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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 so il in }\.![ichigan has been estimated by 
various inyestig:ators 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 }\.1 ichigan is widely distributed, and, for the most 
part, in rela tiyely small areas. Because of it s 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 it s high va lue to the highly developed, intensive 
cr opping systems practiced. 

A considerable proportion of }\.![ichigan 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 concli
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 field:; 
and increase the problems of management. Since these areas in mos t 
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. 

}\.![ uck 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 
the present time for the production of these three special crops com
bined is less than three-fourths of one per cent. It is evide11t 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. Further, 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 of
the muck, extent of drainage, cultural methods, fertilization, and crop 
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Table 1. Showing Percentage Muck Area, Total Muck Area, P ercentage of S e c
tions c ontain ing M uck, and Average Muck Acreage in Secti"ons contain in g 
Muck, as c alculated fro m Soil Survey Report (24) . 

Area surveyed (1) 

Allegan Co .......... . , .. . .......... . 
Alma area (part of Gratiot Co.) .. . .. .. . ... . .... . 
Calhoun Co ......... . . . ... .. .. .. ... .. .. . . . 
Cass Co ....... .. . . . .. . .. ... . 
Genesee Co . . . ... . ..... . . ...... . 
Munising area (part of Alger Co.).. . ...... .... ... . 
Oxford area (part of Oakland Co.). . . ......... . 
Pontiac area (part of OaJda,nd Co.) .. .. .. ... . . 
Owosso area (part of Shiawassee Co.) .... ...... .... . 
Saginaw area (parts of Bay, Saginaw, Tuscola a nd 

Huron Cos.) ....... .... .... ... .. .......... . . . . . 
St . Joseph Co .... . . 
Wexford Co ... . ... . 
Berrien Co. (2) . ... . 
Ingham Co. (2) .. . 
I sabella Co. (2) .... . 
Kalamazoo Co. (2) ... . . .. . . . .... . ........ . .. . ... . 
Livingston Co. (2) . . 
Manistee Co. (2) .. ........ . ..... . 
Ottawa Co. (2) . .. . . . . .. .. . .. .. .... . .. ...... . 
Van Buren Co. (2). . . .. ... . . . ..... . 

Percent
age muck 
of total 

land 
area 

!J . 3 
!J . 5 

12 . 5 
8.0 
5.7 
8.1 

15 .2 
4.4 
5.3 

7 . 6 
13 . !J 

2 . 1 
2.8 

13 .8 
4 . 5 
9.2 

15.4 
6.3 
5.0 
8 . 3 

Percent-
age of 

sections 
contain
ing m uck 

Average 
No. acres 
of muck 

contained 
in sections 

which 
conta,in 
muck 

100 . 0 
105 .5 
103 .5 

!J4 . 6 
67 . 4 

12.').3 
!J4 . .'5 
6.'5.2 

102.1 

46 . 6 
86.6 
:")9. 6 
44.1 
99 . . '5 
.'51.2 
72 .4 
99.1 

143.9 
137 .2 
76.6 

Total 
acreage 
of muck 
in area 

surveyed 

49,280 
17,408 
55,616 
25 ,728 
24,192 
21,184 
20,416 

8 , 610 
9 , 088 

48 , 128 
44,864 

7 , 744 
10,196 
48 ,841 
16 ,474 
32,983 
56,018 
22,592 
18 ,080 
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 t o muck soil. 
General farming on the larger muck areas of the state has not in all 
cases proved successful, largely because. the farmer s 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 fou r 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 m uck are 
likewise adaptable to peat soil. F or that reason t he term "muck" may 
be considered to include both mucks and peats in the discussion which 
follows. 

1 

. \ 

{ 
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THE ORIGIN OF MUCK SOIL 

Muck soils vary markedly, one from another, in their several char
actenstIcs. 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 

Anyone 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 structurele ss 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 vari es fr om gray to brown or b lac ).;:. Usually it is more or less inter
mingled wi th r oots of the slough gras ses (sedge) . 

If the fine ly divided t ype of the deep-wat er muck is drain ed l)efo re 
other types of vegetation have develop ed muck laye r s above it , it may 
prove quite difficult to manage , a lthough productive when properly 
farmed. Frequently it tends t o shrink: ma rkedly on drying, som etimes 
forming cracks, which close only after prolonged rainfall. - l\fter con
tinued cultivation, thi s type may form a yery fine dust whIch blows 
badly. Occasionally rather pure depos it s of thi s muck are found to 
be quite impervious, r esu lting in a \vater -logg ed soil fo r sev eral days 
after heavy rains , ev en though dit ches and t ile lines a re num erous. 

Fig. I.- Formation of the decp-water typc of myck is p~·ogr cs s!ng .in this lake. 
Notc thc watcr lilies, pond weed and other a SS OCIates wh Ich thrive 111 water up 
to fiftecn or morc fect in depth. 

If the depos it is very fine, structureless and oozelike , trouble i.s some
times experienced with the tile which tend to .settle out of a~Ign~el1t 
when la id in the fin e material. If such a spot IS encountered 111 tIlIng, 
the condition may be remedied by laying boards underneath the line 
of tile. 

Marl. Frequently the deep wat e r type of muck is somewhat mixed 
with and often underla in by a white or gray material known as marl. 
11arl 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 li,:e. in deep water and are able to t ake 
lime fro m the water and deposIt It as a scale around the plant. When 
the plant dies, thi s lime becomes part o~ that left by precedin g . and 
succeedin g ge nerations to form the deposI.t of marl. ? hell s so metllne s 
enter into the formation of marl, but theil- presence IS generally only 
an indication that clam life (mollusk s) existed in the lake at the time 
that the marl w as forming. For the use of marl in correcting soil 
acidity see page 31. . . 

Malrsh Group. As the vegetatIve growth cont111ues each year to 
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bui ld up the muck deposit, the water slowly becomes more shallow. 
j\ s a result other species of plants gradually come and supplant those 
which were 1110St 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 m uck material. The plants most commonly enter
ing into t he 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 g rowth to a greater or lesser extent, 
but in the greater part of the mucks of this type in l\l[ichigan, 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. 

F:g. 2.-A sedge mar !> h, with a small area of open water in the foreground. 

The structure of this muck is usually fibrous, with the leaves a nd 
roots of the sedge, rushes and reeds eas il y 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 fe lt
like mat on the surface of the wat er. This mat may fina lly 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 u sually 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 g roup . Although it is a popular opinion 
that this type of muck is not as producti ve 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 g roup is made of muck materials formed 
largely from fo rest litter. The forest trees commonly found on these 
deposits in l\l[ichigan a re the tamarack, white cedar (arbor vitae), 
black spruce, ash, elm, maple, poplar, birch, alder, willow and oc-
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casio nally others. The fo rest does not enter upon the muck depos it 
until it has bee n w ell huilt up, so that t he g roundwater level is be low 
the leve l of the muck surfac e for a considerable portion of the year. 
Of the different species, the tamarack is most oft en the first to enter 
the marsh, while th e three cone-hearin g trees, tamarack, black spruce 
and white cedar are abl e to grow under moister conditions than are the 
ash, elm and maple. If the cone-bearing trees do not enter, the alder 
or w ill ow or both 111ay se rve as th e ad vance guard for the forest. 

Several invest igators have found t hat the ash-elm- maple swamp 
represents the final product in the formation of a muck soil. T he water 
leve l remain s below the surface for th e greater part of the yea r , so that 
decomposition of th e muck practically eq ual s the accumulation. In 
M-ichigan thi s t ype of muck depos it is large ly confi ned to the south ern 
portion of the state . 

Fig. 3.- A forested muck. Here the forest is composed of a mixed growth w ith 
w hite cedar (arbor vitae) a lld tamarack predominating. 

Bog Group. In st ead of the entrance of the fo r es t 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 characte ristic 
species of plants entering into the bog formatio n are the shrub s: leather 
leaf (Cassandra), huckl ebe rry, labrador tea, bog r ose mary and cran
berry, frequently associated w ith sphagnum moss and somet imes with 
sedges. In time this vegetation may be more or less replaced by a 
forest growth, u sually tamarack and black spruce . If the original 
shrub vegetation was ab undant and the depos it deep, the succeeding 
forest is generally scant and dwarfed, and represents th e climax in 
the building up of the deposit. 

This group of muck material s is by far the least fe rtil e of the four 
described , and is u sually low in lime (Page 28). It is generally raw 
and should be clas sed as peat . It does not compact readily when drained 
and, for that reason, crops grown on it may suffer f rom drought , un -
less the soil is well managed. A lth ough the aggregate of these deposits 
is comparative ly small in the state, they a re widely scattered, usually 
in small deposits. This t ype of muck is represented in the southern 
part of the state by huckleberry (swamp bluebe rry) marshes. Improve-
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ment of drainage frequently results in the dying out of thi s bog vegeta
tion and sometimes in the formation of a barren a rea. 

The Muck Profile 

In the preceding description of the fo ur main groups of muck mate
rials, only the mo s t 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 t o all four 
of these different types of muck may comprise the surface layer in 
yari ous portions of anyone deposit .. Alth oug h, under normal condi
tions, th e muck profile wo uld show the deep-water muck at the bottom 
of the depos it , a nd forest or shrub muck as the final stage , changes 
in the ground "vater level, by the damming of the natural drainage out
let, or by the burning ove r of th e deposit, frequently re sult in a rever
sion to some of th e plant spec ies which were common t o the area 
during the earlie r stages of poorer drainage. The writers have ob
served as many as three d ist in ct laye r s of forest material, alternating 
with as many of sedge muck in a muck profi le . In the natural sequence 
of the plant speci es, the transition from deep-water to sedge muck is 
gradual and the lin e of demarcati on in th e muck profile is not definite. 
The transition from sedge muck to fo rest muck is u sually, but not 
always, mor e abrupt. 

Fig. 4.- A black as h and elm sv\'a11l p, showi ng good g rowth of timber. Located 
on deep muck, thi s fie ld was being used as a woodlot at the time it was photo
graph ed. 

Besides the filled-in deposit s, huilt-up depos it s are formed on poorly 
drained flat areas , and on "springy" hill si des . These are more abund
ant und er th e lower te mperat ures of the north ern part of the state 
than in the southern portion. Th ese depos it s may be of the sa me ma
t erial through out or t hey may vary with depth as do the filled-in de
posits. The deep-wat er type of veo·etation is seldom present in such 
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deposit s, but t he other three- mar sh, fore st and bog- are rather com
mon . 

HISTORY OF MUCK LAND DEVELOPMENT 

European 

R ecords show tha t the so-called "Fen" method of muck cultivation 
wa s deyeloped in II olla ncl at lea st a s early as the 16th century. This 
consist ed in the spreading out of the surface material after the under
lying laye r s had bee n r emoved fo r fu el, the mixin g in of 4 or 5 
inches of sand w it h th e surface laye r , fo ll o wed by fe rtili zation w ith 
a compos t of stable manure a nd city r efuse. Natura lly thi s sys t e m 
of muck farm ing ,vas limit ed to a r eas not fa r from cities . It is not in 
practice a t present . 

T he "burning" method w as developed in the seventeenth century 
in the outlyin g d istrict s of H ollan d and in other parts of Europe. A s 
it wa s largely used on the low-lime, less fertile mucks, the fertilization 
produced by burnin g off t he surface layer did not prove of much bene
fit aft er a fe w yea rly burnings had brought the surface down to the 
less fertil e muck. T hi s method is now to a considerable extent pro
hibit ed by law in E urope. 

The "Eimpau" meth od, dev eloped in Ge rman y in 1862, differed from 
the F en m ethod in two particulars. By the Eimpau m ethod the sand 
wa s appli ed a s a laye r ove r th e muck, and cultivation confined to the 
sand laye r. Inst ead of the city r efuse, phosphate and potash fertiliz-
er s w ere used. . 

The fact tha t the Ri mpau method, very success ful on the high-lime 
mucks of southern German y, was a failure on the low-lime mucks of 
northern Germa ny, r esult ed in the es tabli shment of the Bremen Peat 
E xperiment Station , the fir st peat and muck experiment station in the 
world. The success of thi s station has resulted in a number of similar 
experiment stations on the muck soil s of other European countries. 

The F en and Rimpau methods of muck farming are now, for the 
most part, di splaced by more recent methods. They are impractical in 
l\IIichigan because of the large amount of labor required for "sandingn 

the soil. A modification of the Rimpau method is used in cranberry 
growIng. 

Ame.rican 

A cco rding t o E lliot (10) , the U nited States contains within its boun
daries approximat ely 79,000,000 acr es of swamp land, a considerable 
proportion of which is undoubtedl y muck. About one-fifth of this 
acreage, most of w hich is muck, lies in the northern states, north of 
a line draw n fr om the southern boundary of Iowa to the center of 
New Jersey a nd ea st of a line passing along the 11innesota.,.Dakota 
boundary . Of the southern states, more muck is found in Florida 
(largely in the Eve rg lades) than in any other. The poorly drained 
lands of Canada are es timated at 22,000,000 acres, most of which are 
east of L ak e W innipeg. A large proportion of thi s area is without 
doubt muck a nd peat . 
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Although the agricultural development 6f the muck lands in the 
United States must be considered as on ly 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 muck$ 
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 
js made later in this discussion. 

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

THE MOISTURE SUPPLY 

No group of soils is more exacting in its requirements for an un
fa iling supply of moisture for crop production than is muck soil. 
F requently a report is made that a certain area is not producing satis
factory crops and that fertilizer is not improving the yields. Although 
ot her fac t ors may be the cause of this condition, it is often a problem 
of moistu re 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 sat isfactory to the 
crops to be grown may be given. 

Prop.er Drainage 

With the exception of such crops as cranberries and huckleberries, 
t he natural water level of a muck area is ordinarily too high for satis
factory crop growt h. A majority of general farm crops and root crops 
produce t heir best yields on m uck with the ground-water level dur
ing t he su mmer months averaging around three feet below the sur-
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face, altho ugh it may be somew hat higher during the ea rly part o f 
the season. Hay produces \vell, and is in less danger of w inter killing, 
if th e water table can be maintain ed at about two feet below the sur
fac e without causing fl oodin g during wet periods. \!\Tater levels ill 
pastures should be fr om two t o two and one half feet below tb t~ 
surface, t o prevent the cutting up of th e sod by the stock. If the 
muck is quite raw or fibr ous, the water level should be slightly 
nearer the surface, while, if the muck is compact and contains consider
able clay, the wat er level may be considerab ly farther below the sur
face than the di stances just g iv en. 

Fig. 6.-Prope r dra in age is esse nti al in muck fa rmin g. The photograph was taken 
in an area which was excess ively drained an d shows the only r emedy for that con
dition , th e use of dams for holding back the wa ter. 

lYIost important in thi s connection is th e need for a fairly uniform 
water level during the greater part of th e growing season. A high 
water level in th e 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 sys t em has become estab
li shed produces a droug hty soil , with consequent lessened yield. On 
the other hand, an increase in th e height of the water level, after the 
root system has become established and las ting seve ral days , causes 
a "drovvning" of the r oot system, r esulting in the cutting off of the 
supply of plant nutri ent s 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 leve l is at a depth of three feet 
for the fir st part of the season and then suddenly ris es 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 t o remove the excess 
\vater within a few hours following a heavy rain, without, at othe r 
times, inducing excessi ve drainage of the soil. 

Excessive Drainage. Just as lack of suffici ent drainage results in 
decreased yield s, excess ive drainage has a similar effect. The writers 
have observed areas of muck v,[hich , due t o this excess, were quite 
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barren through the year. If an over-drained muck becomes very dry, 
it may become extremely resistant to wetting, considerable rain being 
necessary to restore its nornlal 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. 

vVhere muck areas have been excessively drained, the unpl'oductive 
condition can generally be 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 
vvith 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.-Digral11matic sketch 6f dam devised and constructed by Dr. O. Lloyd-Jones 
in co-operation with the Agricultural Engineering 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 g lazed or unglazed clay tile have 
proven satisfactory on muck soil s. Although practically as service 
able as glazed tile, the ungla zed are generally less expensive. Investi
gations with concret e tile, mad e by the Agricultural Chemistry and 
Agri cultural Engineering Departments, (28) lead them to recommend 
that they should not be used in muck soil, owing to their tendency to 
di sintegrate when placed in so me mucks. A few farmers hav e used 
box til e, made by nailing four-six-or seven-inch boards together. In 
some cases the box ti le are r eported in good condition after 20 years use. 

Fig. 8.- The open ditch gradua lly fi lls in , and has to be cleaned out every few 
years. Its banks soon b ecome a seed bed of obnox ious weeds a nd the prese nce of 
the small er 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 thr ee facto r s, viz; amount of rainfall, type of muck and 
nature of underlying material. In general the greater the rainfall , the 
closer the lin es of til e shou ld be placed. Since the precipitation in 
Michigan is fa irly uniform, averaging from 27 to 36 inches (23) in 
different parts of the state, the two last-named factors present more 
va riable conditions fo r 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 wi ll be penetrated by the main ditche s, 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 a r e g enerally found necessary. If t he 
muck is of a very impervious t ype, such as sometimes results from deep 
wat er origin, tile lines placed a s close as SO feet apart, may be required 
to give adequate drainage. 

Depth of tile. If tile are laid soon after the mains are completed, 
cons ideration, should be given to the facts that muck settles rapidly 
for a few year s after draining, and that settling takes place between 
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the surface of the soil and the g round water- leve l. At the East Fen 
at Lincolnshire, England, drainage r ecords show that the muck layer 
dec reased in thicknes s from six t o two feet in 80 years. Likewise on 
t he University Marsh at Madison, \Visconsin , accurate meas urements 
(11) showed a settling of the m uck of three-fourths foot in five yea rs, 
after t ile were laid at a depth of three and one-half feet, that settling 
taking place above the til e. Because of this se ttling, it is advisable t o 
allow th e muck to lie a few years after the area has been ditched, be
fore tile are laid. During this period pasturing will prove beneficial. 
\Vhen the m uck has sett led for a few years, tile laid at a depth of three 
to three and one-half feet 'wi ll lower the water tabl e to a depth satis
factory for general crop s. Since proper drainage is so important on 
muck soil, the se rvices of a capable drainage engineer are practically 
indispensable in layin g out a drain age syste m. 

Loss of Natural Vegetation with D rainag e. Drainage of a muck area 
that is forest covered or supporting a growth of hu ck leberries or cran
berries generally result s in the dying out of some of the trees a nd rt 

considerable portion or all of the huckl eberry and cranb erry growth. 
Since many of our undrain ed mud::s are giving a fair r eturn in their 
present condition, thi s loss and th e cost of reclamation should be con
sidered before drainage is undertaken. 

PREPARATION OF THE SOIL FOR CROPPING 

The amount of labor r eq uired to bring the newly dra in ed muck into 
condition for cropping varies greatly, depending on the type of muck 
and it s condition. If it is fo r ested. the first cost is t hat of clearing, 
while, if it is grass-covered, the initial s t ep is breaking . A lthoug h a 
recent ly burned-over area generally can be prepar ed for croppin g w ith 
less expense than can the others, the u se of fire in clearing cannot be 
recomm ended for seve ral reasons, as indi cated belo·\\'. 

Clearing the M uck 

A large proportion of the muck so il s of l\![ichigan a re forest-covered. 
This growth may comprise black as h and elm, ta marack , w hit e cedar 
or mixed growth. If the land ha s been cut over or if fire has swept 
the area in the past, the original growth may be largely replaced by 
pop lar. Usually the root growth is quite shallow and the clearing is 
not as diffic ul t as on upland. Sometimes the layer of muck of fo r es t 
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, sever al loads per 
acre of roots are still being r emoved at the time of plowing. 

After the timber has been r emoved, the use of a muck a r ea as pas
ture, for several years before breaking, of t en p roves desirable. Thi s 
method allows the stumps and r oot s 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 give s the fa rmer opportunity t o 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 U se of Fir.e in Clearing. In clearing off the brush from a cut
ove r area or in r emoval of the shrubs and moss from the bog deposits, 
a certain amount of burning of the debri s is necess ary . However, this 
should be done as early as possible in the spring while the muck is 
still rather damp, in order t o prevent des truction of the soil. Frequent
ly the breaking of a grass-covered deposit is likewise fac ili tated by 
burning off the vegetation. If the surface layer of the muck after 
breaking is very fibr ous and is underlain by a mor e deco mposed muck 
at a short di stance below, as is occas ionally the case, burning of th e 
surface layer may be a distinct benefit. T he surface of such a soil 
should be well di sked as ea rly in the spring as possible, and , as S0011 
as the di sked layer beco1l1es dry enough, it can be burned without 
danger to th e underlying laye r s. 

In so me localiti es fi r e is used for the double purpose of clearing the 
muck of it s forest growth and of burning off a Jayer of the surface 
so il , the ash serv in g to fertilize the so il for several succeeding crops. 
This use of fire is to be discouraged fo r seve ral reasons. Chief among 
them are: 

1. Danger to neighboring field s and farms teads. 
2. Burning off of shallow deposits ofte n leaves sand, marl, clay or 

hardpan exposed. 
3. Decreasing depth of muck short ens life of muck depos it. 
4. Surface muck is often more fert ile than lmver laye rs. 
5. Lowering the level of the field lesse ns chances of obtaining proper 

drainage. 

If a substratum of sand or marl is lef t exposed by burning, a soil 
of relatively low fer tility is ge nerall y the result. If a t ough clay is 
exposed, considerable labor is required in improving the soil structure. 
and in incorporatin g orga nic matter in the compact surface layer. 
Even though a foot to 18 in ches of muck remains after burning, the 
life of thi s Jayer is r elatively short. 

From· the very nature of the formation of a muck depos it, each gen
eration of plant growth owes it s exist ence t o the plant food in the muck 
within the r each of it s roots. F or this r eason it is frequently true that 
the surface layer is the most fertile. vVhen thi s layer is burned, its 
ash, with a consid erable amount of the mineral elements of plant 
llutrients , is left to fe r t ili ze the first crop. However, the crop is able 
t o utilize only a sma ll portion, and the remainder is largely washed 
down by rain s beyond the r each of the roo t s, only the in soluble por
tion s remainin g . The amount of such plant food r etain ed by the soil, 
varies with the nature of the muck. 

Occasionally the amount of water-soluble plant nutrients held in a 
muck after burnin g is so large that it proves injurious t o th.e crop. 
Such a muck is t emporarily an "alkali" soil , the alkali proving especially 
injurious t o 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 Wiscon sin 
muck had entirely di sappeared the next year, when the field was heavily 
manured and a g ood crop of ensilage corn rai sed. The Ingham County 
muck likewi se produced a good crop of sug ar -beets in 1923. Occasional 
ly fire can be u sed advantageou sly in correcting the acidity of a low
lime muck. This is di scussed t o g r eate r ext ent on page 31. 

The dan ge r t o a community of the use of fire in clearing or of fe r
tili zation by the burnin g method, cannot be over es timated. When thi s 
method is follow ed, eve ry pr ecaution should be used t o guard n eig hbor- -
ing field s, property a nd lives . On an open marsh th e mo st succes sful 
method of co mbating a muck fir e is by digging a dit ch dow n t o w et 
muck around th e fir e a r ea a nd a llowin g it t o burn it self out. If the fir e 
is dri ve n by a hig h w ind, a supply of w at er is needed t o exting ui sh 
sparks blown ac ross the t re nch. H eavi ly r olled muck is not so likely 
t o burn as is loose, unrolled muck. 

Removing the Hummocks. Very fr equently mucks, w hich have been 
long in pasture, have deve loped a very uneven surface, covered with 
innumerabl e hummocks. Such a surface is ve ry difficult t o break. A n 
implement \vhi ch does ve ry good work in the r educing of these hum -
1I10cks is made by taking the fro nt bob of a bob- sled and attaching a 
strip of sheet s t eel, sharpened on the fr ont edge, diagonally across from 
the bottom of one runner t o the bottom of the other. A ft er the hum
mock s are cut down , di sking of t en aid s in preparing th e land fo r the 
plow. 

Cultural Management 

Breaking. T he p lowing of a muck fo r the fir st time can best be done 
with a tract or a nd a heavy breakin g p low. A plow which turns a w ide 
furr ow (18-22 inches) a nd is equipped w ith a long mold board , u sually 
does better work than t he ordinary t ype. The. disk plow al so produces 
very good r es ult s in br eakin g muck, the cla im bein g ' made tha t it is 
especially suited t o muck conta ining t oug h r oot s w hich would interfer e 
with the mold board type. If the di sk plow is u sed it is necessary t o 
keep the di sk s we ll sha rpened. 

If the muck is fill ed w ith r oots, a w ing or k ni fe coulter on the mold 
board plow usually g ives better results than a r e secured with the o r 
dinary r olling coult er. If the sod is loose, a nd likely t o push a,head o f 
the plow, o r fill ed w ith r oot s, a mold board plow w ith a very larg e rolling 
coulter generally turns the furrow in a sati s fact ory way. A special t ype 
of breaking plow now on th e market , fo r u se on muck land supporting a 
growth of brush, is able t o bury the entire g rowth beneath the furr ow. 

In order t o bury the heavy sod oft en fo und on muck, it is esse ntial 
to break fairl y deep, fro m six t o eight in ches u sually being suffici ent. 
There is thu s placed on the surface a laye r of muck which is generally 
fairly w ell deco mposed and fr ee fr om sod. T he furrow should be laid 
as flat a s poss ible in breaking, in order t o prov ide a level surface, fr ee 
fr om sods, fo r seed bed preparation. A spec ia l t ype of plow r ecently 
put on the market , ha s a pushing a ttachm ent which shoves the furr ow 
sli ce t o the ri g ht af t er it has been turn ed by t he plow , leavin g a w ide 
furr ow t o r eceive the n ext fur row sli ce . I n thi s way it is claimed that 
a ve ry level plowed su rface is produced. 

If a new muck is t o be broken up, t he breaking should be done p r e-
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ferably during the summer previous t o cropping, in order to give time 
for settlin g and decay. If the surface of the muck is free from .sod and 
weeds, as is usually the case on burned-over areas, and sometImes on 
muck from w hi ch the forest gro'wth ha,s been rem oved, breaking is 
unnecessary. A good see d 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 so il and is not in need of the weathering action 
of the elements. For these r easons muck soils, with the possible ex
ception of a few ve ry compact soil s 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 a re usually secured if the seed bed is prepared 
by di sking. Limited experiments indicate that root crops produce 
better crops on plowed muck: if the muck has been heavily r olled after
plowing. If the land is plowed, fall plowing on muck generally results 
in hig her y ields than docs spring plowing, due apparently to the soil 
becoming more compact. It is de sirable al so 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, we ight about 3500 pounds. lVIower wh ee ls were used at the 
ends and 4 inch boards we r e placed around the outside and h eld 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 fi eld. 

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

Rolling. In the management of muck and peat soils, with the pos
sible exception of a few very heavy mucks, ~10 other fan-r: impleme~t 
is as important as the roller. Germa n, SwedIsh and Amencan expen
ments have demonstrated that r olling of muck will produce marked 
increases in crop yields. The ordinary ro ller is not heavy enough for 
best results, unless it is heavily weighted. German and American in
vestigations have shown that a r oller weighing 500 to 700 pounds per 
linear foot is not too heavy. The 1\1innesota Agricultural Experiment 
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Station advises farmers that, in the absence of r ollers, they should use 
the disk harrow, well weighted and with the disks set straig ht. 

The compacting caused by heavy rolling is important for two reasons. 
In the undrained muck are many s mall spaces filled with water which 
upon draining beco me filled with air. Rolling tends to close these air 
spaces, thereby giving the roots of the growing crop a better oppo r
tui1ity for development and penetration. At the same time it allows 
the soil moisture from below to move more dir ectly upward, by capil
lary action, to supply the plant root s with water. A lthough the float, 
used by many Michigan truck farmers, will smooth the soil, it will 
not produce the compaction secured by the heavy roller. A lthough 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 th ~ concrete r oller on muck soil s. This type has been used 

Fig. 10.-The muck to the left of the stake was roIled with the concrete ro ll er 
whi le that to th e right was not rolled. Note the difference in stand. 

in Amer ica with success for several years. Such a roller* can be con
structed at a fairly low cost by u sing, in so far as possible, materials 
from the farm . A good draft horse can pull fr om 12 to 20 linear inches 
of a 30-inch concrete roller , the amount depending somewhat on the 
compactness and leve lness of the muck. 

German investigators r eport that the greatest benefit is secured 
from roll ing when the soil is moi st 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 
each 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 th e const ruction of a concr ete roller are given in 
the Michigan Agricultural Quarterly Bulletin, May, 1924, which may be secur ed 
without charge by address ing R. S. Shaw, Director, Agricultural Experimen t 
Station, East Lansing, Mich. 
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On such a soil , heavy r olling in a wet summ er, may r esult In reduced 
yields. If the muck is exces si ve ly drain ed, the heavy rolling may be 
the means of saving the crop from lo ss by drought. If the muck has 
a tendency to blow, a roller which leaves a corrugated surface on the 
soil allows le ss drifting than takes pl ace. on a smooth surface. Rolling 
at right angl es t o the direction of the prevailing winds proves most 
effective in checking the blc)\\'i ng of the muck. 

Cultivation. In general, shall ow culti va tion gives more satisfactory 
results than deep cultivation. The cultivated layer of muck so il is rela
tively loo se and, as a r esult, 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 ,vater not only from the surface but also 
from the sides. This leads to drying out of the muck in the row with a 
consequent'lesse ned yield. For the sa me reason shallow hilling of 
potatoes is preferabl e t o high hillin g on muck. During toe drought of 
1923 the advantages of s hall o ~\\' cul t i,'at ion we re especiall y marked. 

COMPARISON OF UPLAND (MINERAL) AND MUCK SOILS 

A comparison of the properties of upland ( mineral ) and muck soils 
brings out so me important di fferences between them. A mong the 
more important of these are differences in density, in chemical composi
tion and in heat conductivity. T hese are especia lly important because 
the supply of plant nutri ent s in a soil depends on the first two proper
ties. The third is important because, as Douyoucos and McCool (4) 
of this station have recently explained, the occurrence of frosts on 
muck during th e summ er is clue to the low conductivity of heat in that 
soil. 

Density. Muck and peat soi ls are genera lly much less compact than 
th e mineral so il s and th e mat erial of which they are composed is much 
lighter in weight when dry. In genera l, a cubic foot of dry mineral soil 
weighs from 75 t o 100 pounds, while the same volume of muck weighs 
from 15 to 30 pound s. True peat, on the other hand, varies in weight 
from 6 to 20 pounds per cubic foot. E ven 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 min eral so il. 

Composition. Table 2 gives t he chemical co mpo sition of the sur
face eight inches of a number of mucks, and also of two mineral soils. 
This is expressed in pounds of the plant nutri ent constituents per acre 
of soil, taken to a depth of 8 in ches. Tn all cases th e nitrogen and the 
organic matter content of the muck soi ls a re much higher than those of 
the mineral soil s. The lime cont ent also is u sually higher, though in a 
few cases, it is decidedly lower. P hosphoric acid and potash are 
present in smaller amounts in the muck s. Since these are the plant 
nutrient elements whi ch ar e m ost ofte n insufficient in mineral soils, 
the comparison gi" es so me idea of the relative natural fertility of these 
different soils. 
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Table 2.-Composition of Seventeen Muck Soils and Two Upland (Mineral) Soils, expressed in pounds per acre, taken to a depth 
of 8 inches. (1) 

Roil 
Ko. 

1 
2 
3 
4 
.5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1.5 
16 
17 
18 
19 

Locatioll-county 

Ingham Co. -:\0.2 .. .. 
Ealamazoo .. 
Ottawa ~o. 2 ...... . . 
::\Iissau].;:ee -:\0. 2 .. .. . 
Berrien ~o. 1. ...... . 
Berrien -:\0. 2 ....... . 
Ingham -:\0. 1 .. 
Gratiot ....... . 
Ottawa -:\0. 1. 
Calhoun ... .. 
Lapeer NO . 1 .... , . 
Lapeer ~o. 2 ... , , , . 
HLlron ", .... , .. , ' . 
Eaton .... ,.,',., .. . 
l\Tissaukee .......... . 
vVashtenaw ... ...... . 
Van Buren . . . ...... . 
Tuscola, clay loam . .. . 
Cass, sandy loam . . .. . 

Original vegetation 

;\1oss and hurkleherry .. . . . . 
1\1o::;s and hlicUeberry .. .. . .. . 
Moss and hucklebel'l'J' .. 
fledge . .. ........ . 
Seclge . . . , , ..... . 
Sedge .... . . . ... . 
Sedge .. . 
Tamarack ...... . 
Tamarack ...... . 
Tamarack . . ..... ... . 
,Yhite cedar, tamarack and ash. 
,Yhite cedar, tamarack and ash. 
'White cedar, tamarack and asll .. 
Y1 ixed, tamarack predominating. 
1\1 ixed growth ... . 
Mixed growth .. . ... . 
Ash and elm ...... . 

Organic 
matter 

3GI.'\\00 
:) 10, GOO 
46;').000 
.5H.800 
44fl , WO 
480 , 600 
460,'\\00 
-186,600 
482 , 400 
.500,400 
409,200 
489,000 
.')10,600 
454 ,800 
442 , 200 
4.51 , 800 
399,600 

9.5 , 000 
32,800 

::-'lineral 
matter 

(ash ) 

208 , 200 
80,400 

] 3.'),000 
;j;'j,200 

1.'10 , 600 
11fl ,400 
139 , 200 
113,400 
]17 , 600 
99,600 

1(:)0,800 
1l1 , 000 
89.400 

14.'5 ,200 
1.57,800 
148.200 
200,400 

1 ,90.5 , 000 
l ,967,200 

Insoluhle 
ash (2 ) 

]87 , 200 
67,800 

107 , 400 
37 ,800 
~r3, 600 
,,)LOOO 
.')8,200 
3;) ,400 
4.5.000 
30,600 
83,400 
24,600 
22,200 
8 1 ,600 
8.5,800 
64,800 

] 07,400 

Soluhle 
ash 

21,000 
12 , 600 
27,600 
17 ,400 
.'57 , 000 
6.":> ,400 
81,000 
78,000 
72 , 600 
69 , 000 

107,400 
86,400 
67,200 
63,600 
72,000 
83,400 
93,000 

Degree of 
acidity 
(soiltex ) 

Very strong . . . 
Very strong .. . 
Very strong .. . 
Yery s trong . 
St rong ... . 
:\1 e.1ium ..... . 
Very sli~ht. , . 
~ot acid ... . . 
Yery slight .. . 
Very s light .. 
::\Tot arid ... . 
~ot ac icl . . . 
:\"ot arid ... . 
Very s light . . . 
Medium . . ... . 
Sligh t ..... .. . 
Very sl ight . . . 
Sligh t ....... . 
Strong ...... . 

Lime 
(CaO ) 

2,460 
:2 ,4 60 
0 , 600 
6 ,400 

22,200 
] O,200 
2.'5 , 400 
38,200 
36,000 
36 , 600 
40,800 
47 .400 
40 :800 
26,400 
20 , 600 
24,200 
40,200 
21 , 200 
8,400 

Pho1-l
phoric 

a,rid 
(P205) 

-:\itrc
gen 

,---,---

.'52; 
798 

].548 
1440 
]9.'56 
1704 
2016 
2316 
3354 
187,\\ 
2664 

1476 
1578 
2382 
2322 

3470 
1640 

11,09·1 

13, ]52 
13 , 344 
]6,464 
18 ,918 
17 ,994 
12,.510 
17,346 
18,342 
16 ,53 0 

12,510 
16,146 
11 ,616 
18,690 
15, 084 

4 ,400 
1,120 

(1) Calculation on the basis of 600,000 pounds as the weight per acre fo r the surface 8-inch layer of muck so il, and of 2,000,000 
pounds for that of up land (mineral) soi l. 

(2) Determin ed by diges tion with aqua regia. 

f-j 

~ 
trl 

~ 
C 
n 
~ 
Ul 
o 
r-; 

L' 
Ul 

o 
':rj 

~ 
r-; 

n 
~ 
2) 
>
Z 

t-:) 
<:,.j 



24 MICHIGAN SP ECIAL BULLETIN NO. 136 

Frostiness 

It is we ll kn own that crop s on muck soil s are much m or e subject to 
fr os t s occurring du ring the summer t han are thos e on mineral soil s. 
E ve n if the t wo soil s are at the same elev'ation or if the muck, cove red 
with a laye r of sand or clay, is co mpared with bar e m uck, a fr ost may 
injure crops on t he unco \'e r ed muck du ring the sum m er , w hile those 
on the other soil w ill not be da mag ed. Bouyouco s and ]\lIcCool made 
t emperature stud ies on clay loam and muck pl aced at the sa m e eleva·· 
ti on, with muck culti\'at ed , compact , and cover ed 'wi t h sand. T heir 
r esult s Crable 3) indi cate t hat heat moves m ore rapidly thro ug h a 
minera l (clay) soil than through a muck so il. D uring the ea rly pa r t 
o f the day, the clay loam ab sorbed th e heat ma rc rapid ly than d id t he 
muck, but by la t e af t ernoon, the muck had beco m e nea rly a s warm a s 
the mineral so il , even t o a dept h of six inches. On t he clea r , cool n ig ht 
\vhich fo llowed, heat \vas los t fr o m both soils by radi ation. T he t em 
perature of ·th e surface of t he cult ivated m uck soil d ropped eig ht de
g r ees m ore than that of the mine ral soil , reaching a t emperature fo u r 
degrees below t he freez ing point of water. A t a depth of six inches, 
how ever , t he t emp erature of t he m in e ra l soil d ropped fiv e degrees 
m or e than did that o f th e muck soil. In ot her wo rds, su ffici ent heat 
move d fr om below t o t he surface of the min eral soil t o keep t he su r
fa ce fr om freez ing . Th e muck soil vva s such a poo r conductor that t he 
heat below did not m ove up , consequent ly t he surface layer and t he 
ai r just aboye it we r e cooled t o a point at w hich a crop w ould have 
been frosted. T he co mpact muck soil w a s a bet t er conduct or o f hea t 
than was t he culti vated mu ck , w ith a r es ult t hat t he surface t empera
t ur e dropped to only one degree below fr eez in g . Further , the m uck 
with a lig h t co \'e r ing of sand g aye an even sma ller d rop in t emperatu r e 
at the surface t ha n did th e co mpact muck. 

The " fr os tiness " of a muck depends on seve ra l fact or s, of w hich t h ~ 
followin g are m ost importa nt: (1) l\ [oisture content; (2 ) co mpactn ess ; 
(3) stat e of deco mpos ition; (4) conte nt of mineral matter; (5) fe r 
t ili za tion. 

Heat m oves up fr om be low t o the surface more rapidly in a m ois t 
th a n in a dry muck . If t he so il is compact, t he movem ent of heat takes 
place s till mor e readily. F or that r ea son the hea v'y roll er is a va luab le 
implement in a iding the p re \'ention of fr ost s. T he loos er the su rface 
layer , the g r ea ter the danger of summer fr ost s. F requently w hen a fie ld 
of co rn or po t atoes on muck has bee n pa rtly cul t iva t ed before a fro st 
occur r ed, the culti vatecl portion ha s been frost ed w hile the uncul t ivated 
part has escaped . The loose cult ivat ed layer serves a s a b lanket to 
k eep t he hea t in the soil so that the a ir jus t abm'e it is 'not kept wa r m. 

Ordinari ly t he m or e deco mposed a muck becom es, t he smaller b e
comes the probabi li t y of fr ost occurrence. For t hat r eason, old m uck s 
a re generally no t as " fr os ty" as those r ecently reclaimed. A soil fa irly 
hig h in mineral matter is likewis e not a s subje ct to fro sts a s one that 
is low in these co nstituent s. If t he surface of the muck is cover ed w it h 
a laye r of a shes, or sand o r clay has been spread over it , a s is done 
t o so me ext ent in E u rope, the dange r of su mmer fr os t s is m uch de
creased. 

Fertili za tion of the m uck m ay prevent injury of the crop by a light 
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fr os t . As a 11 illu strat ion : on the pi () t sin r 1 u r () n C () U nl y. a frost. ( ) c 
curring on th e ni g ht of A ug u st 20. 19.2.2. practicall y killed the coni 
on the unfe r t ili zed pl uts, bu t onl y slight ly damaged that 011 thc \\(' li 
fe rtili zed p lots. Thi s p rotect ion prohahly is due larg-cly t o tile g-l'eal(T 
g r owth of t he crop on the ferti lized plot s, which tends to p r c\"('nl t 
loss of hea t fro m t he a ir nea r the gr()und. I t m ay he clue in part als t) 
t o a g r eat e r res ist.ance to free zing. offered by the plant juices ()f th e 
fe rtili zed cr op. 

S ummer f rosts on m uck a r e hes t comhatted hy a selecti()n of crop :, 
\\'hi ch a r e not eas il y frozen. T h is will be clealt with 1l1ore fully limier 
the sec ti on "Cr op Adaptabi lity" (page 70). 

Table 3.-A c o m p arison of temperatures of mineral a!!ld muck 50:1 for the afternoon 
a n d night o f October 5, 1921. 

Soi l Poillt o f IIIl'aC; ilreJ Il f'lIt of 
tefllper,ltllr ,~ 

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

C lay l oam (compact). 

Muck (compact). 

M uck (cult ivated) ...... . .. . . 

Ai '" 1 inc i l abo vc Ntil fac('. 
Soi I ,Lt su rfacl~ ......... . 
Soil at d eptlJ o f (i illr-iw.'. 

Ai ,', 1 inch a,bo H~ SiI,· r ' IC :'. 
Soil at Sl Ji"f,L(·('. .... . ... 
S .) i l ,Lt cl epth 0 1- (j iJi c ill':L . 

A i r, '1 illC]1 aLovp, sl lr facp 
So il at sll l'face; ...... . 
Soi l a.t dep th of (j illcil(· . ..; 

'['('111; :( ",11 '1 1'.' i JI <1 ",.:;'(':>; 
i<'al;i','!1 lil-' i! 

'i'al, l' ll 
,11 

1 J'. .\1 . 

;":'. () 
;"1.1 

:iK. () 
;, J . :2 

,,7.0 
!) 1.7 

L() \',"l' ~t 

'r,i!' ! 'J! (l'IIlI)(,,'iL-
,li til,',' fl), 

. j P. ~d. til " ili :; i1t 
foIIO\\'iJlg 

:)/ () 

:)1 .0 

;"7 () 
.,:{. I 

;{: .:2 
:l(i . :.l 
4n .;" 

:; 1 ~ 
:ll.O 
;,0 . :i 

:~() . " 
2~.() 
r,j . tl 

------------- ------_._------- ------ - - - -

M uck (compact a:ld cove,'ed wit h 
san e!) . 

A ir, 1 incil above Stli'f'lC(,. 
So i I at. Stl r F<tf"e ......... . 
Soil at d epth of (i iilci w."; . 

.'(i () 
:"j 1 .?; 

EFFECT OF FERTILIZING ELEMENTS 

I mprove m ent of the fert il ity of any so il is accompli shed by the usc 
of m a nure, green man u re or commercial fertilizer. t.ogether \\ith lime 
when it is needed t o correct a sour (ac id ) condition of thc s()il. J f 
manure o r comp lete commercia l fert ili ze r is used. three important 
fe rtili zin g con st it u ents are added to the so il. "iz: nitrogen (amm()nia), 
phosphori c acid and potash. Ge ne rally, muc\.;: soil is \' ery rc sp()nsin~ 
t o proper fertilization. Increa ses of 200 to 300 per cent and C\'en more, 
in y ie ld s of ce rt a in crops. are 1101 un C0 1ll11l 0n, S inc c selectiun o f th e 
necessary fe r t i I izi ng con s t i tuen t s is so i 111 porta 11 t. a bri cf co n s ide ra 
ti on of those effects of t hese sC\'c ral con st ituents on plant gr(l\\'l11. 
whi ch a r e of espec ia l impo r tanc e 0 11 muck. is desirahle. 

Nitrogen. N it r oge n , applied in the for m of any of t.h e (luick-acting' 
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or mcdium acting fertilizcrs, tcnds to producc, amo ng other s, the 
following effects: 

1. Increascd growth of tops, with lodging of gral11. 
2. Delayed maturity of the crop. 
Even though muck soil is high in nitrogen conten t, these effects 

from application of a nitrogen-carrying fertilizer are often noticeable. 
Phosphoric acid. vVhen applied in the form of a r eadily available 

phosphate, this constituent: 
1. Hastens maturity of the crop. 
2. Increases grmdil, cspecially of the aboye ground parts. 
'The effect of phosphate in hastcning maturity is especially important 

on muck: soils because the maturity of crops on muck is generally 
delayed by the nitrogen in thc soil. ] [o\ye\'er, it is possib le to so 

Fig. ll.-This picture illu:-,trates a condition often found on muck areas, which 
may be due to ally one o[ lhr~e cau:-;cs: (1) potash starval ion, (2) a very acid con
dition of the soil, (3) an alka li con clition procluced by the recent burning off of 
a layer of muck. The flr::-t cOlldition is generally the cause but both the others 
have been observed to act in a s il1lilar manner o n corn on Mich igan muck soil s. 

hasten th e maturity of certain crops, by an application of phosphate 
without potash, tbat thc crop maturcs before reaching it s 110rmal 
oTowth. This is cspecially noticeablc on root crops, and, in our in
~est i gations, has heen m()rc e\'iclent on those mucks which did 110t re
quire phosphate for increascd growth of the crop. 

Potash. 1\n application of potash to crops grown on muck: 
1. Increases plant growth, especially in tubcr a nd root crops. 
2. I ncrcases sugar and s Larch c()ntent of t ubers and roots. 
3. Delays maturity o[ the crop. 
4. Improyes quality of crop. 
The effect of potash in increasing all plant growth is very important 

t o thc muck farmer. Its cffect on the quality of the crop has n ot been 
given sufficient considcration 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 numb er of years, an organized study of the needs of the muck 
soils of 11ichigan has been conducted by the Soils Department of 
lVlichigan State College. At tbe start of the 1922 season, the scope of 
this study was cons iderably enlarged. On tbe basis of the natural 
fertility in th e soi l and the fe rt il i ze r <111 d Ii me reclui re m ('11 ts for gen eral 
crop production, the muck soil s of the state, in so far as they have 
been studied, may be grouped as follows: 

I. Low-lim e mucks . Lime, potash, phosphate and nitrate required. 
II. High-Ii me mucks. 

1. Ne\dy reclaimed mucks. 1\0 fertilizer requirements [or 
from one to seyeral years. 

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

3. :Medium and deep Illucks. 
a. 11ucks requiring potash only. 
b. lVlucks requiring both potash and phosphate. 

EXPERIMENTAL WORK ON MUCK SOIL':' 

During the seasons o{ 1921 to ]92-1-, inclusi\'C', experi1llental work 
\vith genera l and specia l crups was conduct ed on 4() different mllC1--: 
areas. Th ese were widely scattered hut largely in the so uth ern hal f 
of the st.ate, du e to the fact that only a rclati\'cJy small l)roportion of 
muck areas in the northern hal f ha\' e been de\·eloped. In the suc
ceedin g pages, the results frolll th e different mucks are grouped ac
cording t o the type to \\'hich the suil b C\ )l1g·S. ~ Tat ural "egetation, 
di stribution of th e type, drainage ancl proper lllctlwc1s of fertil ization 
a re considered. 

*Thc writcrs w ish to state that the flvl: sets 01' expcrilll(, lltal plots cOlld uctcd in 
1921, w e r c cs tab li shed by Ezra Ixvi ll , who was a 1I1('ll1her of th e Soils c1cpart
m e nt until Jul y 1 of that year. Ail yiclds reported h CJ"( ' ill WLTe se cured l)y th e 
authors, 'w ith th c h e lp of Jamcs Cnl lll , Forest Crim anc! Andrew lIuff, studcnt 
a ss istants. A. G. Weidemanll of thc Soils dcpartment \\<lS to a considerable cx
tent r espons ible for thc det erm ina tion of thl: s ug~r COlltcnt of thc suga r bccts. 
Th e authors \\"i sh to takc thi s opportunity to thank the county agents of thc 
counties in whic h thc exper im enta l \\'ork was clone. and ·thc farmers Oll whose 
farms th e plots w e r c lo catcd, for their hearty co-operation in makillg the v,'ork a 
succcss. 

In thc diffe r cnt se ts of experimental plots report cd in the follo\\ 'illg l)agcs the 
fcrtiliz ers used a na lyzed as follows: 

Symbol 
P. 
K. 
N. 

S.A, 
M. 

Fcrtilizer 
Ac id Phosphate 
Muriat e of Potash 
Nitrate of Soda 
Sulphate of AlIlJ1Jollia 
Manure 

Description of Fertilizcr 
l(Jr/r) Phosphoric acid 
5()'/r) Potas h 
lW/r) Aml1lonia 
25'/r AlllmOllia 
C('IIL'l"allya 111ixture o[ horsc and 

cow manure 
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LOW-LIME MUCKS 

It ha s I ()ng bee n a' popula r imp r ess ion a m ong .M ichi gan farm e rs 
that a ll lllllCk s n ee cl l im e . j\ s a matte r o f fac t , t he proportion o f low-

. lime muck s is r e latiH' ly low. Il ow eve r, t hey are fo und widely di s
t r ibuted o\'C r the stat e, u sua ll y in fai rl y s m a ll a r eas and o ft en n ot far 
di :..;ta nt f ro m high-l im e llluck s . In so far a s inv es tigatio n has b ee n 
m a d e . all d epo s it s in sou thern .Michi g a n , w hi ch support ed a n abund
ant g rmdh () f sh rubs a nd sphag num 111 0S S, ar e very stro ng ly a cid 
( l() \\'- lilll e) . whi le y e ry fe \\' (If t he d epos it s o ri g in a lly cove r ed w ith sedge, 
"ncl n () ne o f thos e o r ig inal ly t imbe r ed wit h a sh a nd elm a nd mapl e 
necd li1lle. In ce ntra l and n o rth e rn ::\Tich igan t h e g ra s s (sedge) muck s 
Cl rc m()r e g e ne rall y 10 '" in lim e , w hile· s t ill fur t he r n o rth the muck s 
supportin g a gr()wth of ta marack a nd bl a ck spruce ( w h en dwa rfed ) like ·
w is e arc gc ne ra ll Y \'e r y stro ng ly a cid. T hose muck s supportin g J. 

Fig. l.2 .- T hi s IllLl ck "'as , 0 s t r o ng l_" ac id t h a t t h e c r o p ",a s p r ac ti ca ll y k ill e d o ut 
in ,; po ts and \\'o ldcl h ave hC l'n lll u c h b e n e fit ed b y liming o n m o s t of th e fie ld. Ge n 
c r al ly th e pres cn ce o[ marl u nd er th e ll1u ck is co n s id e r ed p r oo f th at th e muck is 
s \\' (' c1. .Hn c. h o\\'cv er . t h e n ea rl y b a r r e n a r e a on w hi c h th c m a n is s t a nding w as 
un d e rl a id b y fair CJu a lit y o f Ill a rl at a d c pt h o [ fo ur a n d o n e - h a lf feet. Marl was 
t l1rO\\' n up 0 11 t he d it c h ha n k ab o ut 30 r o d s a way. 

g()()d gnl\dh of \\·hit e ce dar o r ta marack, in so fa r as they hav e b ee n 
ilne st igat ed . ha\'e no t r eq uir ed lim e. 

In gh8m Co. Proj~d Nou 29 1922-1 924. Expe rim ental pl ot s were con
clucte d fr o m 1922 t o ] 92-J. on a low- lime muck nea r 1V1aso n , In g ham 
C ()U1lt y. This lllUck o rigi na ll y suppo r t ed a g r o wth o f sphagnum m os s 
z~ll d shrub s. ~\ s s ho\\'n in T ab le 2, page 23 ( M·uck N o.1 ), thi s soil 
\\'as \ cr y lo w in lim e a nd phos pho r ic ac id . A bout 35 years ago , the 
pO rl il)ll ()n \\'hic h t he plots wc r e locat ed was tile-drain ed , with t he 
c:-..: pcctat i()n o f rais ing t ruck cr ops. I mm edi ate ly a ft e r drainage w a s 
estahli shecl . a ll ycge t Clt ion di ed. S ince t ha t tim e t h e dra in ed p o rtio n 
In::; been ab so lu t e ly devoid of a ny Yege t a ti on , except around the edges, 
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w here l11i neral soil was \v 
cr ept in . 

T h e a r ea for p lo t work 
of w hic h re cei \'ed pu l\'er 
a cr e ; t he ce nt er strip \Va :;: 
lim es t on e at the ra t e of j 

was app li ed in 1922, onl; 
m a r k ed be nefit was seC Ll 1 
app licat ion s \ \'e re made. 
diffe r ent crops \\'e re g ro \\ 
Table 4.* 

O n t h e ya r iou s crops g1 
t i m ot hy and clo \'e r fa il ed 
t io n of th e fi e ld. \ \·hi le 1 III 
fi r st leaf and t hen died. 1 

Table 4.-Crop Yields on VI 

--~------------'--------

Plot F e ;ti lize r a ppli c<1 t iOIl - J G22 
N o. I bs. p er acre 

1 ~o fe ;ti lize: ... .. 
2 P 200 K :300 (2). 
3 P ;:iOO K 300 ... 
4 P 400 K 300 N J 00 
Ii P 400 1--: :'l O() 
G P 4 00 K 200 
7 P 4 0 D K 0 .. . .. 
R ]\"0 k: lil izer n). 

P lot F e rt ili zer applicat iOIl- J 023-24 1 

N o. Ibs. per ,t(' re 

1 ~o Fer l i l izer 
2 P J OO 1\. 300 (:3 iil s LLJl ments) . 
3 P 30 0 K :100 . . . . . ....... . . . 
4 P 300 K 300 ~ 200 (:1 ills t a ll-

ment s) ..... . ... . 
Ii P 300 I( 300 "J 200 
R N o Fe;- t i li;;:er . 

(1 ) Th c y ie ld of suga r beet s . I 
0 11 t h c u nli m e d p o r t io n of th c /i< 

(2) P - ac id p hosp ha t e; K- M 
(3) Sa n d y p o r t io ns of p lo t 8 ill 

*A m o r e de ta il cd r epo r t of t h 
g iv c n in t h e Mi ch. Ag r '1. Expt 
"IJimin g a n Acid Mu ck So i1. " 
ing R. S, Shaw, Di recto r, Agricu 
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where mineral soil was was hed down onto the mnck and timothy has 
cr ept in. 

The area for pl ot \Vork ,vas divided into three equal strips, the first 
of \Vhi ch received pulverized limestone a t the rate of two t ons per 
acre; the ce nt er st rip ,vas not lim ed a nd t he third r eceived pulverized 
limes tone at the rate of four tons per acre . A lthough the limestone 
was app li ed in 1922, on ly shor t ly befo r e the cr ops we r e planted, a 
ma rked benefit was secured . Across these s trip s, diffe r ent fertilizer 
applications were m ade. On each limed and unlimed ar ea, several 
different c rops were grown, t he y ield s of some of which are given in 
Table 4.* 

O n the va rions crops g rown in 1922, sngar beets, swee t clover, and 
timothy and clover failed to appear above g round on th e unlim ed por
ti on of the field, w h·ile Hun ga rian mill et a nd sp ring rye developed the 
f1r st leaf and then died. Pota toes w er e the on ly crop to per sist with-

Table 4.-Crop Yields on Very Strongly Ac:d Mu::k-Ingham Co.-1922-1924. 

]D22 

Hlll1gari,LIl 
P lot Fe;·tilizer app li cation- J ()22 mill e t 
N o. Ibs. per acre Ibs. p CI' acre 

(2 ton::; lilli e) 

Potatoes - uu. per acre 

(2 tons 
l ime) (No lim e) 

S ugar 
bee t s Ibs. 
per acre 

(4 tons (4 tons lime) 
lim e) 

---------.-------I-----I----~ ---------------

1 
2 
3 
4 
;; 
G 
7 
R 

N o fe,· tiJi ;r,c: ..... 
P 200 K :300 (2 ) . 

~ ~gg i~ ~8gN iOG. ; 
P 4()O 1( :'lOO .. 
P 400 E 200 . 
P 400 K O . No fe :t il i;r,er C:l ) . 

G().7 ( I ) 
201;; \J 
27 12. :; 
430;') 4 

:) 1 ;};l . :'l 
o () 

-:('<1,11 1 g ', Dwtl , 

1 ')2:-s 

i lTllIlg<l,rian 
Plot Fertilizer applicatioll- 1023-24 mill et 
No. l/)s. p e r ,t(' re 1 lis . [le I' aC'l't' 

(4 t O ilS lime) 

1 No fe rtiJi ;r, e r .. . .. ..... . .. . . . 
2 P :3()0 K 300 (:3 iils bllments) . 
:3 P 300 K :') 00 . . . . . . . . .. . 
4 P :300 K :'l OO N 200 (:3 install-

ments) ..... . . . . 
;; P 300 K :'l 00 N 200 
R No fe ;·ti li;r,er . 

170 . 1 ( I ) 
HilS . S 
127 6 I 

;-$2:32 R 
2207 0 

2!).'i 2 

!) D 0 7 ]2 7 
:30 . !) 0 6 SS. l 
27 0 0 !) 3 7 . 6 
4 1 0 0 2 <1(j 1 
:.)1 f) 0 2 .')6 0 
:-l!) 7 0 7:'l.7 
IR S 0 7.1 
::lG \I ] . D 1 f). 1 

Pot.atOl')s-ull. per acre 

(2 tOilS (No (4 tOilS 
lime) lime) lime) 

17 (-j . R 0 . 1 
(i6 7 8 4D 1 
G:I I 8 56 4 

f):) 4 2 4 8(). 1 
70 3 :'l 0 81.2 
21. 2 R ;") U . 9 

66.8 (1) 
H)82.7 
12:')0.1 
] 11.").1 
21:'l.') 0 
I :~80. 0 

Scan t g l'owt ll 
Scant growth 

1021 

Rut.abagas 
t o ns per 

ac re 
(4 tons lime) 

------

5.3 (1) 
4 . 0 

.') 8 
3. 1 
1 .1 

(1) Th e y ield of sugar beets . I-.Iungar ia n mill et a nd rut abagas was 0.0 for all p lots 
on th e unlill1 ed portion of th e field. 

(2) P - ac id phosphate; K- Muri a t e of po t as h ; N- N itrate of socia. 
(3) Sa ndy portions of plot 8 in creased tbe y iel d of potat'oes. 

*A 111 0r e detailed r eport of the r es ult s secu red ill 1922 O il this very a cid muck is 
g iv en in th e Mich. Agr'l. Expt. Sta. Quarte rl y, November, 1922, under the title 
"Liming an Acid Muck So il." This lllay b e secured, w ithout charge, by address
ing R. S. Shaw, Director, Agricu ltural Experimeilt S ta tion , Eas t Lan sing, Michigan . 
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out lime throughout the season, the plants being very stunted and 
practically w ithout r oot development , but each plant produced a potato 
about the size of a small marble. Fertilizer applications without lime 
produced no increase in gro-wth 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 satisfact orily ; it was finally 
di sked out a nd Hungarian millet sown. With all crops, the effect of 
fertilization on growth was very mar k ed, potash being especially 
beneficial. Phosphate alone gave no increase in growth, but nitrate ap
plied in addition t o potash and phosphate produced marked benefit with 
Hungarian millet, sprin g rye, sweet c1O\'er 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 unfertili zed. 
The plots were given the sa me fertilizer treatments in 1924 as in 1923. 

Fig. 13.-Potatoes on very acid muck. The three piles are from an equal num
ber of hill s. The first received fertilizer only, number 3 marl on ly and numb er 2 
fertilizer and marl. 

The yieJds of both Hungarian millet and potatoes in 1923 and of ruta
bagas in 1924 largely confirmed the result s 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 in stallm ents (one before planting and the others at in
t erval s of about one month) gave marked increases of millet and ruta
bagas, and likewise of potatoes when nitrate was included. This is 
di scussed further under the sec tion "Time of Application of Fertiliz
ers," page 53. 

The yields of potatoes in 1923 on the fertilized plots r ece iving two 
tons of lim es t one, averaged even larger than those on the portion re
ceivina four tons per acre. In 1924 the potato vines were killed by a 
frost i~ the ea rly part of A ugust 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 r ece iving the 
four-ton application of limest one 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 fai led to germinate; those on the portion reCelVl11g 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. 

Fertilizelr 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. vVhen lime is applied to a high-lime muck, a slight decrease 
in yield sometimes results. If a muck is moderately acid, 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. Heavier applications of the liming materials are 
necessary. for some of the special l11uck 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. If possible plow
ing should not be practiced for a few years after the lime application. 
Penetration of the lime m3.Y be hastened by dis king and harrowing. 
In the case of exceptionally acid mucks, as for example the barren 
areas, it is probably advisable to plow deeply at the end of one or two 
years after liming and apply a second application of liming material to 
the upturned surface. Because of the fairly heavy applications needed 
on these strongly acid mucks and the relatively higher cost per ton, 
the use of hydrated lime cannot be recommended unless it can be se
cured at a very moderate price. 

Occasionally a low-lime muck is underlain by a high-lime deposit at 
a depth of only a few feet. In such deposits, the burning off of one or 
two feet of the surface layer often furnishes sufficient lime in the 
ash, so that the crop can grow and the roots penetrate into the high-

*Before deciding ' to apply liming material to a muck soil, have the muck tested 
for acidity by scnding a pint sample to the Soils Dept., M. S. c., East Lansing, 
Mich., or limc a small area in the field and watch results. 
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lime llluck below. Specific r eco 1llm endations of fe rtilize r mixturcs f()j 
genc ra l crops on lo w- li1ll e muck so il arc gi\'en on pagc ()S. 

HIGH-LIME MUCKS 

The natural suppl y of the min era l c le m ents of plant nutrients in 
muck soil is rathe r limit ed, a s sho\Vn in Tabl e 2, th e amount o f po ta sh 
present being very low and that of phosphoric acid generally low , whilt 
the supply of nitroge n is usually hi g h. /\ ny grouping of muck soil s 011 

the basis of their r eq uir e ment of the three plant nutri ent c le ments can 
be only t e mporary , sinc e the nc \\-Iy r cc laim ed muck of today. without 
need . of plant nutri ents. may become a so il whi.ch needs onl y p otash. 
"\vithin a few yea r s. an d one which need s both potash and phosphate, 
so metime lat e r. For th e econom ica l use o f fe rti lize r s, how e vcr, a 
knowl edge of the fertilizer need s of the muck at the present tim e is 
very cssential. 

Newly Reclaimed Mucks 

New ly r ec laim ed mucks. if hi g h in lim e and o nl y r ecentl y drain ed . 
se ldom re spond to fe rti iiza t io n fo r from on e to several yea r s. If the 
muck ha s bee n drained a ed u sed for pasture fo r a numb er o f yea r s. 
so me re sponse to fe rtili za tion 1ll ay be seen immediate ly. so m e of the 
ferti lity of th e soil 11 a \' in g ente r ed int() the fle sh and bone of the graz
ing st oc k . The writers ha\'e obse rv ed se \'e ral llluck fi eld s, long used as 
m eadows, with ha y r emo\'ed each year and nothing ret urn ed t o th e 
soil, on which th e Ii r st c r op grO\yn after hreal.;:i ng was a failure unl ess 
properly fe rtili zed . 

Jackson Co. Project-1923. This llluck area was ori g inall y an open 
marsh suppo rtin g a gr()wth in w hich s loug h g rasses (sedge) predom
inated. \Vild ha y had been cut and 1~e 1llo\ ' ed annually fo r e le ven of tlH~ 
preceding thirteen yeJ.rs and probably prev io us t o that t ime. Thc area 
was drained by a d ee p ditch in 1920; s inc e th en the y ield of wi ld hay ha s 
clecreased. The llluck WJ.S ve ry fibrous and seve ral feet in depth. 

Table 5.-Yield of Wild Hay-Jackson Co.-1923. 

Fe:ti li 7.er a~ ) pli("aLi()1l ( I )-IIJ~ . pnr acre 

] K 200 . 
2 Ko fCTtili7.er. 
:3 P 200 
4 P 200 K 200 . 

(1) P - Acicl phosphate; K- M uri ate of potas h. 

C ur er! 
ha.y lbs. 
per acre 

1;322 . 0 
1712 . 0 
2272 . 0 
3fl J:3 . !i 

Of the va ri ou s fe rtili zer applications (Table 5) mad e on the wild 
sod, acid phosphate gave a conside ra bl e increase in y ield, while muriate 
of potash was of no benefit when app li ed alone. vVhen th e two were 
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L P K N .. 
L P K . 
L .M. .... 
M. 
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P . 
T'J. 
K . 
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P N. 
K N . 
P K . 
P K '\ 
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:I! r C) c § ~ ,S 
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'" C(..! 
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---

lR :j 11. 6 R 
1 (}.;) l(} . :) 8 
2:3. !) :n .0 11 
33 . :3 2(}.2 II 
28.6 27 Q 11 
2R.R 29 . 2 11 
18. R 15 . G R 
17.8 20 . .'i II 
25.8 20 .5 8 

]0 
2:3. () 11 .0 6 
21- . 4 1:3 .8 7 
~)2 . :1 '27 1 10 
:32 . 1 2R :3 II 
~)2 . I :32 .8 10 

... 

*Rate of app li cation per acr 
250 1b s. ; K- muri ate of potasl 
s tone, 2 t ons. Ih indicates tha 

most consistent increases. 
no benefit. 

In 1922, the original app 
of the p lots, one-half thos 
left un fe rtil ized, in orde r 1 
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of potatoes. The p lots \\'e 
fe rtili zed in the same wa; 
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appli ed toge ther , the y ield was more than t \V ice t hat sec ured from the 
unfertilized muck. 

Calhoun Co. Plroject-1921-1923. T he results o f experimenta l work 
conducted on a n ewly broke n muck in Calhoun County a r e g iven in 
Table 6. T hi s muck ba s a depth of about eig ht feet. The a rea wac; 
formerly a tamarack s \Vamp w hich wa s burned ove r in 1885 and grew 
up t o poplar and ~\Vi llow. T hi s gro\Vth was again burned off in 1913. 
In 1919 the area was u sed as a pasture and in 1920 the portion used for 
plots was bro k:en up. Ana ly sis (1\1 uck N o. 10. Tab le 2, page 23) shows 
t he soil to be high in lime bu t to contain only a moderate amount of 
phosphoric acid. 

j\ s li ght respons e to fertili zat ion was e vident with the millet and 
potatoes and a great er r espons e \\'ith th e root crops, mangels g i\'in g the 

ht P 
N o. 

-

I 
2 
3 
4 
:) 

6 
7 
8 
9 

10 
11 
12 
13 
ItI-
1.5 
1 G 

I 

Fertili;r,er 
<Lpplicl:tt .ion * 

1921 

-----~ 

No f e;· tili7.er 
L ... . 
L P K N .. 
L P K . 
L M . .. 
M . 

fe;· tii(;r,ei· No 
p 
N . 
K . 

f~ ~< il i z~ : No 
P N. 
K :-.J. .. 
P I\: 
P K ~. 
No f eJ' ti l i ;r,~ i' 

Table 6.-Crop Yields-Calhoun County-1921-1923. 

1021 ID22 192 :3 

--------
rr. 

OJ CFJ en 
OJ Q; OJ .... c c c Q..;rf) (!) 

.s 0. .s 0 :=: c 0. I I'e : ti Ji ;~ e r ;:::: :l' 0. 0. 
rn .- 0 applic ,lLi llll* '§ ~ rn '2 E- ::i ::i 0 (3 rn I !}~ 2 - 1 n2:3 

~ ~ (!)<l) (!)<l) C:~:1J - C .~ .D .D 

II] ~t §~ .~ ~ ~ lfj 
", <l) 

CFJ rn co'-' .;:::;::,. 
,-, co ~ <l) - '" (l, <l) <l) 

C<l) ~(f: O<l) O<l) 

~ ~ gt) ~ ~ <l) .- ~9:~ ~ ~ 
~, c .......... ..., .... 

~.~ co coo co(.: 
00. ~ c-a ~ p. 33p, o ed ::1"'- Cd 0'" en ~ if) ~ ~ ~ p., ~ p., p., 

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

lR . .5 11 . 6 8 .4 38. 0 J\' o fe;· t i lize;· 2 6 118 . 3 62 1 
1!} . !i 1\) . 0 I> 4 12 .4 4 .2 1:3. 0 P J( 2 . 9 168 . 2 107 R 
2:3 . 9 :3.') . 0 11 . 9 :11 . 1 :).4 60 \) ~ ( P K ) 2 0 1.56 . 7 9:1 8 
33 . 3 20 .2 11 .3 2:3 .7 3.6 .')0 . 7 Resid ual. . 2 8 123 . 6 67 :3 
28. 6 27 . 0 ! 1. 3 28.4 :3. n :34 .2 P K . 3 0 149 . !i 09 . 2 
28.8 20. 2 1l.7 2:3. ::l 3. n :)0 . 7 Ile'i idu al. . . :3 2 142 .4 61.2 
18 .8 1.5 . 6 R.4 22. ;j :L6 4:3. 7 !\To fer t ilizer 2 6 12.5 . 0 56. 0 
17 .8 20 . .') R. O 24. 0 :-\. 6 46 . :3 H,e~idll <.1 l. . . 2 . 7 ll 3. 7 6·L.') 
25.8 20 .5 8 0 18. :3 2 .4 4:3. 7 pl( .. . 2.8 I"1.!L 7 130.0 

10 . 6 23 3 :{'6 58 . 3 R esidual. .. 2 . 8 111.7 6 1. .'5 
2:3. !) ll.O 6 . . '5 14 .8 2 :) .').') . 2 No fer t ilizer 2 . 6 J 1.'5 . 9 56.3 
21- . 4 13 .8 7 . 3 22 .') 2 0 50 . 6 Yz P .. 2 . 4 120.G 56 . 0 
32 . :1 27 . 1 10 . 9 21 .:) "1 . a 7.') .4 Yz K .... 2 . 0 125.7 70.4 
:3 2. J 2R :3 I I .0 2G .8 ,1 :3 71 . G Y2 ( I> r( ) . 3. 0 17:) . .5 131 . 5 
:32. I :32.8 10 . :3 74 . :2 R e, idll u l . 3.2 118.1 

.. . . . . . .. . . No f e .. t ilizer 2. 7 .. 6;j . 5 

*Rate of a pplication per a cr e: N- nitr a t e of soda, 100 Ib s.; P - acid p hosp hate, 
250 Ib s.; K- muriat e of potas h, 200 lb ~; . ; M - manure, 12 loads ; L- ground lime
stone, 2 tons. lh indicates th a t Yz of thi s app licati on was app li ed. 

most consistent increase s. Potash was needed mos t while lime showed 
no benefit. 

In 1922, the origina l appl ications o f fe rtili zers were repeated on some 
of the plo t s, one- half thos e amounts o n others, while st ill other s were 
left unfertilized, in order t o observe the re sid ual effects from the 1921 
appli}:ation . Since the nitrate of soda is entirely u sed or leached from 
the soil the fir st season aft er application, re sidual benefits must be 
clue either to the phosphate o r t o the potash or both. L ittle residual 
ben e fit is apparent except in th e cas e of th e manure appl icati on. Fer
ti li zation with pota s h and phosphate paid w ell in the increased y ield 
of potatoes . The plot s w ere again planted to potatoes in 1923 and wer e 
fertilized in th e same way as in ]922. The potatoes gave promise of 
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p roducing a very good crop, but killing of the vines by a frost on 
A ugust 21 reduced the yields below those of 1922. No residual benefits 
from t he 1921 applications of fertilizer and manure are evident in the 
yields of plots 4, 6, 8 and 10. Plot 15 still gave considerable increase 
over the unfertilized plot. The lime applied in 1921 produced no effect 
on yield in 1923. As a whole the yields o·f 1923 showed more consist
ent benefit from ferti lization than had been secured in the preceding 
two years, and it is safe to assume that in succeeding years fertiliza
tion will produce paying increases on this field at least of potatoes and 
root crops. 

Fertilizer Management of Newly Reclaimed Mucks. Many new 
mucks are somewhat raw and fibrous even in the surface layers. De
composition of this material is carried on by the action of bacteria, 
,;vhich may not be present in the virgin soil. These can be supplied, 
and decomposition hastened, by the addition of barnyard manure, a 
light application generally being sufficient. If the muck has been pas
hIred, the droppings from the stock will have produced the same effect. 

Fig. 14.-An experimental field on muck. Sunflowers, potatoes, sugar beets and 
oats and vetch are shown in the photograph. The muck was new and little bene
fit was evident on the strips, which were fertilized crosswise of the crops. 

. It has been pointed out that the natural supply of plant nutrients 
present in a new muck is only a temporary condition. Within a com
paratively few years, barnyard manure or commercial fertilizer will 
be necessary to produce satisfactory crops. It is exceedingly important 
that the farmer know when the decrease in productivity of his soil 
is due to lack of fertility. A test plot, located on a portion of the 
field which is representative of the greater portion of the muck, is the 
only reliable means of determining when ferti lization pays. A method 
of making such a test is outlined on page 68. 

Very Shallow Deposits 

The life of a very shallow muck soil is, comparatively speaking, Sh01~t. 
Each year decomposition and settling continues, and some of the muck 
is blown away by the wind; the deposit becomes more shallow. After 
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Table 7.-Yield , 

Fertilizer application *-lbs. 

No fertilizer (av. 5 plots) ... . . 
N 100 .. . .. . . ... ........... . . . 
P 250 ... ... ... .. .. .. . .. ..... . 
K 200 .. . ... ............... . . . 
N 100 P 250 ...... ... .. ...... . 
N 100 K 200 .. ... .. ...... . . . . . 
P 250 K 200 ........... . .... . . 
N 100 P 250 K 200 . . . " . .. '" . 

Ave. all plots receiving nitrate (2, 5, 6, 
Ave. same treatments without nitrate ( 
Increase due to nitrate .. ... .. . . . .... . 

Ave. all plots receiving potash (4, 6, 7, 
Ave. same treatments without potash ( 
Increase due to potash ....... . . . . . . . . 

A ve. all plots receiving phosphate (3 , 5, 
AYe . same treatments withouf phospha; 
Increase (+) or decrease ( -) due to pt 

*N-Nitrate of soda; P-Acid 
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the substratum underlying the muck has been turned up by the plow, 
\vhether it be sand, marl or clay, the muck in a comparatively few years 
becomes a mineral soil. If the underlying soil is a clay loam, the dis
appearance of the muck need not be considered so great a loss, but, 
if a sand or marl is underlying, a le ss productive soil may be the re
sult. Experimental work conducted on three such areas is described 
below. 

Newaygo County Project-1921. Originally this muck was somewhat 
deeper than it is now; in the clearing operations, the muck was burned 
over until a layer of about 18 inches was left where the plots were 
located. The field had been under cultivat ion about five years; it was 
cropped to rye in 1919 and oats in 1920. The deposit was rather coarse 
and woody and was underlain by a white sand. It had never been 
fertilized. 

The investigation was conducted with th e purpose of showing the 
benefits from fertilizati on, with and without manure. Sunflowers were 
selected as the crop t o be used a s an indicator. The average yields of 
duplicate plots in t ons per acre of green sunflowers are presented in 
Table 7. 

Table 7.-Yield of Sunflowers-Newaygo Co.-1921. 

Plot 
No. Fertilizer application *-lbs. per acre 

i'61~~d~ I Wrona~: I No I Average 
per acre per acre manure 

1 No fertilizer (av. 5 plots) . ... .. ..... . . .. .. . 
2 N 100 . . .. ... . . ........ . .... .. . . . . ....... . . 
3 P 250 ....................... . ......... ' ... . 
4 K 200 . .. ......... . ................ . ...... . 
5 N100P2.'i0 ......... . ....... .. . . ...... ... . 
6 N 100 K 200 ... .. ....... ... . ....... .. .... . . 
7 P 250 K 200 ... .. . . .... .. . ..... . . ...... ... . 
8 N 100 P 250 K 200 . " ..................... . 

Ave. all plots receiving nitrate (2, 5, 6, 8) .......... . 
Ave. same treatments without nitrate (1,3,4,7) . ... . 
Increase due to nitrate . . . . .......... .. .. .. ....... . 

Ave. all plots receiving potash (4, 6, 7, 8) . . ........ . 
Ave. same treatments without potash (I, 2, 3 , 5) .... . 
Increase due to potash ........... . ............. .. . 

A ve. all plots receiving phosphate (3 , 5, 7, 8) ..... . . . 
AYe. same treatments without phosphate (1,2 , 4,6) .. 
Increase (+) or decrease (-) due to phospha te . . . . . . 

Green weight- tons per acre 

2.5 . 0 
26.0 
2S.1 
28 . 0 
23 . 8 
28.6 
30 .. 'i 
29.9 

27 . 1 
26.7 

0 .4 

29.3 
24.,'j 

4 . 8 

26 .8 
26 . 9 
-0 . 1 

20 .9 
24 .4 
19.3 
27.2 
19.8 
26 .8 
25 . 8 
30.2 

2.'i .3 
23.3 

2. 0 

27 .5 
21.1 

6 .4 

23.8 
24 .8 
-1.0 

17 . 5 
16.7 
17.2 
21.0 
20 .3 
29 . 5 
26.5 
28.7 

23.8 
20.6 
3.2 

26.4 
17.9 
8.5 

23.2 
21.2 

+2. 0 

*N-Nitrate of soda; P-Acid phosphate; K-Muriate of potash. 

2l.1 
22.4 
19.0 
25.4 
2l.3 
28.3 
27 . 6 
29 . 6 

25.4 
23.5 
l.9 

27 . 7 
2l.2 

6 . 5 

24 . 6 
24 .3 
-0 . 3 

The result s indicate that fertilizer cannot be used in complete sub
stitution for manure on this very shallow muck. Potash fertilizers 
gave good increases, while nitrate and phosphate were of distinct 
benefit on ly when combined with potash. The use of nitrate did not 
pay when applied on the portion of the field receiving the heavy appli-
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cation of manure, whil e p hosphate appeared to be needed only when 
no manure was used . 

Allegan County Project-1922-1924. The original vegetation on the 
portion of thi s muck area on which the plots were located was a mixed 
growth of timbe r , 'with elm a nd a sh predominating. The area was 
drained by ditches, the drainage being so m ew hat excessive. In depth 
the soil vari ed fr o m six inches to two fee t , and was unde rlain by yel
low sand, \vith a thin laye r of clay (hardpan ) so m etimes present. It 
had be en und er culti \'ati on for about 30 yea r s. ' Manure had been ap
plied every four or five yea r s, a n a yerage application of nin e loads per 
ac re having been made. 

The result s from this project are pr ese nt ed in Table 8. Little benefit 
was secured from fe rtili zation in 1922 and 1923. due, it is thoug ht , to 
t he fact that the crops suffer ed co nsiderably from droug ht. Growt h 
was limited more by wate r defi cienc y than hy lack of plant nutri ent s. 
Potash app ea red to be of so me benefi t on all crops but not suff1cient ly 
to repay it s application. N itrate produced a slight in crease in the sugar 
beets . l\[anure gav e about as good results as co mmercial fertili ze r. 

Fig. lS.- A very shallow ll1u ck und er la id by sand. which is broug ht to th e sur
face a lo ng th e deacl furrow. It s li fe a s a muck is li111i'ted t o a com paratively fe w 
years. The e nel can be delay ecl by th e a dditi o n of organic matter in th e fo rm of 
ma nure, g ree n m a nure a nd li tter .. Kcepi ng th e la nd in sad a lso is dcs irabl e. Better 
a shallow llluck than a n unprodu ctiv e sa nd . 

In 192-+. th e heneflts fro1l1 fertilization of this 1l1uck were much more 
pronounced than in the prec eding hvo years. due 11 0 doubt t o the fact 
t hat the locality r ece iyed surf1ci cnt rain fall. we ll distributed throughout 
the sp ring a nd ea rl y summ er. l\lfalfa , mangels. and potatoes gave 
ma r k ed increases in r esponse to fertili zation . P ota sh was n eeded m o:.;t 
for alfalfa and mangels. while stock carrots and potato es n eeded both 
phosphate and potash. Stock ca rrots gaye a good y ield without fer
ti lization. Nitrogen. applied in the form of sulphate of ammonia, 
appeared of littl e benefit . l\f anure did not equal th e commercial fe r 
tilizer in incr eases produced, except in the case of alfalfa. 

St. Joseph County Project-1922. The growth on this muck was 
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(1922) ...... 5l.0 
Manure 6 (1922 ) 
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64 .2 

fj7 .1 1 ( 
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63.3 

First 
c lit t ill 

1 No fertilizer. J . 
2 P~OOK O. I . 
3 P 3 00 K 100 . . . . . . . . . . . . . 1 . 
4 P 300 K 200 . 1 . 
. 5 P~00](:300 . 2. 
6 P200K300 . 1 . 
7 P 100 K 300 . l. ' 
R P 0 K ;:100 . 2 . I 
9 No fe rtilizer. I . ' 

]0 P300K300 ......... l ' 
11 P ~OO K ~OO S. A. I no . . . 2. 
12 Man Ul8 12 loa(ls ( 1\122 ). 2 . 
13 Manure 6 (1922) P 100 

K 100 . . . . . . . 2 I 

14 No fertili ze r . . . 1 . 

*P-Acid phosphate; K-M uriat 
of Ammonia . 
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Table 8.-Crop Yields-Allegan Co. Project-1922-24. 
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P 300 K 0 * . 
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P300K200 ... 
P 300 K 300 .. 
P200K:~00 . .. 
P 100 K 300 .. 
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N o fertili zer . . . 
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P 300 K :~OO N 

100 . .... . ... . 
Manure 12 10a<1s 

(1922) . . . . . . 
Manure 6 (1922) 
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No fertil ize r .. . 

:~ · ci 
.')0.6 
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40 4 
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47.6 
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47. 7 
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67. ] 
87 . ,,) 
87 . 1 
89 4 
77 . 9 
73 . . ') 
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47.7 
64.2 

67 . 

68. 

68.4 
63.3 

G. G 
7 4 
7 . D 
7 0 
8 :~ 
8 7 

10 0 
!) 3 
fl(j 
!)8 
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7 IJ· 

Gfl .7 
77 . ::! 
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8:' II 
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No fertili ze r .' ... ... . 1 7 1 . 0 :2 . 7 17. 'J 

12.2 
17. 0 
:20 .! 
2:';. :~ 
24.8 
17.0 
1(; (i 
I I S 
12 . I 
20. 

IG . 

1:).1 
12. :{ 

l\ r angels 
tO il S 

Pf'l' <[('1'(' 

---

:l .0 
0) \) 

\) 'J 

I:, .7 
I t, .n 
In :l 
I :';. 7 
I n . 1 
:\.(i 

lti.\l 
1:\ .f) 

. ) 7 

10. I 

-1 (i 

(l.S 
() \J 
o.n 
J.O 
n.n 
1 . 1 
O.n 
o 
o 7 
() () 

O.n 

0.0 

o.n 
O.D 

42 ·t 
42. 0 
:) I .S 
17 . 1 
117.7 
44.G 
.) j .:) 

::!0. () 
:.)(; 
40 7 

'; 1 . :~ 

o S 
1 . 0 
I . :2 
() () 

1 () 
() \) 
() S 
1.0 
o 
n 

1 . :~ 

os 

o S 
O S 

Potatoes 

--------

Bil. pf'], r{ 1\ I ar-
ae,l' kt'lah lc 

-------

10/! IJ x:;. :; 
l Ox . " 7(i.1 
2();l .>' D I " Ixii. I !ll .\) 

2:2:) . 1 !)2 I 

21.-. 2 ~ I .:l 
I s~~ . ~ !Hi . (i 
I ,t. 'J R!l I' 
II() R k7 . 
221\ . 2 \)( i S 
1'1.; . 1 \IX. D 
11:\. 0 02. '1 

I Hi H n t. (j 
112 . :l 75.7 

*P- Acid phosphate; K- M uri ate o{ pota sh; N- N itralc or soda; S. A- Su lphate 
of Ammoni a. 

originally marsh g rass . The a rea wa s d rained hy a dredge di t ch in 1917. 
I t was fir s t brok en up about s ix ye ars ago and se \'e r a l crops had hee" 
successfully grmvn ·with the aid o f barnya rd man ur e. The muck on 
the plots was well decomposed and yari ed fr o m one a nd one-half to 
two and one-half feet in depth . 

The crop yields Crabl e 9) from t his muck sbow a g()od rcsponse t() 
potash, and in the cases of r y e and pot CltoCS . t o phosp hate also. N it rate 
appears of 11 0 benefi t except t o sug a r heets. :\T Cl 11l1r e docs not gi\'e a,c; 
good re sult s as \ver e secured fro1l1 cO l11m ercial fe r til izer. 
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Table 9.-Crop Yields-St. Joseph Co. Project-1922. 

Spring I Sugar 
Plot rye; straw; Potatoes beets, 
No. Fel'Llli~e r <LlJlllic-atioll- lIJs. vel' acre ,Lilli grain bu. per crowned 

tons per acre tons per 
acre acre 

1 No fer til i~er .... . .... . .. . . . . .. . . • • 0 · •• • • • •• •• • ' . 0 1.2 113.9 5 . 2 
2 P ;)00 K 0* ... . ... .. ... . .. . . . .. . .. . . . . 1.2 110.5 6 . 7 
3 P300K100 . . ... . ... 2.1 150 . 7 7 . 9 
4 P 300 J( 200 ... . . . .. • • • • • • 0 • • • • • • 2 .;) 205.5 9.7 
5 P 300 l{ :300 ... ... . . . . . . . . , . . . 2 .2 185.4 10.2 
6 P 200 K :100 . . .. . . . . . . . . . . . . . 2.1 168.1 8.6 
7 P 100 K :100 . . . .. . . . . . . . . . .... 1.8 160.8 9.3 
8 P OK :300. 1..5 Hi8.6 11.6 
0 No fertili~m'. 1.0 106 . 1 11.8 

10 P 300 K :.)()o ..... . .. . . · 0·· · · .. · 1.9 201 . 8 11.4 
11 P 300 K ::300 N 100 .. 1.8 174.2 13 . 3 
12 l\I,Lllure 12 JO<Ld". 1.4 13.5.7 9.8 
I :) Mallure 6 K 100. 2.1 182 . 0 12.8 
14 No fe rLilizer .. 1 .. 5 117.2 9 . 2 
1.5 Marl 2 tons .. . . . . . . . . . . ••• ••• •• • • 0 . 1.1 137 .3 8.3 

*P- Ac id ph osphate; K- 1l uriatc of potash; N- N itratc of soda. 

Fertilizer Management of Very Shallow Mucks. The results of ex
perimental work, as well as the practices found best suited to very 
shallow mucks by successful muck farmers, point to the need of main
taining the supply of organic matter in the soil. The use of farm 
manure, coupled with the growing of crops for green manure appears 
to be the best solution in the maintenance of fertility on this type of 
muck. As \Vas mentioned before, this is more important on very 
shallow mucks underlain by sand or marl. Of the crops proving satis
factory as green mauure on muck soil, biennial sweet clover, alsike 
clover, winter rye, oats · and soybeans gi \' e good results, while the use 
of cabbage, mangels and turnips as green manure has been reported to 
the writers by ll1uck farmers as having produced increased crop yields. 
The clovers and soybeans have the advantage of increasing the nitro
gen, as well as the organic matter content, in the soil. 

A lthough the green manure can he used to a large extent as a sub
sti tute for barnyard manure in increasing the organic matter con
tent of muck soil, it sh ould be remembered that the potash and phos
phoric acid content of th e g reen manure has come out of the soil, so 
that in turning it under, no permanent increase in the content of the 
mineraf constituents bas heen made. Co mmercial fertilizers contain
in g potash and also phosphate and nitrate, if needed, should be added. 
If barnyard manure is applied in the rotation, phosphate and nitrate are 
unnecessary in many cases. The addition of straw and of cornstalks 
has been found heneficia 1 on this type of muck, by decreasing the 
blowing of the soil. 

If the lery shallow muck is underlain by heavy loam or clay, the 
need for pota sh may gradually disappear and little or no fertilizer, 
besides barnyard manure , be r equired. To some extent this appears 
t o be true al so of som e l ery shallow mucks underlain by sand, a sub
strat um of white or gray sand generally containing less plant food 
than one of yellow sand. Specific recommendations of fertilizer mIX
tures for general crops on shall ow muck: are given on page 65. 

THE MU 

Mucks' 

Many Michigan mucks I 
yields result from phosphat' 
to pay for the fertiliz er. I 

for certain crops and both 
mucks, yields decrease w 
apparently because, as pre 
of the phosphate in haster 
sponse to potash fertiliza1 
under cultivation. 

Berrien County Project
large extent of slough grc 
fine material of deep-watE 
is finely divided, ""veIl decon 
feet in depth and underlain 
standing in pools for some 
from a ditch. The field 11a 
crop of cabbage grown in 1 
of the surface layer, g-i-ren 1 

it to be strongly acid, e,· el 
is on ly moderately high il 
phoric acid. 

The results with the Ber 

Table lO.-Crop Yi, 

Plot Fertilizer a pplication 
No. lbs. per acre Ears bl 

per aCl 

1 N 100*. . . . ... .. . 9 
2 P 2.50. . . . . . . . . . . 7 
3 Ie 200... . . . . . . . . 60 
4 No fertilizer .... . . 13 
5 N 100 P 2!i0. ... 13 
6 N 100 Ie 200.... . .'il 
7 P250 J( 200. . . . . 56 
8 No fertilizer . . . 9 
o N 100 P 250 K 200. 71 

10 M 12 loads. . . . . . 46 
11 No fertilizer. . . . . 1 9 

Average unfertilized plots. 

Plot 
No. 

14 

Fertiliz 

1 No fertilizer . .......... .... . . . 
2 P OK300* ....... . . . .. . ... . 
3 PI00K300 . . ...... . ..... . . . 
4 P 300 K 300 . ....... .. . . ..... . 
5 P300K200 . . ..... . ... . . . .. . 
6 P 300 K 100 .. . ... . . . . . 
7 P 300 J( O . . .... . 
8 No fertilizer . . . 
9 P 300 Ie 300 N 100 . . .. .. . . .. . . 

*P-Acid phosphate; K-Mur 
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Mucks Which Need P otash Only 

Many Michigan m ucks ne ed only a po tas h fertilize r. If increased 
y ields r esult fr om phosphate applications, they are usually not suffici ent 
t o pay fo r the fertili ze r. Some muck s appea r to r equire only pota sh 
for certa in crops a nd both potas h and phospha t e for other s. In many 
muck s, yields decrease w hen phosphate is appli ed w ithout potash . 
apparently because, a s prev iously expl a ined (page 26), of the effect 
of the phosphate in has tenin g maturity . Usually a ve ry marked r e
sponse t o pot a sh fertili zation is secu red, if a muck has been long 
under cultivation. 

Berrien County Project-1921 and 1923. Thi s depos it is t o a rather 
large ext ent of sloug h g rass (sedge) or ig in, with considerab le ve ry 
fin e materi a l of deep-w at er or ig in inter min gl ed. T he surface layer 
is fin ely divided, w ell deco mposed an d hbck. The muck is six t o seven 
feet in depth and underla in by sand. The so il is \' ery impervious, w a t er 
st anding in pools for so me time af te r a ra in , even at hort di stances 
fr om a ditch. The fi eld had bee n cropped for a number of year s ; th e 
crop o f cabbage g rmvll in 1920 hayin g bee n a failure. T he co mposition 
of the surface laye r, g iven u nder J\ r l1 ck ]\1"0 . 5 (T abl e 2, page 23), show s 
it t o be strong ly ac id , ev en though it co ntain s considerable lime. It 
is only moderately hig h in content of o rg an ic ma tter and of ph os
phoric acid. 

The r esult s w ith the Berri en Coun ty ~nu ck (Table 10) indi cate that 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11 

Table lO.-Crop Yields-Berr~en County M uck- 1921-1923. 

Fer til izer a p plica tio n 
lbs. p er ac re 

N 100 * . . . . ..... . . . .. 
P 2.50 . ... . . .. . . . 
K 200 ... . . .. .. . . .. . .. 
N o fer t ili zer ... . . . . .. . . 
N 100 P 2.')0 ..... . ... . 
N 100 K 200 . .. . .. ... . 
P2.50 K 200 . . 
No fer t ilizer . . . .... .. . 

100 P 250 K 200 . . 
M 12 IO[Ld s . ... . .. .. .. 
N o fer t ilizer ... ... . . . 

Corn 

E[LTS hu . 'Hover Lons 
p er [Lcr e per ac re 

0. 4 0 . 6 
7 .2 O. G 

60.2 1 . n 
l:L S O. R 
1 ~.0 O.H 
.') 1 . 2 1 . 4 
!i6.!i 1.n 

D.O 0 . 8 
7 1 .3 l.0 
46 .4 l..') 
10.6 0.7 

Sunflowers 
gr een wt. 
tO ll S ]ler 

acre 

R . .'i 
0 . 0 

2:; .4 
J I .2 
D. (i 

2!i .(j 
n. 2 

8 . .') 
2:3 . !) 
22 .7 
0.S 

St ock 
C ~trrots 

tO il S per 
acre 

.s. !) 

!i . R 
22 . .') 
(i 1 
!i.4 

2.').-1 
lR . O 

5.D 
22.7 

S . 2 
1.2 

Sl igar 
heets 

crowned 
tO il S ]ler 

a cre 

0.7 
0 .2 
2 . 0 
0 . 6 
0 . .') 
2.2 
l.S 
0 .1 
2.6 
2.0 
0 .3 

M a ngels 

0 . 01 
0 . 00 
] .0 
0 . 1 
0 . 01 
2 . D 
2 :) 
0 . 03 
2 . 7 
0 .2 
0.02 

Average unfertilized plots. 14 .1 0 .8 9 . 8 5 .4 0. 4 0 . 05 

P lot 
No. F ertilizer apIJlic[Ltion- HJ23- Jlm Del' a cre. 

Hungari an 
millet 

C ured h [LY 
t ons p er 

acre 
---------------------------------------------------------------- --

1 N ofert ilizer ... . . .. . .. . . . . .... .. .. .... .. . .. . .. .... .. .. ... .. . .. . .. .. . . . .... 0 .9 
2 P 0 K 300* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 0 
3 P 100 K 300 ...... . ... . ... . . . . . . . .. . . . .. .. . ... . ... . . . . . .. . . .... . . . .. . . ... . 2.5 
4 P 300 K 300 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 .7 
5 P 300 K 200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 3 
6 P 300 K 100 ........ .. ...... . ........ .. ..... ....... .. 1. S 
7 P 300 K 0 .. . . . . . . . . . . . . . . . . . . . . . . . . . O. D 
S No fer tilizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1 
o P 300 K 300 N I 00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3 

*P-Acid phosphate; K- Muriatc of potas h; N- Nitra tc of so cIa ; M- Manur e. 
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potash \\ 'as nccd ed g rca tl y for crop production, w hil e nitrate w a s 
bellellci~ 1 \\·ith so m e cruj)s. The onl y crop w hi ch phosphate appeared 
to bClleht at all \\'as cu rn. this be nefit appearin g only vvhen the p hos
phat e was applied in a comp le t e ferti li zer (plo t 9). T he ve ry low 
yie ld s of sugar bee ts o n all plots wa s due apparently either to poor 
drain~gc or to th e stro ngly ac id condit ion of th e so il. S t ock carrot s, 
\\'hich t o lerate Jllo r c aci d co nd ition s a nd m or e moisture t han b eets , 
produccd \\'C II a l t h()u g h g rO\\ 'n nex t to the sugar beet s on the plot s . 

Fig. l().- Corn 0 11 11luck. Frolll left to right. fert ilize d wit h : 1, ma nure; 2, com 
plete fntilizl'1'; 3. acid phosphate; 4. muriate of potash; 5, no fe r t ili zer. T h e g r ea t 
est profit \\'as secu r ed 0 11 thi s fie ld (r0111 the app li cation of potash a lo ne. 

The ,"cry hee1\')' rain fall of th e spring of 1922 prevented continued 
ill\ 'es tigat i()n Oll this muck. J n the spring of 1923 a new se t of p lot s 
\\'as laid (Jut ill a fieicl adjacent to that in wh ich the 1921 plot s wer e 
I()ca t cd. Li111c \\'as a ppli ecl to one half of a ll pl ot s, hydra t ed lime b e
ing us ed at the rat e of o ne tOll per ac r e. Potat oes, suga r b ee t s, cab
hage and r lun ga rian mi ll et we r e grow n . D u r in g th e ea rl y pa rt of the 
~U1ll1l1cr. the crops sho wed marked benefit fr om fertili za tion , b o th 
po t as h a nd p hosph ate appearing to be need ed. Of the fo ur c r ops, 
only sugar beets ap pea r ed to be benefited by the lime app lication. 
] leav), and co ntinued rains. which began in A ug u st , r esulted in cr op 
failure of a ll e~cep t th e J lungarian mil let, w hich was ha rves t ed before 
the rains beg~all. Diffe rin g fr o m the re sul ts sec ured in 1921, the y ield s 
() f III i 11 c1 (Tabl e 10) increased w hen phosphate was app lied with p otash. 

Lal1eer County Project No. 1-1921-1922. Th e o rigina l vege tati on 
un this 11l uck was a mixture of ash, w hite cedar a nd ta marack. It w as 
ilrsl clra ined in ]SSS. cleared in 1890 a nd b ro k:e n up. Fo r about t w elve 
years aftcr hreaking. good cr ops are reported t o have been secured 
\\it llOu t ferti li zat ion . yields of 50 hus hels of co rn a nd of oats and two 
Lons ()f ti1l1othy per Jane being obtai ned. Afte r tha t the y ield s d e
creased and nop failures were com m on. T he muck va ri ed fr om t wo t o 
[()ur feel ill depth \\'here the plots w ere loca t ed a nd the surface laye r 
\\'a s rc!ati\e ly high in mineral matter, lime a nd p hosphori c acid, as in -

.J 
I t' 

THEM 

d icat ed in Table 2 ( l\ luc 
sati sfac t ory, t he water le\ 
face . 

T he c rop y ields are giv ( 
\V e r e of li tt le benefi t and 
w it h potash. Potash pro 
a ll crops. Stock carrots \ 
tili za tio n. A lthough ll1 anu 
111 no case as great as thos 

I n 1922, a new set of plo 
of 1921. He re t he muck: 
cont inu ed ra in s it \\'as i111 
throug hout the su mmer , 1 

y ields (Table 11) were rat 
prayed to be the chief Iii 
phosp hate gave cons icl erab 
it was appl ied with potash. 

Table H .- Cr op Yie 

P lot Ji'e i·t il izer ap pl i('al ioll 
No. Ibs . p e r ,tere Jt:ar~ hi 

per <tel 

1 N 100 (2). . . . .'i 
2 P 2.')0 . 16 
3 K 200. ... . .. 7 
4 No fert.i li 7.e l· . 0 . 
."i N 100 P 2:')0 J I . 
6 N] no [( 200 6R . 
7 P 2.')0 K 200 . . . . .. .. 71 . 
8 N ] 00 P 2.')0 K 200 . 07. 
!) M 12 loads . .'iii . 

iJg~ Fertiliz;er ap])li cat ion-

1 No fert ilizer. 
2 P 0 K 300 (2) 
3 P 100 K 300 .. 
4 P 200 K 300 ... . . 
5 P 300 K 300 (3 ) .. 
6 P 300 K 200 .. 
7 P 300 K 100 .. 
8 P 300 K 0 .. 
9 No fertilize r . 

10 P300K300 ....... .. 
11 P 300 K 300 ?-J 100 .. 
12 No fertili zer. 

(1) Poor s tand of lll a l1gc 1s 011 
(2) N- N itrate of socia; P- Ac 
(3) T his p lot wa s q uit e soddy 

in y ields as compared with plots 
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dicated in Table 2 ( ~luck No . 11, page 23). Drainage was hardl y 
satisfactory, the water le\'e l averaging about two feet below the sur 
face. 

The crop yie ld s are gi ven in Tab le 11. Both nitrate and phosphate 
were of littl e benefit and this was sec ured only when they were u sed 
with potash. Potash produced \'e ry large inc reases in the y ield of 
all crops. Stock carrots was the only crop t o yield well without fer
tili zat ion. A lthough manure produced large crop increases, they were 
in no case as great as those secured with comme rcial fertilizer. 

In 1922, a new set of plot s "'as establis hed in the field adj oinin g that 
of 1921. }l e r e the 11lUC k wa s four [eet or more in depth. Owing to 
continu ed rai1ls it was impos sibl e t() get the crops in un ti l late and, 
throughout th e summ e r, the muck was \'ery wet. As a r es ult , the 
y ield s (Table 11 ) w ere rath er lo\\'. In this case, also, lack of potash 
proyed to be the chief limiting [actor in cr()p production, altho ugh 
IJhosphate gave considerable henefit on two of the three crops, when 
it was applied with pota sh. 1\itrate appeared unnec essary. 

Table n.-Crop Yie!ds-Lapeer Co. Mu.ck No. 1-1921-1922. 

H1:1 

-,.---- --;------ ---,----- - --

Corn 

Plot Fe;'! ilizer appii('a[ iolt 
Pota,toes 

/)11. pei,' 
No. 1/);;. pe r acre 1<:a,r ;-; 1>11. -";[over [OilS ,Lnc 

pl~ r acre per acre 

1 N 100 (2) . .. .')0 0 . .') 
2 P 2.')0 ... 16.4 1 . 0 
:3 K 200. 7 . 7 2. :3 
4 No fert.i ii zer . 0 . 7 0 . 7 
.') N 100 P 2:)0 . I I . :3 O. R 
6 N lOOK 200 .. (iR . 6 I . D 
7 P 2.')0 I( 200 . 71 . R 2 !) 

8 N 100 P 2.')0 l\: 200 . 67 . .'i 2 1\ 
!) M 12 loads. .') :) . '. I . f) 

Plot 
No. Fertilizer 'Lppiicatioll- lils. per aere 

1 J 0 f ertil izer ..... .. .. . . 
2 P 0 K 300 (2 ) . 
3 P 100 K 300 
4 P 200 K 300 ... .. 
5 P 300 K 300 (3). 
6 P 300 K 200. 
7 P 300 K 100 . . 
8 P 300 K O. . .... . .. .. . 
9 No fertilizer . 

10 P 300 K 300 ...... . 
11 P 300 K 300 N 100 . 
12 No fertilizer ... .. . ... . . . . 

(1) Poor sta nd or mange ls 011 plot 3. 

66 . I 
.')D.2 

147 . 7 
4D . 4 
:).').0 

110 . 0 
12()() 
I:n 2 
10:L8 

?lIangeis 
tOilS pc . 

aCI'e 

12 . 2 
:3 . .') 

( I ) 1.') . 7 
.') .fi 
0 . :3 

27. :3 
20 . I 
24 . I 
Hi . 7 

Hung,Lri,LIl 

!-itock 
carrots 

tOII;-; per 
acre 

14 . 1 
ItI . 1 
22 . 3 
16 . :3 
2 1.4 
24 . !l 
20 . 2 
2D . l 
26.7 

Illill et Potatoes 
dry hay bU . ller 
tons per ,Lc re 

acre 

0.04 
1.0 
1.4 
1.6 
J . 1 
1.8 
1.2 
0 . 1 
0 . 1 
1 . :3 
1 . 4 
0 . 1 

14 . 8 
.')08 

101.6 
10.'> . 2 

04 . 4 
00.1 
73.1 
24 . 7 
2.') .2 
56 . 6 
63 . 7 
24 . 0 

:-lllg-,Lr 
beets. 

nowllcd 
tOilS per 

acre 

2 . . '> 
2.1 
8.2 
2. :~ 
:3 . 0 

11.1 
n . 4 

lOR 
10 .3 

Sugar 
heets 

erowned 
tons per 

acre 

o.n 
6 .0 
6 . 6 
f:Ul 
6 . :3 
4.3 
4.1 
2.7 
2 . 0 
4 . . '> 
6.3 
1.7 

(2) N- Nitrate of socia; P - Acid phosphate; K- 11 mi ate of potash; /[- Manure. 
(3) This plot was quite sodcly. \\'hich probably account s for the slight decrease 

ill y ie lds as compared with plots ..J. and 6. 
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Eaton County Project-1922-1924:. This muck area was originally 
timbered with a mixed growth, tamarack predominating. The part on 
which the plots were located \vas three feet or more in depth. The sur
face layer was rather well decomposed and fairly high in lime content 
(1!J:uck No. 14, Table 2, page 23). The phosphoric acid content was 
fairly low. The field was first broken up several years ago but, be
cause of poor drainage, it was a llowed to li e idle. In 1919, the level 
of the lake into which the area drained, was lowered about five feet, 
permitting better drainage. The muck was broken up in the spring 
of 1920, fertilized with 200 pounds per acre of acid phosphate and 
planted to corn. Due to the newness of the land, a good yield resulted. 
In 1921, the field was ferti li zed with 200 pounds of · a 1-8-4 mixture 
and planted to sugar beets. A hard freeze, during early growth, dam
aged the beets in part of the field but where they were uninjured, the 
crop was g ood. 

Table 12 gives the average crop yields from duplicate plots for 1922. 
With the ex ception of potatoes, phosphate was of no benefit to the 
crops. As was stated previously, fertilizers applied the two preceding 
years were high in phosphate, the residual effect from which probably 
rendered the phosphate app lied in 1922 less needed than would other
wise haye been the case. Nit ra t e appeared to increase the yield of 
potatoes but had little effect on the other crops. This effect of i1itrate 
on potato yields is not ordinarily secured. 

The same applications of fert ili zer we r e again made on the se plot s 
in the spring of 1923. T he yields of the several crops (Table 12) 
largely confirm the conclus ions drawn from the crops of the previous 
year. Phosphate appeared of slightly greater benefit; while nitrate 
gave little or no increase. The y ields of potatoes secured from the 
different rates of appl ication of potash would indicate that the max
imum application of 300 pounds per acre of muriate of potash was not 

Table 12.-Crop Yields-Eaton Co. Project-1922-1924. 

Plot 
N o. 

1 
2 
3 
4 
5 
6 
7 
S 
f) 

10 
11 
12 
13 
14 

1922 

F e rtilizer application-1922 lbs . p er acre 

N o fertilizer . . ..... . . . ...... . .. . .......... . 
P 300K 0 * ................ . . . . . . . ... .. . . 
P 300 K 100 .. . . . ..... . .... . ... . .. . . . .. ... . 
P 300 K 200 . .... . . . . . .. ... . . . . . . ... . .... . . 
P 300 K 300 . ........ . ... . .......... . .. . . . . 
P 200 K 300 . . . . ...... .. .. . ' ... . ...... . . .. . . 
P 100 K 300 ......... . . . .... . .... . .. . . .. .. . 
P 0 K 300 . ..... . . . . . .. ... .... .. . .. ... .. . 
No fer tilizer ... ... . . . ... . .. . . ...... . . . .. . . . 
P 300 K 300 .. . ... . . .. . .. . . . . ... .. .. ... . 
P 300 K 300 N 100 . . .. . .. .. . ...... . ... . . . . . 
M a nure 12 loads. . . .... . .. ..... . 
M a nure 6 load s K 100 ........ . .. . ..... . .. . . 
N o fertilizer .. ... .. . . ... .. . . . . ...... . . . .. . . 

Hungarian 
millet and 
soybeans, 
cured hay 
tons per 

acre 

1.3 
1.7 
2 . 3 
3 . 2 
3 . 4 
:l. 6 
3 . 2 
3 . 6 
1.9 
3 . 8 
3.0 
3 . 3 
3.1 
1.9 

S ugar . 
beetfl 

(crowned) 
tons per 

acre 

2.5 
2.7 
3 . 9 
5 . 2 
6 . 0 
1) . 5 
6.5 
6.1 
2.4 
6.2 
6.5 
,'5 . 0 
4 . 1) 
1.8 

*P- Acid phosphate ; K- Muriate of potash; N-Nitrate of soda. 

Potatoes 

B u . per Percentage 
acr e m arke t a ble 

55.0 
53.8 

133.0 
210.3 
225 . 2 
215.0 
220.8 
185. 1 

56 . 1 
21)8. ,'5 
294.8 
23,'5.7 
220 . . '5 
69.0 

68.1 
77. 3 
89.0 
97 .6 
96.5 
95.5 
94.6 
96.5 
62.5 
95.7 
95.9 
90.5 
9.'5 . 5 

Plot 
No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

THE MUCl 

Table 12. (Cont.)-Crop 

Cured hay-tor 

Fert ilizer 
applicat ion-

1923 ,... 'd - -
Ills. per acre Q) ~ 

:> oj 

0 h,... 0 I ..ci <ll 
~/)() ...., +':> 

Q) 00 i§ Q) So ~ 
~ Ul 
----

No fertilizer. 1.6 0.8 1.2 
P 300 K 0* 1.5 0 . 8 1.5 
P 300 K 100. 2.4 1.6 2 .0 
P 300 K 200. 2.7 1.8 2 .3 
P 300 K 300. 2.7 1.7 2 . 1 
P 200 K 300. 2.7 1.6 2.1 
P 100 K 300. 2.5 1.7 1.9 
P OK 300. 2 . 3 1.5 1.9 
No fertilizer. 1.2 1.0 1.4 
P 300 K 300. 2.5 1.7 . . . 
P 300 K 300 

N 100 . .. . 2.6 1.6 . . . 
Manure 12 
loads (1922) .. 2.0 
Manure 6 

1.5 . . . .. 

(1922) K 100 1.9 1.6 . . . . . . 
No fertilizer . 1.0 1.0 .. . . . 

Fertilizer application-1924 
lbs. per acre 

rUIIiit •• ·:·· •• ::: •• ·.·: •• 
~ 200 K 300 . .. . .... .. ... ... . . .. . 

P 109 ~ ~gg : : : : : : : : : : : : : : : : : : : : : 
flggrttigg·· ~.: ~:. :1:66: : ::::: : : ::: 
Manure 12 loads (1922') : : : : : : : ::: : 
Manure 6 (1922) K 100 ... ... . ... . 
No fer tilizer .. . .... .. ... ... .. . .. . 

*P-:-Acid phosphate; K-Muric 
N-Nltrate of soda. 

sufficient. The manure appli ' 
effect as commercial fertilizer 
crops. In the case of the fir 
inclusive, were so weedy tha t 
no yields were secured. AfteJ 
of clean alfalfa hay was sec Ul 

In 1924 the same applicatic 
plots. The yields of timothy, ;: 



Plot 
No. 

I 
2 
3 
4 
.5 
G 
7 
8 
9 

10 
11 

12 

13 

14 

Plot 
No. 
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T able 12. ( Cont.)-Crop Yields-Eaton Co. Project-1922-1924. 

1923 

Cured ha,y- tons per a,cre G ra,in Pota,toes 

Fertilizer 
a,pplica,tion-

"CI 1923 r-. ~ (1) 
J hs. per a,cre P- ro 

° <3 I»r-. , 
,.<:1 (1) 

;:;b.O +'> +'>;;-
(1) 00 o.S (1) S<3 ~~ ~ ~ w. 

------

No fert ilizer . 1.6 0 .8 1.2 
P 300 K 0 * 1.5 0.8 1.5 
P 300 K 100 . 2 . 4 1.6 2.0 
P 300 K 200 . 2.7 1.8 2.3 
P 300 K 300. 2.7 1.7 2 . 1 
P 200 K 300. 2.7 1.6 2.1 
PlOD K 300. 2.5 1.7 1.9 
P OK 300. 2 . 3 1.5 1.9 
No fertilizer. 1.2 1.0 1.4 
P 300 K 300 . 2 . 5 1.7 .... . 
P 300 K 300 

N 100 .... 2 . 6 1.6 ... . .. 
Manure 12 
loads (1922) .. 2.0 1. 5 . , ... . 
Manure 6 
(1922) K 100 1.9 1.6 . . ... . 
No fertilizer . 1.0 1.0 ..... . 

Fertilizer applica,t ion- 1024 
Ibs . per acre 

r-. 

Alfalfa, Oa,ts Ba,rley 
(1) , 
P< r-. 

::i 
ro 
S .0 

I .(1) ~e .(1) rfJ 
~ 

(1) 
;::lr-. 

2~ 
c~ (1) b.O(1) , 

.o~ 00 0 0 co ...... 
+'> 

"CI 
+'>c(j +'> ro .~ +'>.0 

;::l b.O 
~~ ~r-. ~ H ~r-. ~r-. ~~ 

Cro 
o~ (1)+'> 

.- (1) ro(1) .- (1) c(j<1) 0(1) 
"d'~ '01» ~P< r-.P< ~P< r-.P< 0<:0 ~~ 
~ w. w. C'l ~ 0 0 ~ p... 

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

0 .8 2.0 31.3 1.4 0.5 0 .8 lOl. 0 81. 2 
1.3 2.8 20.1 0 .0 7.0 0.8 60 . .'5 5;'5.7 
1.8 3.8 48.8 1 Ji 2G .. 7 1.7 237.3 80.2 
1.4 3.7 5:3.3 2.0 30 .4 2.1 205. 1 97.8 
1.7 3.8 5:3.1 2 . 1 31.8 2.2 350. 1 97.:3 
1.7 3.8 52 .2 1.8 35.3 2 .3 :301.4 97.0 
1.3 3.2 .53.0 1.0 29 .. 5 2.0 204.6 98.7 
1.2 3. 1 55.2 1. !j 32.5 1. 8 2G2.7 97.1 
1.0 2.4 40.1 1.3 13 . 1 1.0 l23.4 82.0 
1.5 .... . G3.2 2.3 20.6 1.8 308.5 98.1 

1.6 . .... 57.4 2.3 33.2 2.4 351.5 97.1 

0.0 ...... 54.6 2 . 0 33.8 1.0 130 .5 91.1 

0 .8 . . . . . . .57. ;'j 2.1 30.3 1.7 180.9 97.8 
0 .8 . . .... 36.7 1.4 18.4 1.1 80.0 78.6 

1024 

Alf,t1fa,- tons per a,cre Potatoes 

Timothy 1-----------1------.
tons per 

,tcre First 
cutting 

Second 
cu tting 

Tota,l 
crop 

1 Percent
I u . per age III<1r-

acre 'ketalJle 

- -1---------------1------ --- - -- - -----

1 No fertilizer ............ .... ...... 0 . 0 1.0 0.4 1.4 01.2 76.3 
2 P 300 K 0 * ..................... 1.0 1.2 0.5 1.7 111.8 84.0 
3 P 300 K 100 .............. . ..... . . 2.0 ] .7 1.0 2 .7 316.2 03.6 
4 P 300 K 200 .. .................... 2 .4 ] . 0 1.1 3. 0 384.2 06.0 
5 P 300 K 300 .. .. .... ... . .. . . ...... 2.7 2.1 1. :3 3.4 447.2 \)6.7 
6 P 200 K 300 . ... . ................. 2. 0 1.0 1. 3 3.2 437.2 95.6 
7 P 100 K 300 . . . .. . ..... . ....... . . . 2.0 1.8 1.1 2.9 3.'j3.6 9G.4 
8 P OK 300 ...... . ......... . ..... 1.3 1.3 0 .8 2.1 20:3.2 95.9 
9 N o fertilizer ........ . .......... . .. 1.1 1.1 0.7 1.8 14.') . .'5 84.1 

10 P 300 K 300 .. ....... .. . ... ... . ... 2 .3 1.7 1.2 2.9 401 .4 94.2 
11 P 300 Ie 300 S. A. 100 ... . ......... 2 .4 1.0 1.2 3.1 392 .0 92 .7 
12 Manure 12 loads (1922) . ..... . . . .. . 1.6 1.5 0 .6 2.1 178 .1 86.8 
13 Manure 6 (1922) K 100 . ........... 1.7 1. 3 0.5 1.8 220.3 01.6 
14 No fertilizer . .. ........ . .... .. .... 1.0 1.0 0.4 1.4 97.7 71.6 

*P- Acid phosphate; K-Muriate of potash; S. A.-Sul phate of . ammOl1la ; 
N-Nitrate of soda. 

sufficient. The manure application of 1922 did not produce as much 
effect as commercial fertilizer on the crops of 1923, except in the grain 
crops. In the case of the first cutting of alfalfa, the plots 10 to 14, 
inclusive, were so weedy that the stand was considered a fai lur e and 
no yields were secured. After th e removal of the weeds, a good yield 
of clean alfalfa hay was secured in the second cutting. 

In 1924 the same applications of fertili zer were again made on a ll 
plots. The yields of timothy, alfalfa and potatoes again showed marked 
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r espons e t o both phosphate and potash, the heaviest applications pro
ducing the highest y ield s. \Vith the potato crop, the yie lds indicate that 
300 pounds per acre of acid phosphate is suffici ent but that higher 
yie lds might have been secured with a st ill heav ie r application of 
muriate of potash. itroge n applied in the form of sulphate of am
m onia "\\"as of little o r no benefit to any of the cr ops. The manure 
application of 1922 st ill produced an increase in c rop y ields but the in
creases did not equal those produced by commercial fertilizers. 

Fig. 17.-Potatoes on mu ck. Those at the left V\ e l~e not fertilized while those at 
th e rig ht were fertilized "vith 300 pounds per ac re each of 1(i'lo ac id phosphate and 
50% muriate of potash (eq uiv a le nt to an 0-8-25 mi xture). Note the effec t of fer 
ti li zat ion on the proportion of g rade 1, grade 2 amI cull potatoes. Yield of grade 
1 potatoes; unfert ili zed, 85 bushels: ferti li zed. 340 bu she ls per acre. 

High~Lime Mucks Needing Both Potash and Phosphate 

Schoc:.}craft County Project-l 92:F. These pl ots were established· 
on the Seney Swa mp, an exte nsi ve muck area covering approximately 
15 t ow nships. 1\11 r. J eHe ry states that "Fo r ty- three years ago, this re
gion was so badly hurned that the tamarack timb er was destroyed, 
eith er direct ly, or by subsequent fires hurning ove r the fallen timber. 
A grass vegetation succeeded, and this in turn ha s been des troyed by 
fir es, which have occurred largely since th e area was drained with open 
ditches about 12 yea r s ago. Th e upper s ix inch es of the soil in the 
vicinity of the plots was CJuite ope n, but the subsoi l bel ow that depth 
was inclin ed to be gummy o r waxy in co nsistency." 

The muck vari ed in depth from six in ches to ten or m ore feet in 
different places in the a r ea. That in the vicinity of the plot s was two 
and one- haH to three feet in depth. This portion was lightly burned 
over in 1919. Drainage was secured by one ditch 30 rods east and by 
anoth er GO rods south of the plots. The field had neve r been plowed, 
cropped or fertilized pre\'ious to the estah li shm ent of the pl ot s . Ac
cording to m eas ure m ent s mad e by 1Vfr. Jeffery, the water table in the 
vicinity of th e plots was at a dept h of ahout ]8 in ches during the early 
part of the growing season, w ith a gradual lower ing to two feet by 
Jun e 22 and a yariation in depth hetween two and three feet during 
July and A ugu st. 

*This project was conduc ted in co-operat ion w ith , a nd the success of the project 
is due to J os. A. J effery, Agri cultural Development Agent of the D ., S. S. & A. 
R. R. Co., w ho had charge of the plots. Mr. Jeffery was fo rm erly professor in 
the So il s Department at Michigan State College. 
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The land on which the pl0 
th e seed hed was prepared 
r o ll ed with a heavy roller wh 
planting. 

T he yields from the va ri ou~ 
from the application of ferti li 

Plot 
No. 

1 
2 
3 
4 
.') 

6 
7 
R 
9 

10 
IJ 
I ~ 
1:1 
14 

Table l3.-Yield , 

No fertilizer ... 
p 0 K 300~' .. 

Fertilizer applicati( 

P 100 K :300 . .. ......... . 
P 200 K :~OO 
P 300 K :~ o r) ..... .... . ...... . 
P 30() K 200. 
P :300 K 100 . 
P300K 0 .... .. ....... . . . 
~o ferl il i7. ·'r. 
p :~OO J\: 300 . . . . . .. . 
P 300 I\: :3 00 \f 100 . 
lVl atllli'e J:2 I'ons 
Mallure 6 K JO O. 
No fort ili 7.o r . 

*P- Acid phosp hate; K- j\furiate 

but phosphate seem ed slig htly 
ably was of 110 benefit. .:\1a11 
secu r ed by comme rcial ferti li 
p lu s 100 pounds of muriate of 
r esult s as heavier applications 

Gratiot County Muck-1922. 
ig in a lly cO\'ercd this muck a re; 
off se \'era l years ago and the fi 
hro ken in 1920. T he fi eld \\'a~ 
sat isfacto ry crops had been pr 
muck was very loose and on ly 
2. muck No. B, page 23) shO\\ 
mi.ne. ra l llla tter but fa i rl y hi gh 
s( )]l 1S underlain by sand or sa 

The y ie lds secUl:ed from this 
although the soi l is fairh ' lle\\' . 
This is most e \'ident in t l;e yicI. 
N itrate gave little be nefit "b ut 
manure procluced ven' O'ood re~ 

The plots were fe r tili~ed in 1 
th e exception of the manure 
" 'e i-e not repeated. \Vith s\\'e 
si derabl c be n efi t rest! I ted frO I1~ 
T.he lllantl1:e a nd ll1ant!re-pota~ 
Yleld s as dlcl the fertili7..er coml 

Ingham County Project No. 
two miles north of t he College 
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T he land on w hich the p lot s were es tablish ed 'was not plowed but 
t he seed bed was p repared by a thorough di skin g. The oat s wer e 
ro ll ed with a heavy rolle r whe n they appearcd, about two 'week s after 
planting. 

The yie lds from the various plots (Tab le 13 ) show ed marked benefit 
from th e application of ferti lizer. Potash appeared t o be nceded most 

Plot 
1\0. 

1 
2 
3 
4 
.'5 
6 
7 
R 
rJ 

10 
II 
12 
I :) 
14 

Table l3.-Yield of Oats-Schoolcraft Co.-1923. 

","0 fert ili zer. 
p 0 K 300*' . 
P 100 K :300 

Fertilizer applicat ion- Jbs. p er acre 

P 200 K :)00 . . ..... .. . ... . . . 
P :~ O() K :3(1) . 
p :3 ()0 K 200 . 
P :300 K 100 . 
P :300 h. 0 . . . . . . . .. .. . . . 
!'J o fer l il iz · ~ r. 
J' :WO K 300 
p :300 l\. :)00 r\ 100 . . .. . . ... . 
:Vfaillli'e 12 ton s .. .. .. .. . . . . . . 
Mall ure 6 K 100 ..... .... . 
No fert ili zer. 

Cmin 
bu . per 

aere 

2/).3 
:;6 .) 

66. 1 
66 . 7 
.'i6.4 
fiG. 1 
.'i 1. :3 
2GR 
2(; . .'5 
H .G 
.'50 .4 
:l~). 0 
;):, :~ 
J.r; . 0 

*P-Acid phosp hate; K- Muriate of potash; N- Nit r ate o f soda. 

Str;J,w 
tOilS per 

acr e 

1 .R 
2.2 
2 .4 
:2 4 
2. 1 
1.8 
1.0 
] .3 
1. 1 
1.7 
2 . 1 
2 :) 
1.rJ 
0 . 7 

bu t phosphate see m ed slightly beneficial on so m e plots. Jitrate prob
ably was of 110 be nefit. Manu re alone did not produce the increase 
secu r ed by commcl'cial fertilizer but half thc application 'of manure 
plus 100 pounds of muriat e of potash p er acre gave practi cally as good 
rcsults as heavier app lications of potas h. 

Gratiot County Muck-1922-1 923. The forest Yegetation, '\'hich or
igi nally cm'e rcd th is muck area, wa s largely tamarack. Jt ,\'a s clearcd 
off several years ago and the fie ld on which the plots were locat ed wa s 
broken in 1920. Thc field was burned ove r \'e ry sl ig htl y ill 1917. No 
sat isfactory crops had becn produced pre\'ious to the plot work. The 
muck was very loos e and only fairly well decomposcd. !\ na lysis Crable 
2, muck No . i), page 23) sho\\'s the surfac e layer to he rath e r low in 
mineral matt er but fairly high in lim.c. J\ t a depth of three fee t th~ 
soil is under lain by sand o r sanely clay. 

The y ield s scc ured fr o m this muck in ] 922 Cfabl e ] 31\) indicate that , 
alt hough the so il is fairly new, both phosphate and potash a re needed. 
T his is mo st eyident in th e yields o{ sugar bects fr o m the yariou s p lots. 
Nitratc gave litt le benefit hut , as is of t en the case on a new muck, 
manurc produc ed very good result s. 

The plots w ere fe r tilized in ]923 in thc sam e mann er a s in 1922, with 
the exception o f th e manure application on plots ]2 and 13. which 
\\'e i-e not rep ea t ed. ,\Vith s,veet cloye r and timoth," and clO\'er, con
siderabl e benefit r esul ted from fertili zation, partiCl~larly with potC).sh. 
The manure and ma nure-potash' applications produced nea rly as high 
yields as did th e fert ilizer co mhination s. 

Ingham County Project No. 1- 1922-1923. These plo t s are located 
two miles no rth of the College o n what is knowl1 as Chandl e r' s Marsh. 

-r 

~----------------------------------------------~ 
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Plot 
No. 
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Table 13A.-Crop Yields-Gratiot Co. Muck-1922 and 1923. 

Fertilizer application- ll)::;. [wr l1C,'e 
Iflll;,llll 
clover 

dry h,ty 
tom: pm 

acre 

ID22 

Sugar 
Potato('s beets 
tJllSI1f"l,.; crow ned 
I>(,r <LfT,) tons pcr 

acre 

1923 

Cured ha,y tons per aere 

Sweet 
clover 

Timo-
thy and Alfalfa, 
clover 

--1--------------- -------------------

1 No f,~rlili/'(\r ............... 1 .s \H.r; (2) 4.1 1 7 1.3 0 . 8 
2 P 0 K ;-lOO ( I ) ...... :2 :~ I:W. ll. l 2 -1 2.2 O.g 
3 P 100 K :lOO. 2 7 LH.:2 ]2.7 2 :2 2.4 0.9 
1- P :200 l( :-lOO. . ... . ... ... . . . 2 :-l 1[ l . :~ [ 'I.R 2 0 2.r; 1.1 
[j P 300 I( ;lOO. 2 7 I : ~:5 . :~ ] I.S :2 I 2(i 1.0 
6 P ;-)00 K ZOO. 2 1\ 1 :~2. 0 12. '1· 1 .7 2.5 0.9 
7 P :300 K 100. . ... ... . . ... . . . ..... . 2 2 1 "O).:-l ]0.7 2 2 2.2 1.1 
8 P ;30t) K o. ') Ii !lD •. (i I.U 1 .n 1.4 0.9 
9 ~o fe:iiliz(·i·. ,) :) J2:2.D H.O 1.5 1.4 0 . 9 

10 P ;30D K :lOO ......... ') I 11. :l ].7 
11 P ;~OO K :-)00 ~~ lOU ... 2. I 1:31. S H.,D 1.4 
12 JVf<t:llIre 12 (1 \)22). 2 0 I:H.G 11(; l.R 2 . 3 0.9 
l :l :\Ianllrt" G ( I \)22) K 100. 2 :{ 1:-51.(j II r; 2.1 2.2 0.9 
14 ::\To krtiliz('r. 2. 1 8.7 

(1) P-Acid phosphate; K- lI uriatc of potash; N-Nitrate of soda. 
(2) Sugar beets Oil plot 1 illjured by cattle. 

The original yeget.at.ion ·was largely slough grass (sedge) with a 
scat.t.erec.l grO\\"th of t.rees. The arC<l was drained in 1916, and the 
muck is fairly well decomposed and about 6 feet deep. Analysis of the 
surface layer (.i\fuck Xo. 7, Table 2, page 23) sho·\\'s the soil to be well 
supp lied with lime but t.o c()nt.ain u1lly a moderate amount of phos
phoric acid. The field was pa:c,tnrcd f()r seyeral years until 1918, when 
it wa s broken up. Corn was r<lised f()r t.he next two years, the first 
crop being frozen to t.he ground in July, while the second escaped until 
the fIr st part of September and produced <l fair crop. Sugar beets 
grO\\"l1 011 the fIeld in 1Q20 and 1021 yielded rather poorly. 

Plot 
No. 

1 
2 
3 
4 
.') 

6 
7 
8 
8 

10 
11 
12 
1:) 

Table 14.-Crop Yields-Ingham Co. Project No. 1-1922-1924. 

IH22 

Fertilizer ullPlic(ttiol1-1!!22 Ill:-:. ver aere 
Stoek. 

cauotfi 
Ions IJBr 

I 

Sugar 
TlIrnins beets 
tOilS per crowned 

acrc tons per 
acre 

1------------------1----------------

1'\0 fci"lilizpr. o.u 2:{ 2 10 0 -1 6 2. 7 
P 0 K:-l()O. 1 .1 2() r; II .:-l l~ .') 4.5 
P Ion l\: :WO. . . . . . . . . . I . ~ 2 i .2 ].') :-l 1 :j :~ .').4 
P:WO K ;WO. 1 :5 2:~ !l 11 !) 1-1. I 6.2 
P:H)O l\: :WD. I . :l ~7 ~ 1 L 1 lr;. I 7.1 
l' :-l()O K 200 .. I ~ :2 t.·t I:{ U ]3 0 fi.2 
P :-l00 K lOU. 1.0 21.,· 12 2 n 8 .').1 
P :300 K () O. ; 17.7 7 7 ;) fi 3 ."0 
No fe .. liliz '1'. o. ;; 20.1 7.2 G 7 2. 7 
P 30D K :-31)0 ....... 1. ! 2S.6 lo .n 1.'). 0 6.8 
P ::SOO l( :WO N 10'l. 1 .1 2:l.1 1:{ .7 15.4 7.1 
l\Lllltll"l' l~ 10a(I". 1 . .1 ;~O. (j 1:{. :l 14 . 8 7.4 
No fe.·tili zer ..... ·.: O. !! ~~. :) 7.2 8.0 3. 2 

*P-Acicl phosphate; K-lvluriate of potash; N- Nitrate of socIa. 

THE MUC 

Table 14.-(Cont.) Crop Y 

Plot 
No. 

Fertilizer a,PlllicaLion-1923 
Ibs. per acre 

1 No fertilizer ... . .............. . 
2 P OK 300* .... . 
3 P 100 K :-lOO .. . 
4 P 200 K aoo . 
5 P 300 l( aoo . 
6 p 300 K 200. 
7 P aoo K 100 .. 
8 P 300 ]( o. 
8 Ko ferti lizer. 

10 .P 300 K :-)00 ..... . 
11 P 300 K aoo 2'< ] 00 ..... . 
12 l\lall1ll"e 12 loads ( In2~ ) . . . 
13 No ferti lizcr .. . . . ....... . 

ClIl"ed lia. 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

FerLili 7-er 
applicatiol1-182·t 

Ibs. pcr HcrC 

~o fertilizer .. 
l' 0 h: :300*. 
P 100 l( :lQO .. 
P 200 l( :-l00 .. 
p 300 ]( :-l00. 
p :300 K 200. 
P300KI00. 
P 300 K O. 
No fer tilizer. 
P ::l 00 l( ::s00 ........ . 
P 300]( ::SOO S. A. 100 
Manure J:2 loa,(]s (l \122 ) 
No fer tlizcr. 

*P-:-Acid phosphat e; 
N-Nltrate of socIa. 

1.1 
:3. I 
:-l.2 
:2 ~ 
:-l.:1 
:3. ;) 
:-l. ~ 
2. l 
2. :') 

2. 
2. 

K-l1 uri 

Experimental plots were e~ 
ers, as indicated in Table 1-1- "' 
in 1923 and 192-4- but no lll'al 
Although planting was rathE 
fr?111 the fertilized plots. 1 
m~lJ e t and otber hay crops il 
stItuent most seriously lacki 
cate that phosphate also is I 

crease in yield. 'rhe manu 
increases in all crops, hoth 
potatoes in the latter year. 

In 1924, the lar;re i·ncrease~ 
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Table 14.-(Cont.) Crop Yields-I~gham Co. Project No. 1-1922-1924. 

Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11 
12 
13 

Plot 
No. 

Fertilizer aplllic[l,LioIl-1923 
lbs. per acre 

No fertilize r ....... 
P 0 K 300 * .......... 
P 100 J( ;300 . .. . ......... 
P 200 K :300. 
P 300 l( 300. 
P 300 K 200. ...... . . . .. 
P 300 l( 100. 
P 300 K O. 
No fer tili zer. 
P 300 l( :300. 
P :300 K :300 '" JOO 
1\1alll!1'e 12 loads ( I !l22 ) . 
No fertilizer. 

1(.)23 

Cllred hay-tolls ller acre 

fh\'(>(,[ 
cion!]' 

I.n 
:2. ;) 
2. ·1 
:2. ,1 
2 ;) 

2. ;~ 
2.0 
] .2 
1.2 
:2.2 
2 :; 
.) 1 

102·( 

.TiIlIO
thy and 
('Io\"l'r 

O.n 
I.!i 
1 .:) 
I .) 
O.B 

0.7 
o 7 
1.1 
1.0 
1 'J • • J 

~\lfalfa 

O. ;') 
1.1 
1 .0 
0.7 
O.S 
O.R 
O.S 
0.0 
O.G 
0.0 
0.1 
1.0 

'lJ 

C'uH'd !lay- toils prr acr(' § 

Fertilizer 
ap plicaLion- 1021 

Ib:-i. per acre 

.\]fa ]f:l 

tr 

2:'" 

'l2 

--- S 

Slock Sligar 
earrols beets 

lOlls PCI' tOllS per 
Potatoes 
bu. per 

acre aerc acre 

~.:1 40.2 
17. G !i.n R4.7 
]R. I 7.2 !)0 .4 
J0.D G.G D9.:') 
J D.;~ !i2 94.7 
IDG [j . .') RR . .') 
J7.[j [j.0 76 .. '5 
] 2 . . ( :L4 27.3' 
]J .:l 2.8 2G.R 
1 R. 1 G 0 00.0 
J O.7 R 2 !):3.:3 
]G.O G (j .')0.2 
12.G 3 :3 3G .1 

Potatoes 

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

1 
2 
;3 
4 
5 
G 
7 
8 
o 

10 
11 
12 
13 

Ko fertilizer . 
P 0 K :-lOO* ..... 
P 100 K :WO. 
P 200 K :300. 
P 300 l\: ;-lOO. 
P 300 l( 200 
P :3 00 J( 100. 
P 300 J( O. . . 
No fertilizer. . . 
P 3 00 l( :iOO 
p 300 K :300 S. A. 100 . . 
Manme ] 2 lo<td::; (l (22 ) 
No ferllizer.... . . 

1 . 2 
J .!i 

.1 

.:l 

. .l 

. 7 

.:1 
I 

2.2 
'lO 

1.1 
.2 

') 

.·:1 

.:{ 
:1 
!l 

.1 
I .;') 
1') 
1 . 2 
o.n 

2. :l 
~.7 
2 . G 
2. (i 
:l . S 
:; . () 
2.2 
2 . . ~ 

I !! 
20 2 
2:3 :1 
21. () 
21. >' 
1>'.1 
] 1.1 
Ii . ( 
>'.R 

1S . ;') 
n.o 
II.S 
G.:l 

G. :{ 
7.D 
7.1 

10.8 
D.2 
n. :') 
8 . 1 
5.7 
·1.4 
f). :-l 
(I.ii 
f). I) 
G.G 

7.G 
22.6 
27. 1 
2:3 . 7 
2(j.2 
~f).R 

22.!i 
7. :3 

11.7 
:20.7 
2:1 0 
1 (). 1 
I G. 0 

:l.G 
10.0 
12.1 
12.6 
1:3. 2 
11.G 
11 . G 

.'i. :-l 
'1.0 

11.7 
1:{. G 
10.7 

:LO 

SR.O 
124.:3 
l24.:3 
'208.2 
242.9 
214.7 
1.') I. 7 
79.1 
D2.0 

IGO.6 
22G.R 

7;'). () 

GG.2 

8fJ.O 
0:3 . !) 
D t. g 
!)G.!) 
!)O.:l 
07.7 
D.'i.2 
G() .4 
7~). 8 
D(i. ;') 
n7.S 
RO.R 
7:3.2 

*P-Acid phosphate; K-Muriatc o[ potash; S. A. -Sulphate of ammonia; 
N-Nitratc of soda. 

Experimcntal plots wcre establishcd in the spring of 1922. Fertiliz
ers, as indicatcd in Table 1-1-, ,\"erc applicd to thc plots in 1922 and again 
in 1923 and 192-1- but no manui·c was applied during the latter years. 
Although planting was rather late in 1922, good yie ld s were secured 
from the fertilized plots. Though the results from the suriflowers , 
mill et and oth er hay crops indicai e that potash is the fertilizing con
stituent mos t se riously lacking, tbe results with the root crops indi
cate that phosphat e also is nceded. Nitrate producecl little or no in
crease in yield. T he mallure applicati()1l hrought about very good 
increases in all crops, both in 1022 ancl 1023, with the exception of 
potatoes in th e latter year. . 

In 1924, the large i11Creases produccd by commercial fertilizers were 
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again eyid ent. \'e ry good yie ld s being secured with all the crop s gro\Vn. 
Because of the \'c ry wet cond ition of the muck in the ea rly part of the 
seaso n. and th e differences in drainage of the p lots, the yields from 
the various plots are not in all cases proportional to the amount of fer
tilizer applied. 130th phosphate and potash \,'e r e necessary for good 
yields. \\'hile nitrogen appeared s li g htly beneficial in some cases. vVith 
the exception of the hay crop. the manure application of 1922 did not 
produce the increas es in yield secu r ed \\'ith commercial ferti lizer. 

1'lg. 18.- S \\·le t clover o n muck. Left- LIn fertilized- yield per ac re 1.3 to ns. 
Hioht- fcrtili zcd \\·ith 300 poullds each of acid phosphate and Illuriate of potas h
yi~ld 2.6 tOil S. 

Huron County Projed:-1922-1924. The forest \V hie h grew on this 
deposit was a mix ed growth of swa mp pine. white cedar, tamarack and 
ash. This swamp has all area of approx imately 750 acres. The portion 
on which the pl()ts wcre locat ed \\'as c lea red about 25 yea r s ago, but 
was allO\\'ed to grow up to hrush without any attempt at farming 
haying been mad e. It was drain ed by a large ditch about e ig ht years 
ago and cleared and hurned oycr slight ly the fo ll owin g yea r. The field 
on which the plots \\'ere located \\'as hrok:en up and. in successive 
years. cropped to corn. oats . seeded to timothy and alsike, hay, corn 
and timothy a nd alsike, \\'ithout a nurse crop. From the first . p oor 
yi e ld s pre\'ailecl. 1n the spring of 1922, six years after the first break
ing. the fleld was used for experimental plots. 

The muck on this held \\'as fai rly well decomposed, but yery loos ~, 
Analysis (J\luck 1\0. 13, Table 2, page 23) shO\\' s it to be rather 10\V 
in mineral matter and phosphoric acid, but relatively high in lime. 
The soi l wa s from four to six feet deep where the p lots \vere locat ecl, 
and underlain by an impure marl. The water level generally wa s 
between three and four feet below the surface. 

The experimental plots on this area were laid out in two sets of seven 
each, plots 8 to 1-\' being nearer the ditch and better drained thall 
plots 1 to 7. The yie lds of several cr ops (Table 15 ) grown on the 
plots in 1922 and 1923. plainl y indicate the marked need of hoth potash 
a nd phosphate on this so il. Phosphate was more important for the 
abo\'e-g round and potash for th below-ground crops hut the combin-

THE 1'.fL'C 

Table IS.-Crop Yi. 

1022 

'F. 
e: 
0 -

Plot Fertilizer ,J);""" Q) 

,Lppli r,LI iOll - l !J22- n 
;....~Q.; C 

1\ o. ~.c '-
Ills. per a('i' ~ 0""C ~ 

.0-1 2: ,- ~t 
~C~ 
;>: 

:E x. 
-- - ----------- -

I P 0 I( 300 ( I ). I.:i .'i 
2 P 100 J( :300. 2 7 0 
:3 P 200 1': 300 4 . 0 12 
4 P 300 K :~oo. :3 :3 1+ 
I) No f ~ ; , . il ize,. 1 . 2 :2 
(j I\Ianu, ,: 121 .laX, ! i ~i3 ) :i R 
7 :\I allur ~ fi ( 1022) .K 

10D (2) . . 2() 6 . 
8 No L:;tilizei' . L . 4 '* \J P :~OO K o . :! . (j , 

10 P 300 l~ 100 . 2 . :; n 
II P :·;00 1': 200. :L1 R. 
12 P :WO J\. :300 . :3 . 1 10 . 
1:3 I' :Hl ) I, 3()[) N l() ll. :Li g . 
L4 No f .:rtilil,e ,' . 1 . 0 4 . 

-------

Plot 
No. 

FOi·tilizer applicalioll - 10:U 
I\)s. per acre 

I J> 0 K :lOO ( I ). 
2 P 100 K :lO1l 
:1 I' 200 1-': :300 .. 
4 I' aoo K :300 . 
!j No f t'; Lili zer ... ... . ... . 
(j i\Iallll;'e 12 l oads ( ' !)22 ) . , ..... 
7 i\l;LIlUi'e (j ( 1922 ) l' 100 h. 10:), . 
R No I'p, rtilize r . 
D P :~OO K 0 . . ......... . .... . 

lOP :300 K 100 .. . . . 
I I P 300 K 200 
1:2 P :3 011 J\: ~)OO .... 
1:3 P :~O() K :300 S. A. I OJ . .. 
' ·1 Nol'ei'l ili l,er .. 

(1) P - Acicl phosphate; K - 1ru 
phate of all1lllollia. 

(2) Plot No.7 receiv ed al so ac 
in S pring of 1923. 

(3) The oat s 011 plot -+ ill 1923 \\. 
(4) Plots 4 to 7 and 9 to 11 ill 

light frost. 

ation of the two was most be 
fe rtili zers ga\'e the best reSl 
J\fanure produced marked il1( 

secur ed hy the fertilizer com 
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Table IS.- Crop Yie lds-Huron C o. P roject-1922- I924. 
--- - -- -- -~----------------- -- -----

P lot 
N o . 

--

I 
'2 
:3 
4 
f) 
() 

7 

8 
\) 

10 
11 
J2 
I :{ 
14 

Plot 
No. 

1 
2 
:3 
4 
fi 
() 

7 
8 
!) 

10 
II 
12 
1:3 
14 

1<) 22 

'f! 

2 C 

.s 
I-< 

Fei"t il i 7, (~ r <ll;.>, <ll 

,Lpp l iC,Lt iOI! - 1 \)22- 23 
?~ a.:> ~ Q) c .r:: I-< 
~ '-' t Ihs. pe l' ,L(T c (..; "d d 

bn ~ ~ ;:: ~ 
<ll ;:l <l> ::;V 
~(..;c.. ;':-' 0-

J) us 
--- ---

P 0 I( :300 ( I ). ,. J . :{ 0 , 4 
P 100 K 300 . .... 2 . 7 D . :3 
P 200 K :300 . 4 . 0 12 8 
P 300 K :lO O :3 :3 11- '2 
N o f ,, ; , il ize. I . 2 '2 .n 
l\l,w n . ,: 12 1.)<1([' ( 1022 ) :-l . 8 "i 8 
l\t[ a l lur " 6 ( I D22 ) I( 

100 (2) . . 2 . 0 6 . fi 
N o L~;Li li ze, . I . 4 4 7 
P :3 00 J( 0 . , 2 6 7 . 4 
I' 300 K [ 00 2 . .') !J I 

P :3 0 0 K 200 . :3 '\ 8 8 
P :300 J\. :3 00 . :3 I 10 . fi 
P 30) I, :{ OO 01 [OD. :3 .4 S \) 

N o f ~ · rt. i li "e.' . I . 0 4:3 

Fni' t ili zer ,L(> p li ca t jO I!- 102t1 
lbs. per acre 

I ~) 2:~ 

I-< ;V ( ; l l n~d il a y Oat s 
<ll 

, ~ 0. 
"IJ '-' 

§ 
<ll 

t Oil S !JCi' acre en 
0-

' f) 
:::l 

aJ <ll .D ------------ S ..c 

'-. I-< ~ m 
~ @ Q.J m <ll ..c: 0. <1) 0- S al O <ll 

~ .... ...... ...- :,... 

2§ ~ O;:'c ~ E ~ 
c ,- -c. 

a; -:.') . '-' cBu 

~0 .§ ~~, /"~ d o:-J 
:fl [-< 0 :n~ 

" 
p., 

<ll :'" 'l) 

~ ~ Q.J 

~~ 
0<ll 

~~ 
~ O- ad 

55 p.., 
----------- - -------- ----

7 .n 8 1 . fi 
f) :1 04 4 
8 . :3 118 :3 
8 7 110 :{ 

4 . 2 72 0 
"i (j 10 1. 0 

8 . 2 8 1 . fi 
:L !j :32 0 
:3 . \J :") 1 '2 
!) g 88 () 

7 8 04 4 
10 . 7 78 4 
[ 0 . '\ 80 . 0 

f) 4 (; 7 . 2 

1 i )2 : 

(: 1I ' 0d Iw.v 
tO ilS per ;trre 

O. 2 I 3 
0 0 2 0 
[ 8 2 2 
I fi 2 G 
() :3 1 :) 

0 n I .n 

I :j ~ . 4 
0. /) 0 . 8 
0 :-, I . 7 
[ :3 2. 1 
I :-l 2 . :) 
1 7 2 . 7 
'2 2 2 . 7 
0 !) 1 .4 

fi I 2 . 1 21 :-j 12 I . 8 
7 f) 1 . 8 27 4 18.') . [ 

J:IR 1 .7 2:{ . -t 182 . 2 
(3) 1.8 2 f) H) . 2 [ .') 0 . () 

!j 8 '2 (i I f) . I 70 . 1-
7 2 . 7 22 8 I t 0 . G 

20 . I 0 IG 8 108 4 
1:3 . 2 2 (j fl :)2 . 6 

4 . :1 (j I I 4 .') 7 
40 . \ 7 2 i.J . fj I I G :) 

4(i \J 2 :1 2 ;; . 2 I 'ID 1 
4 fi :3 2 I) 28 7 1 :-l \J . 4 
4K :-j 2 . 2 1 . 4 I :{ I .n 

------------- - -----.--------~ 

Mi xed 
t i rno

tlt y. <1 1-
l j k e ,Li ld 

s\ve ~ t 
(" lo ver 

Tilll o
tJl ,Y 

Oat s 

Gmin Sl i' ,lW Crail! Straw 
BII. per tOil S Ill': hll . IWi to :1S per 

a(' re ~L( ' I'P ac re ac re 

-----------------------------1-------------------
P 0 K:)()O ( I ) 0 7 0 4 I I . 0 () ~i I S . 7 . 2 

P JOO K :WO I . 7 I :; 17 S 2 . 0 I.') 2 . 4 

l' 200 I\: :)()O I (j '2 . :) T 2 .R 2 ,j 2 :) . \l . 8 
P 300 K :300 I , f) 2 . 2 :30 U :~ . 0 (4 ) 

N o f c ; til i zer. 0 fi 0 . 4 1:3 . I 1 t 
l\I a ll II i'e 12 10 lLrlS ( 1022 ) .. 0 H 0 (j 7 :) I . I 
Mallll i'e (j ( 1922 ) P 100 J\. I OD I 8 I . D :2 ~J S I . 8 
No f8rti li zer. 0 .4 0 . :3 1:1 . 0 1 0 fi :2 0 6 
P :300 K O. I . :; 1 . 1 I(i fi I 'I (4 ) I . :~ O . . ') 

P :3 00 K 100 . . 2 . 2 I . R :34 . I 2 . 2 4 .n I . 3 
P 300 K 20 0 .. . . . . . . . . . . 2 . fi I . D ,14 '/ 2 . 2 !) . 0 I fi 
P 300 J\:. 300 ... 2 R 2 I r)(j . I 2 . .') 20 7 1 . 7 

P :300 K :3 0 0 S. A . 10 ,) . . ... . 2 . 7 2 .4 ;; 8 :3 2 R 2:3 :{ 1 .n 
N o ferL i li zer . 0 . 8 0 !) !) 4 0 8 

(1 ) P - Ac id phos ph a te; K - M uri a t c of po ta sh ; N- N itrat e of soda; S. A.- Sul
phate of a l1l11l o ni a . 

(2) P lo t No. 7 rece ived a lso ac id ph ospha te at th e ra t e of 100 po und s pe r ac r ~ 
in Spr in g o f 1923. 

(3) T h e oa ts 0 11 pl o t 4 in 1923 \\' cr e ve ry ba d ly lodge d . 
(-+ ) Plots 4 t o 7 a nd 9 to 11 inclus ive \\'e r e b adl y bli g h te d, d uc to injury 1) y a 

lig h t fro s t. 

at ion o f the two wa s most bene fi cia l ; a fa ir ly h ea"y app li cation of bo t h 
fe r t ili ze r s g a\'c the bes t r es ul t s . N it rat e ,,'a s uf litt le o r no be ne fit, 
Manu r e produced ma rk ed in crea ses in y ie ld but not as grea t a s w er e 
secured hy t he fe r t ili ze r co mbin at io n. P lo ts 1 a nd 1-+ contained so me 
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s mall "hurn outs" \\'hich in S() lll C C<L:";cs increased the y ields of the 
cr()ps. 

Thc rcsults secnr cd in 10-Z+ shuw, C\'cn morc than those secured in 
the two preceding years, the marked need of bo th p hosp hate and 
potash on tbi s so il. In amo11nts, tbe 300 pound applicat ion of muriat e 
of potash gaye bigher y ie lds tban smaller applications, w hil e the 200 
pound application of acid phospbate appeared to be ample fo r the 
crops grm\·n. The manure applicatiol1 of 1922 bad little effect on t he 
yields of 192+, hut the combin:1tion of manure, phosphate a nd p otash 
gaye yery good results. Xitrogen, applied as su lphate of am monia, 
produced li tt le or no eHeet. The harley on plots -~, 5, G, 7, 9, 10 a nd 11 
\\'as injured hy a light frost, the crop on the first fo u r bein g a com
plete fai lure . 

Fig. 19.-Sugar heets 011 llluck . The pik to the lcit \\as from the unferti li zed 
plo t while th at to the right rcpresLllts the yid(l 01l the plot which received 300 
pounds per acre of 16~c acid phosphate and -tOO pOllnds of 50% muriate of potash , 
the f ert ili zer being al)plicci Oil th e row ahm'c the seed. 

Lapeer County Project No. 2--1921. This muck area is located about 
eight mile s di stant from Lapeer Co un ty 1\Iuck No. 1. It was a t one 
ti me coYeH'd with a mixed f()rest growth, including \vh ite ceda r , t a m 
arack, s\\a1l1jJ pine. elm, and hemlock. It \\-as cleared a number of 
years ago and had been pastured to a considerable extent. D ra inage 
was not adequat e for g()()d crops until about sc\'en years ago w hen a 
large ditch was dug thr()tl~'1-t t he marsh. The mu ck was app roximately 
eight feet deep and u nderlain hy sand. .\nalysis (1\Iuck No . 12, Table 
2, page 23) showed tbis s()il t() he relati\'ely \ c ry hihh in li me. 

The response of this muck to fertilizatio n Cfable 16) was very 
marked, phosphate being considerahly more im()ortant than pot as h 
for most crops. This fertilizer need \\'as manifcsted in a m uch m ore 
ab undant growth of weec1s. where phosphate and potash were applied, 
and in the greater grm\'th of ] une grass pasture, potash producing a 
200 per cent and potash and phosphate a GOO per cent increase in g rowth 
oyer the un fe rtil ized llluck. Of the crops g rown, corn and suga r beets 
responded most to potash, while phosphate was more importan t in in
creas ing the yields of s\\'eet clo\'C~r. 1\tfanure failed to equal fe rtili zer in 
incr eases produced, except in sugar beets, where it p rod uced the high-

Plot 
No . 

] 

2 
:3 
4 
Ii 
G 
I 

8 
() 

THE MUC 

Table I6.-Crop Yie 

Fertilizer application 

N* ......... , . . . 
P .. .. 
h:, , .. ..... . 
No ferl iiiz,'r. 
N P . 
N K . 
PI " ... 
N P K . 
;'\1 . . 

*N-Nitrate of soda; P - Acicl 

es t yield of any plot. The 
creased by an abundant \yee 

Fertilizer lVlanagement oj 
cent yea r s the opinion lla~ I 
s tate t hat manure is the 
Ther e has been also a \\'ide 
m er cial fe r tili ze r s l'e sl1lt s in 
whi ch are injuri ous to cml' 

Fig. 20.- Effect of fe rtili zation 
N o 1 received 110 fcrt ili zcr: ~ o. 
acid ph osp h ate 250 and lIluriate 
1110 r e important than llotCl~h fo r 

sions. A nUl1lher of lllllck 
manure, repo r t the c()lltinu 
10 t o 15 years, with n() P()UI 

th e e nd of the pe r iod tha n' 
e cele ry g rowers) hav e used 



Plot 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
!.J 

N*. 
P .... 

THE MUCK SOILS OF MICHIGAN 

Table I6.-Crop Yields-Lapeer Co. Project No. 2-1921. 

Fcrtiliwr lLVplic lLt ioll 

( 'orIt 

r:ar..; 
llll. p.·r 

;) 

1:> 
:l 
S 

~1()\'I'r 
tOil"; per 

O.D 
J .1' 

f-;wP,'L 
do\"('r 

di',r lJay 
V)I\spf<r 

acre 

O.S 
1 . ·1 

K . I.> [ 1. !l (J.R 
:;[0 ·fert i li~er. I 

.) 1 .. ) 0 .;) . -. 
N P. . . , . 17 I; I . :) I 7 
N K. If) 0 i . :-1 () I 

P K. 

I 

:;\ I J .1 2 0 
N P K. :;:2 r; I . fi ,> ;) 
.'\1. J I .D 1.:J 1 0 

*N- Nitra te of soda; P-Acid phosphate; K-M nriate of potash. 

51 

f;JIgar 
heets 

(Towller! 
tons vcr 

acre 

7.0 
7.7 
S. :3 
fi D 
7 .:~ 
.'j.G 
7 . .'5 
8.7 

10.4 

est yield of any plot. The yields of corn 011 all plots were much de
creased by an abundant "\"\'ee d growtb. 

Fertilizer M anagem ent of Deep Mucks. "\Vithin comparatively r e
cent years t he opinion has heen widely held among' the farmers of t he 
state that m allure is the only satisfactory fertilizer on muck soi l. 
There has b een also a widespread opinion that continued u se of com 
mercial fe rtili zers tesults in an accumulation of suhstances in t he s0 11 
which are in jurious to crol's. Tile bcts ch not "\\'arrant snc h cO ll clu-

Fig. 20.-Effect of fert il izatio1l 011 June grass pasturc. Crop cut from eq ua l a reas . 
NO.1 received 11 0 fertil i ,~cr; No.2, 1lluriate of potash 200 l)OUIHl s pe r acre; No. 3, 
acid phosph at e 250 all d llluriate oi potash 200 pounds per acre. Phospha te was 
l1Jore importa nt tha n pota~ h lor 1l10 .~t cr011S Oil this muck but both \\'cre n ee ded. 

sions. A numb er of m uck fa r mers, "\\"ho ha\'c been unable to secu re 
manure, r epor t t hc continucd usc ()f c()Jll111crcial fc;r til izers fo r fr om 
10 to 15 years, w it h lW poore!" ;l11cl, ill ~;()11lC cases, hetter crop y ielcl s at 
the end of the pe ri od than· at the heginning. Some of t hese fa rm ers 
(celery growers) have used from 1,000 to 2,000 pounds of fer tili ze r p er 
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acre per year. It appears then, that- at leas t t o a cons id erable ex
t ent- the use of manure on the deeper muck s may he dis continu ed anci 
commercial fertilizer used in stead. The u se of green manure eve ry fe\'..' 
years, as a suppl e ment tu the co mm er cial fe rtilizer , is no doubt wortil 
\\' hil e . espec iall y o n the heavier ty pes of muck. Speci fie r eco mmenda
ti on s of f e rti 1 i ze r s fur g en era] c r op s on 111 uc ks req uiri ng p otas hand 
phosphoric acid arc gi \'en in page 65. 

F ig. 21.- Turllip s o n llluck, The plot r epre sent cd by the crates a t the left was 1101. 

fert il ize d whi le that at th e right received potash a nd phosphate. 

I\1ETHOD OF APPLICATION OF FERTILIZER 

On al l expe rim enta l projects, the r esult s of whic h a r e reported in 
the prec edi ng pag es, the fe rtilize r s were applied broadcast and 'vVork:ecl 
into the so il 'with a sp ik:e-toot h or sprin g-.too th harrow. For the pur
pose of determining wh eth er a row application might produce better 
re sult s than the broadcast applicat io n , exp erimental work was s tarted 
in the spring of 1923, u sing potat oes and sugar beets a s the culti vated 
crops. Th e a ye rage fro111 tI\"O proj ects are given in Tabl e 17. In the 
row applicat ion s. the fe r t ili ze r was applied on th e surface above th c 
row and th cn r aked into the soil. The sugar beets on the Ingham 
County pl ots \\' er e pla nted late, which probably accounts for the rather 
low }ielcl~. 

lt is \'er y e \·id cnt that the row application O il sugar heets was the 
better 'whell th e 200 and -+00 pound applications of muriate of pota sh 
\\'ere made. \ Vhen on ly 100 pounds , t oge ther with 300 pounds of 
aciel ph osphate was applied , the phosphate appeared t o mature the 
beets sooner 'W hen applied on the row than w hen applied broadcast. 

THE MU( 

This probably accounts for 
plot 5. 

Experimental work now 
suIts of 'which are not yet 
heavy suppli es of potash nel 
not all be appli ed in the rc 
or growth is injured appan 
salt s. 

Table l7.-Showing Effect of I 

Plot FertiiLoer ap plicat ioll 
No, IlJs, per ac re 

1 P 300 K 400 ( HroadcClst )* 
2 p aoo h 400 (on ro w ), 
a P aoo K 200 (lHo,1(ica,st ) , 
4 P aoo J( 200 ( 011 row ) 
,,) p aoo I<. 10 ') (broadcast ) , 
6 P 300 K J 0 :) ( 011 row ), 
7 P 300 K 0 

*P- Acicl phosph a te; K-'Muri 

Fertilizatiun of the putat 
rotas h. higher yields fr om 
ti on. Unfortunatel\' the cn 
110 doubt dec reased' yields t 

TIME OF APP 

In a stud y of th e effect 
yields of several crops, on 
two projects with sugar l ~ 
Table 18, were secured in 
amount of fertilizer appliec 
yields than the same amour 
applications at interval s du 
the whole amount was app 
on in a single appli cat ion ; 
with the r es ult s sec ured \\ 
Ingham County low-lim e 1 

ment application gave the 
types of muck may explain 
cau se roo t growth is limi 
low:-lime muck , all fertiliz e 
the plant. \-\lith a probabl 
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This probably accounts for the lower y ield o f plot 6 a s co mpared with 
pl o t 5. 

Experim ental wo rk now being conducted o n sugar bee t s, the r e
sults of whi ch are no t ye t a 'a ilable for publi cation, indicat es that the 
heavy suppli es o f pot as h n ecessary fo r good yi eld s on muck soil should 
not all be appli ed in the ro w mi xed with the seed. since ge rmination 
or growth is injur ed apparentl y by th e conce ntrati on of the fertili zer 
salt s . 

Table 17.-Showing Effect of Row Application of Fertilizer on Yield of Beets 
and Potatoes. 

Sugar IJpc:ts-- tom; per cLue 

Plot 
No. 

F ertili ze r appli cat io n 
Jl> s. p er ac re 

1 P :) 00 I( 400 (BrmLd clLst ) *. 
2 P 300 K 4( 1) (o n ro w) ..... 
:3 P 300 l( 200 ( IJ road ccLst ) . 
4 P 300 I{ 200 (on row) ... . 
."i P 300 K 1 (n (broad cas t ) . 
f) P 300 K IO J (O il row) 
7 P 300 J{ 0 

C lillt o ll ('oull ty 

--------------
itoo t ,.; T ops 

----

1(J .G 12. 1 
12 .2 J2 .S 
7.1 7 . J 
S.2 (j D 
7 . 2 G 4 
fj !J 4 .7 
:-l S 3 . 1 

*P- A cicl phosphate; K- M uri atc o f potash. 

IlIg l! a lll (,O llilt y 

----~-------

Hoots T ops 

7. :; D. l 
S . l IO :{ 
G fj 7 . 2 
G ;; f) f) 
4.7 4 . G 
4 . :3 4 S 
;) 1 :3 . 8 

P otatoes 
lJu per 

ac re 
In gJUtlll 

C o . 

11 2 0 
1:)S . L 
LOf) . ;; 
L Itl- 4 
SIJ 0 

101. 4 
f)(i 

'" 

F e rtili zati on o f th e potato pl ut s ga\'e \\·it h all thr ee appli catio ns of 
r o tash, highe r y ields f ro m th e r ow than from th e broadca st applica 
tion. Unfortu1lat ely the crop wa s fr os t ed be for e it had matur ed; thi :.; 
11 0 doubt decrea se d yi eld s t o a co nsiderable ex t en t. 

TIME OF APPLICATION OF FERTILIZER 

In a s tud y o f the effec t of lim e of a ppli cati on o f fertilize r on the 
yields of seve ral c rops, on hig h-lim e muck, the av erage r esults fr om 
tw o project s with suga r b ee t s and one with potatoes, presented in 
Table 18, \I\fe r e secured in 1923. These r es ult s' indicate that a gi ve n 
amount of fe rtili ze r a pplied befo re planting (pl o t 3) will give hig he r 
yi elds than the sam e am ount supplied in two (pl ot 2) or three (plot 1) 
applications a t interv als during growth. Higher yi eld s r es ult ed where 
the whole a mount was app li ed befor e planting than wh ere it wa s put 
on ina si ng le appl iea ti on a t som e let fe r ti me. This is not in acco rd 
with th e r esult s sec ured with J lungaria n mill e t and pot a t oes on the 
Ingham County low -lime mu ck in ]923 Cfabl e 4) where th e in stall
ment application ga ve the bes t r esult s. Th e differ ence in the two 
types of muck may explain th e diffe r ence in the r esult s sec ured. Be
cau se roo t gro wth is limited t o th e lim ed lay er of the \'e ry a cid , 
low:-lime muck. all fertiliz er leached below th e limed layer is lost t o 
the plant. \ l\T ith a p r obabl y lower fi x ati on of the potash in the low -
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Table lB.-Effect of Time of Application of Fertilizer on Yields of Sugar Beets 
and Potatoes. 

Sugar b eots- tolls p er acre 

PloL Fer til izer a pplication 
N o . Ills. p cr a,cr e C linton coun ty Ingh am co un t y 

---.----- - - - ----------

Roots Tops Roots Tops 

P 300 K 200 (1 ) (K 100) (2) 
(K 100) (3 ) ... . . .. . ... . .. . . .. ... 9 .. 5 11.4 7. 1 9.5 

2 P 300 K 200 (K 200) (2) . .... . . 9 . 8 11.6 7 . 2 8.8 
:3 P 300K400 .. . ....... . ....... . .. 11 .4 12 . 8 7.S 9 1 
'1 P :-300 K 400 (al1vl ied aJ te r Illocking) 11 . 0 11.7 4.!J 7.0 
S P 300 K 400 (CLDplied 1 m o nt illator) 7 .4 8 . 0 4 . 7 6. 7 
G No for til i"er . , . 4.6 4 . 3 3 . 6 3.2 

(1) P - Acid phospha te; K- Muriat e of potash. 
(2) (K 100)-Potash appli ed approx imately one month after p lanting. 
(3) (K 100)-P otas h app lied approx imately two month s a ft er p la nt ing. 

P o tatoes 
b u. p er 

acre 
Ingham 
C ounty 

86.2 
112 . 2 
11 2 . 0 

7.'i . 9 
66.8 
66 .4 

lime than in the high-lime m uck, the crop on th e low-lime muck may 
suffe r fo r lack of mineral plant nut rients dur ing the later st ages of 
growth, unle ss m ore is app lied. In th e high- li me muck , w ith it s d eeper 
zone of feeding, an d it s greater retention of fer tili ze r s, the plant has 
ti me to matur e w hil e the plant nutrients are w it hin r each of the r oo t s. 
I [c)\veve r , t he r es ult s se cur ed are to a conside rab le ext ent dependent 
O il the season an d from one season's work should l~ e co nsid er ed a s sug
gesti\' c rather th;l ll cOllc lu:-;i \·c . 

F ig . 22.- T his corn was pla ll ted 0 11 May 20. It was in a badly stunted conditio n 
0 11 J t1 1y 8, a t which time th e p lo t rep resented by the rig ht ha nd shock and p ile 
was ferti lized w ith potash. 

THE MUCl 

I t is evident fro m the resu 
fertilizer is better than none 
by the Minnesota Stati on in 
muck land who start in with 
in the grain fi eld of plot s rec 
I f the muck land is in need 
grow th on the plot s wi thin a 
of the needed fertilize r is me 
failure averted. 

A very striking illust ra tion 
tilizer in preventing a failure 
season of 1923. The wri te r: 
which had been planted May 
tions of the fi eld contain ed 
y ell ow. P lot s we re estab li sr 
July 8, seven weeks after pl. 
be en manured at the rat e of 
the co rn here looked very g 
po rti on of t he fi eld. T he reS l 

Table 19.-Effect of Late 

Fe;' Uli zer appli cat ion- Ibs. 

K 250* . . . . . . . . 
No fert ilizer .... . 
N 200 K 250 . . . 

*K- Muriat e of potash ; N- Nitl 

Although potash produced 
ed corn , the y ield of the cn 
more than twice as great. 
interes ting t o know what tI
the potash. had been app lied ; 

OTHER BENEFJ 

Stand. In many cases , if 0 

unfertili zed , there is a diffe r 
the fertilized porti on. This i 
root cr ops, with g rain and 'Ii 

pears t o be due, not so mud 
tion , but rather to t he fert ili; 
ing fa st er , so that they are a 
which the weak unfe rtili zed 
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It is evident fr om the r es ult s secured that eve n a late application of 
fertilizer is better than none at all. This fact has been made u se of 
by the Minnesota Station in its recommendations t o farmers on new 
muck land who start in with a grain crop. It advises the establ ishment 
in the grain fi eld of plots receiving potash, and potash and phosphate. 
If the muck land is in need of fertilization, it is evident in in creased 
growth on the plots within a few weeks,· at which time an application 
of the needed fertilizer is made to the entire field and a possible crop 
failure averted. 

A very striking illustrati on of the effect of a late application of fer
tilizer in preventing a failure of the crop was brought out during the 
season of 1923. The writers were asked to exam ine a fie ld of corn 
which had be en planted May 20 on what had been an old pasture. Por
tions of the field contained corn which was short, stunted and very 
yellow. Plots w ere establi shed and fertilizer appli ed on tbis corn on 
July 8, seven weeks after planting. i\notll er portion of the fi eld had 
been manured at the rate of eight loads per acre before pl owing, and 
th e co rn here looked very good. Plots were estahlished also on this 
portion of th e fi eld. The r es ult s are g iv en in Table 19. 

Table 19.-Effect of Late Application of Fertilizer on Corn Yield. 

F e;'U lizer a pplication- Ills. p e r acre 

]( 250* .. . ... . ... . 
No fertilizer .......... . 
N 200 K 2.50 ..... . .. . . 

*K- M uriat e of potash; N- Nitratc of soda. 

Stunted COi'll 
Hot llJ(lIlUl\; r\ 

Cood ('orll 
l )lal l 'l n~ ;! 

R load" 
p .> r ,LCTC 

-~~-~--------I-~~-

Ea,r,; 
bu. per 

ac re 

4~.4 
]:3. 2 
40 . 0 

Stover 1 ~ ;L1·.' 
tOil" per hu. per 

acre a,et'e 

I .Wl 
() .2 fi 
J . tlO 

02.0 
.'56.2 

Although potash produced a very marked improvement in the stunt
ed corn, the yield of the crop which had never had a set-back was 
more than twice as great. Nitrate was not necessary. It would be 
interesting to know what the y ield would have been on this field if 
the potash. had been applied at the time of planting. 

OTHER BENEFITS FROM FERTILIZATION 

Stand. In many cases, if one part of a field is fertilized and another 
unfertilized, there is a difference in the "stand" of a crop in favor of 
the fertilized portion. This is noticeable particularly w ith some of the 
root crops, with grain and with grass and clover seedings. This ap
pears to be due, not so much t o the effect of fertilization on germina
tion, but rather t o the fertilized plants being more sturdy and develop
ing faster, so that they are abl e t o withstand ha rdships a nd diseases to 
which the weak unfertilized plants succumb. Table 20 shows the rela-
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tiv e numb er of stoo ls o li SO lll e' oat pl ot s a nd t he r e lati\"e numhe r of 
plant s of several root c rops. In ge nera l pota sh is the m ost impo rtan t 
of th e var ious fe rtili ze r consti t uent s in it s effect o n stand. O ft en th e 
stand on the ph osph u ri c aciel plot is poo r er than 0 11 the un fe rtIli zed 
plot s. 

F ig. 23.- Effect of ferti lizat ion on Cju a iit y. Phosphate app li ed to the plot sho w n 
in th e uppe r p hotograph in cr eased th e yi eld s light ly over that from the un fe rtili zed 
11luck, but the increase was du e large ly to June g ra ss . On t he p lot shown in the 
lower pho tograph. the app li ca t ion of phosphate and potash produced a marked in 
crease of clecl1; timoth y. 

Quality. Proper fe rtili zati on not onl y increases y ields hut it a lso 
improves th e quality of m ost c rop s g row n on muck so il s. 'The write r s 
11a ve been t o ld by seve ral farmers tha t hay from their fertilized muck 
"had m or e hea rt in it" t han that from unfert ili zed soil. If a part of 
a wo rn -out muck pasture is fert ili zed , it can be seen r ead ily that th e 
stock prefer to g raze o n the fe rtili zed portion. 

For a numb er of years, the op ini on ha s been h eld that beets grown 
on muck so il a r e low in suga r conten t. Thi s fact has led suga r C0 111 -

THE MUC 

Table 20.-Relative Stand on P 
When the Stand on t 

Fertilizer application 
Sugar bee! 

Ingham 
Co., 192~ 

---------------------- -------
Average unfertilized plots .. . 
K * .... . ......... . .... . .. . 
P . .. .... . 
PK .. . ...... . .......... . 
PKN ... . 
:Manure . ........... .. .... . 

10C 
17!: 
86 

132 
151 
135 

*K- Muriate of potash; P- Ac 

panies in some section to wi 
muck soi l. A laboratory st l 
o n th e quality of sugar bee 

Table 2I.-Effect of Fertilizatio 

P lo t 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

P lot 
No . 

F ertili zer applicatio n 
Ibs . per acre 

No fertilizer ... . ...... . .. . 
N 100* . . . . 
P 250 . . . .. ... . . . . 
K 200 ... . .... . ... . 
P 2.')0 N 100 .. . ... . 
K 200 N 'lOO . . . 
P 2.'50 1( 200 .... . .. . 
P 250 K 200 N 100 ... . .. ..... . . 
Manure 12 . . .......... . .. . 

Fert ilizer application 
lbs . per acre 

Gratiot 
county 

1 No fertilizer. . .... . . . . l2 .3 4 . 1 
2 P 01(300* ......... 14 . .511.1 
3 P 100 K 300 . l6 . 5 12 .7 
4 P200K300 ...... . .. 17 .414 .8 
5 P 300 K 300 .......... 16 .3 11 .8 
6 P 300 K 200 .. . ........... 12 . 4 
7 P 300 K 100 .... . . .... l5 .7 10 .7 
8 P 300 J( 0 . . .... .. . 149 7 . 6 
!) Nofert ili zer .. . .. . .. .. l4. 8 8 . 0 

10 P300K300 . .. . ...... [6 . 514 .3 
11 P 300 K 300 N 100 .... 16 .414.9 
12 Manure 12 ......... . 14 .711 . 6 
13 Manure 6 K 100 .... . . H .7 ll .. ~ 
14 No fertilizer . . ........ 15 . 1 S .7 

*P-Acid phosphate ; K- Muria 
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Table ZO.-Relative Stand on Plots Receiving Different Fertilizer Applications, 
When the Stand on the Unfertilized Plots is Taken as 100. 

Sugar beets Oats Ta,ble beets Mangels Stock Rutabagas Fertilizer application rngham Sch oolcr aft I ngh am 1924 carrots 1924 Co., 1922 Co., H)23 Co ., 1922 1D24 

Average unferti l ized plots ... 100 100 100 100 100 ]00 
K * .. . ... . 17D 111 ] 92 111 114 104 
P . . .. ... . . S6 124 S7 83 105 73 
P K. .... 132 125 1G7 113 114 106 
P KN ...... . ......... ..... 1.5J 135 ]87 11:) 100 92 
:Manure .... .. ..... ... ..... . 135 137 192 117 109 96 

*K- Muriate of potash; P-Acid phosphate; N-Nitratc of soda. 

panies in some section to withhold encouragement of beet grow111g on 
muck soi l. A labo ratory study to dete r mine the effect of ferti lization 
on t he quali ty of sugar beets has proved t hat the sugar content, as 

Table Z1.-Effect of Fertilization on Sugar Content and Yield of Sugar Beets. 

Calhoun 
cou n ty 

Berrie n 
county 

H)21 

Lapeer 
Co. No.1 

Lapeer 
Co. N O.2 

P lot Fertilizer application -------------
No. lbs. per acre OO<l) 

~,... ~~ OO<l) 
~,... 

OO<l) 
~,... 

1 
2 
3 
4 
5 
6 
7 
8 
9 

P lot 
No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

....,,... O() ....,,... o() ....,,... o() ....,,... O() 
~c<l 

....,~ 
~c<l 

....,c<l 
~cO 

....,c<l 
~cO 

....,cO 
0)01J 00,... 0)01J 00 ... 0)01J 00"" 0)01J 00,... 
()::l ....,0) ()::l -'-'0) ()::l ""'<l) ()::l ....,0) 

5)00 g5o. fj)OO g5o. fj)oo g5o. fj)OO :llo. 
P-. ~ P-. I=Q P-. ~ P-. ~ 

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

No fertilizer . .... . ] 3 .8 7 4 13.8 O .. 5 10 .8 2 3 14 .4 5 . 0 
N 100* ........ ... 12 2 R 0 14.2 0.7 12 .3 2 5 1;) . 1 7 .0 
P 2S0 .. . . . . . . . . . J2 .4 8 0 10.0 0.2 12 . fl 2 1 14 .2 7 7 
K 200 ........ .... .... . . . .... 13 4 10 . 6 16 . 7 2 . fl 14.1 8 2 1') . :) R. 3 
P 2:)0 N JOO .. .... .. . .. . .... 12 .8 7 3 ll.8 O .. 5 11.2 3 .0 14 .4 7 . :3 
K 200 N 100 . .... .. ... .... .. 12 9 10 fl 16.4 2.2 I S.8 11 .1 14.0 .'l . G 
P 250 K 200 ....... 14 4 11 . 6 14.2 l.S 15.9 9 4 14 . 2 7 .:) 
P 2S0 K 200 N 100 . 14 0 10.3 1.'5 :) 2.6 16 . 2 10.8 13 .3 S.7 
Manure 12 ........ 14 3 11.7 13 0 2.0 14 . 8 10.3 lS .3 ]0.1 

1922 

Grat iot Tngham Lapeer lIuron Eaton St. Jo- Allegan 
county Co. No. I Co. No .1 county county seph Co. county 

Fertilizer application --------- - --- ------------ - ----
Ibs. per acre 

No fer ti li zer .. .. . . ... . 
P 0 K 300* ....... . . 
P 100 K 300 . ... ..... . 
P 200 K 300 . . .. .. . .. . 
P 300 K 300 ......... . 
P 300 K 200 ......... . 
P 300 K 100 . ... .... . 
P 300 K O ... ...... . 
No fert il izer ....... . . . 
P 300 K 300 .... ..... . 
P 300 K 300 N 100 ... . 
Manure 12 .. ..... ... . 
Manure 6 K 100 .. . .. . 
No fertil izer ......... . 

~~ 000) 
~,... 

....,,... o() ....,,... o() ....,,... 
~c<l 

....,cO 
~~ 

....,cO 
~cO 

0)01J 00 ... 0)01J 00 ... 0) OJ; 
()::l ....,0) ()::l ....,0) ()::l 
~cn g5o. fj)OO g5o. fj)OO 

P-. ~ P-. I=Q P-. 
--------

12.3 4 . 111.9 3.312 . 7 
14.511.116.45.916 . 4 
16.5 12 . 714 .9 7.216 . 2 
17 . 4 14 . 815.7 6.6 16.1 
16 . 3 ll . 8 14.4 5.216.0 
.. . . 12 . 41S . 2 5 .. 516.9 
15 . 7 10.713 . 6 5.016.1 
14 .9 7 . 612 .5 3 . 4 16.3 
14 . S 8. 0 13 . . 5 2.8 16.4 
16 . 514.:3 lS.1 6.\) 15 . 6 
16 . 414 . 9 14.3 8.217 . 2 
14 . 711 . 6 .... 6 . 6 .... 
14 . 7 11 .. 5 ... . 
15 . 1 8.713.8 3 . 313.2 

000) 
~ .... 

000) 
~ .... o() ...., ... o() ....,,... ....,cO 

~cO 
....,cO cd 

00 .... 0)01J m,.... 0)01J 
""'0) ()::l ""'0) ()::l 
:llo. ~rFJ :llo. ~rn 
~ P-. ~ P-. 
--------

O.!'l 13.5 4.2 11. 1 
6 .9 13 . 8 7.9 12.9 
6 . 6 14.8 9.313.3 
6.9 13 . 4 8 . 312. 7 
6 .3 13 .8 8 . 711 . 3 
4 . 3 14.S 7 .8 .... 
4. 1 13 . 0 5.811.1 
2.713 . 0 3.010.S 
2.!J 13.0 3 . . 5 1l.2 
4.S 14 . 4 10.7 12.3 
6 .3 14.S 10 .4 12 . 5 

. ... 13.8 7 . 612 . 8 

. .. 13.S 8 . 2 12 .9 
l.714.2 S.410.7 

000) OO<l) 000) 
~,... ~ ,... ~,... 
O() ....,,... o() ....,,... o() 
....,cO 

~cO 
....,cO 

~cO 
+"cO 

00 .... 0)01J 00,... <l)01J 00'-< 
....,<l) ()::l ""'0) ()::l ""'0) 
:llo. fj)OO :llP- fj)OO g5o. 
~ P-. ~ P-. ~ 
-------- - -

2 . 415.011.817.4 9 . 6 
6 . 114 . 6 11 .6 17 .S 9 . 3 
6 . 5 15 .4 9.318.0 10 . 9 
5.5 14.7 8 . 6 17. 9 8.7 
6 . 0 16.110 .2 18 . 28.3 
,5.216.5 9 . 719 . 2 7 . 0 
3 .9 16 . 1 7 .9 18.2 7.0 
2.7 16 .5 6.718 .. 1 7 .4 
2 .. 5 15.7 5.2 18 . 8 6 .G 
6 . 2 IG.8 11 .4 19 .3 0 .8 
6 . . 516.113 . 318.3 10 .3 
5.0 15.2 9 . 818.5 8 . 8 ' 
4.515.612 .818.07.8 
1.8 15.0 9 . 217.3 7 .4 

*P-Acid phosphate; K-Muriatc of potash; N-Nitratc of soda. 
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well as th e yie ld , is ofte n increased w hen certain fe rtilizers are applied. 
The results for ]921 and 1922 are given in Table 21. The very shallow 
muck: of the A ll egan County project gave a sugar l?~et with a v~ry 
high sugar cont ent. \\"ith no evidence of effect of fer tIlIzer s on qu~lIty . 
L ikew ise the sug2.r content of the beets from the newly-reclaImed 
Ca lh o un Co unt y muck wa s not influenced by fertilization . On most of 
the ot her areas, howe \Oe r, sugar content ha s been markedly increased by 
fertili zation, u sua ll y by potas h , but on those mucks where phosphate 
\Vas needed to increase yield, it likewise in creased the sugar content. 
Phosphate alone appea red in so me cases n ot t o increase the sugar C011-

t ent and in othe rs actua ll y to dec r ease it. This probably is due to the 
fact that in t he cool w ea ther at the end of the growing season, a con
sid erab le in crease in th e suga r content of beets takes place. Whei1 
phosphate hastens maturity, thi s last increase of sugar is not secured, 
with a fesult that t he beets m ay be lower in percentage of sugar than 
those on the un fe rtili zed soil. The conclusion is warranted that, with 
an a pplication of fe rtili ;;.:cr high in potash and not containing more 
phosphate t han is n ecessa ry for maxi mum crop production, a beet 
having sat isfactory sugar content can be produced on muck soil. 

1 2 

Fig. 24.-The effect of ferti lizer hoth in in cr easing quantity and !n improving 
tlUa lity of the sugar beet crop is clear ly shown in these cross sectIons. No.1, 
no fertilizer, No.2, potash. 

Limited study on stock carrots, turnips, a nd other root crops, has 
indi cated that, like that of sugar beets though to a lesser extent, their 
sugar con tent is increased by prope r fert ili zat ion. 

In some locali ties, a ce rtain prejUdice has arisen against "muck
g rown" potatoes, largely du e to the lack of flav or, poor cooking qual
ities a nd s mall size of potatoes grown on "worn-out" muck soil. In
vestigations at this s tation, as well as t hose from other stat ions, show 
that potatoes grown on properly fert ilized muck, are of fine quality in 
every respect; the same ferti li zers that are necessary to increase the 
yie ld a lso improye the quality. The quality may be lowered, as well as 
the y ield decreased if the vines are killed by a frost occurring consider
ably before the time of maturity. 
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RATE OF APPLICATION OF COMMERCIAL FERTILIZERS 

Recommendations made by Other Stations. In those sections of 
America, IV here the soils ha ve bee n formed under eli ma tic conditions 
somewhat similar t o th ose of :Michigan, statements have been made by 
several experiment stations regarding the ferti li zer r equirements of 
their muck soil s. I llinois ( 17), Ind iana (5 and 22), l\/[innesota (1), 
New York (26), Oregon (20), VVi sconsin (27) and Ontario ( 13) re
port the need of potash on many of their muck so il s, while a ll , with 
the exception of Illinois, give evidence that some of their mucks are 
in need of phosphate al so. vVith the except ion of Illinoi s, New York, 
and Ontario, a ll of these report that some of their muck soil s are low in 
lime; these mucks require phosphate and potash as well as a lime ap
plication. M innesota alone advi ses the application of nitrate on the 
low-lime mucks, for all crops with the exception of in oculated legumes . 
lVl innesota (2) report s a class of mucks, not found in an y other state 
or country, which require s phosphate only, the addit ion of potash with 
the phosphate producing no incr ea se ove r phosphate alone. Ohio (7) 
states that some of the mucks of that state ne ed fe rtili zation w hile 
others do not. Iowa (25) report s their shallow mucks not t o need 
fertilization, while their deep muck s are consid ered of no agricultural 
importance. 

Robinson (2 1), reporting in 191-1- on the fertilizer r equir ements of 
lVlichigan 's muck so il s, stat ed: "Potash and phosphoric acid are the 
mineral ferti li zing elements which g ive the best returns, while ba rn
yard manure a lso causes a large cr op increase in mos t cases . Except 
on distinctly acid depo sit s, lim e does not as a rul e o- ive good r esult s." 

Very littl e has be en publish ed in America, regard in g the results of any 
systematic experimental study made t o dete rmin e what applicat ions of 
phosphate and of potash should be made on llluck soil s, to secure the 
greatest return for the money inves t ed in fertili ze r. Alway ( 1, p. 130) 
recommends for the high- lim e llluck s of l\ linnesota an initial application 
equivalent t o 400 pounds of 50 per cent muriate of potas h and also 
400 pounds of 16 per cent acid phosphate per acre when it is ne eded. 
For low-lime mucks he advocates th e sa 11l e a mounts of potash and 
phosphate w ith 200 pounds of nitrat e of soda . To suppl y lim e he ad
vises the application of two and one-balf tons of g round limestone 
per acre. \ Vith regard t o these ferti li ze r applications he says: "In 
order to be sure of g etting maximum yields, the application of twice 
as much phosphate, potash, and nitrate (as the amounts gi ven above) 
is advised; but the smaller amounts will a s w ell answer the ques tion as 
t o the chemical requirements and at the same time better indicate 
what re turn s may be expected with quantities more likely to prove 
economical for ordinary farm crops ." . 

Whitson (27) advises the muck farmers of \Visconsin a s follows: 
"When applied broadcast, from 300 to 400 pounds of acid phosphate 
and 150 pounds of muriate of potash are the quantities best to u se for 
all staple crops, such as hay, grain or co rn. " For sugar bee ts , he states 
that "these amounts should be increased from 50 t o 100 per cent." 

Considerable work along this lin e has been done in Germany, A ustria 
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a nd Sweden, the results of which have been ably reviewed by Alway 
(1). Excerpts from hi s statement follow. 

"D ersch, who for many years was in charge of much of the 1nucl;: 
soil inves tigation in Austria and who is th e author of the best text 
book (3) on the subj ect , states in th e last edition of this book that, on 
all low-lime bogs, both phosphate and potash, in addition t o lime, must 
be used, as well as usually nitrogen, while potash is necessary on all 
high-lime 11L'uc/?S and phosphate on mos t of them (page 42)." The rates 
of application recommended by Bersch (3), expressed in terms of 
ground limest one, 16 per cent acid phosphate, 50 per cent muriate of 
potash and nitrate of soda (18 per cent ammonia), are presented in 
Table 22, together with the · crop recommendations, for the first four 
years after reclamation. 

"The Swedish station has found that commercial fertilizers alone do 
not suffi ce t o maintain maximum yields, a nd for that reas on recom
mends, in addition to the necessa ry amount of commercial fertilizers 
an occasional light application of stable manure, in order to provide 
bacteria to decay. 

"As the initial phosphate application, V on Feilitzen (Sweden) recom
mends an amount of fertilizer equivalent to from 425 to 850 pounds of 
acid phosphate per acre, decreasing this from year to year until there 
is supplied each season the equivalent of the amount removed in an 
average crop, w hich will va ry from about 100 to 250 pounds of 16 per 
cent acid phosphate. As the phosphate does not leach out, a liberal 
r eserve is thus left in the soil at all times. 

"Potash, on the other hand, leaches out to a great ext ent , and, if 
suppli ed in large r amounts than the crops need it may be largely lost. 
Therefore the potash salt s are applied acco rding to the amount re
moved in th e crop , viz: from 150 t o 450 pounds of 40 per cent potash 
salt s per acre." (1, page 44). This is the equivalent of 120 to 360 
pounds of 50 per cent potash salt s. 

"Fleischer (dir ector of the Bremen Peat Experime nt Station for 36 
yea r s) warns against o mitting the annual application of fer tilizer. 
The quantities w hich he recommends agree with those g iven in Table 
22. T he application of phosphate indicat ed is for those bogs on which 
the 11'LlI ck carri es not more than 0.50 per cent of phosphoric acid. As 
a simple method of es timating the amounts of the fertilizers required 
by a hay field after the first three years, he assumes that every ton 
of well-cured hay taken from the fi eld removes 40 pounds of actual 
potash and 13 pounds of phosphoric acid. Thus three tons of hay per 
acre would remove the equivalent of 240 pounds of 50 per cent potash 
and 250 pounds of 16 per cent acid phosphate. For pastures, much 
smaller applications than these may be made because so much of both 
the phosphate and the potash is r eturned t o the soil in the excrement. 
At Bremen less than 50 pounds of potash (equivalent t o 100 pounds of 
50 per cent muriate of potash) and 30 pounds of phosphoric acid 
(equivalent to 188 pounds of 16 per cent acid phosphate) per acre each 
year have been found necessary for the maintenance of the productiv
ity of pastures ( 1 page 42)." 

The initial application of phosphate recommended by the German 
and A ustrian investigators (Table 22 ) see ms exceptionally high, as 
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Table 22.-Rates of Application 0 

and Austrian Muck Soils, cal( 
phate (I6 per cent phosphori< 
and nitrate of soda (I8 per c. 

Fer tili zer 

First year of cultivati( 

Ground limestone . . .. ... . . . ... . .. . 
16 percent acid phosphate .. . 
50 percent m uriate of pota,sh 
15 p ercent nitrate of soda . . 

Second year 

16 percent phosphate . ....... . 
50 percent muriate of potash .. . 
15 percent nitrate of soda ..... . 

Third year 

16 percen t acid phosphate ... 
50 percent muriate ot potash . 
15 percent nitrate of soda .... 

Fourth year 

Ground limestone .. .. ... .. . . ........... . 
16 percent acid phosphate ... . 
50 per cent In uri ate of potash . 
1.'5 percen t nitrate of sod a . . . . ...... . . . . . 

*Sufficient fert ili zer should be a . 
of the previous year (Se e T a ble 23: 

do.es the second year appli cati 
thIrd year applications for th( 
initia l applications recol11l11 enci 
necessary on Michigan muck 
the preceding pages. 

The German recommendatic 
of fertilization as recommenc 
be made each year, equiyalent 
by the preceding crop. Tab 
phosphori c acid and pota. h ( 
which are suit ed to muck soi 
quantities remo-vecl per acre b 
the amounts of the sta ndard 
cent muriate of potash requir 
the crop are computed. Ave r 
crops and grain crops. 

Recommendation.s for Michi 
are, or in a relatively fe,v yea 
erally in phosphoric acid, it is 



-
THE MUCK SOILS OF MICHIGAN Gl 

Table 22.-Rates of Application of Fertilizers per acre recommended for German 
and Austrian Muck Soils, calculated in terms of ground limestone, acid phos
phate (16 per cent phosphoric acid), muriate of potash (50 per cent potash) 
and nitrate of soda (I8 per cent ammonia) . 

F ertili zer 

First year of cultivation 

Ground limestone. . . . . . . . . . . . . . . . . . . ... . ..... .. . . 
] 6 percent acid phosphate . . ...... . ....... . . . ..... . . . ..... . . 
50 percent muriate of potash ... ' . .. ........ ... . ... .. ....... . . 
15 percent nitrate of soda .... . . 

Second year 

16 percent phosphate . .. . ... .. .... . ................ . ... .. . . 
50 percent murin,te of potash .... ... ... . ......... .. .... . 
15 percent nitrate of soda . . ......... . . .. ... . . 

Third year 

16 percent acid phosphate .. . .... . .. . . 
50 percent muriate oJ potash 
15 percent nitrate of soda .... . .... .. . .. . 

Fourth year 

Ground limestone ... ... .. . 
16 percent acid phosphate ... . 
50 per cent muriate of potash ...... . .... . . . 
15 percent nitrate of soda ... . 

High-lime nllick I Low-lime muck 

Po iatoeJ 

None 
687 to 1125 
220 to 360 

None 

M eadow 

~44 to 437 
220 to 250 

None 

M eadow 

156 to 344 
110 to 140 

None 

M eadow 

N one 
l{ephtcen len t * 
Ileplacernent * 

None 

Potatoes 

3200 to 6250 
1125 to 1687 

360 to 540 
300 to 467 

Potatoes 

687 to 1000 
220 to 2.')0 
200 to 367 

Winter rye 

687 to 781 
180 to 220 
267 to 367 

Oats or meadow 

1250 
Repla,cement * 
R eplac:emellt* 

267 to 367 

*Suffici ent fertiliz e r should b e added h ere to r epla ce th a t r cmoved in th e crop 
of the previous y car (See Table 23). 

does the second year application for the high-lime and the second and 
third year applications for the low-lim e mucks. It is certain that the 
initial applications recommended are con sideral)ly higher t han appears 
necessary on M ichigan mucks) a s judged by the results reported in 
the preceding pages. 

The German recommendations state that, after the first three years 
of fertilization as recommended, a "replacement" app lication should 
be made each year, equiva lent in amount of plant food to that removed 
by the precedin g crop. Table 23 presents the average amounts of 
phosphoric acid and potash (16) remo\'ed by several different crops, 
w hich are suit ed to muck so il. These amounts are calculated as the 
quantities removed per acre by good yields of the different crops, and 
the amount s of the standard 16 per cent acid phosphate and SO per 
cent muriate of potash required t o r eplace the quantit ies removed by 
the crop are computed. Averages are struck for the hay crops, root 
crops and gra in crops. 

Recommendations for Michigan Muck Soils. Since most muck soils 
are, or in a relatively few years become, very low in potash and gen
erally in phosphoric acid, it is important that the amounts removed by 
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Table 23.-Phosphoric Acid and Potash removed by various Muck Crops and '(he 
amounts of Acid Phosphate and Muriate of Potas h required to replace the loss . 

Yield per ac re 

C rop 

Bu . Tons 

Grain Crops 
Rye-

Grain . ... . ·· . 0 · . · . . 30 
Straw . .. . .. ... .. . 2 

Total crop .. . .. 

O,Lts-
Grain . .. . . .. ... .. . . 60 
Straw .. . . . 2,Y2 

Total crop .... 

Barley-
Gra in . .. . . . .. . . . • • • 0 • • • • • • 40 
Straw. 2 

Total crop . .. . 

Average grain crops ..... . . . . .. ... . . •• • • • 0 •• 

Hay Crops-
White Sweet C lover. :3 
T irnothy and Clove r . 3 
Alsike Clover. :3 
Alfalfa ...... :3 
Oat and Pea . .... . . .. 3 
Hungarian M illet . . . . . 3 

Aver age hay crops . 
---. ---

Hoot Crops-
Sugar Beets-

Tops . . 10 
}lootH. 12 

Total crop . 

T UTllips-
Tops .. 6 
Hoots. 20 

Total c rop . . . . 
-- -----

A verage root crops. 

Mi3cellaneous (:rops-
Potatoes. 300 

Peas-
Grain . ... .. .. .. .... . .. .. . 2.5 
S traw .. . .. .. .. . .......... U:'! 

Total crop . . ... ... . ... 

Corn-
Grain ..... . . .. . . .. .. 60 
Stover . .... . . . .. .. .. . 2 ;\1 

Total crop .. . .. .. . . . .. 

llape- green . ... . . . ... . . . . . .. . 20 
Oat and pea silage- green . .... . . ] .5 

P lant (00(1 re rno ved 

Phos
phoric 

acid 

12 3 
11 . 2 

23 . .5 

15 6 
10. !) 

26. 

1() .8 
7 .2 

28.5 

24 4 

:30 6 
28 2 
42 0 
:3:3 () 
:~9 6 
21 .6 

34. 

20 . 0 
19 .2 

30 2 

] 8 0 
:)2 . 0 

70.0 
-----

.54.6 

21. 6 

12 .6 
10 . 5 

23 . 1 

23 .2 
22 . .5 

45 .7 

44 0 
.5 1 . 0 

Potash 

9.6 
316 

41.2 

10 . 7 
7.5 . 0 

85 . 7 

14 . 2 
48.0 

62 2 

63 . 

7.'-, 6 
114 0 
101 4 
133 .8 
98 4 

129 0 

109 2 

128 . 0 
76 8 

204 .8 

62 .4 
116 0 

178 4 

191 .6 

95 .4 

}',) . 2 
20 . 7 

44.9 

13.4 
64 . .5 

77 9 

1!)(l 0 
210 0 

Standard fert ili zers 
equ ivalent of pla n t 

fooel removed. 

Acid 
phosphate Muriate 

(16 % lJ hoS- of potash 
I (!)O % 

p lOric potas ll) 
acid) 

76.9 19 . 2 
70 . 0 63 . 2 

146 .9 82 . 4 

97 . .5 21.4 
65 . 6 150.0 

163 . 1 171 .4 

101 . 9 28.4 
4.5 0 96 . 0 

146 9 124 . 4 

1!)2 3 126 . 

247.!) 1.51 .2 
176.3 228 . 0 
~62!) 208.8 
2 10 . 0 267.6 
247 . .5 ]96.8 
}:3.5.0 258.0 

213.1 218.4 
----- - - ---

]2!) 0 2!)6 0 
]20 0 ].53 . () 

24.5 0 400 6 

112 !) ]24 . 8 
~32.5 0 232.0 

·137 .5 3.56.8 

341 .2 383 . 2 

135 0 190 . 8 

78 8 30 .4 
65 6 59.4 

144 4 89.8 

14.5 0 26 . 8 
140 (l 129 . 0 

285.6 155 . 8 

27.5.0 3 12 . 0 
:3 18 . 7 420.0 

t he cr op grown be carefull y con sidered, in decidin g on the fe rti lizer 
applicat ion for the succeeding year. 'Ihe amount s g iven in Table 23 
a re high, because good yields were assumed in making the calculations. 
If the yield of a crop is one-half or two-thirds t hat given in the table, 

THE MU! 

Fig. 2S.-Sugar beets on l1luclc 
to all four plots shown above . 1 
muriate of potash at the rates of 11 

Photographed August 10, 1924. 
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Fig. 2S.-Sugar beets on muck. A uni form amount of phosphoric acid was applied 
to a ll four plots shown above. In order from top to bottom, the plots received 
muriate of potash at the rates of none, 100, 200 and 400 pounds per acre respectively. 
Photographed August 10, 1924. 



64 MICHIGAN SPECIAL BULLETIN NO. 136 

a correspondingly smaller amount of fertilizer is necessary to replace 
that removed by the crop. \iVhen the tops of the root crops, straw 
from the grain crops or manure is returned to the soil, the application 
of fertilizer for the cr op following may likewise be decreased. 

Reports by several in ves tigators, and expe riments in Michigan, in
dicate that, although phosphoric acid, applied in a fertilizer on high
lime muck is largely held in the soil, with little lost in the draining 
water, a considerable portion of the potash not r emoved by the crop, 
is leached away. The amount thus lost varies with the season and with 
the type of muck. If the summer and fall following an application, is 
relatively dry, considerable "residual benefit" from the potash left in 
the soil, will appear in the crop yield of the succeeding year. The 
amount of fixation in a low-lime muck is apparently somewhat le ss 
than on a high-lime deposit, both phosphoric acid and potash being lost 
to a considerable extent. It is evi dent then, that more fertilizer should 
be applied than the amount r eq uired by the plant and more on the low
lime than on the high-lime muck soil. For the same reason, it appears 
desirable that the heavier applications, ne eded by those crops in th\~ 
rotation, which require large amount of phosphate and potash, should 
be applied before, rather than following, the crops in question. 

Four seasons experiments, reported on the preceding pages, constitut·· 
ing a systematic study of the fertilizer requirements of different crops, 
indicate that, on Michigan muck soi ls that have been cropped a few 
yeai's, an initial and ann ual application of 200 to 300 pounds of 50 per 
cent muriate of potash and , as needed, of 200 t o 300 pounds of 16 per 
cent acid phosphate, is sufficient for good yields of most farm crops. This 
is not much in excess of the plant nutrients removed by a normal crop, 
except in the case of the grain crops, and is not sufficient to maintain 
fertility when high yields of root crops are secured, if the tops are 
removed from the field. 

Inasmuch as the fertilizer requirement depends not only on the 
crop to be grown but also on the nature of the muck itself, Table 
24 is presented,. giving formulas of fertilizer mixtures adapted to 
the various types of muck, as well as the range in application for 
the several crop s. Since all of the high-lime muck soils clo not 
show need of phosphoric acid, several recommendations are made for 
each crop.vVhen muriate of potash (50 or 60 per cent) is applied 
alone, about one-half the application recommended for the mixed fer
tilizers, should be made. If an 0-8-32 mixture is used, approximately 
two thirds as much should be applied as of the 0-8-24 mixture. If the 
muck is shallow, or if it has been fertilized for the past several years, 
or heavy fertilized for the crop of the preceding year, less fertilizer 
is needed than if the opposite is true. If the muck is excessively 
drained, ·so that the factor limiting crop production is supply of mois
ture rather than of plant nutrients, the application which would give 
best returns on the investment may be somewhat lower than the min
imum recommendation. 

THE MUC 

Table 24.-F ertilizer Mixtures an 
General era 

C rop 

Rye .. . . ........ . 

Oats .. .. . 
Barley . . . 

Corn . .... . 
Sunflowers . 

Sugar beets .. 

. l 
...... . . f 

. . } 

Turnips . . . .. 1 
Rutabagas . . . .. .... . ... .... l 
Stock carrots . r 
Mangels. . .... J 

Peas . 

Potatoes .. . ........ .. .... . . 

Sweet c:lover. . . . . . . . } 
Timothy and alsike . . . . .... . . 
Hllngarian millet . . . . ..... . 

Pasture .. . ... . ..... . 

Deer 
iun 

:\Iuria 

:\Iuri ~ 

:'IIuria 

*1£ no manure , green manure ( 
the rotation, a compl ete fertili ze r 
may give better re sult s than On( 
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Table 24.-Fertilizer Mixtures and Rates of Application recommended for Various 
General Crops on Michigan Muck Soils. 

Crop 

Hye . ... .. .. . . ... . . ... . .. . 

Oats . ... . ....... .. . .. .... . . 
Barley . . . . 

Corn .. ... . . 
Sunflowers . 

.. } 

Sugar beets . 

Turn ips .. . . . 
Hutabagas . . . . 
Stock carrots . .. . ....... . . 
Mangels. 

Peas .. 

PotatoeR .. .. 

Swee t clover . . .... . . . 
T im othy and alsike .. . 
Hungari an millet .. . . . 

Pasture .... . ....... . ..... . 

F e rtilizer formi ll a, 

High-lime Inuck 

Deep and med
iUIll Jnu c ](S 

0- 12- 12 
o - 8- 24 

Muriate of potash 

0- 8 - 21 
0 - 8- 32 

':ylmiate of I)ota~h 

0- 8- 2 f 
0- 8- :-32 

M u riate of potash 

0- 8- 2 1 
0 - 8- 32 

Muriate of potash 

0 - 8- 24 
0- 8- 32 

MUTi~Lte of potash 

0- 12- 12 
0- 8- 24 

0- 8- 24 
0- 8- 32 

0 - 8- 24 
0- 8- 32 

Mur iate of potash 

0- 8- 21 
0- 8- 32 

Muria te of po t ash 

Very sha,llow 
muck 

Mct nure or 
green mallure 
in rotcLtion * 

0- 12- 12 
o -8-21 

0- 12- 12 
0- 8- 21 

0- J2- 12 
0- 8- 2-'1 

2- 8- 16 

2- 8- 16 

2- 8- 1G 
:3- 8- 24 

0 - 8- 2·-1. Crop not ad
apted to very 
acid muck 

0- 8- 24 2- 8- J6 
3- 8- 24 

0- 12- 12 Crop not ad
apted to ver y 
acid m uck 

0- 8- 24 2- 8- ]6 
3- 8- 24 

0- ]2- ]2 2- 8- 16 
0- 8- 24 3-8- 24 

0- 12- 12 2- 8- 16 
0- 8- 24 

200- 300 

200- 100 

300- .')CO 

400- 800 

250- 500 

300- 600 

400- 800 

250- 400 

100- 300 

*If no manure, gr een manur e or litt er is added to the very sha llow muck during 
th e rotation, a compl ete fertili zer containing about 2 per cent of nitrogen (ammonia) 
may give better result s than one containing no nitrogen. 
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T HE HOME MIXING OF FERTILIZERS 

Home mix in g of fer tilizers is important to the muck farmer for two 
reasons: fir st, because many ti mes he is unabl e t o obtain from his 
dealer the mixture adapted t o hi s soil , and second , because hi s system 
of farming may not keep him busy during the winter and home mixing 
will pay him well for hi s time. The imple ments needed a re found on 
every farm: a so lid fl oo r , a shove l and a tamper. 

As each sack of fe rtilizer is emptied , it is be st t o spread it very 
shallow and, if any lumps are present, t o break them with the tamper. 
One fertilizer for the mixture is usua lly emptied, tamped and shoveled 
into a broad flat pile, then the seco nd is tamped if necessa ry and spread 
evenly over the first, and so on. vVhen a ll fertilizers are added, the pile 
is shove lled by startin g at one end a nd thro'wing it into another pile. 
This is repeated until the mix ture appea rs uniform and without streaks 
in it. It can then be sacked and st ored until used. If it is kept in a 
dry place, an y lumps which form ca n he broken r ead il y. A ny fi ller 
that may be u sed should be dry. Sifted sand or sifted muck may he 
used , or the fill er may be left out and a correspondin g ly smaller pro
porti on of the fertilizer applied per acre. 

Table 25.-Show ing Amounts of Unmixed Fertilize rs required to make 1,000 pounds 
of M ixed Fertilizer. 

Formul a, of mi xe(l 
fertili zers de3ired 

Use the amount 
opposite the formula 

desired, from one 
carr ier of ea,ch of t he 3 
fertilizing constituents* 

0- 12- 12 . . .. 
0- 8-24 . . . ... 
0- 8-32 .. . ... . .... . . 
2- 8-10 .. . ... .... .. ... 
2- 8-16 
3- 8-24. : :.::: ..... . 

N itrogen (am
monia) use one 
o[ til e Fer li li zers 

below 

0 0 
0 0 
0 0 

11 1 80 
11l 80 
16 7 120 

Phosphoric ac id , use one of the 
fert ilizers below 

7.50 600 267 429 
500 400 178 286 

400 178 286 
.,)00 400 178 286 
500 400 178 286 

400 178 286 

Potash, use one 
of the fe;·tilizers 

below 

Muriate or sul
phate of potash 

(15 0 % (60 % 
pota,sh) pota,sh ) 

240 200 
480 400 
640 533 
200 167 
320 267 
480 400 

*If a filler is to be u sed the amount of fi ll er is equal to 1,000 pounds minus the 
sum of the a m oun ts of the different ferti li zers used. 

Table 25 shows the amounts of the diffe rent unmixed carriers of the 
three fertilizing constituen ts-nitrogen, phosphoric acid and potash
needed in the making up of 1,000 pounds of mixed fertilizer having the 
composition of any of the seve ral formulas adapted to muck soil. Only 
two sources of nitrogen are recommended becaus e most other less avail
able nitrogenous fertilizers are too slow in their acti on to be suitable 
on muck soil. The use of the nitrate in preference t o sulphate of am·
monia is recommended fo r a mixed fertilizer for st rongly acid muck. 

In making up a fertilizer having the compos ition 3-8-24, it is possible 
t o select unmixed materials, the necessary total of which is more than 
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:3- 8- 24 .. 
3-8- 21 .. 
3-8-24 . . 
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0 - 12- fi 
0- 12- 12 . 
0 - 12- 12 
2- 12- :2 . 
:~- 12- 4 .. 
3- R- fi 
0- 12- fi . 
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0- 12- 12 . 
2- 12- 2 . 
2- 8- IG 
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1,'000 pounds. In other words the concentrat ion could not be ob
tained. In that case a correspondingly heavier application per acre 
should be made. 

Very frequ ently, muck farmers w ho already have purchased a mixed 
fertilizer desir e to improve the composition of the mixture. As a g uide 
for thi s mUl-pose Table 26 is presented. Such a mixture would, of 
course, cost more per ton than one made up ent irely from the unmixed 
fertilizers, since the cost of the first mixing must be included. How
ever, w ith a mixture of th e wrong composition on hand, it is generally 
w ell worth the increased expen se to add the constituent s necessary 
for the improve ment of the mixture rather than to use a mix ture w hich 
is not adapted t o the soil or the crop. 

Table 26.-Showing Amounts of Unmixed Fertilizers required to be added to Ol 

Mixed Fertilizer of one F ormu!a to produce a Mixture more suitable to the 
Muck Crop to be grown. 

Formula of mi xer! 
fertili ze r desired 

0- 8- 21 .. 
0- 8- 24. 
0- 1'- 32. 
2- 8- lfi . 
2- 8- 1fi . 
2- 8- l6 .. 
2- 8- 16 .. 
2- 8- 1fi .. 
2- 8- 16 . 
:~-8-24. 
3-8- 24 .. 
3- 8- 24 . . 

Formula of mixer! 
fertili ze r on ha,nd 

0 - 12- 12 . 
0 - 12- 6 . 
0- 12- 12. 
O- 12- l 2 . 
2- 12- 2 . 
:3- l 2- 1 . . 
3- 8- (j 
0 - 12- 6 . 
0 - 8- 21. 
0--':12- 12 . 
2- 12- 2 . 
2- 8- 16 

N umber of pound s r efjuired to make 1000 pounds 
of fer tilizer des ired 

M ixed 
fe rtili zer 
on h ,mcl 

(ifi7 
fi67 
()(i7 
(i67 
6fi7 
fifi7 
fifi7 
fifi7 
6fi7 
667 
667 

1 , 000 

N itrate 
of socl ft 
(t8 % 

a mmoni a) 

0 
() 
() 

11l 
:)7 

() 

0 
III 
]Jl 
167 

0:3 
56 

Acid Muriate 
phosphate of potash 
(16% phos- (50 % 

phoric I ) acid) potas 1 

Fille r 

0 :320 
() 400 
() 1S0 
0 l fiO 
() 2)2 
0 2fi6 

Hi7 210 
0 210 

Hi7 0 
() 320 
0 4.54 
o. ] 60 

]3 

* 
* fi 2 
4 

67 
* 
* 5f) 

* 
* 
* 

*The total weight of these mix tures is slig htly g reate r than 1.000 pounds but 
contain s the same amounts of the ferti li zi ng constitue nts as 1,000 pounds of the 
mixture desired. Consequent ly a proportion ate ly g rea ter app licat ion per acre 
should be made. 

Maintaining the Fertility of the Farm Which Contains Both Upland 
Soil and Muck 

A large proportion of the muck fa rmer s of M ichigan have fa rms 
which are in part made up of uplai1d (mineral ) so il. As was shown in 
Table 2, the min eral soil s in general are low in nitrogen and organic 
matter and often in phosphoric acid. Recommendations made by the 
Soils Department of the IV[ichigan State Coll ege (19) show that the 
fertility of these soil s may be improved by the proper use of manure 
and acid phosphate. On the other hand , muck soil is high in nitrogen 
and organic matter and it s fertility can be improved chiefly by the ap
plication of potas h fertiliz er , with phosphate w hen needed. Feeding 
the crops from both soil s, and app lying the manure t o th e mineral 
soil, improves the mineral soi l, which needs more nitrogen and organic 
matter. This is done at the expense of the muck so il, which is not 
injured by the loss. As has been a lready mentioned, thi s statement 
does not hold true in the case of very shallow mucks. 
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The Field Test Plot For Determination of Fertilizer Needs 

If a muck area is newly reclaimed, the need for fertilization may 
develop gradually or it may appear ve ry suddenly in the form of a 
crop failure immedia t ely after r eclamation or fo llowing a series of 
years of good crops. If the muck has been cropped for several years, 
the fertilizer need may be immediate, ei ther potash alone or both potash 
and phosphate being required. Since a fi eld test is the only reliable 
mean s of determining the soil's requirements, a set of fertilizer t es t 
plot s, es tabli shed on the muck as illust rated in the diagram, is well 
vl" orth while. In locating such a set of plots, a portion of the field, 
"which has been uniformly treated in the past, should be se lected with 
the plots placed we ll away from fence rows and at right angles to 
the nearest ditch or tile line. 

Fig. 26.-Maintenance of fc r ti li ty of the soi l on the fa rm which is composed of 
both mineral (upland) so il an d muck. Incrcase the nitrogen and organic matter 
content of t he u pland so il by app lyin g th e manur e fr0111 the muck crop to the 
upland , and maintain thc fertility of th c mu ck by the usc of commcrcial fertilizer. 

If the muck is new, a set of plots estab li shed with permanent stakes 
at the corners and con tinued until a r esponse to fertilization is secured, 
will show defi nit ely when fertilizer can be economically applied. An 
annual application at th e rate of 200 pounds each of 16 per cent acid 
phosphate and 50 per ce nt muriate of potash (20 pounds of each on th~ 
one-tenth acre plots) is suggest ed, until a response to fertilization is 
secured. If the muck has been under cultivation for several years, 
without hea vy applications of manure or the addition of fertilizers, a 
se t of plots continu ed for a sin g le year will generally give the desired in
formati on. 

'rhe fertilizer may be applied to th e small plots bes t by broadcast~ 
illg-. The co rn ers of the plot can be establi shed with stakes, and the 
edge s of the plot defined by walking from stake to sta ke and dragging 
one foot. If more than one fert ili zer is t o be applied, they may be 
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weighed out and well mixed. In order t o get a uniform spread, the 
fertilizer may be mixed with 4 or 5 times it s volu me of slig htly moist 
muck. The mixture is then applied in a manner similar to the sowing 
of grain by hand, the application being made at a time when the wind 
is not strong. 

If a cultivated cr op is to be grown, and the rows will cross the fer
tili ze r plots, it is advisable to leave an alley of 4 feet between the fer
tilizer treatments, to eliminate the effect of fertilizer dragged from one 
plot t o the next by the cultivating implements. More than one crop 
can be g rown on the plots, the different crop (oat s, suga r beets and 
swee t clover are sugges t ed) being sown cr osswise of the plots. If it 
is necessa ry to s implify the plots, the phosphate plot may be omitted, 
and the unfertili zed plot placed between the potash and potash-phos
phate plots. 

, 8ff'oDS ~~ 
NO FERTILIZER B 

J.. 

POTA~H 

POTIiSH liND PHOSPHIiTE 

PHOSPHIiT[ 

NO F£RTI LI Z ER 

Fig. 27.-Sugges tive out lin e of test plots for the determillation of the ferti li zer 
requirement. 

It is by all means desirable, if possible, to weigh the yield of the 
crop from each plot, since the eye is oft en unable to distinguish in the 
fi eld , an increase in yield considerably more than sufficient t o pay for 
the fertilizer applied. A Huron County muck farmer, who was apply
ing potash for sugar beets, in a field adjoining one on which a new set 
of plots were being es tabli shed , was induced by the writers to apply a 
sack of acid phosphate, in addition to the potash, on a strip down the 
center of his fi eld. During growth, the farmer considered the phos", 
phate wasted and it was only at th e harves t of the beet s that he con
cluded to stake off equal areas and keep the weights separate as they 
were hauled t o the loading station. He ,vas surpri sed to find that the 
yield, where both potash and phospbate were applied, was just t w ice 
that secured w ith potash alone. . 

With some crops, notably grain, results are difficult to secure fro111 
s mall plots. Here it may be possible t o establi sh half acre or acr e 
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plots, harvesting a nd thresh in g with the s t andard size machines. Fairly 
lon g plots are t o be prefe rr ed, s in ce they bring the different treatments 
close r together than if the plot s are short and wide. ' 

CROP ADAPTABILITY 

Practically a ll crops can be g rown successfully on well-decomposed 
muck soil , if th e factors limiting production- ferti lity, water supply 
and clim atc- are taken into co nsideration . A lthough the soil may be 
fert ili zed and sa ti sfactoril y drain ed, it is economically not practicable 
to preyent occas ional su mIner hosts on a maj ori ty of Michigan muck 
areas. For this rcason t he se lect ion of those crops, which are able to 
withstand considcrable f rost, is to be strongly r ecommended for our 
muck soils. 

Hay. This crop is one of th e mo st dependab le that can be grown on 
muck soil. vVith prope r soil management, good yie lds of fine quality 
can be raiscd. vVhite s\Vee t clove r , sown without a nurse crop, gen
e rall y produces a good crop on muck the sa me year it is sown, and 
t\\·o crops the second year, if the fir s t is cut hig h. Timothy also pro
duces w ell a nd is ablc to thriy e with less fertili ze r than is needed by 
th e legum cs. I ]un ga rian millet is an anllual which gives a good yield 
and may be SOW11 as late as Jul y 1. Jt is occasionall y injured by hard 
~ul11l11er f rosts. Sud a n g rass gives a heavy yield but has a tendency. to 
prod uce a coa rse hay when grmvn 0 11 muck. Soybeans have been trIed 
with success but are li ke ly to be injured by summer frosts. 

Of the mixed seedin gs, t im ot hy and alsike clover (sown one 'part 
of tim othy t o two pa r ts of a lsik c) is probably 111 0S t popular, whIle CJ 

mixture of t imothy, alsike, and medium red (June) clover (sown 
equal parts) is prov ing successful with so me muck farmers. If the 
Jand is very wet o r very ac id , redtop may well be included in the mix
ture; ot her wi se it is better 0 111 itt ed , s ince it t enDS to crowd out the 
oth er grasses. A mix ture of ti mothy, alsike, brome grass and sweet 
clove r produces a good yield of hay of good quality. 

A lfalfa is giv ing very sati sfac tory results on a number of mucks 
in the so uthern part of t he stat e. It s cultivation on any muck area 
should be begun in an expe rimental w ay until it i.s determined ~hat 
drainao-e conditions are satisfactory. Th e crop r eqUIres a well drallled 
soil which is not suhj ect t o overflow, It is admirably suited as a crop 
on ditch banks, sin ce it is a pe rennial and also t ends to crowd out t he 
'weed g rowth \vhich is gene ra lly abundant in that location . 

Seedings of clover, a lfa lfa or grasses on muck land can be made suc
cess fully in the spring, either with or without a nurse crop. Rye, bar
ley or oats, ranking in t he order named, are generally preferred for 
thi s purpose. If sown w ithout a nurse crop, a s tand is usually more 
certain. If a cuttin g of s weet clover is expected the same season, no 
nurs e crop should be used . 

j\lth ough fe rtili zati on of the new seeding usually re sults in a more 
uniform and vigorous g rowt h, it oft en a lso results in a much greater 
g rowth of weeds. Unless these weed ' a re kept mowed, with the mower 
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sickle set high, t he seedi ng may be s mothered a nd a poo rer stand se
cured than if no fert ili zer is u sed. 

Pasture. T he popul ar id ea of a muck pas ture is one that produces 
a coarse g rass of poor quali t y, on which the g raz in g ca ttle are a lways 
in a " run-down" condition. This is due t o the fa ct that t he muck 
pasture has been much neglect ed in the past, and , w hen t he muck has 
become so worn out t hat it fai ls t o p roduce oth er cr ops, it is u sua ll y 
seeded down and pastured. \Vhen it is p roperly drained, fe rti li zed and 
seeded, a pasture of very g ood quality can be secured, unless the muck 
is ve ry acid . 

Jun e g rass (Kentucky Blue Grass) is t he mos t popula r native pas
ture grass on the m ucks of south ern lVf ichi gan. Of the seedin gs, 
timothy and a lsike has p roven ve ry sati sfact ory, w hil e w hite sw eet 
c lover is r eported t o have g iven exce ll ent r esult s. A mix ture of timothy 
al sike and s 'weet clove r (equal part s) is r epor ted a lso t o produce a very 
g ood pastu re . I t is ess ent ia l in the maintenan ce of a good sod, that it 
be neither pas tured un t il firm in the sp r in g, nor t oo closely dur in g th e 
summer. 

Fig. 28.- M uck pasture. A ta m e see ding 0 \1 mu ck gives an ab unda nt g ro\dh of good 
quality g rass if properl y d ra ined a nd ferti lized. 

Frequently the expense of r emovin g stump s and r oo t s, or the cos t 
of breaking, p revent s the final r ecla mation of a muck a r ea. The ex
periences of several muck farm ers, as w ell as expe rim ents being con
ducted, show that such areas, if th ey a r e not strongly acid , may be 
much impr oved for pastu r e, without br eakin g, by t he .seeding of a 
grass and clover mix ture. Tim othy and alsik e is mos t commonly used 
for thi s purpose. One r eport fr om northern 11ichigan st ates t hat ve ry 
success ful resul t s were secu red fr o m the use of white sweet clove r in 
thi s w ay. A mixtu re of all three mi g ht a lso be used with good res ult s. 
If a numbe r of crops of hay have been re moved, a lig ht applicat ion of 
fertili ze r may markedly inc r ease the g rmv.t h of g rass . 

Grain. Grain farm ing on m uck has not p roven ent irely successful 
for t wo reasons: one, that th e grain s a re slig ht ly susceptibl e t o sum
mer fr ost s, a nd t he ot her, that the tendency of g ra in t o lodge w hen 
grown on muck o ften r esult s in crop failure. \ Vhere summ er frosts 
are not fr equent, success fu l r es ul t s can be secured by fe r t ili za tion w ith 
potash and phosphate w hich t end s t o dec r ease the lodg ing . I n gen
eral w inter r ye , oa t s a nd barley r a nk· in the order na med in their 
adaptability t o muck s. Winter w heat cann ot be ge nera lly r eco mmended 
a lthough so me fa rm ers are r eportin g good r es ul ts with it . Early ma
turing, stiff- strawed varie ties u sually g ive the best yields . Ordinarily, 
seeding of th e sp rin g g ra ins as soon a s t he muck is in good shape is 
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preferable to late seedin gs. Both oat s and barley do better while the 
weath er is cool, and if sown late are o ft en cboked with weed growth. 
Further th ey are u sually injured by frost less during early growth 
than late in the season. 

'Three varieties of oats w hich hav e given very sati sfactory re sults in 
our fertilizer experiments on muck are Gopher 674, Iowar and Iowa 
103. All of these varieties are shorter, stiffer-stra wed, and earlier 
maturing than are the varieties ordinarily grown on Michigan soils 
and for those r easons are especially adapt ed to muck soil. Wisconsin 
Pedigree barley has given the best results in our fertilizer trials . 
' Buckwheat and flax have been very successfully grown in some 

localities. Buckwheat is so mewhat susceptible and flax very sensitive 
to fr os ts . The Minnesota Station (1) reports that they have found 
flax "able to do 'without fertilization better than other crops" but 
sta t e that the failure of this crop on burned muck for the first season 
after burning is a co mmon experience in that state. 

Corn is one of the best crops that can be grown on muck where frost 
is not a factor, but it is very sensiti ve. It is one of the bes t indicators 
of a decided lack of potash in the soil, a dwarfed o r weak leaning stalk, 
of a sickl y ye ll ow co lor , with no ear or with shrunken k ernels on a 
'(nubbin" ea r, being a very sur e sign of "potash hunger," if drainage is 
proper and the soil is not strongly acid. A n early maturing variety 
should be se lected for the muck fi eld. 

Root Crops. l\I[ uck soil is ideal for the production of root crops. 
Sugar beets, stock carrots, turnips, mangel s, and similar roots, giv'e 
ve ry good yields and make excellent fall and winter feed for stock. 
Yields of 8 t o 14 tons per acre of sugar beets and of 20 t o 30 tons of 
the other r oot s m entioned are not uncom mon, when they are fertilized. 

,Root crops can withstand considerable fr eezing, although they are 
so metime s injured by a hard freeze during early growth. Stock car
rots produce good y ields on mucks which are too acid to produce satis
factory r esult s with sugar be et s or mangels. They do not require as, 
heavy fertilization as th e other ro ot crops but the crop of the follow
ing year should be we ll fertilized. 

Fairly ea rly planting of sugar beets, s t ock carrots and mangels gen
erally results in the best yields pn muck, but a June planting of 
turnips is better for winter feeding. On finely decomposed mucks, 
it is advisable to cultivate as soon as the rows can be seen, if a smooth 
surface has been es tabli shed by rolling, since the wind may injure the 
crop by blowing away the muck. 

Results secured from the growing of sugar beets as a cash crop 
promises to make it one of the most · important crops on muck soil. 
A good r eturn is secured from the roots, without a great loss of plant 
food, if the tops are r eturn ed immediately to the soil. However, in 
th e majority of cases obse rved, bee t growers have allowed the tops 
t o rot in s mall piles in the fi eld, which re sult s in the leaching out of a 
consid erable portion of the potash into a very small area of soil. 
Since potash is th e mos t important fertilizing constituent on muck 
so il , thi s loss certainly should be by all means avoided. Feeding of the 
tops in th e fall or as silage (see a sub sequent page) will pay well for 
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the additional fer tili ze r t o compensate their removal. Feeding in th e 
field usually re ult s in considerable \ya ste. 

/\ n additional adyantage in grO\ving sugar beet s is that the clean 
cultivation inyolyed r esult s in the destruction of weeds, fr eq uentl y <.1 

very important facto r on muck soi ls. As a means of controlling leaf 
spot (commonly called blight), the most seriou s disease of sugar beets 
in 11ichigan, it is stated (6) that sugar beets should not be grown 
two years in succession on the sa me field. 

Fig. 29.-T\Yo examples of mismanagement of muck soil. These piles of sugar 
beet tops were not spread in th e fall after topping. In stead th ey were dis ked ill 
as shown in the photograph and the fie ld was sown to oa ts and seeded dov;n . The 
oats gave no evidence of the presence of the piles, but, after harvest, the location 
of every pile ,vas evident in a much greater growth of th e seeding. The ' '''hit e 
lumps are part of a fa irly h eavy application of lime from a sugar beet factory, 
hauled five miles and ap plied to a muck that didn't ne ed it. 

Potatoes. Potatoes are strongly recommended as a muck crop by 
European and A merican inves tigators. They prove very satisfactory on 
muck s which are not subj ect t o summer frost s. When they are not 
frost ed, a very good yield can be expected on a well fertilized muck, 
but when the vines are frozen back in July or August a much de
creased yield is generally the result. 

In variety tests , conducted co-operatively by C. E. Cormany of the 
Farm Crops Section and the writers in 1922, Early Ohio produced the 
best y ield among several of the earl y varieties, while the Russet Rural 
(Pet oskey) ,,"as the be st of several later varieties. Russet Rural showed 
considerably the greatest response to fertilization. A late variety plant
ed fairly ea rly generally gives better yields than an early variety, on 
muck soil. Russet Rural has the disadvantage of being slightly darker 
than so me of the white varieties, when grown on muck. 

Beans. Although this is an important crop in Michigan, it cannot 
be recommended for our muck soi ls. This is because the crop is very 
eas ily injured by frosts, throughout its growth. On muck areas which 
are protected from frost by their nearness t o a lake or by a high con
tent of mineral matter in the soil, they make a very satisfactory crop, 
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but on a large majority of the mucks they must be considered as not 
adapted to the soil. 

Peas. Peas, considering either the varieties used for canning or the 
field varieties, are well suited to muck land, especially because of their 
marked resistance to frost. Very little experimental work has been 
done with this crop on muck, but the results secured indicate the need 
of early planting for best results. A fertilizer mixture containing more 
phosphoric acid than is used with most muck crops gives the best re
sults in this case. When they are combined with oats, a good quality 
of hay or silage can be produced. 

Silage Crops. Besides the mixture of oats and peas, three other 
crops grown on muck soils should be considered from the standpoint 
of their suitability for silage, viz.: corn, sunflowers, and sugar beets. 

Fig. 30.-A portion of the field shown in Fig. 29, showing the effect of the sugar 
beet top piles on the second crop of the hay three years later. The clover is 
practically gone except where the sugar beet top piles were located, where the 
growth is largely clover, of a good color and a much better growth than elsewhere. 

Sugar beet tops, which term includes both tops and crowns, as they 
are cut from the roots when the crop is sent t o the factory, are used 
for silage with excellent results in the sugar beet sections of the west
ern States (Idaho, Utah, Colorado and Montana). In a report (18) 
of a study made by the U. S. Dept. of Agriculture of the value of 
beet-top silage, the following statement appears: "Most beet growers 
estimate that beet-top silage has a value about .1/3 to 1/ 2 that of 
alfalfa hay. The silage is well suited for the dairyman or for the 
feeder of beef cattle and sheep. When beet-top silage is feed for the 
production of beef or mutton, the hay requirements may be reduced 
50 per cent; furthermore, the warm succulent silage seems to stimulate 
the appetite of the animals, causing them to consume and utilize larger 
quantities of feed." Caution is urged against the inclusion of sand 
in the silage, a factor which need not be considered with muck beets. 
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Though the tonnage of beet tops on mineral soil averages about one
half that of the roots, those grown on well fertilized muck get}erally 
approximately equal the roots in weight. The yields of tops from 
several high-lime mucks for the season of 1921 and 1922, are presented 
in Table 27 and the yields from hvo fields in 1923, in Tables 17 and 18. 
The lowest yield was secured in Eaton County, where they were grown 
on muck that had grown beets the year before and the yield of tops 
was greatly decreased by a severe attack of leaf spot, which killed the 
leaves as fast as they developed. The beets on the Allegan County 
project grew on a very shallow muck, while those in the Lapeer County 
were planted very late. It is evident from the experience of beet farm
ers on high-lime muck that an 8-ton yield of tops can be expected, if 
the. beets are well fertilized with a mixture containing a high percent
age of potash. In ensiling, western growers add straw to take up the 
excess moisture from the beet tops .and in that way the quantity of 
silage is somewhat increased. A Clinton County grower reports very 
good results from the feeding of beet top silage to his dairy cattle. As 
he puts the beets through the ensilage cutter, he adds an equal quantity 
of corn stover, from which the ears have been removed. 

Table 27.-Effect of Fertilization on Yield of Sugar Beet Tops in Different Muck 
Areas. 

Tons per acre of 
Average of plots sugar beet tops- Average of plots Tons per acre of sugar beet tops-1922 

1921 

0 0 0 0 .!:l 0 0 0 
Fertilizer 0 0 0 Fertilizer 0 0- 0 0 0 

0 
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,..... 
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0 S,..... 
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~o 
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- - --- - ------
Unfertilized . .... .' 8 . 4 1.3 6.4 Unfertilized ..... . 6.8 13 . 2 3.6 2.2 3.4 6.9 
K 200 . ..... ..... 10 . 2 5 . 1 10 . 2 K 300 .. . ... . ... . 7.0 17.2 10.3 4.7 6.4 8.2 
P 250 K 200 ..... ]2.1 4 .2 9 . 9 P 300 K 300 . ... . 7.2 18.2 6 . 2 4 .4 10.0 11.5 
P 250 ...... .. ... 13. 7 0 . 0 4 . 7 P 300 . . ........ . 6.4 10 . 9 4 . 2 2 . 1 5 . 3 6.5 
P 250 K 200 N 100 1::1 . 6 4 . 1 10 .5 P 300 K 300 N 100 fl . 1 19 . 8 6 . 9 5. 4 11.8 11.1 
Manure 10 loads .. 12 . 1 3. 2 9 . 0 Manure 12 loads .. 7.9 13 . 7 ..... . 4. 0 8.7 9.7 

A comparison of corn silage and sunflower silage has been made at 
several different experiment stations with very conflicting results. In 
general, the conclusion has been in favor of corn si lage where it can 
be raised. However, sunflower silage has proven satisfactory in some 
parts of northern Michigan, northern ]Vlinnesota and Canada. Sun
flowers have advantages in that they are not easily frosted and that 
their yield is at least 50 per tent greater than that of corn. Sunflowers 
are more difficult to harvest and the silage is sometimes not readily 
eaten by stock. Nevertheless, reports from a number of muck farmers 
indicate that sunflowers have a place, when grown for silage on the 
frosty mucks of the state. They require less cultivation than corn, as 
their abundant foliage prevents weed growth. The writers have ob
served, on some of the experimental fields, that Canada thistles were 
numerous in the corn plots but there were practically none in the sun
flower plots adjacent. 
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F ig. 31.-Effect of crop on " 'ced growth on muck. The crop above was sun
flow ers, the s tubb le showing in the picturc. Note th e absence of weed growth. The 
lower p icture sho\'vs corn s tubble. A corn bundle is just visible in the weeds in 
the center of the picture, but the s tubble is entire ly hidden by v .. eeds. The two 
pict ures were taken in adjoin in g strip s in th e same fie ld, w hich were plowed, fitted 
and cultivated in th e same manner. 

General Crop Rotation on Muck Soil. The general crops which can 
be g rown successfully on muck are best suited to a syst e m of farming 
which includes dairy ing or livestoc k r a ising. A 5-year r otation which 
fits into such a system of farming is : first year, grain seeded down; 
second year, hay; third year, pasture; fo urth yea r , potatoes, co rn, sun
flowers o r a root crop; fifth year, sugar beets. If the muck is 
rather subj ect t o summer frosts, the potatoes and corn should be 
omitted. Instead the pasture may be continued fo r two years, broken 
up in la t e summer and \vell worked to kill grass, then planted to sugar 
beets the fift h year. . 
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