganic soils. - It is evident that there is no sharp line of demarcation.
In general the agricultural practices which are suited to muck are
likewise adaptable to peat soil. For that reason the term “muck” may
be considered to include both mucks and peats in the discussion which
follows.
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THE ORIGIN OF MUCK SOIL

Muck soils vary markedly, one from another, in their several char-
acteristics. According to the conditions which prevailed at the time
of its origin, a muck may be deep or shallow, well decomposed, fibrous
or woody, of the same type of material throughout or varying in type of
material at different depths. Since the natural productiveness of a
muck varies to some extent with the type of deposit, a consideration of
the different types of muck and the factors governing their formation
is undertaken at this point.

Methods of Formation. The most important factors in the forma-
tion of a muck soil are poor drainage, and a fairly high precipitation
(rainfall plus snowfall) rather uniformly distributed throughout the
year. Muck is formed by the accumulating growth of aquatic plants,
the remains of which fall into the water below, which serves to pre-
vent their complete decomposition, by keeping out the air necessary
for the decaying process. In general a cool climate, which provides
a lower rate of evaporation and a slower rate of decay, permits a
more extensive accumulation of muck. For this reason, the propor-
tion of muck land to the total swamp land has been found to be con-
siderably lower in most of the southern than it is in the northern
states.

Muck deposits are formed either by the filling in of lakes or by
the building up of the muck on wet flat areas and “springy” hillsides.
Examination of the profile of a filled-in lake shows that deposit gen-
erally to consist of layers of different types of material. The forma-
tion of these various layers depends on the depth of the water, only a
relatively few plants being able to thrive in water more than six feet
deep. As the lake is filled in by the muck and the water becomes shal-
low, other plants are able to come in, resulting in a change in the type
of the muck formation.

Types of Muck Materials

Any one of the different layers mentioned later may be at the sur-
face in one deposit but lacking or buried by other layers in another
deposit. Furthermore, these various mucks, formed by quite different
types of vegetation, may vary considerably in color, texture and pro-
ductivity. In a classification of different mucks according to the con-
ditions under which they are formed, Dachnowski (8) has placed them
in four distinct groups: the aquatic (deep water), the marsh, the swamp
and the bog.

Aquatic Group. The deep water type of muck, deposited in water
varying from two to 15 or more feet in depth, is formed by the remains
of such plants as the pond weed, water plantain and water lily, de-
posited in a more or less structureless condition, and mixed with the
sediment brought in by streams. The result varies from a coarsely
macerated to a finely divided muck, the latter often smooth to the
touch and having the consistency of liver when wet. It may contain
seeds and spores and sometimes considerable marl or shells. In color
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it varies from gray to brown or black. Usually it is more or less inter-
- mingled with roots of the slough grasses (sedge)-

If the finely divided type of the deep-water muck is drained before
other types of vegetation have developed muck layers above it, it may
prove quite difficult to manage, although productive when properly
farmed. I'requently it tends to shrink markedly on drying, sometimes
forming cracks, which close only after prolonged rainfall. - After con-
tinued cultivation, this type may form a very fine dust which blows
badly. Occasionally rather pure deposits of this muck are found to
be quite impervious, resulting in a water-logged soil for several days
after heavy rains, even though ditches and tile lines are numerous.

Fig. 1,——Formaftior1 of the deep-water type of muck is progressing in this lake.
Note the water lilies, pond weed and other associates which thrive in water up
to fifteen or more feet in depth.

If the deposit is very fine, structureless and oozelike, trouble is some-
times experienced with the tile which tend to settle out of alignment
when laid in the fine material. If such a spot is encountered in tiling,
the condition may be remedied by laying boards underneath the line
of tile.

Marl. Frequently the deep water type of muck is somewhat mixed
with and often underlain by a white or gray material known as marl.
Marl is a more or less pure form of lime carbonate, deposited in large
part, according to Davis (9) and others, by a few small plants of the
algae family. These plants live in deep water and are able to take
lime from the water and deposit it as a scale around the plant. When
the plant dies, this lime becomes part of that left by preceding and
succeeding generations to form the deposit of marl. Shells sometimes
enter into the formation of marl, but their presence is generally only
an indication that clam life (mollusks) existed in the lake at the time
that the marl was forming. For the use of marl in correcting soil
acidity see page 31.

Marsh Group. As the vegetative growth continues each year to
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build up the muck deposit, the water slowly becomes more shallow.
As a result other species of plants gradually come and supplant those
which were most abundant in deep water. If the water was never deep,
the deep-water muck is entirely lacking and the marsh muck is the
bottommost type of muck material. The plants most commonly enter-
ing into the formation of the marsh muck are the cat-tails, rushes,
reeds, slough grasses (sedges) and the true grasses. These plants
are usually associated in their growth to a greater or lesser extent,
but in the greater part of the mucks of this type in Michigan, the
sedge has played by far the most important part. In fact sedge is
generally considered the most important former of muck in the state.

Fig. 2—A scedge marsh, with a small area of open water in the foreground.

The structure of this muck is usually fibrous, with the leaves and
roots of the sedge, rushes and reeds easily recognizable. In many de-
posits the surface 4 to 10 inches is rather well decomposed but, gen-
erally, the underlying material is readily identified. The color varies
from light to dark brown or brownish black, the more decomposed ma-
terial being the darker.

Frequently the sedge becomes an important factor in the develop-
ment of muck by growing out from the edges of a lake to form a felt-
like mat on the surface of the water. This mat may finally close in and
entirely cover the lake surface, forming what is known as a “floating”
or “quaking bog.”  As this mat builds up, it sinks of its own weight
until it may finally rest on the muck at the bottom.

The soils of this group usually drain well when ditched or tiled and
do not have the tendency to shrink and crack on drying, that is ex-
hibited by the deep-water group. Although it is a popular opinion
that this type of muck is not as productive as the forest type, this is
probably largely due to the fact that its natural fertility in many cases
has been largely exhausted by the removal of marsh hay before the
muck is first broken.

Swamp Group. The swamp group is made of muck materials formed
largely from forest litter. The forest trees commonly found on these
deposits in Michigan are the tamarack, white cedar (arbor vitae),
black spruce, ash, elm, maple, poplar, birch, alder, willow and oc-
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casionally others. The forest does not enter upon the muck deposit
until it has been well huilt up, so that the ground water level is below
the level of the muck surface for a considerable portion of the year.
Of the different species, the tamarack is most often the first to enter
the marsh, while the three cone-bearing trees, tamarack, black spruce
and white cedar are able to grow under moister conditions than are the
ash, elm and maple. 1f the cone-bearing trees do not enter, the alder
or willow or both may serve as the advance guard for the forest.

Several investigators have found that the ash—elm—maple swamp
represents the final product in the formation of a muck soil. The water
level remains below the surface for the greater part of the year, so that
decomposition of the muck practically equals the accumulation. In
Michigan this type of muck deposit is largely confined to the southern
portion of the state.

Fig. 3—A forested muck. Here the forest is composed of a mixed growth with
white cedar (arbor vitae) and tamarack predominating.

Bog Group. Instead of the entrance of the forest on the marsh,
when its surface has been built up to or above the water level, the
next type of vegetation may be the bog. The most characteristic
species of plants entering into the bog formation are the shrubs: leather
leaf (Cassandra), huckleberry, labrador tea, bog rosemary and cran-
berry, frequently associated with sphagnum moss and sometimes with
sedges. In time this vegetation may be more or less replaced by a
forest growth, usually tamarack and black spruce. If the original
shrub vegetation was abundant and the deposit deep, the succeeding
forest is generally scant and dwarfed, and represents the climax in
the building up of the deposit.

This group of muck materials is by far the least fertile of the four
described, and is usually low in lime (Page 28). It is generally raw
and should be classed as peat. It does not compact readily when drained
and, for that reason, crops grown on it may suffer from drought, un-
less the soil is well managed. Although the aggregate of these deposits
is comparatively small in the state, they are widely scattered, usually
in small deposits. This type of muck is represented in the southern
part of the state by huckleberry (swamp blueberry) marshes. Improve-
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ment of drainage frequently results in the dying out of this bog vegeta-
tion and sometimes in the formation of a barren area.

The Muck Profile

In the preceding description of the four main groups of muck mate-
rials, only the most important plants entering into their formation
have been named. Since the drainage conditions frequently vary in
different parts of a muck area, it is evident that from one to all four
of these different types of muck may comprise the surface layer in
various portions of any one deposit. - Although, under normal condi-
tions, the muck profile would show the deep-water muck at the bottom
of the deposit, and forest or shrub muck as the final stage, changes
in the ground water level, by the damming of the natural drainage out-
let, or by the burning over of the deposit, frequently result in a rever-
sion to some of the plant species which were common to the area
during the earlier stages of poorer drainage. The writers have ob-
served as many as three distinct layers of forest material, alternating
with as many of sedge muck in a muck profile. In the natural sequence
of the plant species, the transition from deep-water to sedge muck 1is
gradual and the line of demarcation in the muck profile is not definite.
The transition from sedge muck to forest muck is usually, but not
always, more abrupt.

Fig. 4—A black ash and elm swamp, showing good growth of timber. Located
on deep muck, this field was being used as a woodlot at the time it was photo-
graphed.

Besides the filled-in deposits, built-up deposits are formed on poorly
drained flat arcas, and on “springy” hillsides. These are more abund-
ant under the lower temperatures of the northern part of the state
than in the southern portion. These deposits may be of the same ma-
terial throughout or they may vary with depth as do the filled-in de-
posits. The deep-water type of vegetation is seldom present in such
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deposits, but the other three—marsh, forest and bog—are rather com-
mon.

HISTORY OF MUCK LAND DEVELOPMENT

European

Records show that the so-called “Fen” method of muck cultivation
was developed in Holland at least as early as the 16th century. This
consisted in the spreading out of the surface material after the under-
lying layers had been removed for fuel, the mixing in of 4 or 5
inches of sand with the surface layer, followed by fertilization with
a compost of stable manure and city refuse. Naturally this system
of muck farming was limited to areas not far from cities. It is not in
practice at present.

The “burning” method was developed in the seventeenth century
in the outlying districts of Holland and in other parts of Europe. As
it was largely used on the low-lime, less fertile mucks, the fertilization
produced by burning off the surface layer did not prove of much bene-
fit after a few yearly burnings had brought the surface down to the
less fertile muck. This method is now to a considerable extent pro-
hibited by law in Europe.

The “Rimpau” method, developed in Germany in 1862, differed from
the I'en method in two particulars. By the Rimpau method the sand
was applied as a layer over the muck, and cultivation confined to the
sand layer. Instcad of the city refuse, phosphate and potash fertiliz-
ers were used. .

The fact that the Rimpau method, very successful on the high-lime
mucks of southern Germany, was a failure on the low-lime mucks of
northern Germany, resulted in the establishment of the Bremen Peat
Experiment Station, the first peat and muck experiment station in the
world.  The success of this station has resulted in a number of similar
experiment stations on the muck soils of other European countries.

The Fen and Rimpau methods of muck farming are now, for the
most part, displaced by more recent methods. They are impractical in
Michigan because of the large amount of labor required for “sanding”
the soil. A modification of the Rimpau method is used in cranberry
growing.

American

According to Elliot (10), the United States contains within its boun-
daries approximately 79,000,000 acres of swamp land, a considerable
proportion of which is undoubtedly muck. About one-fifth of this
acreage, most of which is muck, lies in the northern states, north of
a line drawn from the southern boundary of Towa to the center of
New Jersey and east of a line passing along the Minnesota-Dakota
boundary. Of the southern states, more muck is found in Florida
(largely in the Everglades) than in any other. The poorly drained
lands of Canada are estimated at 22,000,000 acres, most of which are
ast of Lake Winnipeg. A large proportion of this area is without
doubt muck and peat,
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Although the agricultural development of the muck lands in the
United States must be considered as only begun, that in Canada is
practically untouched. A considerable proportion of that which has
been reclaimed is being used as meadows and pastures without any
attempt at soil improvement. Only a very small fraction of the mucks
of the country are being used in truck crop production. Considerable
study regarding the fertilizer requirements of the muck has been car-
ried on at several experiment stations. A brief review of that work
1s made later in this discussion.

Fig. 5—A portion of a small huckleberry bog, showing shrub growth in the fore-
ground and forest growth on the edge of the deposit.

THE MOISTURE SUPPLY

No group of soils is more exacting in its requirements for an un-
failing supply of moisture for crop production than is muck soil,
Frequently a report is made that a certain area is not producing satis-
factory crops and that fertilizer is not improving the yields. Although
other factors may be the cause of this condition, it is often a problem
of moisture supply. Since different crops vary somewhat in their water
requirements, it is necessary that in lowering the water level the con-
ditions be studied closely in order that drainage satisfactory to the
crops to be grown may be given.

Proper Drainage

With the exception of such crops as cranberries and huckleberries,
the natural water level of a muck area is ordinarily too high for satis-
factory crop growth. A majority of general farm crops and root crops
produce their best yields on muck with the ground-water level dur-
ing the summer months averaging around three feet below the sur-
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face, although it may be somewhat higher during the early part of
the season. Hay produces ‘well, and is in less danger of winter killing,
if the water table can be maintained at about two feet below the sur-
face without causing flooding during wet periods. Water levels in
pastures should be from two to two and one half feet below the
surface, to prevent the cutting up of the sod by the stock. If the
muck is quite raw or fibrous, the water level should be slightly
nearer the surface, while, if the muck is compact and contains consider-
able clay, the water level may be considerably farther below the sur-
face than the distances just given.

Fig. 6.—Proper drainage is essential in muck farming. The photograph was taken
in an area which was excessively drained and shows the only remedy for that con-
dition, the use of dams for holding back the water.

Most important in this connection is the need for a fairly uniform
water level during the greater part of the growing season. A high
water level in the spring causes a “cold” soil, resulting in delayed
planting and, frequently, poor germination and slow growth. A water
level which drops considerably after the root system has become estabh-
lished produces a droughty soil, with consequent lessened yield. On
the other hand, an increase in the height of the water level, after the
root system has become established and lasting several days, causes
a “drowning” of the root system, resulting in the cutting off of the
supply of plant nutrients and ending the growth of the crop. A crop
will produce better yields with the water level permanently at a depth
of two feet, than it will if the water level is at a depth of three feet
for the first part of the season and then suddenly rises to a depth of
one foot at the time when the crop is making its greatest growth.
The need, then, is a drainage system, adequate to remove the excess
water within a few hours following a heavy rain, without, at other
times, inducing excessive drainage of the soil.

Excessive Drainage. Just as lack of sufficient drainage results in
decreased yields, excessive drainage has a similar effect. The writers
have observed areas of muck which, due to this excess, were quite
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barren through the year. If an over-drained muck hecomes very dry,
it may become extremely resistant to wetting, considerable rain being
necessary to restore its normal moisture content. If this muck is
one which shrinks and develops deep cracks on drying, the problem
becomes still more serious. Such areas are relatively few in Michigan.

Where muck areas have been excessively drained, the unproductive
condition can generally he corrected by the use of dams, placed in the
outlet ditches, to raise the water level. If these dams are equipped
with flood gates, the spring waters may be allowed to flow out and
carry away any deposit of accumulated sediment. The gates may then
be closed to a height which gives satisfactory moisture conditions in
the soil areas above.

The Drainage System

The most important part of the drainage system is a satisfactory
outlet, that is, one having sufficient fall. The main drain of most drain-
age systems is an open ditch leading into a river or lake. Generally
in the drainage of Michigan muck areas, the submains and laterals,
likewise are open ditches. Where tile have been used, they are prov-
ing very satisfactory when properly laid; in the saving of land area,
in avoiding the cutting up of fields by ditches, in eliminating trouble
with the gradual filling up that occurs in ditches, and in doing away
with the ditch bank, a continual source of supply of weed: seed.

Fig. 7.—Digrammatic sketch of dam devised and constructed by Dr. O. Lloyd-Jones
in co-operation with the Agricultural Engincering Dept. of this Station.* It has
the advantages of being cheaper in construction than the type shown in Fig. 6
and of serving as. a bridge across the ditch. The water-way leads over the flush
boards into a concrete box which opens into a large tile passing under the fill.
Because of seepage, a thin wall of puddled clay must be placed in the fill, extend-
ing into the banks. If the head of water is not great, it is not necessary to use the
lines of piles.

*A detailed description of this type of dam under the title “Drainage Control
on Muck Land” appeared in the May, 1925, number of the Michigan Experiment
Station Quarterly.
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Of the different kinds of tile, either glazed or unglazed clay tile have
proven satisfactory on muck soils. Although practically as service-
able as glazed tile, the unglazed are generally less expensive. Investi-
gations with concrete tile, made by the Agricultural Chemistry and
Agricultural Engineering Departments, (28) lead them to recommend
that they should not be used in muck soil, owing to their tendency to
disintegrate when placed in some mucks. A few farmers have used
box tile, made by nailing four-six-or seven-inch boards together. In
some cases the box tile are reported in good condition after 20 years use.

Fig. 8—The open ditch gradually fills in, and has to be cleaned out every few
years. Its banks soon become a seed bed of obnoxious weeds and the presence of
the smaller ditches is often a source of inconvenience in the management of the
farm.

Distance between tile lines. The distance at which parallel lines of
tile should be placed, to secure satisfactory drainage of muck land,
depends on three factors, viz; amount of rainfall, type of muck and
nature of underlying material. In general the greater the rainfall, the
closer the lines of tile should be placed. Since the precipitation in
Michigan is fairly uniform, averaging from 27 to 36 inches (23) in
different parts of the state, the two last-named factors present more
variable conditions for consideration in the laying of the tile lines.
If the muck is of a fairly open type and is underlain by sand or gravel,
at a depth which will be penetrated by the main ditches, ditches at
half mile intervals may prove sufficient to give adequate drainage. If
the muck is deep, or underlain with clay or marl, lines of tile or ditches
at intervals of 150 to 300 feet are generally found necessary. If the
muck is of a very impervious type, such as sometimes results from deep
water origin, tile lines placed as close as 50 feet apart, may be required
to give adequate drainage.

Depth of tile. If tile are laid soon after the mains are completed,
consideration should be given to the facts that muck settles rapidly
for a few years after draining, and that settling takes place between
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the surface of the soil and the ground water-level. At the East IFen
at Lincolnshire, England, drainage records show that the muck layer
decreased in thickness from six to two feet in 80 years. Likewise on
the University Marsh at Madison, Wisconsin, accurate measurements
(11) showed a settling of the muck of three-fourths foot in five years,
after tile were laid at a depth of three and one-half feet, that settling
taking place above the tile. Because of this settling, it is advisable to
allow the muck to lie a few years after the area has been ditched, be-
fore tile are laid. During this period pasturing will prove beneficial.
When the muck has settled for a few years, tile laid at a depth of three
to three and one-half feet will lower the water table to a depth satis-
factory for general crops. Since proper drainage is so important on
muck soil, the services of a capable drainage engineer are practically
indispensable in laying out a drainage system.

Loss of Natural Vegetation with Drainage. Drainage of a muck area
that is forest covered or supporting a growth of huckleberries or cran-
berries generally results in the dying out of some of the trees and a
considerable portion or all of the huckleberry and cranberry growth.
Since many of our undrained mucks are giving a fair return in their
present condition, this loss and the cost of reclamation should be con-
sidered before drainage is undertaken.

PREPARATION OF THE SOIL FOR CROPPING

The amount of labor required to bring the newly drained muck into
condition for cropping varies greatly, depending on the type of muck
and its condition. If it is forested, the first cost is that of clearing,
while, if it is grass-covered, the initial step is breaking. Although a
recently burned-over area generally can be prepared for cropping with
less expense than can the others, the use of fire in clearing cannot be
recommended for several reasons, as indicated below.

Clearing the Muck

A large proportion of the muck soils of Michigan are forest-covered.
This growth may comprise black ash and elm, tamarack, white cedar
or mixed growth. If the land has been cut over or if fire has swept
the area in the past, the original growth may be largely replaced by
poplar. Usually the root growth is quite shallow and the clearing is
not as difficult as on upland. Sometimes the layer of muck of forest
origin has considerable depth, and below the living growth are buried
stumps, trunks and roots of trees of former generations which slowly
come to the surface. In certain areas in the state, which have been
under intensive cultivation for more than 30 years, several loads per
acre of roots are still being removed at the time of plowing.

After the timber has been removed, the use of a muck area as pas-
ture, for several years before breaking, often proves desirable. This
method allows the stumps and roots to decay and to work gradually to
the surface where they may be more easily removed. At the same
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time, it gives the farmer opportunity to use his spare time in continu-
ing the clearing of other fields. Suggestions for establishing or im-
proving a sod on the unbroken muck are given on a subsequent page.

The Use of Fire in Clearing. In clearing off the brush from a cut-
over area or in removal of the shrubs and moss from the bog deposits,
a certain amount of burning of the debris is necessary. However, this
should be done as ecarly as possible in the spring while the muck is
still rather damp, in order to prevent destruction of the soil. Frequent-
ly the breaking of a grass-covered deposit is likewise facilitated by
burning off the vegetation. If the surface layer of the muck after
breaking is very fibrous and is underlain by a more decomposed muck
at a short distance below, as is occasionally the case, burning of the
surface layer may be a distinct benefit. The surface of such a soil
should be well disked as early in the spring as possible, and, as soon
as the disked layer becomes dry enough, it can be burned without
danger to the underlying layers.

In some localities fire is used for the double purpose of clearing the
muck of its forest growth and of burning off a layer of the surface
soil, the ash serving to fertilize the soil for several succeeding crops.
This use of fire is to be discouraged for several reasons. Chief among
them are:

1. Danger to neighboring fields and farmsteads.

2. Burning off of shallow deposits often leaves sand, marl, clay or
hardpan exposed.

3. Decreasing depth of muck shortens life of muck deposit.

4. Surface muck is often more fertile than lower layers.

5. Lowering the level of the field lessens chances of obtaining proper
drainage.

If a substratum of sand or marl is left exposed by burning, a soil
of relatively low fertility is generally the result. If a tough clay is
exposed, considerable labor is required in improving the soil structure,
and in incorporating organic matter in the compact surface layer.
Even though a foot to 18 inches of muck remains after burning, the
life of this layer is relatively short.

From the very nature of the formation of a muck deposit, each gen-
eration of plant growth owes its existence to the plant food in the muck
within the reach of its roots. For this reason it is frequently true that
the surface layer is the most fertile. When this layer is burned, its
ash, with a considerable amount of the mineral elements of plant
nutrients, is left to fertilize the first crop. However, the crop is able
to utilize only a small portion, and the remainder is largely washed
down by rains beyond the reach of the roots, only the insoluble por-
tions remaining. ‘The amount of such plant food retained by the soil,
varies with the nature of the muck.

Occasionally the amount of water-soluble plant nutrients held in a
muck after burning is so large that it proves injurious to the crop.
Such a muck is temporarily an “alkali” soil, the alkali proving especially
injurious to corn. The writers have observed this condition produced
in corn by the burning of approximately two feet of surface material of
deep muck at Madison, Wisconsin in 1920 and of deep muck in Ingham
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County in 1921. The effect of the alkali condition of the Wisconsin
muck had entirely disappeared the next year, when the field was heavily
manured and a good crop of ensilage corn raised. The Ingham County
muck likewise produced a good crop of sugar beets in 1923, Occasional-
ly fire can be used advantageously in correcting the acidity of a low-
lime muck. This is discussed to greater extent on page 31.

The danger to a community of the use of fire in clearing or of fer-
tilization by the burning method, cannot be overestimated. When this
method is followed, every precaution should be used to guard neighbor-
ing fields, property and lives. On an open marsh the most successful
method of combating a muck fire is by digging a ditch down to wet
muck around the fire area and allowing it to burn itself out. 1f the fire
is driven by a high wind, a supply of water is needed to extinguish
sparks blown across the trench. Heavily rolled muck is not so likely
to burn as is loose, unrolled muck.

Removing the Hummocks. Very frequently mucks, which have been
long in pasture, have developed a very uneven surface, covered with
innumerable hummocks. Such a surface is very difficult to break. An
implement which does very good work in the reducing of these hum-
mocks is made by taking the front bob of a bob-sled and attaching a
strip of sheet steel, sharpened on the front edge, diagonally across from
the bottont of one runner to the bottom of the other. After the hum-
mocks are cut down, disking often aids in preparing the land for the
plow.

Cultural Management

Breaking. The plowing of a muck for the first time can best be done
with a tractor and a heavy breaking plow. A plow which turns a wide
furrow (18-22 inches) and is equipped with a long mold board, usually
does better work than the ordinary type. The disk plow also produces
very good results in breaking muck, the claim being made that it is
especially suited to muck containing tough roots which would interfere
with the mold board type. If the disk plow is used it is necessary to
keep the disks well sharpened.

If the muck is filled with roots, a wing or knife coulter on the mold
board plow usually gives better results than are secured with the or-
dinary rolling coulter. 1If the sod is loose, and likely to push ahead of
the plow, or filled with roots, a mold board plow with a very large rolling
coulter generally turns the furrow in a satisfactory way. A special type
of breaking plow now on the market, for use on muck land supporting a
growth of brush, is able to bury the entire growth beneath the furrow.

In order to bury the heavy sod often found on muck, it is essential
to break fairly deep, from six to eight inches usually being sufficient.
There is thus placed on the surface a layer of muck which is generally
fairly well decomposed and free from sod. The furrow should be laid
as flat as possible in breaking, in order to provide a level surface, free
from sods, for seed bed preparation. A special type of plow recently
put on the market, has a pushing attachment which shoves the furrow
slice to the right after it has been turned by the plow, leaving a wide
furrow to receive the next furrow slice. In this way it is claimed that
a very level plowed surface is produced.

If a new muck is to be broken up, the breaking should be done pre-
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ferably during the summer previous to cropping, in order to give time
for settling and decay. If the surface of the muck is free from sod and
weeds, as 1s usually the case on burned-over areas, and sometimes on
muck from which the forest growth has been removed, breaking is
unnecessary. A good seed bed can be secured with less effort by the
thorough use of the disk.

Plowing and disking. Muck soil is generally loose and open as com-
pared with mineral soil and is not in need of the weathering action
of the elements. Ior these reasons muck soils, with the possible ex-
ception of a few very compact soils high in clay content, are not in
need of annual plowing, unless it is for the purpose of turning under
sod or manure, or burying a weed growth or crop residues. Better
yields of grain crops are usually secured if the seed bed is prepared
by disking. Limited experiments indicate that root crops produce
better crops on plowed muck if the muck has been heavily rolled after
plowing. If the land is plowed, fall plowing on muck generally results
in higher yields than does spring plowing, due apparently to the soil
becoming more compact. It is desirable also because farming oper-
ations on a muck arc usually late in the spring, owing to the fact that

Fig. 9—A concrete roller made by a Huron County farmer, Length 5 feet,
diameter 30 inches, weight about 3500 pounds. Mower wheels were used at the
ends and 4 inch boards were placed around the outside and held in place with log
chains. After the concrete had hardened, the boards were removed. Three or four
horses are required to handle it in the field.

muck is slow in warming up and sometimes too wet to support the
weight of horses during the early season.

Rolling. In the management of muck and peat soils, with the pos-
sible exception of a few very heavy mucks, no other farm implement
is as important as the roller. German, Swedish and American experi-
ments have demonstrated that rolling of muck will produce marked
increases in crop yields. The ordinary roller is not heavy enough for
best results, unless it is heavily weighted. German and American in-
vestigations have shown that a roller weighing 500 to 700 pounds per
linear foot is not too heavy. The Minnesota Agricultural Experiment
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Station advises farmers that, in the absence of rollers, they should use
the disk harrow, well weighted and with the disks set straight.

The compacting caused by heavy rolling is important for two reasons.
Tn the undrained muck are many small spaces filled with water which
upon draining become filled with air. Rolling tends to close these air
spaces, thereby giving the roots of the growing crop a better oppor-
tunity for development and penctration. At the same time it allows
the soil moisture from below to move more directly upward, by capil-
lary action, to supply the plant roots with water. Although the float,
used by many Michigan truck farmers, will smooth .the soil, it will
not produce the compaction secured by the heavy roller. Although an
ordinary roller will compact the surface muck to some extent, it is
equally important to compact the underlying layers.

The Bremen Peat Experiment Station, in Germany, first advocated
the use of the concrete roller on muck soils. This type has been used

Fig. 10—The muck to the left of the stake was rolled with the concrete rollex
while that to the right was not rolled. Note the difference in stand.

in America with success for several years. Such a roller® can be con-
structed at a fairly low cost by using, in so far as possible, materials
from the farm. A good draft horse can pull from 12 to 20 linear inches
of a 30-inch concrete roller, the amount depending somewhat on the
compactness and levelness of the muck. v
German investigators report that the greatest benefit is secured
from rolling when the soil is moist but not very wet. As standard,
they advise rolling the muck at the time that walking upon it leaves
the deepest imprint. They further advise the rolling of pastures two
or three times during the season and meadows in the spring and after
cach hay crop is removed. If the muck is poorly drained, the benefits
from rolling may not be sufficiently great to pay for the extra labor.

*Detailed instructions for the construction of a concrete roller are given in
the Michigan Agricultural Quarterly Bulletin, May, 1924, which may be seccured
without charge by addressing R. S. Shaw, Director, Agricultural Experiment
Station, East Lansing, Mich_



22 MICHIGAN SPECIAL BULLETIN NO. 136

On such a soil, heavy rolling in a wet summer, may result in reduced
yields. If the muck is excessively drained, the heavy rolling may be
the means of saving the crop from loss by drought. If the muck has
a tendency to blow, a roller which leaves a corrugated surface on the
soil allows less drifting than takes place on a smooth surface. Rolling
at right angles to the direction of the prevailing winds proves most
effective in checking the blowing of the muck.

Cultivation. In general, shallow cultivation gives more satisfactory
results than deep cultivation. The cultivated layer of muck soil is rela-
tively loose and, as a result, air circulates readily through it and dries
it out. The cultivated row, whether it be sugar beets, potatoes, corn or
mint, if cultivated deeply, loses water not only from the surface but also
from the sides. This leads to drying out of the muck in the row with a
consequent lessened yield. IFor the same reason shallow hilling of
potatoes is preferable to high hilling on muck. During the drought of
1923 the advantages of shallow cultivation were especially marked.

COMPARISON OF UPLAND (MINERAL) AND MUCK SOILS

A comparison of the properties of upland (mineral) and muck soils
brings out some important differences between them. Among the
more important of these are differences in density, in chemical composi-
tion and in heat conductivity. These are especially important because
the supply of plant nutrients in a soil depends on the first two proper-
ties. The third is important because, as Bouyoucos and McCool (4)
of this station have recently explained, the occurrence of frosts on
muck during the summer is due to the low conductivity of heat in that
soil.

Density. Muck and peat soils are generally much less compact than
the mineral soils and the material of which they are composed is much
lighter in weight when dry. In general, a cubic foot of dry mineral soil
weighs from 75 to 100 pounds, while the same volume of muck weighs
from 15 to 30 pounds. True peat, on the other hand, varies in weight
from 6 to 20 pounds per cubic foot. IEven if a muck and an upland
soil had the same composition, pound for pound, it is evident that
much less plant nutrient would be within the reach of the roots in a
muck than in a mineral soil.

Composition. Table 2 gives the chemical composition of the sur-
face eight inches of a number of mucks, and also of two mineral soils.
This 1s expressed in pounds of the plant nutrient constituents per acre
of soil, taken to a depth of 8 inches. In all cases the nitrogen and the
organic matter content of the muck soils are much higher than those of
the mineral soils. The lime content also is usually higher, though in a
few cases, it is decidedly lower. TPhosphoric acid and potash are
present in smaller amounts in the mucks. Since these are the plant
nutrient elements which are most often insufficient in mineral soils,
the comparison gives some idea of the relative natural fertility of these
different soils.



Table 2.—Composition of Seventeen Muck Soils and Two Upland (Mineral) Soils, expressed in pounds p:
of 8 inches. (1)

T
|

[ |
Soil | ‘ i | Organic | Mineral In\olulne \ Soluble Degree of
No. | Location—county ‘ Original vegetation | matter | matter ash (2) ash acidity
‘ | [ ‘ (ash) | ‘ i (soiltex)
1 ‘ |

1 | Ingham Co. No. 2....| Moss and huckleberry........... 391,800 208,200 | 187,200 | | Very strong..

2 | Kalamazoo. .., ... ‘ Moss and huckleberry.......... | 519,600 80,400 | 67,800 ‘ | Very strong. .

3 | Ottawa NO. 2., i vuw s Moss and huckleberry........... | 465,000 3 0 00 | 1()1 ,400 ‘ Very strong. .

4 | Missaukee No. 2..... | Sedge R, XD R 544,800 | 55,200 | 37, ; | Very strong..

5 | Berrien No. 1....... D 449,400 | 150,600 | 93,600 ‘ ‘ Streng: ; .

6 | Berrien No. 2........ | Sedge...... Do ol Weaoo® aoilmas e mo | 480,600 | | ;L 000 | 35 , 4 Meldium

7 | Ingham No. 1........ Sedge......... S s S T e | —'1()'(),%0() | 200 81,000 | Very sligh‘u .

& [ Gratiof:.e:wssmswe s Tamarack - ‘ 486,600 | ‘ 400 78,000 | Not acid.

9 | Ottawa No. 1........ Tamare | 482,400 | | 45,000 72,600 | Very ~lmht
10 | ‘CalRomn., i pvivnn oo ns TATABACHE 5 qaas s wsnms eh Mage o5 s | 500,400 | | 30,600 69,000 | Very slight.
11 | Lapeer No. 1........ White cedar, mml.vk and ash. . \ 9,200 | | 83,400 107,400 | Not acid.

12 | Lapeer No. 2.....,.- White cedar, t.mmm( k and ash. . .| 9,000 | | 24,600 | 86,400 ‘ Not acid.

B3 I EOTON . s nimeimsesis White cedar, tamarack and ash. .. ‘1() 600 | 89,400 1200 | Not acid. . . .
14 N Mixed, tamarack predominating. . \ 45,200 | 63,600 | Very slight. .
15 Mixed growth................... | 57,800 ‘ 72,000 | Medium.....
16 Mixed growth................... 148,200 | ()4 R()l) 83,400 | Slight.......
7 ASH @10 €I . o .yvswiovn own s s b 200,400 | ](JTAU() 93,000 | Very

18 | T u~cola CLAY LOTTHL. ;x5 o w s s 5 o s wvm s w5510 5 000s 0 6 3 i 606 & 50 85 ‘ .................... Slight . el
19 | (Ca88y: SaNGY TOAUM ; 5:v s bym vio e ma s s w55 5 b0 5 w0k el 5088 ‘ [P canidea ‘ .......... BEroig., o us e

(1) Calculation on the basis of 600,000 pounds as the weight per acre for the surface 8-inch layer of m
pounds for that of upland (mineral) soil

(2) Determined by digestion with aqua regia.
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Frostiness

It 1s well known that crops on muck soils are much more subject to
frosts occurring during the summer than are those on mineral soils.
“ven if the two soils are at the same elevation or if the muck, covered
with a layer of sand or clay, is compared with bare muck, a frost may
injure crops on the uncovered muck during the summer, while those
on the other soil will not be damaged. Bouyoucos and McCool made
temperature studies on clay loam and muck placed at the same eleva-
tion, with muck cultivated, compact, and covered with sand. Their
results (Table 3) indicate that heat moves more rapidly through a
mineral (clay) soil than through a muck soil. During the early part
of the day, the clay loam absorbed the heat more rapidly than did the
muck, but by late afternoon, the muck had become nearly as warm as
the mineral soil, even to a depth of six inches. On the clear, cool night
which followed, heat was lost from both soils by radiation. The tem-
perature of-the surface of the cultivated muck soil dropped eight de-
grees more than that of the mineral soil, reaching a temperature four
degrees below the freezing point of water. At a depth of six inches,
however, the temperature of the mineral soil dropped five degrees
more than did that of the muck soil. In other words, sufficient heat
moved from below to the surface of the mineral soil to keep the sur-
face from freezing. The muck soil was such a poor conductor that the
heat below did not move up, consequently the surface layer and the
air just above it were cooled to a point at which a crop would have
been frosted. The compact muck soil was a better conductor of heat
than was the cultivated muck, with a result that the surface tempera-
ture dropped to only one degree below freezing. Turther, the muck
with a light covering of sand gave an even smaller drop in temperaturc
at the surface than did the compact muck.

The “frostiness” of a muck depends on several factors, of which the
following are most important: (1) Moisture content; (2) compactness;
(3) state of decomposition; (4) content of mineral matter; (5) fer-
tilization. -

Heat moves up from below to the surface more rapidly in a moist
than in a dry muck. If the soil is compact, the movement of heat takes
place still more readily. For that reason the heavy roller is a valuable
implement in aiding the prevention of frosts. The looser the surface
layer, the greater the danger of summer frosts. Frequently when a field
of corn or potatoes on muck has been partly cultivated before a frost
occurred, the cultivated portion has been frosted while the uncultivated
part has escaped. The loose cultivated layer serves as a blanket to
keep the heat in the soil so that the air just above it is not kept warm.

Ordinarily the more decomposed a muck becomes, the smaller be-
comes the probability of frost occurrence. For that reason, old mucks
are generally not as “frosty” as those recently reclaimed. A soil fairly
high in mineral matter is likewise not as subject to frosts as one that
is low in these constituents. 1f the surface of the muck is covered with
a layer of ashes, or sand or clay has been spread over it, as is done
to some extent in Europe, the danger of summer frosts is much de-
creased.

Tertilization of the muck may prevent injury of the crop by a light
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frost. As an illustration: on the plots in Huron County, a frost. oc-
curring on the night of August 20, 1922, practically killed the corn
on the unfertilized plots, but only slightly damaged that on the weli
fertilized plots. This protection probably s due 111“(1\ to the greater
growth of the crop on the fertilized plots, which tends to prevent t
1()55 of heat from the air near the glmm(l. It may be due in part also
to a greater resistance to freezing, offered by the plant juices of the
fertilized crop.

Summer frosts on muck are best combatted by a selection of crops
which are not easily frozen. This will be dealt with more fully under
the section “Crop Adaptability” (page 70).

Table 3.—A comparison of temperatures of mineral and muck soll for the afterncon
and mght of October 5, 1921.

Tem;

Soil Point of measurement of

temperature Taken

at
1 P. ML

B a o

Air, 1 inch above suiface. .
Clay loam (compact)........... Soil at surface. 55.0
Soil at depth of 6 inches. 54 .1

Air, 1 inch above surface. . . . o)
Muck (comDaeh). ..o owe s wsimsosn Soil at surface. . 58.0 | H7.0 31.0
Soil at depth of 6 inches. ... i hl.2 | 83.1 | 50.5
. Air, 1 inch above surface. ... . |.. sl D
Muck (cultivated)..............| Soil at surface. . 3w B 57.0 0
Soil at depth of 6 inches. ... 51.7 4

. — -
Air, 1 inch above surface.....|.... | | 32.8
Muck (compact and covered with | Soil at surface. . 56.0 | 58.0 | 31.8
sand) ... oo Soil at depth of 6 inches. 51.8 | 54.0 19. 8

EFFECT OF FERTILIZING ELEMENTS

Improvement of the fertility of any soil is accomplished by the use
of manure, green manure or commercial fertilizer, together with lime
when it is needed to correct a sour (acid) condition of the soil. I
manure or complete commercial fertilizer is used, threc important
fertilizing constituents are added to the soil, viz: nitrogen (ammonia),
phosphoric acid and potash. Generally, muck soil is very responsive
to proper fertilization. Increases of 200 to 300 per cent and cven more,
in yields of certain crops, are not uncommon. Since selection of the
necessary fertilizing constituents is so important, a brief considera-
tion of those effects of these several constituents on plant growth,
which are of especial importance on muck, is desirable.

Nitrogen. Nitrogen, applied in the form of any of the quick-acting
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or medium acting fertilizers, tends to produce, among others, the
following effects:

1. Increased growth of tops, with lodging of grain.

2. Delayed Illdtlllll} of the crop.

Even though muck soil is high in nitrogen content these effects
from apphmtlon of a nitrogen-carrying fertilizer are often noticeable.

Phosphoric acid. When applied in the form of a readily available
phosphate, this constituent:

1. Hastens maturity of the crop.

2. Increases growth, especially of the above ground parts.

The effect of phosphate in hastening maturity is especially important
on muck soils because the maturity of crops on muck is generally
delayed by the nitrogen in the soil. However, it is possible to so

Fig. 11.—This picturc illustrates a condition often found on muck areas, which
may be due to any one of three causes: (1) potash starvation, (2) a very acid con-
dition of the soil, (3) an alkali condition produced by the recent burning off of
a layer of muck. The first condition is generally the cause but both the others
have been observed to act in a similar manner on corn on Michigan muck soils.

hasten the maturity of certain crops, by an application of phosphate
without potash, that the crop matures before reaching its normal
growth. This is cspecially noticeable on root crops, and, in our in-
vestigations, has been more evident on those mucks which did not re-
quire phosphate for increased growth of the crop.

Potash. An application of potash to crops grown on muck:

1. Increases plant growth, especially in tuber and root crops.

2. Increases sugar and starch content of tubers and roots.

3. Delays maturity of the crop.

4. Improves quality of crop.

The effect of potash in increasing all plant growth is very important
to the muck farmer. TIts effect on the quality of the crop has not been
given sufficient consideration in the past. In delaying maturity it
tends to offset to some extent the action of phosphate.
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CLASSIFICATION OF MICHIGAN MUCK SOILS ACCORDING TO
FERTILIZER REQUIREMENTS

For a number of years, an organized study of the needs of the muclk
soils of Michigan has been conducted by the Soils Department of
Michigan State College. At the start of the 1922 season, the scope of
this study was considerably enlarged. On the basis of the natural
fertility in the soil and the fertilizer and lime requirements for general
crop production, the muck soils of the state, in so far as they have
been studied, may be grouped as follows:

I. Low-lime mucks. Lime, potash, phosphate and nitrate required.

II. High-lime mucks.

1. Newly reclaimed mucks. No fertilizer requirements for
from one to several years.

2. Very shallow mucks. Potash and sometimes phosphate
and nitrate required.

3. Medium and deep mucks.
a. Mucks requiring potash only.
b. Mucks requiring both potash and phosphate.

EXPERIMENTAL WORK ON MUCK SOIL*

During the seasons of 1921 to 1924, inclusive, experimental work
with general and special crops was conducted on 46 different muck
areas. These were widely scattered but largely in the southern hall
of the state, due to the fact that only a relatively small proportion of
muck areas in the northern half have been developed. In the suc-
ceeding pages, the results from the different mucks are grouped ac-
cording to the type to which the soil belongs. Natural vegetation,
distribution of the type, drainage and proper methods of fertilization
are considered.

*The writers wish to state that the five sets of experimental plots conducted in
1921, were established by IEzra Levin, who was a member of the Soils depart-
ment until July 1 of that year. All yields reported herein were secured by the
authors, ‘with the help of James Crum, Forest Grim and Andrew Huff, student
assistants. A. G. Weidemann of the Soils department was to a considerable ex-
tent responsible for the determination of the sugar content of the sugar beets,
The authors wish to take this opportunity to thank the county agents of the
counties in which the experimental work was done, and -the farmers on whose
farms the plots were located, for their hearty co-operation in making the work a
success.

In the different sets of experimental plots reported in the following pages the
fertilizers used analyzed as follows:

Symbol Fertilizer Description of Fertilizer
P. Acid Phosphate 16% Phosphoric acid
K. Muriate of Potash 50% Potash
N. Nitrate of Soda 18% Ammonia
S.A, Sulphate of Ammonia 25% Ammonia
M. Manure Generally a- mixture of horse and

COwW manure
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LOW-LIME MUCKS

[t has long been a popular impression among Michigan farmers
that all mucks need lime.  As a matter of fact, the proportion of low-
lime mucks is relatively low. However, they are found widely dis-
tributed over the state, usually in fairly small areas and often not far
distant from high-lime mucks. In so far as investigation has been
made, all deposits in southern Michigan, which supported an abund-
ant growth of shrubs and sphagnum moss, are very strongly acid
(low-lime), while very few of the deposits originally covered with sedge,
and none of those originally timbered with ash and elm and maple
need lime.  In central and northern Michigan the grass (sedge) mucks
arc more generally low in lime, while- still further north the mucks
supporting a growth of tamarack and black spruce (when dwarfed) like-

wise are generally very strongly acid.  Those mucks supporting a

IFig. 12-—This muck was so strongly acid that the crop was practically killed out
in spots and would have heen much benefited by liming on most of the field. Gen-
crallv the presence of marl under the muck is considered proof that the muck is
sweet. Here, however, the nearly barren area on which the man is standing was
underlaid by fair quality of marl at a depth of four and onec-half feet. Marl was
thrown up on the ditch bank about 30 rods away.

cood growth of white cedar or tamarack, in so far as they have been
investigated, have not required lime.

Inghzm Co. Project No. 2, 1922-1924. Lxperimental plots were con-
ducted from 1922 to 1924 on a low-lime muck near Mason, Ingham

County. This muck originally supported a growth of sphagnum moss
and shrubs.  As shown in Table 2, page 23 (Muck No. 1), this soil

vas very low in lime and phosphoric acid.  About 35 years ago, the
portion on which the plots were located was tile-drained, with the
expectation of raising truck crops. Immediately after drainage was
cstablished, all vegetation died. Since that time the drained portion
has been absolutely devoid of any vegetation, except around the edges,
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where mineral soil was washed down onto the muck and timothy has
crept in.

The area for plot work was divided into three equal strips, the first
of which received pulverized limestone at the rate of two tons per
acre; the center strip was not limed and the third received pulverized
limestone at the rate of four tons per acre. Although the limestone
was applied in 1922, only shortly before the crops were planted, a
marked benefit was secured. Across these strips, different fertilizer
applications were made. On ecach limed and unlimed area, scveral
different crops were grown, the yields of some of which are given in
Table 4.*

On the various crops grown in 1922, sugar beets, sweet clover, and
timothy and clover failed to appear above ground on the unlimed por-
tion of the field, while Hungarian millet and spring rye developed the
first leaf and then died. Potatoes were the only crop to persist with-

Table 4.—Crop Yields on Very Strongly Acid Muck—Ingham Co.—1922-1924.

1922
Potatoes—bu. per acre
Hungarian Sugar
Plot Fertilizer application—1922 millet beets 1bs.
No. 1bs. per acre 1bs. per acre per acre
(2 tons lime) (2 tons T T (4 tons (4 tons lime)
lime) (No lime) lime)
1 No fertilizer. . . .o vu v v s 66.7 (1) 9.9 0.7 12.7 66.8 (1)
2 P 200 K300 (2)............. 2095.9 30.5H 0.6 581 1982.7
3 P300 K300.............. 2712.5 27.0 0.5 37.6 1250
4 PADO K 300N 1000 s s 5wz s 4305 .4 41.9 0.2 46.1 L1 %5
5 P 400 K 300. . Wk A kel & Al B izt B : 9 0.2 56.0 2135,
6 P 400 K 200. ... .. R 3155.3 ¢ 7 0.2 T .0 1380
T | PA0DK O, o omn o 0.0 18.8 0.2 7.1 [Scant growth
8 | No fectilizer (3).............[5cant growth 36.9 1.9 10.1 [Scant growth
1023 1921
= = N —— e
>otatoes—Dbu. per acre
Hungarian Potatoes—bu. por ack Rutabagas
Plot | Fertilizer application—1923-24 millet tons per
No. 1bs. per acre 1bs. per acre " acre
(4 tons lime) | (2 tons (No (4 tons | (4 tons lime)
lime) lime) lime)
1 No fertilizer. ............. . 170.1 (1) 17.6 1.8 Dol | ove o s 5t
2 P 300 K 300 (3 installments). . 1488 .8 66.7 .8 491 5.3 (1)
Sl PROGE 300 : s oc vs somn smvma 1276.1 i 6.1 I.& 56 .4 4.0
4 P 300 K 300 N 200 (3 install-
ments)......... it B BE 93.4 2.4 89.1 5.8
5 P 300 K 300 N 200. . 70.3 3.0 81.2 3.1
8 | No fectilizer. ............... 24.2 8.5 24.9 1.X

(1) The vield of sugar beets, Hungarian millet and rutabagas was 0.0 for all plots
on the unlimed portion of the ficld.

(2) P—acid phosphate; K—Muriate of potash; N-—Nitrate of soda.

(3) Sandy portions of plot 8 increasced the yield of potatoces.

*A more detailed report of the results sccured in 1922 on this very acid muck is
given in the Mich. Agr’l. Expt, Sta. Quarterly, November, 1922, under the title
“Liming an Acid Muck Soil.” This may be sccured, without charge, by address-
ing R. S. Shaw, Director, Agricultural Experiment Station, East Lansing, Michigan.
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out lime throughout the season, the plants being very stunted and
practically without root development, but each plant prodiiced a potato
about the size of a small marble. Fertilizer applications without lime
produced no increase in growth and were entirely wasted.

With all crops, the four-ton application per acre of ground lime-
stone gave better results than the two-ton application. The sugar
beet crop on the portion of the field receiving the two-ton application
was a very poor stand and failed to grow satisfactorily; it was finally
disked out and Hungarian millet sown. With all crops, the effect of
fertilization on growth was very marked, potash being especially
beneficial. Phosphate alone gave no increase in growth, but nitrate ap-
plied in addition to potash and phosphate produced marked benefit with
Hungarian millet, spring rye, sweet clover and timothy and clover.

In 1923, the fertilizer treatments were changed, in order to com-
pare application of fertilizer before planting with application in in-
stallments during growth. Two plots (6 and 7) were left unfertilized.
The plots were given the same fertilizer treatments in 1924 as in 1923.

Fig. 13.—Potatoes on very acid muck, The three piles are from an equal num-

ber of hills. The first received fertilizer only, number 3 marl only and number 2

fertilizer and marl.

The yields of both Hungarian millet and potatoes in 1923 and of ruta-
bagas in 1924 largely confirmed the results secured in 1922, Nitrate, in
combination with potash and phosphate, appeared of considerably great-
er benefit to the potatoes than in 1922, The application of the fertilizers
in three equal installments (one before planting and the others at in-
tervals of about one month) gave marked increases of millet and ruta-
bagas, and likewise of potatoes when nitrate was included. This is
discussed further under the section “Time of Application of Fertiliz-
ers,” page 53.

The yields of potatoes in 1923 on the fertilized plots receiving two
tons of limestone, averaged even larger than those on the portion re-
ceiving four tons per acre. In 1924 the potato vines were killed by a
frost in the early part of August so that yields were not obtained.

In 1923 the growth of Hungarian millet, on the portion of the field
which had received the two-ton application of limestone in 1922, was
very spotted and poor, the crop being injured by the acid condition of
the soil. In 1924, the growth of millet on the portion receiving the
four-ton application of limestone was likewise very spotted and poor,
while the crop on the portion which received the two-ton application
of limestone died shortly after coming up. The rutabagas on the un-
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limed portion failed to germinate; those on the portion receiving the
two-ton application of limestone made a very thin stand which grew
but little, and even those on the portion receiving the four-ton appli-
cation gave low yields on all plots. It was thus quite evident that,
little more than two years after the application of ground limestone,
the soil had become too acid for all the crops which were grown, with
the possible exception of potatoes.

Fertilizer Management of Low-Lime Mucks

The division between high-lime and low-lime mucks is not sharp.
Whether or not a muck needs lime depends not only on the lime con-
tent of the muck but also on the crop which is to be grown. Such
crops as potatoes and Hungarian millet yield well on muck that is too
acid to give satisfactory crops of celery, clover and sugar beets. Most
mucks which are slightly acid (Soiltex determination) have a high lime
content. When lime is applied to a high-lime muck, a slight dcc1ease
in yield sometimes results. If a muck is moderately aci(l, it probably
does not require lime, but, if it is strongly acid, the only method of de-
termining whether or not it needs liming is by a field test.*

Correction of the acidity of muck soils can be made by the applica-
tion of several different substances. The more important are ground
limestone, marl, sugar beet lime, and wood ashes. If ground limestone
is used for general farm crops, from two to six tons per acre are ap-
plied according to the degree of acidity. If a good quality marl, or
sugar beet refuse, or wood ashes is used, from two to three cubic yards
should be applied instead of each ton of limestone. If the wood ashes
have not been leached, an amount of potash, approximately equivalent
to that contained in 200 pounds of 50 per cent muriate of potash, and
of phosphoric acid, approximately equivalent to that contained in 250
pounds of 16 per cent acid phosphate is added in each ton of ashes
applied. About three-fourths as much hydrated lime is needed as of
ground limestone. IHeavier applications of the liming materials are
necessary for some of the special muck crops on the very acid areas.
The lime should be applied after plowing, preferably the summer be-
fore cropping, and thoroughly worked into the soil<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>