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GRUNDY COUNTY SOILS

By W. H. StevensoN and P. E. BRowN with the assistance of W. E. Carson,
L. W. FormAN and R. E. BENNETT

Grundy County is located in central Towa in the fourth tier of counties south
of the Minnesota state line and in the fifth tier west of the Mississippi River.
It lies partly in the Towan drift soil area and partly in the Southern Towa loess
area. 'The soils of the county are, therefore,
of glacial and loessial origin, the major por-
tion of the area being covered by the loessial
soils.

The total area of the county is 501 square
miles or 320,640 acres. Of this area, 311,531
acres or 97.2 percent is in farm land. The
total number of farms is 1,733 and the aver-
age size of the farms is 180 acres. They are

s 8 '("a";ﬂnil};v(“v(v‘i:ff,,tt?f" location of - operated by 561 owners, 388 relative renters,

653 renters, 110 both owning and renting,
and 21 unclassified. The following figures taken from the lowa Yearbook of
Agriculture for 1925, show the utilization of the farm land in the county:

Acreage in general £Arm €IOPS ......oveveieveeenoioaesasnos. 219,581
Acreage in farm buildings, public highways and feed lots........ 17,676
AGTeago. St PRETUNE. v« vor vy oo s » piwog o Fwsng 85 08 sl 186 08§78 05 wwis 69,773
Acreage in waste land not utilized for any purpose.............. 101
Acreage in farm woodlots used for timber only.................. 206
Acreage in crop land lying idle......ooviiinviiiiiaiiiiniiienn 7
Acreage in crops not otherwise listed.....veovivivicvnrenrnsenn 574

THE TYPE OF AGRICULTURE IN GRUNDY COUNTY

The type of agriculture practiced in Grundy County at the present time con-
sists of a system of general farming including the growing of corn, oats, wheat
and hay ; some dairying and the raisine and feeding of livestock. Wheat serves
as a cash crop in the county while a large part of the corn and oats produced is
utilized for feeding purposes on the farms. The hay grown in the county is
almost entirely used for feed. The dairy industry has been developed consider-
ably and is carried on in practically all parts of the area. The income on many
farms is derived chiefly from the sale of dairy products. The raising and feed-
ing of hogs is an important industry and beef cattle are fed extensively. Sheep
raising is of minor significance. In general it may be said that the farm income
of the county is derived from the sale of dairy products, wheat, surplus corn
and oats, beef cattle and hogs. On individual farms certain minor crops may
become valuable and in many cases the farm income is considerably increased
from the sale of special erops and frequently from the sale of poultry products.

The acreage in waste land in the county is not very large but in many cases

*See soil survey of Grundy County, Towa, hy E. M. Jones of the U. S. Department of Agriculture and
W. E. Carson of the Towa Agricultural Experiment Station. Field operations of the Bureau of Soils, 1921,
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areas which are not at present utilized for any purpose may be reclaimed and
made productive by proper methods of soil treatment. General recommenda-
tions regarding the handling of waste lands cannot be given as the causes of
infertility are various. In a later section of this report, under the deseriptions
of individual soil types, suggestions will be offered regarding the reclamation of
small areas of unproductive land in the individual soil types and treatments
which are desirable under special soil conditions will be suggested. Advice
regarding the handling of soils in special cases for more or less abnormal condi-
tions, may be secured from the Soils Section of the Towa Agricultural Experi-
ment Station upon request.

THE CROPS GROWN IN GRUNDY COUNTY

The general farm crops grown in Grundy County in the order of their im-
portance are: corn, oats, hay, potatoes, barley, wheat, alfalfa and rye. The
average yields and value of the various crops grown are given in table I.

Corn is the most important crop, being grown in 1925 on 35.4 percent of the
total area. Average yields in that year amounted to 42.5 bushels per acre. In
favorable seasons very much larger yields are secured, sometimes amounting to
85 bushels per acre. Much of the corn grown in the county is used for feeding
the work stock, fattening the cattle and hogs for market, the remainder of the
crop being sold at the local grain elevators and shipped to outside markets.

The second crop in acreage and value is oats. This erop was grown in 1925
on 25.1 percent of the total farm land, with average yields estimated at 43
bushels per acre. In many cases even larger yields of oats are secured where
the conditions are particularly favorable. The value of the oats erop is second
only to that of corn in the county. A large part of the crop is utilized for
feeding purposes on the farms, the remainder being sold on the markets.

The third crop in acreage and value is hay. The chief tame hay crop is a
mixture of timothy and red clover. Some timothy and some clover are grown
alone. TIn the case of both the timothy and clover, small areas are used for the
production of seed. Average yields of the tame hay crop in 1925 amounted to
1.4 tons per acre. This was for the mixed clover and timothy. With clover
alone the yields were about the same while the yield of timothy alone was some-

TABLE I. AVERAGE YIELD AND VALUE OF CROPS GROWN IN
GRUNDY COUNTY, TOWA*

Percent

Crop Acreage of total | Bushels Total Average Total
farm land| or tons bushels price value of

of county | per acre or tons crops
OOrn., s sszsasuns | 110,346 | 35.4 | 42.5 | 4,689,705 | $ 0.56 | $2,626,234
OBIR. aevsiossaied | 78,343 | 25.1 | 43.0 | 3,357,799 | 0.32 | 1,074,495
Winter wheat ...| 354 | 0.1 | 21.0 | 7,434 | 1.36 10,110
Spring wheat ...| 4 | 0001 | 16.0 | 64 | 1.30 83
Barley ......... 2340 | 07 | 360 | 84,240 |  0.57 48,016
BYe cxweveansars ] 18 | 0.006 | 17.0 | 306 | 0.80 244
Tame hay ...... \ 24422 | 78 | 14 | 33,806 | 13.50 457,596
Wild hay ....... 3200 | 10 | 15 | 4,800 | 10.50 50,400
Potatoes ........ | 439 | 014 | 580 | 25,462 | 2.35 59,835
Alfalfa, .o [ 149 | 0.04 | 2.6 | 387 | 17.50 | 6,772
Pasbure ssesanms | 69,773 | 2.2 | | swanames I semws T —

*Towa Yearbook of Agriculture 1925,
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what less. There is some wild hay produced in the county and average yields of
this erop amounted to 1.5 tons per acre in 1925. Practically all of the hay crop
is utilized on the farms, only a small portion being sold outside of the county.
In the northeastern section some of the hay is baled and sold in Waterloo.

Potatoes are grown quite extensively and they are one of the important crops.
Average yields amounted to 58 bushels per acre in 1925. In many seasons very
much higher yields than this are reported. There is a considerable sale of
potatoes out of the county.

Barley is grown to some extent and average yields of this crop in 1925
amounted to 36 bushels per acre. Practically all of the crop is utilized for
feeding purposes.

Wheat is grown to some extent, chiefly the winter varieties, and average yields
in 1925 amounted to 21 bushels per acre. Wheat serves as a cash crop on the
farms. Very little spring wheat is grown.

Alfalfa is produced only to a limited extent but it is a profitable crop. When
care is taken in seeding, the yields are quite satisfactory and it proves a particu-
larly valuable crop on the dairy farm. For securing a good stand of alfalfa, it
is very important that the soil should be limed, if it is acid, and that the seed be
inoculated. In many cases the application of acid phosphate would also help in
securing a good stand of alfalfa. Other precautions which must be taken in
order to obtain a suecessful erop, are the securing of good seed, proper prepara-
tion of the seed bed, thoro drainage of the area, and in general any soil treat-
ment which is necessary for good crop growth. Average yields of alfalfa in
1925 amounted to 2.6 tons per acre.

Crops of minor importance include rye, buckwheat, soybeans, and rape. On
one farm popcorn serves as a cash crop. The raising of sunflowers is also a
profitable industry in some areas.

Apples are produced in all parts of the county but chiefly for home use.
Most of the orchards are very small in size and the production of apples is gen-
erally hardly adequate to meet the home demands. The Wealthy variety pre-
dominates; other varieties include the Oldenburg, Greening and Whitney,
Grapes are produced on many farms to supply the home demand. Small fruits,
including strawberries, are produced to a considerable extent in the county.
There is very little sale of these crops, however, even on the local markets.

THE LIVESTOCK INDUSTRY IN GRUNDY COUNTY

The following figures taken from the Iowa Monthly Crop Report of July 1,
1926, giving the January 1, 1926 estimates of the Division of Crop and Live-
stock Estimates of the U. S. Department of Agriculture, show the extent of the
livestock industry in the county:

IOTEOEE o oo 5 A e 50 i o s s e st b 11,000
TSR | oo vl o B s s S A RN s By R e T PSR 400
Al CHIHE 10w vh 80 05 50 585 BANEE 5005555 %08 e 51 s 50 ot s 48,200
ATUTERL o i eeuatimmnl e O Ao s e R GO T st B i e Ry e 91,700
DB o ey 39054 5% 5 006 0500 0 381 & w8t 5 68 LSS0 TS 5B o 3,100

Dairying is probably the most important livestock industry. The value of
dairy products is considerable. The Iolstein, Guernsey and Jersey are the
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principal dairy cows. Shorthorns are also used to some extent. The milk is
usually sold to ereameries which are located in the vicinity of the farms. There
the milk is separated, the skim milk returned to the farms and fed to the hogs
and chickens.

There are many herds of beef cattle in the county. Aberdeen Angus, Here-
ford, Red Polled and Shorthorn are the favorite breeds. The feeding of cattle
is an important industry. Cattle are shipped into the county, fattened and later
shipped to the Chicago market.

Hogs are raised and fed on the great majority of the farms. On January 1,
1926, there were 91,700 hogs on the farms in the county. The income from the
sale of hogs is very considerable thruout the area.

There are a few sheep in the county, but sheep raising is not an important
industry. Some horses are raised on most of the farms, usually, however, to
supply the home needs for work stock. Very few animals are sold. There are
very few mules.

The raising of poultry is gradually becoming a rather important industry
and there are many fine flocks. The most popular breeds are the White Leg-
horns, Rhode Island Reds, Black Minorca and Brown Leghorns. Other breeds
that are favored are Barred Plymouth Rocks, White Plymouth Rocks and Silver
Laced Wyandottes. Many of the farms at the present time are deriving con-
siderable income from the sale of poultry and poultry products, and with more
attention to this industry, the farm income may be considerably inereased from
this source.

THE FERTILITY SITUATION IN GRUNDY COUNTY

The soils of Grundy County in general are quite fertile and crop yields in
normal seasons are very satisfactory. However, it has been demonstrated by
some experimental work and by much farm experience, that considerable in-
creases in the yields of general farm crops may be secured by following proper
methods of soil treatment.

Some of the soil types in the county are not as adequately drained as would
be desirable and when this is true, the installation of tile is very necessary.
The Clyde silty elay loam which occurs in depressions on the uplands, and the
Muscatine silt loam which is found in extensive level stretches thruout the
county, are both in need of drainage in many areas, if they are to be made satis-
factorily productive. There are likewise certain areas, small in size, occurring
in the Tama silt loam and the Carrington silt loam, where the installation of
tile would be of value. On the terraces or second bottoms, the Fargo silty clay
loam is in need of drainage. On the bottomlands, the Lamoure silty clay loam
is very much in need of drainage, if it is to be cultivated. On all of these types
the installation of tile will prove valuable for the growing of general farm
Crops.

All the upland soils in the county are acid in reaction and in need of lime if
the best growth of general farm ecrops, and particularly of legumes, is to be
secured. Ome of the terrace soils and one of the bottomland types show a con-
tent of lime, but with the exception of these, the Fargo silty clay loam on the
terraces and the Lamoure silty clay loam on the bottoms, the soils of the county
are all acid in reaction. Tt is very important, therefore, that with the exception
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of these two types, all the soils of the county be tested for acidity or lime needs
and that the amount of lime shown to be necessary according to the tests be
applied. Only by the proper use of lime on such acid soils as these will it be
possible to secure satisfactory yields of leguminous crops. Not only will legu-
minous crops be increased but frequently large inereases are secured in the
vields of general farm crops from the proper application of lime to these acid
soils.

While the soils of the county are in general fairly well supplied with organic
matter, there are one or two of the sandy types which are rather low in this
constituent. On these soils, the application of farm manure or the turning under
of leguminous green manure crops would be particularly valuable. But
small applications of farm manure frequently bring about results on crop yields
on some of the apparently richer types also. The liberal application of farm
manure or the turning under of leguminous crops as green manures is very
necessary on the sandy soils of the county, to build up and maintain the supply
of organic matter. On the heavier types the use of small amounts of farm ma-
nure will be of considerable value, but the manure should not he applied on
these heavy black soils preceding the small grain crop of the rotation, since it
may cause the erop to lodge. The use of manure at other points in the rotation
will, however, be of considerable value and the application of small amounts
will show particularly large effects on newly drained areas.

The supply of nitrogen is quite adequate in most of the soil types in the
county. Only in the case of the coarse-textured, sandy soils is there any inade-
quate supply. On these soils, the use of some nitrogen-containing fertilizer
would be very desirable, but on all the soils of the county it is important in
planning systems of permanent fertility, to include the use of some nitrogen-
containing fertilizer in order to maintain the supply of this constituent in the
soil.  The use of leguminous crops as green manures is the very best and cheap-
est means of supplying nitrogen to the soil and the application of commercial
nitrogenous fertilizers to the soils of the county will probably not be necessary.
The nitrogen content may be more cheaply and quite as satisfactorily increased
and maintained by the proper utilization of leguminous erops as green manures
and the turning under of farm manure and crop residues.

The soils of the county are not well supplied with phosphorus and applications
of phosphate fertilizers will certainly he very desirable in the near future. In
many cases 1t would seem that the use of a phosphorus carrier would be valuable
at the present time. Tests which have been carried out on some of the main
soil types in this county, have indicated large, profitable increases in crop yields
from the use of acid phosphate or rock phosphate on these soils. In some of
these experiments, acid phosphate has seemed preferable while in others, rock
phosphate has given quite as good returns. It is not possible yet to say which
fertilizer will be the most desirable for general use, and henece it is recommended
that farmers test the needs of their own soils for phosphorus and that in these
tests they employ both acid phosphate and rock phosphate. Thus they may
determine for their own conditions which fertilizing materials will give the
more profitable returns.

The use of complete commercial fertilizers on the soils of Grundy County
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cannot be recommended at the present time. In experiments which have been
carried out, quite as beneficial effects on some of the main soils of this ecounty
have been secured from the use of acid phosphate or rock phosphate as when a
complete commercial fertilizer was employed. Inasmuch as the phosphates are
less expensive for application than the complete fertilizer, it is apparent that
they would be more desirable for use, unless the complete fertilizers bring about
very much larger crop increases than those occasioned by the phosphates. Tests
should be carried out on small areas before an extensive application of any com-
plete fertilizer is made. Such tests should compare the complete fertilizer with
acid phosphate in order to determine which will be the more profitable for use.
There is no objection to the use of complete fertilizers if profitable erop in-
creases are secured.

Potassium fertilizers cannot be recommended for general application to the
soils of the county at the present time. Indications have been secured, in certain
experiments thruout the state, of value from the use of potash fertilizers but
in general it would seem that there is sufficient potash present in the soils to
supply all the needs of crops and the addition of commercial potassium ferti-
lizers should not be needed. Tests of potassium carriers may be carried out,
however, on a small scale on any soil type and if profitable crop increases are
secured, then the potassium fertilizer may be used on a considerable area with
the assurance of profit. Commercial potassium fertilizers should not be em-
ployed until tests under the particular soil conditions have shown them to be of
value.

Erosion oceurs to a limited extent in Grundy County, some of the more rolling
areas of the Tama and Carrington soils showing the destructive effect of the
washing action of water in many cases. The Shelby soils are particularly in-
jured by erosion. Wherever erosion is evidenced, some means should be taken
to protect the soils from further injury and to reclaim the areas which may
have been injured by the formation of gullies or the carrying away of the sur-
face soil. From among the methods suggested later in this report, some one
may be chosen which will be suitable for use under any particular conditions.
The prevention of the washing away of the surface soil and the formation of
gullies, and the reclamation of badly washed or gullied land is very necessary
for the most satisfactory crop production.

THE GEOLOGY OF GRUNDY COUNTY

The geological history of Grundy County is of little significance from the
standpoint of the present soil conditions in the county, except insofar as the
deposits of glacial and loessial material are concerned. The native bedrock
underlying the soils of the county has been so deeply buried by the deposits of
glacial and loessial material of later ages, that there is no effect upon the soil
conditions at the present time. The soils in the county are derived entirely
from the glacial till or debris left by the glaciers or from the wind blown
material known as loess.

At least twice during the glacial age, great ice sheets swept over the county
and upon their retreat there was left behind a great mass of glacial till or debris
which is known as drift. The earlier topographic features of the county were
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largely obliterated by the first glacial deposit and the later glaciation has left
very little evidence remaining of the topographic conditions established in the
earlier glacial deposits.

The earlier glacier, which is known as the Kansan, deposited a thick layer of
material, largely made up of boulder clay containing also sand and gravel and
sometimes boulders. The Kansan deposit, in the deeper unoxidized portions, is
a blue clay. Where it has been exposed and weathered, it has become a bright
vellow to deep reddish-brown. Pockets of sand and gravel occur quite com-
monly. The depth of the deposit is extremely variable, ranging from a few feet
to almost a hundred feet in thickness in some places. The later glacial deposits
and the coverings of loess have buried this deposit so deeply that there is no
significant effect from it on the soils of the county and none of the types mapped
are derived in any part from the Kansan material.

At a later date, a second glacier invaded the county, burying the Kansan till,
sometimes to a considerable depth. This glacier is known as the Iowan. The
deposit left by it is rather variable, usually, however, being not more than 10
feet in thickness. It is a light to bright yellow in color and is somewhat sandier
than the Kansan material. Boulders oceur frequently. The Towan drift de-
posit is exposed on the surface in all that part of the county north of the loess-
covered area. The drift soils of the county are, therefore, derived from this
Towan drift material. The soils of the Carrington series and the Clyde series,
are of Towan drift origin. The Shelby gravelly sandy loam is formed from a
gravelly variation of this drift material.

At a later date when climatic conditions were very different than at present,
there was deposited over the southern part of the county, a covering of wind
blown material known as loess. The deposit was made quite uniformly over the
topographic features existing at that time. The Kansan and Towan drift de-
posits were covered, sometimes to considerable depths, by this loessial deposit.
Considerable amounts of the loessial material have since been washed away and
at the present time the deposit ranges in depth from a few inches to six or seven
feet. In an unweathered condition, loess is an even-grained material composed
mainly of silt. It ranges in color from a light grayish-brown to a yellowish-
brown. Organic matter has accumulated in the loessial deposits in varying
amounts, depending upon the plant growth conditions in the area. The soils of
the Tama and Muscatine series on the uplands are derived from this loessial
deposit and they cover about two-thirds of the total area of upland in the county.
The Tama soils have formed in the well drained, rolling areas of prairie. The
Muscatine types have been formed in the more level, rather poorly drained
prairie areas.

The terrace and bottomland soils in the southern part of the county where
the uplands are covered with loess, have been formed very largely from loessial
material, but in the drift upland section of the county, the terrace and bottom-
land soils contain considerable drift material. In practically all cases these
soils show some admixture of drift and loess, the predominating material being
determined by the character of the material on the adjacent uplands.
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Fig. 3. Map showing natural drainage system of Grundy County.

PHYSIOGRAPHY AND DRAINAGE

The county as a whole is a gently rolling prairie, cut by the shallow valleys of
the streams and showing rather extensive flat areas of upland between the
streams and occasionally prominent ridges. Numerous ridges and hills known
as ‘““pahas,”” are found in the northwestern part of the county. These extend in
a northwest and southeast direction. They are most noticeable northwest of
Buck’s Grove in Pleasant Valley and German Townships. In the northern part
of the county where the drift soils occur, the topography is more rolling and
boulders of considerable size are quite commonly noted. One which is located
near the Black Hawk County line, two miles south of the Butler County line,
is said to be the largest boulder in the state. Between Grundy Center and
Conrad and in the areas about Conrad, there are flat to slightly depressed areas
in the upland. These undoubtedly represent former lake beds.

In general the slopes to the streams of the county are gentle and smooth and
there are no sharp topographic features. The valley of Black Hawk Creek has
an average width of three-fourths of a mile, with terraces ranging in width from
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a few rods to a half mile or more on either side. Occasionally small ponds occur
in the vicinity of the larger streams. In general the streams follow a winding
course and flow through shallow valleys.

The drainage of the county is brought about mainly by Black Hawk Creek and
its tributaries. Beaver Creek drains the northwestern part of the county, enter-
ing from Hardin County northwest of Wellshurg and flowing northeasterly
through Shiloh, German and Pleasant Valley Townships. With its chief tribu-
tary, Middle Fork Beaver Creck, it drains the major portion of these three
townships. Black Hawk Creek flows in a southeasterly direction through the
central part of the county and, with its tributaries, it drains the central town-
ships. Most of the tributary streams are small and relatively unimportant, the
largest being Mosquito Creek in the extreme southeastern part of the county.
The North Fork Black Hawk Creek with its tributaries flows east and southeast,
draining a large part of Colfax, Lincoln, Beaver, and Grant Townships, and the
southwestern part of Fairfield Township. Hammers Creek, flowing north, pro-
vides the drainage of the southwestern part of the county, for Melrose, Felix
and Clay Townships.

In general the natural drainage system of the county is good, as is evidenced
by the accompanying drainage map. The various streams with their tributaries
and intermittent drainageways, extend into practically all parts of the upland.
[n some places, however, the soils are not adequately drained and in such in-
stances the installation of tile will easily provide all the drainage that is neces-
sary, outlets being readily secured. For instance much of the land in the south-
western part of the county, is in need of better drainage. Wherever the topo-
graphic condition is level to flat or depressed, drainage conditions are poor.
Thruout the central and northern parts of the county, natural drainage is much
more satisfactory but even here the installation of tile is frequently necessary to
provide for the best soil moisture conditions for crop growth.

THE SOILS OF GRUNDY COUNTY

The soils of Grundy County are grouped into four classes according to their
origin and location. These groups are known as drift soils, loess soils, terrace
soils and swamp and bottomland soils. Drift soils are those which have been
formed from materials carried by the glaciers and deposited on the surface of
the land when the glaciers retreated. They are variable in composition, con-
taining pebbles and frequently boulders. Loess soils are fine dust-like deposits
made by the wind at some time when climatic conditions were very different
than at present. Terrace soils are old bottomlands which have been raised
above overflow by a decrease in the volume of the streams which deposited them
or by depressions in the river channels. Swamp and bottomlaud soils are those
oceurring in low, poorly drained areas or along streams and subject to more or
less frequent overflow. The extent and occurrence of these four groups of soils
in Grundy County are shown in table IT.

Slightly more than one-quarter of the county, 27.2 percent, is covered by the
drift soils. The loess soils cover a little more than half of the county, 50.3 per-
cent. There is a small area in terrace soils, 5.7 percent, while the swamp and



12 SOIL SURVEY OF IOWA

bottomland soils are rather important, covering 16.8 percent of the total area of
the county.

There are eleven individual soil types in the county, and these with the areas
of meadow, make a total of twelve soil areas. There are four drift soils, two loess
types, three terrace soils and three areas of swamp and bottomland. The
various soil types are distinguished according to certain definite characteristics
which are deseribed more in detail in the appendix to this report. The names
which are given to these soil types indicate certain group characteristics. The
areas covered by the various soil types are given in table III.

The Carrington silt loam is by far the most extensive drift soil, covering 23.8
percent, or almost one-quarter of the county. The Clyde silty clay loam, the
second largest drift soil, is very minor in extent, covering only 3.0 percent. The
other two drift soils, the Carrington fine sandy loam and the Shelby gravelly
sandy loam are of minor occurrence, covering only 0.3 and 0.1 percent, respec-
tively.

The Tama silt loam is the most extensive soil type and the most largely devel-
oped loess soil. It covers almost one-half of the county, 46.8 percent. It is
found on the undulating to gently rolling uplands thruout the entire central
and southern parts of the county. The Muscatine silt loam is the second most
extensive loess soil, covering 3.5 percent.

The Waukesha silt loam is the most extensive terrace type, covering, however,
only 4.5 percent of the total area. The Fargo silty clay loam and O’Neill sandy
loam, the two other terrace types, are minor in extent, covering 0.9 and 0.3 per-
cent of the total area, respectively.

The Wabash silt loam is the most extensive bottomland type and the third
largest soil area. It covers 12.1 percent of the total area of the county. The
Lamoure silty clay loam, the second largest bottomland type, is much smaller in
extent, covering 4.4 percent of the area. There is 0.3 percent of the area in
meadow.

There is considerable variation in the topography of the uplands of the county
and a certain relationship is evidenced between the topographic conditions and
the particular soil type. On the drift uplands, the Carrington silt loam occurs
on the gently undulating to rolling areas. The Carrington fine sandy loam and
the Shelby gravelly sandy loam are found on the more steeply rolling to rough
areas of drift upland. The Clyde silty clay loam occurs in the depressions in
the uplands and the type is poorly drained. On the loessial upland, the Tama
silt loam is found on the undulating to rolling areas, while the Muscatine silt
loam oceurs on the level to flat upland. The terraces show only minor variations
in topographic conditions. The Waukesha and O’Neill soils on the terraces are
older and higher, but show little in the way of topographic features. The Fargo

TABLE II. AREAS OF DIFFERENT GROUPS OF SOILS IN GRUNDY COUNTY

Percent of total
Soil Group Acres area of county
Dt BOTE wpe s s sasss v mmrnie wuvn o srecws o Srecs: & 8 wsobb s oitbe o somis o o 86,784 27.2
LIBBRE BOLIE e s wivis i 6 5005 & 5 @ 5 SRETE § D006 & % BUH & 8 B 8 6 350 £ 2 161,280 50.3
Terrace soils ....... Biinia w a1 RS E O e S AR SRR S 18,624 5.7
Swamp and bottomland 8oils. . sussseansiovsrrumisnmas 53,952 16.8
POl oy -5 g o st e s e S SR A s I | 320,640
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TABLE III. AREAS OF DIFFERENT SOIL TYPES IN GRUNDY COUNTY

| | Percent of

Soil { Soil Type . | Acres total area
No. [ | - of county
DRIFT SOILS
83 Qarrington Silt TORI oa s wiws 5586 50w cossas b ahp i 8 | 76,160 | 23.8
85 Clyde Bilby CIAY 16BN o556 o0 mieamsmawme ss ae s oo | 9,536 \ 3.0
4 | Carrington fine sandy loam...................... [ 832 l 0.3
196 l Shelby gravelly sandy loam...................... [ 256 | 0.1

- 7 LOESS SOILS
120 | Tama St JOBM.. .o vesns s soeosssssnescesas e s | 150,016 |  46.8
30 | Muscatine silt loam............................ [ 11,264 [ 3.5
- TERRACE SOILS B
75 Wiankoshg, 86 TORN, « 505066655555 595 0680 5 sars o o \ 14,528 | 4.5
109 | Fargo silty elay loam........................... \ 3,008 | 0.9
126 | O'Neill s8n@y 10BM. e wasws owviosos o smes swgms s \ 1,088 | 0.3
SWAMP AND BOTTOMLAND SOILS
26 WABESI, S8 LOFIN. o wius s win o oo oo s e wo goqens | 38,720 } 12.1
111 Lgmoure silty elay 108 coeaviws 5550000 ans s is | 14,272 4.4
20 MEAAOW  +tveettnneeeteae e e e e, | 960 } 0.3
DOBHLy o 50w 6.8 000 505, 0 0005 B e o e B A 8145 | 320,640 [

silty clay loam on the terraces is found in the flat to depressed areas. The
bottomlands show no topographic features which are of significance.

THE FERTILITY IN GRUNDY COUNTY SOILS

Samples were taken for analysis from each of the soil areas in the county
except the Shelby gravelly sandy loam on the drift upland and the area of
meadow on the bottomland. These soils were not sampled because of their lim-
ited areas and also because of the fact that they are of practically no significance
agriculturally.

The more extensive soil types were sampled in triplicate, but only one sample
was taken from each of the minor types. The samplings were all made with the
greatest of care that the sample should be representative of the particular soil
type and that any variations due to previous treatments should be eliminated.
The samples were taken at three depths, 0-6 2/3 inches, 6 2/3 to 20 inches, and
20 to 40 inches, representing the surface soil, the subsurface soil and the subsoil,
respectively.

The samples were all analyzed for total phosphorus, total nitrogen, total or-
ganic carbon, total inorganic carbon and limestone requirements. The official
methods were followed in the determination of the phosphorus, nitrogen and
carbon and the Truog qualitative test was used for the determination of the
limestone requirements. The figures given in the tables are the averages of
duplicate determinations on all samples of each type. They represent, therefore,
the averages of four or twelve determinations.

THE SURFACE SOILS

The results of the analyses of the surface soils are given in table IV. They are
ralculated on the basis of 2,000,000 pounds of surface soil per acre.

The phosphorus content of the soils of the county is quite variable, ranging
from 686 pounds per acre in the O’Neill sandy loam up to 2,222 in the Wabash
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silt loam. There seems to be very little relationship between the phosphorus
content of the soils and the particular soil group, altho the terrace types and
the swamp and bottomland soils are a little hicher on the average than the up-
land types. This might be expected inasmuch as there has been less production
of erops on the bottomland soils and hence a smaller removal of the plant food
constituents. However, the differences are not very great and the number of
soil types in the various groups is too small to permit of very definite conclusions.

There are, however, much more definite indications of a relationship among the
various soil series and soil types. Thus on the drift uplands, the Clyde soils are
higher than the Carrington; on the loessial uplands, the Muscatine is a little
higher than the Tama; on the terraces, the Fargo is higher than the Waukesha
and O’Neill; and there is little difference on the bottoms altho the Wabash is a
little higher in phosphorus. The relationship between the phosphorus content
of the soil and the soil texture is not very clearly shown, inasmuch as there are
only two soils of different texture mapped in the same series. The Carrington
silt loam on the drift uplands is higher in phosphorus than the fine sandy loam.

In general, it is apparent that there is a distinet relationship between the
phosphorus content of the soil and those characteristics which serve to distin-
guish the various soil series. The variations in phosphorus content undoubtedly
reflect the characteristics which serve to distinguish the soil series, especially the
topography, color and subsoil character. Thus the Clyde soils are level to de-
pressed in topography. They are darker in color and they have a heavier, more
impervious subsoil, and their phosphorus content is higher than that of the
Carrington types. On the loessial uplands, the Muscatine silt loam has a more
level topography, the surface soil is darker in color and the subsoil is heavier.
It is better supplied with phosphorus in general than the Tama soils. On the
terraces, the Fargo silty clay loam is level to depressed in topography, black in
color, and has a very heavy impervious subsoil. It is higher in phosphorus than
the Waukesha and O’Neill types. The Waukesha is better supplied than the
O’Neill, due to its darker color and its heavier subsoil condition. There is little

TABLE IV. PLANT FOOD IN GRUNDY COUNTY, TOWA, SOILS

Pounds per acre of 2 million pounds of surface soil (0-62477)
- ' 1 Total | | Motal | Total | Limestone
Soil No. Soil Type | phos- | Total organte | inorganic | require
| phorus | nitrogen carbon | earbon | ment
DRIFT SOILS
83 | Carrington silt loam....... | 1,427 | 3,840 | 45,780 | ...... | 8,000
86 Clyde silty eclay loam....... 1,528 | 7,460 | 98,200 | u.sso 3,000
4 Carrington fine sandy loam | 848 | 1,360 | 18,530 | ...... 8,000
LOESS SOILS
T 1200 | Tama silt loam............ 1,279 4586 | 54,863 | ...... 6,333
30 | Muscatine silt loam ........ 1320 | 5,020 | 66,217 | ... 4,000
TERRACE SOILS
75 T\Vuukeshu gt LOABI. « v v o woe | 1,414 | 5,420 | L6828 | ooaaien 8,000
109 Fargo silty clay loam...... | 2,007 | 8,980 107,513 | 19,744
126 0’Neill sandy loam........ \ 686 | 2,260 26,708 | sosue 6,000
SWAMP AND BOTTOMLAND SOILS
26 | Wabash silt loam.......... 8222 | 9800 | ILLI8O | weesis | 4,000
11 Lamoure silty clay loam...| 2,033 | 11,480 | 141,105 | 55,095 | ....
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difference in these characteristics between the Wabash and Lamoure types and
little difference in phosphorus content.

The effect of texture on the phosphorus content is indicated only in the case of
the Carrington silt loam and the fine sandy loam. In general, however, this
bears out previous conclusions in showing that soils which are finer in texture
are generally better supplied with phosphorus, Silt loams are richer than loams
and sandy loams while silty clay loams are usually the highest in this con-
stituent.

From the ficures given in the fable it is evident that there is no large supply
of phosphorus in any of the soils of Grundy County. Phosphorus fertilizers
will certainly be needed, therefore, on these soils in the very near future if crop
vields are to continue to be satisfactory. Tt is evident, however, from experi-
ments and from some farm experience, that the use of a phosphorus fertilizer
might be very desirable on many of these soils at the present time. When the
phosphorus content of soils is as low as it is in some of these types, there is a
very inadequate production of available phosphorus and hence in spite of the
fact that it would seem from these figures that there is sufficient phosphorus still
left in these soils for many crops, the use of a phosphorus fertilizer will be de-
sirable in order to supply available phosphorus. Either rock phosphate or acid
phosphate should be used on many of the soils in this county. Definite coneclu-
sions regarding the relative value of the two materials have not yet been possible
and it is urged that farmers test both materials on their own soils and determine
for their particular conditions which will be the more profitable for use.

There is a considerable variation in the nitrogen content of the soils of the
county, the amount ranging from 1,360 pounds in the Carrington fine sandy
loam up to 11,480 pounds in the Tiamoure silty clay loam. As was noted in the
case of the phosphorus supply, there seems to be little relationship between the
content of nitrogen in the soils of the county and the soil group, except for the
fact that the terrace and bottomland soils are a little better supplied, on the
average. Again this might be expected because of the lower yields of crops on
these soils and hence the smaller removal of this plant food constituent. The
largest supply of nitrogen is evidenced in the bottomland soils, but this is not
entirely due to the particular soil group but to the fact that the two soils which
are included in this group represent soil series in which the color, topographie
position and other characteristics naturally lead to a high content of nitrogen.

The relationship between the nitrogen content of the soils and the various soil
series is evidenced by these analyses. The Clyde silty clay loam on the drift
uplands is very much richer than the Carrington soils. The Muscatine on the
loessial uplands is richer than the Tama soils. The Fargo on the terraces is
higher than the Waukesha and O’Neill while the Waukesha is better supplied
than the O’Neill. On the bottomlands there is little difference altho the La-
moure seems to be a little better supplied than the Wabash. Both, however,
are very high in nitrogen.

Again as in the case of phosphorus, it would seem that the characteristics,
which serve to determine the various soil series, indicate in general the nitrogen
content. Soils which are dark in color, more level to flat in topography and with
heavy subsoils are higher in this constituent. The Clyde silty clay loam is black
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in color and level in topography and has a heavy subsoil. Tt is richer in nitrogen
than the Carrington. Similarly the Muscatine is darker in color, level in topog-
raphy, and heavier in the subsoil and it is richer in nitrogen than the Tama.
The Fargo on the terraces is higher than the Waukesha while the Waukesha, is
better supplied in nitrogen than the O’Neill due largely to its heavier subsoil
and darker color. The influence of the texture of the soil is evidenced only in
the case of the Carrington fine sandy loam which is lower in nitrogen than the
Carrington silt loam. This is the only case where there are two types of different
texture in the same series and the only place, therefore, where a comparison is
possible.

In general it would appear from these results, that there is a distinet relation-
ship between the color, topography, subsoil condition and the texture of soils
and their nitrogen content. Soils which are dark in color and level to depressed
in topography with heavy subsoils and with finer-textured surface soils are bet-
ter supplied in this constituent.

While the soils of the county are in general fairly well supplied with nitrogen,
this element must not be overlooked when systems of permanent fertility are
planned for the county. The supply of nitrogen must be kept up by the proper
utilization of some nitrogenous fertilizing material at regular points in the
rotation, In the case of the sandier soils, the addition of nitrogen-containing
fertilizers would be helpful at present.

Farm manure is the most important nitrogenous fertilizing material which
can be employed and the liberal use of this material will aid considerably in
keeping up the content of nitrogen in the soils of this county. The proper use of
all crop residues will also aid materially in supplying this constituent. The
turning under of leguminous crops as green manures may be very desirable in
many cases to supplement the use of farm manure or as a substitute for that
material in order to build up and keep up the supply of nitrogen.

The organic carbon content of the soils of the county varies quite as widely as
was noted in the case of nitrogen. It ranges from 18,530 pounds in the Carring-
ton fine sandy loam up to 141,105 pounds per acre in the Lamoure silty clay
loam. These are the same two types which showed the lowest and highest con-
tent of nitrogen respectively.

The same relationships which were noted among the various soil types and
soil series in the case of nitrogen, are evidenced when the organic carbon content
of the soil is considered. Thus it seems that there is a somewhat larger amount
of organic carbon in the bottomland soils than is present in the upland types.
The differences are not very great in the case of the terrace soils. The relation-
ships among the various soil series are very similar to those noted in the case of
the nitrogen content. The Clyde soils are higher than the Carrington on the
drift uplands; the Muscatine is higher than the Tama on the loessial uplands;
the Fargo is higher than the Waukesha and the Waukesha is higher than the
O’Neill on the terraces; and the Lamoure is somewhat higher than the Wabash
on the bottoms. The Carrington fine sandy loam is lower in organic carbon
than is the silt loam of the same series. This is the only case where a comparison
of texture to organic carbon content is possible.

It is apparent that the soil characteristics which serve to distinguish series and
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types, are closely related to the organic carbon or organic matter content. Those
types which are black in color, level in topography, with heavy subsoils and fine
textured surface soils are generally much higher in organic matter and also in
nitrogen. Coarse-textured types, light in color and rolling in topography and
with light textured subsoils are almost certain to be more poorly supplied with
these constituents.

The relationship between the carbon and nitrogen content of soils indicates the
rapidity with which the plant food in the soils is being changed into an avail-
able form. In some of the types in Grundy County this relationship is such that
it is evident that there is too slow a produetion of available plant food to supply
crops properly. In the Carrington fine sandy loam and the O’Neill sandy loam,
the poor relationship is particularly evident. Likewise, however, in the Car-
rington silt loam, the Tama silt loam and the bottomland soils, the relationship
is such that there will not be the best production of available plant food. On all
these types, therefore, the application of farm manure would be particularly
valuable, inasmuch as this material supplies the microorganisms which bring
about a more rapid decomposition of plant food constituents and a more rapid
production of available plant food.

The use of farm manure is of very large value, however, on all the types in
the county, and even when the supply of organic matter is not low and the soil
is dark in color, small applications of farm manure have been found to bring
about large crop increases. On such soil types it should not be applied pre-
ceding the growing of a small grain erop, since it may cause the crop to lodge,
but small amounts may be applied with profit at other points in the rotation.

Many experiments and much farm experience have demonstrated the value of
applications of farm manure to the soil types mapped in this county. Crop
residues should be thoroly utilized on the farms of the county as they aid mate-
rially in keeping up the supply of organic matter in the soil. The use
of leguminous crops as green manures will also be of value on many of these
soils in inecreasing and keeping up the supply of organic matter. They also aid,
as has been noted, in building up and maintaining the supply of nitrogen, hence
they have a double value. The use of green manures is very desirable as a
supplement to farm manure or as a substitute for that material.

With the exception of the Fargo silty clay loam on the terraces and the
Lamoure silty clay loam on the bottomland, the soils of Grundy County are all
acid in reaction and show no content of inorganic carbon. The acidity in these
types is considerable as is evidenced by the high limestone requirement figures
given in the table. The soils are not only acid in the surface, but the acidity
extends thruout the subsurface and subsoil. It is evident, therefore, that all the
soils of the county except the Fargo silty clay loam and the Lamoure silty clay
loam, should be tested for lime requirement or acidity and the amount of lime
shown to be necessary by these tests should be applied, if the best crop yields
are to be secured. The figures for limestone requirement given in the table
should be considered merely indicative of the needs of the soil. There is a wide
variation in the lime requirement of various soils and even of soils in different
fields, and hence before lime is applied to any area, the soils from that particular
area should be tested in order that the proper application may be made.
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Not only should tests he made on all the soils of the county except the Fargo
and Lamoure at the present time but it will be necessary, at regular intervals in
the future, to test these soils and apply lime as needed, probably once in every
four-year rotation. Tt is very desirable that the soils be tested at least once in
the four-year rotation just previous to the growing of the legume crop. In this
way it will be possible to maintain the proper soil reaction for the best erowth of
the lecume. The use of lime on acid soils is always particularly profitable
where legumes are to be grown but considerable increases are frequently secured
in the yields of other general farm ecrops also. Tt should be emphasized that
applications of lime are very desirable on most of the soils of Grundy County in
order to provide for the best ecrop growth.

THE SUBSURFACE SOILS AND SUBSOILS

The results of the analyses of the subsurface soils and subsoils are given in
tables V and VI. They are caleculated on the basis of 4,000,000 pounds of sub-
surface soil and 6,000,000 pounds of subsoil per acre.

Unless there is a very large amount of some plant food constituent present in
the lower soil layers, or a striking deficiency, there is very little effect on the
fertility of the soil from the plant food present in the lower layers. In general
the analyses of the surface soil may be considered to indicate fairly accurately
the plant food content and erop producing power of the soil.

The content of the various plant food constituents is not very high and neither
is it strikingly deficient in the soils of Grundy County, hence these analyses will
not be considered in detail.

Tt may merely be noted here that the analyses of the subsurface soils and sub-
soils in this county serve to emphasize the conclusions which have been drawn
from the analyses of the surface soils. It is evident that phosphorus fertilizers
will certainly be needed on these soils in the very near future and it would seem
that they might prove of value in many cases at the present time. The content
of organic matter and nitrogen is not low in many of these soils, neither is it
strikingly high in most cases. Apparently, therefore, eare should be taken to

TABLE V. PLANT FOOD IN GRUNDY COUNTY, IOWA, SOILS
Pounds per acre of 4 million pounds of subsurface soil (63477-207)

- [ | Total | | Total | Total |Limestone
Soil No.| Soil Type | phos- | Total | organic | inorganic| require-
| phorus |nitrogen| carbon | earbon | ment
DRIFT SOILS B
" 83 | Carrington silt loam........ [ 2,208 | 4,000 | 46870 | ...... | 8,000
85 | Clyde silty clay loam....... | 2816 |" 5240 | 6LI60 | .vwvee | - 1,000
4 | Carrington fine sandy loam..| 1,534 | 3,440 | AR5 | cames | 6,000
LOESS SOILS
120 | Tama silt loam............ [ 2,354 | 5,588 | 64,581 | -scous | 6,666
30 | Muscatine silt loam........ ] 1,992 | 5600 | 78,480 | ...... | 4,000
TERRACE SOILS
75 | Waukesha silt loam........ [ 1,966 | 5,360 | 56,135 | ...... | 6,000
109 | Fargo silty clay loam...... | 8,368 | 7,000 | 91,369 -] 5,641 | ....
126 | O’Neill sandy loam........ | 1,642 | 3,640 | 43,600 | ...... | 6,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loam.......... | 2532 | 9,200 | 130,250 | .,.:.. 2,000
111 Lamoure silty clay loam....| 4,390 | 11,720 | 179,729 | 14,291 .
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TABLE VI. PLANT FOOD IN GRUNDY COUNTY, IOWA, SOILS
Pounds per acre of 6 million pounds of subsoil (2077-4077)

| Total | “ | Total | Total |Limestone
Soil No. Soil Type | phos- | Total organic | inorganic | require-
» | phorus | nitrogen carbon | earbon | ment
DRIFT SOILS
83 | Carrington silt loam........ 2,745 4,320 44145 | ...... 8,000
85 Clyde silty clay loam....... 2,088 3,720 45,780 | ivuun 1,000
4 Carrington fine sandy loam..| 1,818 3,180 | 48610 | .ivsee 4,000
LOESS SOILS
120 | Tama silt loam............ 3077 | 5,072 | 68,762 | susees 6,333
30 Muscatine silt loam........ 2,787 | 2,880 | 35058 || swnsses 3,000
TERRACE SOILS
75 | Waukesha silt loam ........ [ 2,667 | 3,840 | 35,970 | ...... 6,000
109 Fargo silty clay loam...... 4,242 | 2,520 | 31,146 | 5,641 A—
126 O’Neill sandy loam........ 888 | 1,920 | 19,620 | ...... 4,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loam.......... ] 2,787 | 6,840 | 125,077 | ...... 1,000
11T, Lamoure silty clay loam....| 6,060 | 7,080 | 177,651 564 ——

keep up the content of these constituents, if the soils are to continue to be satis-
factorily productive. The proper use of farm manure, crop residues, and legu-
minous green manures is very necessary in order to maintain the supply of these
plant foods in all the soils and to add these elements to certain of the sandier
types. The soils of the county, with the exeeption of the Fargo and Lamoure
types are all acid in reaction, the acidity extending thruout the three-foot soil
section. This means that additions of lime are very necessary on all the other
soils and they should be tested regularly and the amount of lime shown to be
necessary by the test should be applied if the best growth of general farm crops
and particularly of legumes, is to be secured.

GREENHOUSE EXPERIMENTS

Two greenhouse experiments were carried out on the soils from Grundy
County in the effort to determine something regarding their fertilizer needs and
the value of the application of various materials. These tests were carried out
on the Tama silt loam and the Muscatine silt loam, two of the more extensive
soil types in the county. IExperiments are also included here on the Tama silt
loam from Hardin County, on the Tama silt loam from Marshall County and
on the Carrington silt loam from Black Hawk County, as these soils are the same
as those oceurring in Grundy County and the results may be considered to indi-
cate quite definitely the needs of the same soil types in this county.

The fertilizer treatments employed were the same in all these experiments,
and included the application of manure, lime, rock phosphate, acid phosphate,
and a complete commercial fertilizer. These materials were added in the
amounts in which they are applied in the field and hence the results serve to
indicate quite definitely what the fertilizer effects may be on the farm.

Manure was applied at the rate of 8 tons per acre, lime was supplied in suffi-
cient amounts to neutralize the acidity of the soil and supply two tons addi-
tional, rock phosphate was added at the rate of 2,000 pounds per acre, acid phos-
phate at the rate of 200 pounds per acre, and a standard 2-8-2 complete commer-
cial fertilizer at the rate of 300 pounds per acre. Wheat and clover were grown,
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Fig. 4. Greenhouse experiment with wheat on Tama silt loam from Grundy County.

the clover being seeded about one month after the wheat was up. In some cases
only the yield of wheat was secured while in other instances the yields of both
crops were taken.

THE RESULTS ON THE TAMA SILT LOAM

The results secured on the Tama silt loam from Grundy County are given in
table VII. The beneficial effects of applications of manure to this soil are indi-
cated by the increased yields secured in the wheat and clover grown in this
greenhouse experiment. The effects of the manure were particularly evident on
the clover altho there was an appreciable gain also in the yield of wheat. Lime
applied with the manure increased the wheat yield considerably and also showed
a gain in the case of the clover. Ordinarily lime would not be expected to have
any particular effect on the wheat, but in this case a rather definite influence
was noted. The application of rock phosphate or acid phosphate with the ma-
nure and lime increased the yields of wheat to a very slight extent, and brought
about a gain in the case of clover. The acid phosphate had a very appreciable
effect on the clover but gave no effect on the wheat. The rock phosphate brought
about a slight increase in the wheat and a gain in the clover. The complete
commercial fertilizer gave an appreciable increase in the wheat but had less
effect on the clover than did the acid phosphate.

It would seem from this test that this soil type will respond to applications of
manure, lime and possibly a phosphorus fertilizer. The acid phosphate seems to
be more effective in this particular case than rock phosphate but until more
definite field tests have been carried out with the two materials, conclusions as to
the relative merits of the two phosphates should not be drawn. Tests of acid
phosphate and rock phosphate are recommended on this soil, and applications of
manure and lime are urged as basic treatments. It would not seem that a com-
plete commercial fertilizer would be as desirable as acid phosphate for use on
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TABLE VII. GREENHOUSE EXPERIMENT, TAMA SILT LOAM, GRUNDY COUNTY

Weight of Weight of
Pot Treatment . wheat grain clover in
No. in grams grams
1 OHBEE. ;o caeer 31066 ibiondy emsatoos s s omay aravansomes s 9.3 11.8
2 DIGOVIRE: i,y i i o i 0000 B % R0 9.8 20.4
3 Manufe=bIIE o o0 00 050000 565 4 0085 siera o0 s 11.7 21.2
4 Manure—+lime-rock phosphate .............. 11.9 22.2
5 Manure+lime--acid phosphate .............. 11.5 24.5
6 Manure-+lime+complete commercial fertilizer 13.0 23.9

this soil. However, tests should be carried out before any definite conclusions
are drawn.

THE RESULTS ON THE MUSCATINE SILT LOAM

The results secured in the greenhouse experiment on the Muscatine silt loam
from Grundy County are given in table VIII. The beneficial effects of manure
on this soil type are evidenced by the increased yield of wheat and by the very
large gain in the crop of clover. Lime with manure increased the wheat yields
and also the clover yields to a very appreciable extent. The rock phosphate and
acid phosphate with the manure and lime increased the wheat yields and also
showed an increase in the case of the clover. The rock phosphate gave somewhat
better results than the acid phosphate on the clover, but had slightly less effect
on the wheat. The differences, however, were not very large and should not be
considered conclusive. The complete commercial fertilizer gave a larger gain in
the wheat than did the phosphates, but showed less effect on the clover.

On this soil type, apparently, the application of a small amount of manure at
the proper place in the rotation would be very desirable. While the soil is high
in organic matter and black in color, the use of manure has given a large
increase in the crop yields. It should be emphasized, however, that manure
should not be applied to this soil immediately preceding the growing of a small
grain crop, since it may cause the crop to lodge. Small amounts applied at
other points in the rotation are, however, very valuable. The use of lime is very
desirable on this soil for increasing the yields of legumes and it may also have a
very beneficial effect on the grain erops. The application of a phosphate ferti-
lizer is strongly to be recommended. Whether rock phosphate or acid phosphate

Fig. 5. Greenhouse experiment with clover on the Tama silt loam from Grundy County.
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TABLE VIII. GREENHOUSE EXPERIMENT, MUSCATINE SILT LOAM,
GRUNDY COUNTY

\ Weight of Weight of
Pot Treatment \ wheat grain clover in
No. | in grams grams
1 OHOOIE © 00 ot it i oimss st ot s e st A 7.3 | 7.9
2 NGBV onns wiow v cwws o35 68 yoaiog b asig v b ws L 8.6 21.4
3 MO =TS s o o6 o swins G 655 S5 as s s § 4 \ 9.8 23.4
4 Manure4-lime+rock phosphate ............. | 10.5 25.2
5 Manure+-lime+acid phosphate .............. | 10.8 24.1
6 Manure4-lime+-complete commercial fertilizer| LT 23.8

should be employed cannot be definitely stated. Tests of the two materials
should be carried out. The use of a complete commercial fertilizer would not
seem to be as desirable on this soil as the addition of a phosphate, owing to the
greater cost of the complete material and the fact that it does not bring about
sufficiently larger inereases in crop yields.

THE RESULTS ON THE TAMA SILT LOAM FROM HARDIN COUNTY

The results secured on the Tama silt loam from Hardin County appear in
table IX, only the weight of the wheat grain being secured. The beneficial
effect of manure on this soil is quite definitely shown by the increased yield
secured. The large influence of lime is also apparent. This is not ordinarily
expected but in many cases lime seems to bring about increases in the yields of
some of the grain crops. The rock phosphate, the acid phosphate and the com-
plete commercial fertilizer all brought about increases in crop yields, the phos-
phates giving larger effects than the complete fertilizer. The acid phosphate
seemed to be slightly superior to the rock phosphate but the differences were not
large and definite conclusions cannot be drawn regarding the relative value of
the two phosphates.

Iig. 6. Greenhouse experimeut with wheat on Muscatine silt loam from Grundy County.
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Fig. 7. Greenhouse experiment with clover on Muscatine silt loam from Grundy County.

These results bear out the conclusions drawn from the tests on the Tama silt
loam from Grundy County and indicate the value of manure to this soil. They
show furthermore that lime may be of considerable value not only in increasing
the legume crop but in bringing about increases in the non-legumes. The use of
a phosphorus fertilizer will undoubtedly be desirable on this soil and tests of
rock phosphate and acid phosphate are recommended to determine which will
give the larger returns. The use of a complete commercial fertilizer is not ree-
ommended at the present time as it would seem probable that acid phosphate
will be more profitable.

THE RESULTS ON THE TAMA SILT LOAM FROM MARSHALL COUNTY

The data secured in the greenhouse experiment on the Tama silt loam from
Marshall County are given in table X. Manure brought about a distinet in-
crease in the wheat grown on this soil but showed little effect on the clover.
Lime in addition to manure inercased the wheat yields slightly but brought
about a distinet increase in the elover. The rock phosphate had a small effect on
the wheat but showed a distinet incerease on the clover. The acid phosphate had
a larger effect than the rock phosphate on both crops, the increase being particu-
larly large in the case of the clover. The complete commercial fertilizer showed
less effect than the acid phosphate on both erops but had a slightly larger effect
than the rock phosphate on the clover.

These results bear out those secured on the same soil type from Grundy and
Hardin Counties. They indicate the very large value of applications of manure
and lime to this soil and the profit which may result from the use of a phosphate

TABLE IX. GREENHOUSE EXPERIMENT
Tama Silt Loam—Hardin County

I Weight of
Pot Treatment wheat grain
No. { in grams

T | TOHBBIE i et 35 Gomime s 5050 o0 0 3o 0wt S 5050 6 0 0000 . 0 RN 08 B0 01 4 U o 8.203

B | DIGOUIE e cmnions @i owRad 3 a5 e 6 B 5 b 9 E% 6S BATE 5 S GG S BRI S S 9.372

3 NITIRARH-EIIIIE 5 s 550 T8 6 0t & & B0 5 el 0% S0l 05 Mo 5 0 0 Wy 10.897

4 Manure-+lime-rock phosphate .........ccoiiiiiiviiivinen, 12.280

5 Manure-+lime-+acid phosphate ............cociviiiviiinnn. 12.800

6 | Manure+lime+complete commerecial fertilizer............... 11.459

|
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fertilizer. Whether rock phosphate or acid phosphate should be employed must
be determined by special tests earried out on individual areas.

THE RESULTS ON THE CARRINGTON SILT LOAM FROM BLACK HAWK COUNTY

The results secured on the Carrington silt loam from Black Hawk County are
given in table XI. On this type the beneficial influence of manure is shown
both on the wheat and the clover. Lime brought about an inerease in clover but
showed no effect on the wheat. The rock phosphate with the manure and lime
showed no influence either on the wheat or on the clover. The acid phosphate,
however, used with the manure and lime, gave a decided inecrease in both erops,
the effects being particularly evidenced in the case of the clover. The complete
commercial fertilizer used with the manure and lime showed a greater influence
on both the wheat and clover than did the acid phosphate, the increase from the
complete fertilizer being particularly large in the case of the elover.

It seems evident that this soil type will respond in a very definite way to
applications of manure, lime, and phosphorus. The treatments in all cases
showed up particularly well on the clover but there were also some distinet gains
in the wheat crop. Only in the case of rock phosphate was no effect evidenced.
From the fact that acid phosphate increased the yield of both erops, however, it
would appear that phosphorus is needed on this soil. Iield tests should be car-
ried out before definite conclusions are drawn regarding the relative value of
acid phosphate and rock phosphate. While it seems from this test that the acid
phosphate is much more desirable for use, field experiments might indicate
superiority for the rock phosphate. The complete commercial fertilizer showed
better results than the acid phosphate on the wheat and on the clover. It would
not seem desirable, however, to use a complete commercial fertilizer in the field
until comparative tests have been carried out, because of the larger cost of the
material and the possibility that the increased erop yields secured may not war-
rant its use.

FIELD EXPERIMENTS

A field experiment has been started in Grundy County but the results have
not been secured over a long enough period of time as yet for the data to be of
significance. Experiments have been under way, however, in counties adjacent
to Grundy County on the same soil types which occur extensively in this county.
The results secured from these experiments will be included here, inasmuch as
they indicate quite definitely the fertilizer effects which may be expected on
these same soil types in Grundy County. Experiments on the Tama silt loam on
the Hudson Field in Black Hawk County, on the Carrington silt loam on the

TABLE X. GREENHOUSE EXPERIMENT, TAMA SILT LOAM, MARSHALL COUNTY

| Weight of Weight of

Pot Treatment | wheat grain clover in
No. | in grams grams
1 CHEORL vrve s omsnes ordas i disn bt G B4 S d BBl § i £ 7 | 19.75 45.36
2 NIAIIEE, g mip s s @ wig) o 3 pineiss e s s 53608 o wi0ts 3 8 | 23.00 45.36
3 ManiFa-T-Im08 sie e 505 s 9565 5808 3558 0E 80 545 | 23.50 49.89
4 Manure-+lime-+rock phosphate ............. | 24.00 54.43
5 Manure-+-lime-+acid phosphate ............. | 27.50 72.63
6 Manure-lime+complete commercial fertilizer| 24.00 63.50
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TABLE XI. GREENHOUSE EXPERIMENT
Carrington silt loam—Black Hawk County

|  Weight of | Weight of
Pot Treatment * | wheat grain | clover in
No. | in grams | grams
1 CHECK. & s b owe s st 1 SI00 3 900 V856 5 7 508 ¢ 9 12.53 4.5
2 ManUIe ..ovvvvenennnnn e ‘ 14.76 15.5
3 Manure-Flme . sewe s wams s wors o emn s amer oo | 14.67 22.5
4 Manure-+lime-rock phosphate ............. | 13.93 | 21.0
H Manure--lime-acid phosphate .............. 15.22 | 28.5
6 Manure--lime-}complete commercial fertilizer 16.75 | 36.5

Springville Field, series T and series IT in Linn County, on the Carrington silt
loam on the Osage Field in Mitchell County, on the Muscatine silt loam on the
Delmar Field in Clinton County, and on the Liamoure silty clay loam on the
Everly Field in Clay County are included here.

These field experiments have all been planned with the object of determining
the value of certain soil treatments and they are laid out on land which is repre-
sentative of the particular soil type. The fields include 13 plots, 155" 7" by
98’ or one-tenth of an acre in size. They are permanently located by the instal-
lation of corner stakes and all precautions are taken in the application of ferti-
lizers and in the harvesting of erops to insure the securing of accurate results.

The fields include tests under the livestock system of farming and under the
grain system. In the former system manure is applied while in the latter, erop
residues are employed. The other fertilizing materials which were tested include
limestone, rock phosphate, acid phosphate and a complete commercial fertilizer.
Manure is applied at the rate of 8 tons per acre once in a four-year rotation.
The erop residues treatment consists of plowing under the corn stalks which
have been eut with a disk or stalk eutter and plowing under at least the second
erop of clover. Sometimes the first erop of clover is cut and allowed to remain
on the land to be plowed under with the second. Lime is applied in sufficient
amounts to neutralize the acidity of the soil. Rock phosphate is added at the
rate of 2,000 pounds per acre once in a four-year rotation. Since 1925, rock
phosphate has been applied at the rate of 1,000 pounds per acre once in four
vears. Aeid phosphate is employed at the rate of 150 pounds per acre annually.
Until 1923, the old standard 2-8-2 complete commercial fertilizer was used, appli-
cations being made at the rate of 300 pounds per acre annually. Since that time
a new standard 2-12-2 brand has been employed, applications being made at
the rate of 202 pounds per acre annually, thus applying the same amount of
phosphorus as that contained in the 150 pounds of acid phosphate.

THE HUDSON FIELD

The results secured on the Tama silt loam on the Hudson Field, series IT, in
Black Hawk County are given in table XTI.

The beneficial effect of applications of manure on this soil type is evidenced
by the increased crop yields secured in every season. In some cases very large
inereases were obtained, as for example on the oats in 1919, on the corn in 1920,
on the oats in 1922, on the oats in 1924 and on the timothy in 1926. In every
case the manure brought about very profitable increases in yields of the general
farm crops which were grown. The application of lime with the manure in-
creased the yields still more in every season, the beneficial effect being particu-
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larly evidenced on the clover and timothy in 1925, Appreciable erop inereases
were also secured, however, on the corn and oats grown in the other seasons.

The application of rock phosphate with the manure and lime inereased the
vields of crops in most seasons.  The heneficial effect was particularly evidenced
on the oats in 1919, on the corn in 1920, on the oats in 1924 and on the timothy
in 1926, The acid phosphate applied with the manure and lime showed slightly
larger effects than the rock phosphate in one or fwo cases but in general the
differences between the yields secured with the fwo phosphates were very slight.
Only in the case of the clover and timothy in 1925 was there any great difference
in favor of the acid phosphate. The complete commercial fertilizer had a larger
effect, than the phosphates in one or two scasons but in many cases it showed a
smaller beneficial influence than did the acid phosphate. The oats in 1922 was
increased considerably by the complete commercial fertilizer. The corn in 1923
showed a larger effect from the complete fertilizer than from the phosphate. In
several seasons the differences were very slight.

The crop residues showed little effect on the crop yields, a beneficial effect be-
ing evidenced only in one or two cases. Time with the erop residues increased
the crop vields in every season, bringing about very pronounced gains in the
case of the clover and timothy in 1925 and the timothy in 1926. In several
seasons the oats and corn were increased to a very large extent by the use of
lime, the effect being the ereatest on the oats in 1922 and on the corn in 1923,

The rock phosphate with the crop residues and lime brought about inereases
in erop yields in most seasons. In general the gains were not very large, but in
several seasons they were quite definite. The acid phosphate with erop residues

TABLE XII. FIELD EXPERIMENT, TAMA SILT LOAM, BLACK HAWK COUNTY
HUDSON FIELD SERIES T1I

()| @) T@ [ & 16 | . | 192 | (B)
1918 | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | Clover | 1926
Plot Corn | Oats | Corn | Corn | Oats | Corn | Oats and timothy
No. Treatment bu. T bu. bu. bu. bu. bu. [timothy tons
per A. | per A. [ per A. [per A.| per A. [ per A. | per A, mni per A,

per A,

TE (,heck ................ [45.8 [ 47.6 | 53.2 | ... | 448 | 54.0 | 40.3 | 1.43 | 0.88
B | DSOS o s m possin o | 49.3 | 54.7 | 628 | ... | .»’H | 59.6 | 50.6 | 1.64 1.16
3 M:Lnuro«}—limc ......... | 544 | 59.2 | 674 | ... | 59.6 | 65.2 | 52.2 | 2.03 1.21
4 | Manure-lime-+rock | | | | |

phosphate ......coves | 56.5 | 64.9 | 73.3 | 58.1 | 614 | 63.4 | 2.02 1.55
5 | Manure+lime-acid | | |
phosphate .....ou000s 574 | 62.2 | 73.3 | | 53.2 | 59.6 | 63.7 | 2.25 1.61
6 | Manure-+lime-complete | | | |
commercial fertilizer..| 58.5 | 57.5 | 72.4 | | 62.2 | 68.4 | 60.0 2.09 1.64
7 IOBERE .vav s samravnaris 56.9 | 62.2 | 44.0 | | 41.4 | 54.8 | 50.6 | 1.84 1.21
8 | Crop residues ....ov.es 54.7 | 62.2 | 65.2 | | 49.0 | 53.1 | 49.5 | 1.69 1.22
9 | Crop residues-+lime ...| 57.9 | 64.6 | 71.3 | | 62.4 | 66.7 | 7.7 | 2.27 1.66
10 | Crop residues—lime-- | | | | |
rock phosphate ...... 62.8 | 581 | 74.9 | | 59.6 | 65.7 | 66.4 | 2.32 1.70
11 | Crop residues-+lime+ | | | | | |
| acid phosphate ...... 55.6 | 55.8 | 74.9 | | 64.4 | 62.8 | 60.9 | 2.36 | 1.79
12 | Crop residues-+lime-}- | | | | | | |
| ecomplete commercial | | | | | |
|  fortilizer .....ciwwe- I 52,5 | 57.5 | 741 | | 71.83 | 62.8 | 61.5 | 2.52 | 2.03
LY [OHGOR  vioeo 0w wtin g powi s i 545 | 57.0 | 7 13 | | 59.7 | 50.2 | 48.7 | 1.94 | 1.43

Four tons lime. Tail damaged corn.

Yield on plot 7 evidently an error.

Corn cut and put in silo.

Not very ripe when cut.

Dry season.

High yields on crop residue series due to lower ground and more moisture.
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Fig. 8. A field of oats on the Tama silt loam.

and lime showed slightly larger effects than the rock phosphate in one or two
cases but in general the yields secured were very similar to those secured on the
rock phosphate treated plots. The complete commercial fertilizer with the crop
residues and lime had larger effects than the phosphates in several cases. Pro-
nounced gains were secured on the oats in 1922, on the clover and timothy
1925 and on the timothy in 1926, In several other seasons the complete fertilizer
showed no greater influence on the yields than did the phosphates.

These results indicate quite dvfmm']\' the beneficial effect of applications of
manure, lime and a phosphate fertilizer to the Tama silt loam. The value of
manure is shown particularly well in this work, very large increases in crop
vields being secured from the application of this material. The use of lime
along with manure is shown to be very valuable, increases in the yields of gen-
eral farm crops being obtained in every case. The addition of a phosphate fer-
tilizer seems to be of value on this type, rock phosphate and acid phosphate hoth
bringing about pronounced increases in yields of general farm crops. In some
cases the acid phosphate seems to be somewhat preferable for use but in general
the increases in yields from the two materials are very similar.  Definite conclu-
sions regarding the value of the two phosphates cannot, therefore, be drawn.
Tests on individual farms are recommended.  The use of a complefe commercial
fertilizer does not seem fo bhe as desirable as the application of a phosphate.
While increases in crop vields are secured in many cases, the inereases are nof
sufficiently large fo warrant the greater cost of the complete fertilizer.

TiIE SPRINGVILLE FIELD

The results secured on the Carrington silt loam on the Springville 1field,
series 1, in Linn County are given in table XTTL. The application of manure to
this soil type is apparently of very large value.  Considerable inereases in cerop
vields were secured in all but one season. In some cases the increases were very
large, as for example, on the corn in 1920, on the corn in 1923 and on the oats
in 1925, The application of lime with the manure increased the crop vields i
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one or two seasons but no large effects were noted from the use of this material
and in several cases no increases at all were secured.

The application of rock phosphate with the manure and lime brought about
very large crop increases in some seasons, as for example, on the clover in 1918,
on the corn in 1920, on the clover in 1922 and on the oats in 1925. Increases
were secured from the use of this material in all but two seasons. The acid
phosphate with the manure and lime gave better results than the rock phosphate
in several cases but in general showed very much the same effect. The corn in
1919, the oats in 1921 and the clover in 1922 showed larger effects from the acid
phosphate than from the rock phosphate but in several other seasons the latter
seemed somewhat more beneficial. The complete commercial fertilizer had a
slightly greater effect than the acid phosphate in one or two seasons but in gen-
eral the influence was very much the same as that brought about by the two
phosphates.

Little effect from the crop residues was evidenced on the various crops grown.
In one or two seasons small increases were noted, but in general the yields were
influenced very little. The application of lime with the crop residues showed a
beneficial effect on the crops grown in several seasons. The largest influence was
evidenced on the clover in 1922 and on the oats in 1925. In several other cases
slight increases in crop yields were secured. In one or two seasons no gains at
all were noted.

The application of rock phosphate with the erop residues and lime increased
the crop yields in practically every season. In some cases very large increases
were secured, as for example on the clover in 1922, and on the corn in 1923.

TABLE XIII. FIELD EXPERIMENT-—CARRINGTON SILT LOAM, LINN COUNTY
SPRINGVILLE FIELD—SERIES I

s r— (1) | (2) | (3) (4) | () | (6)
Plot 1918 | 1919 | 1920 | 1921 | 1922 | 1928 | 1924 | 1925 | 1926
No. Treatment Clover| Corn | Corn | Oats |Clover| Corn | Corn | Oats | Corn
tons bu. bu. bu. tons bu. bu. bu. bu.
per A. | per A. | per A. | per A. [ ver A. | ver A, | per A, | per A. | per "\;
1 | B8R ..rcesirvisssvrins 2.25 | 58.6 | 46.5 | 44.8 | 1.37 | 40.2 b 53.9 | 41.6
2 | Manure+lime .......... 247 | 648 | 63.3 | 36.4 | 1.47 | 51.2 | ... | 724 | 49.3
8 | Maiure .sveevenmsisaven 240 | 63.7 | 51.1 | 46.9 | 1.35 | 55.9 | ... | 57.4 | 46.4
4 | Manure—+lime-+rock !
phosphate «vvo«veseams 2,70 | 60.8 | 66.1 | 42.8 | 2.02 | 60.2 | ... | 71.6 | 50.4
5 | Manure-lime-f-acid
phosphate ............ | 2.70 | 67.1 | 60.8 | 46.3 | 2.14 | 59.7 | ... | 68.6 | 474
6 | Manure-lime-complete |
commercial fertilizer ...| 2.70 | 64.5 | 61.0 | 49.2 | 1.99 | 60.7 74.1 | 474
TI0hBE . iissspannvrsnass 1.65 | 60.0 | 51.9 | 36.9 | 1.35 | 40.0 - 43.6 | 34.4
8 | Crop residues ........... 2.05 | 62.5 | 55.0 | 42.8 | 1.40 | 46.2 | ... | 474 | 37.8
9 | Crop residues+lime ..... 2.02 i 49.4 | 59.6 | 38.9 | 1.56 | 44.2 62.1 | 38.6
10 | Crop residues+lime--
rock phosphate ........ 216 | 55.7 | 58.5 | 43.6 | 1.98 | 544 | ... | 648 | 36.8
11 | Crop residues-lime-{-
acid phosphate ........ 2.47 | 554 | 585 | 484 | 2.10 | 435 | ... | 622 | 37.0
12 | Crop residues-lime-
complete commercial i
POULIIEER s oo msonmima b | 219 | 33.1 | 57.3 | 87.8 | 2.04 | 44.7 | ... | 72.4 | 38.6
13 | Cheek: w5 s o5 sme e vomos | 1.80 | 45.7 | 41.1 | 36.0 | 1.51 | 36.1 | <« | 45.3 | 309

Three and one-half tons lime—fall 1917.

Plots 10, 11, 12 and 13 on low ground, poor stand.

Plot 2, small ditch, abnormal yield.

Clover down badly on 5 and 6, and 11 and 12, only 859% could be cut.
Season dry. . 5

Field was replanted and corn did not mature, no results tuken.
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The acid phosphate with the crop residues and lime had a larger effect than the
rock phosphate in most seasons. In general, however, the differences between
the effects of these two phosphates were not very pronounced. The complete
commercial fertilizer with the crop residues and lime, showed less effect than the
acid phosphate in many cases. Only in one season was there any very large
difference in the yields and this was in the case of the oats in 1925. In several
other seasons the complete fertilizer gave slightly larger effects but the differ-
ences were not definite.

The results secured on the same soil type in series IT in the same field are
given in table XIV. Here again the beneficial effect of the application of ma-
nure is evidenced by the increased crop yields secured in every season. In some
cases the increases were not very large but in general quite definite gains were
noted. The clover in 1921, the corn in 1922 and the corn in 1923 showed the
most pronounced effect from the application of the manure. The application of
lime with the manure increased the crop yields in practically every season. The
clover in 1921 was particularly benefited by the lime and the clover in 1925
showed a very definite increase. In 1922 and in 1923 the corn was increased to
a pronounced extent by the use of lime.

The rock phosphate with the manure and lime increased the crop yields in
every season. In some cases the gains were small but in general they were quite
definite. Beneficial effects were noted particularly on the clover in 1921 and in
1925. The acid phosphate with the manure and lime showed a larger effect than
the rock phosphate in one or two seasons but in several other cases gave slightly
smaller effects. In general the difference between the influence of these two
phosphates was not very great. The complete commercial fertilizer with  the
manure and lime showed slightly larger effects than the acid phosphate in most
seasons. The differences, however, were not great and in general it may be con-
sidered that the two materials gave very similar increases in the yields of general
farm erops.

The crop residues had little effect on the yields of the various erops grown on
this field. Lime with the erop residues brought about increases in most seasons.
In some cases very large gains were noted, as for example on the clover in 1925
and on the corn in 1926. The rock phosphate with the erop residues and lime
increased the yields to a considerable extent in several seasons. Beneficial effects
were particularly evidenced on the clover in 1921. In several cases no gains
were noted from the use of the rock phosphate. The acid phosphate with the
crop residues and lime showed a larger effect than the rock phosphate in most
seasons. In general, however, the differences were not very pronounced and the
two phosphates seemed to have quite similar effects. The complete commercial
fertilizer gave better results than the acid phosphate in one or two seasons but
in several other cases it showed smaller effects.

It is apparent from these results that the Carrington silt loam will respond
very profitably to applications of manure, lime and a phosphate fertilizer. The
value of manure on this soil type is very clearly shown. The use of lime seems
to be desirable particularly where legumes are to be grown. The application of
a phosphate fertilizer appears to be of value on this soil. Whether acid phos-
phate or rock phosphate should be used cannot be determined from the data
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TABLE XIV. FIELD EXPERIMENT—CARRINGTON SILT LOAM, LINN COUNTY
SPRINGVILLE FIELD—SERIES II

(1 T (2 @) | () | G) | (6
Plot 1919 | 1920 [ 1921 1922 | 1928 | 1924 | 1925 | 1926
No. Treatment Corn | Oats |Clover | Corn | Corn | Oats | Clover| Corn
bu. bu. tons bu. hu. bu. tons bu.
- o ) o - per A, | per A. | per A. | per A. | per A. | per A.| per A. | per A,
B T R | 6L.1 | 4Ll | 1,16 | 62.6 A ... | 0.87 | 40.0
8 | MLammre: o ses o @i s sy sams s s | 66.0 | 46.8 | 1.42 | 78.0 | 40.0 | ... | 0.90 | 41.0
3 | Manure-4+Ie ..oisevessvevsins | 66.2 ( 48.8 \ .86 | 82.8 | 46.6 AT 1.30 | 40.0
4 | Manure+lime+rock phosphate ..| 66.5 | 49.6 | 2.29 | 84.3 | 46.8 | ... | 1.48 | 48.0
5 | Manure+-lime+acid phosphate ..| 59.7 | 50.8 | 2.56 | 78.0 | 44.4 | ... | 1.30 | 40.5
6 | Manure-+lime-complete com- | | |
mercial fertilizer ............ | 64.2 | 43.4 | 250 | 79.1 | 474 | ... | 1.39 | 41.0
T BRI\ cune e b s SRS B0 A B | 571 | 47.6 | 1.51 | 62.9 | 33.56 | ... | 0.95 | 36.8
8 | Orop e8iAUES . wwvtiwwsomessains | 66:9 | 47.6 | 117 | 61.7 | 862 | ... | 0.78 | 378
9 | Crop residues—-1ime ...,,.....us 1 53.1 | 58.9 | 1.27 | 63.4 | 85,6 | ... | 1.13 | 50.6
10 | Crop residues+lime4-rock i | |
phosphate .......onciieeiia { 61.4 | 63.7 | 2.31 | 60.6 | 349 | ... | 1.15 | 44.8
11 | Crop residues4lime-acid [ | | | |
Phosphate .. .svusmmussone s | 62,9 | 70.6 | 2.34 | 59.1 | 381 | ... | 1.41 | 44.2
12 | Crop residues--lime--complete | | | | |
commercial fertilizer ......... | 60.0 | 50.2 | 2.25 | T4.7 | 44.9 | ... | 1.35 | 44.2
L (| URHERIE . ¢ teve 65 0 500 o 6 st 3 6 10w @ & B | | 5.8 | 1, | 64.8 | 40.0 | ... | 0.43 | 41.0
1. Plot 13 cut by mistake.
2. Wet spring reduced crop on manured plots; 4 tons lime September,
3. Poor drainage made series weedy in spots.
4. No results taken.
5. Carried as residual series. No applications made since spring of 1923,
6. Tield damaged by hot winds and dry weather.

given inasmuch as the two phosphates brought about very similar erop increases.
In some cases the acid phosphate was slightly preferable, while in other cases the
rock phosphate gave quite as satisfactory results. Tests of the two phosphates
on individual farms are recommended. The use of a complete commercial fer-
tilizer was not as desirable as the application of a phosphate. Inereases in crop
vields were ordinarily secured but the gains are not sufficiently larger than
those brought about by the phosphates to warrant the greater cost of the com-
plete material.

THE OSAGE FIELD

The results secured on the Carrington silt loam on the Osage Kield, series T in
Mitehell County, are given in table XV, Manure brought about a beneficial effect
on the erops grown on this field in all buf one season. In some cases very large
vields were noted, as for example on the oats in 1920, clover in 1921, corn in
1922, corn in 1923, clover and timothy in 1925, and on the corn in 1926. Lime
with the manure inereased the crop vields to an appreciable extent in most sea-
sons, and in several cases very considerable increases were noted, as for example,
on the corn in 1923 and on the clover in 1921 and 1925. The increased yields in
the other seasons were in general quite definite.

The use of rock phosphate with the manure and lime increased the erop vields
in practically every scason. In some cases the gains were quite definite but in
several cases very small incereases were secured. The acid phosphate with the
manure and lime showed better results than the rock phosphate in several sea-
sons, as, for example, on the oats in 1924 and on the clover and timothy in 1925.
In one or two other seasons the rock phosphate seemed to give slichtly larger
effects but in these cases the differences were not great. The complete commercial
fertilizer with the manure and lime had a larger effect on the crop yields in
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several seasons but in general the differences were not very great and in one or
two cases the effects were less definite than those brought about by the phos-
phates.

The crop residues had little effect on the yields of the various crops grown on
this field. Time with the crop residues increased the crop yields and in general
the increases were very pronounced, as for example, on the corn in 1923, the
oats in 1924, the clover and timothy in 1925, and the corn in 1926.

The rock phosphate with the crop residues and lime increased the yields in
practically every season. Considerable gains were noted on the oats in 1920,
and on the clover and timothy in 1925, In most of the other seasons, the gains
were less definite. The acid phosphate with the crop residues and lime brought
about better results than the rock phosphate in one or two cases but in several
instances had a less beneficial influence. The differences were not very large
and it would seem that the two phosphates had very much the same effect on the
various crops grown. The complete commercial fertilizer with the crop residues
and lime showed definite inereases. The differences were quite definite in one or
two cases. In a few instances there was less beneficial effect from the complete
fertilizer, however, than from the phosphates.

The results secured on this field bear out the conclusions drawn from the
previous field experiments and indicate the large value on the Carrington silt
loam of applications of manure, lime and a phosphate fertilizer. The large
increases in the yields of general farm crops following the application of manure
are very definitely shown. ILime with the manure brings about beneficial effects
TABLE XV. FIELD EXPERIMENT—CARRINGTON SILT LOAM, MITCHELL COUNTY
OSAGE KFIELD—SERIES 1

(1) T (@) | B) | (&) | (B) | (&) | (1) |

1918 | 1919 | 1920 | 1921 | 1922 | 1928 | 1924 | 1925 19206
Plot Treatment Corn | Corn Oats | Clover | Corn Corn Oats | Clover Corn
No. bu. bu. bu. tons bu. bu. bu. and bu.
per A. | per A. | per A. | per A. [ per A, | per A. | per A, [timothy | per A,
tons
per A. -
I L T ———— 165 | 5 34.6 | 1.09 | 58.8 | 423 | 72.4 | 0.97 | 37.3
2 | Manure ....ocooniennnes H2.8 60.3 | 1.55 | 68.0 | 50.8 | 71.0 1.25 51.5
3 | Manure+lime .......... 52.8 56.3 | 1.98 | 68.0 | 64.1 | 82.8 1.64 56.0
4 | Manure—+lime--rock \ | |
PhoSPhate s vemevan 54.8 61.2 | 1.94 | 74.3 | 70.7 | 86.5 | 1.68 | 57.0
5 | Manure+lime-+acid | |
phosphate ........... H6.4 | 61.2 | 1.82 | 76.0 | 70.7 | 98.0 | 1.90 | 55.7
6 | Manure+lime4-complete | | | \
‘ commercial f(-l'tilizcr..\ 44.5 | 79.0 | 67.3 | 1.63 | 723 | 70.2 [102.9 1.92 60.8
P | OREBIE s v s s v o 5w s | 88.8 | 67.0 | 59.8 1.48 | 50.0 | 53.7 | 74.3 1.12 46.6
8 | Crop residues: w.sswwusos 37.7 | 65.0 ‘ 55.0 | 1.55 | 51.4 | 52.0 | 71.8 | 1.14 | 41.3
9 | Crop residues—lime ....| 39.4 | 74.0 | 50.3 | 1.55 | 58.3 | 65.2 | 81.6 | 1.63 | 52.0
10 | Crop residues+lime- | | \
rock phosphate ....... 474 | 75.0 | 61.8 T 1.55 | 57.7 | 64.4 | 90.3 | 1.94 | 52.5
11 | Crop residues+lime-- | ’ | |
acid phosphate ....... 44,2 | 73.0 | 59.8 | 1.44 | 62.3 | 64.9 | 784 | 2.07 | 51.2
12 | Crop residues-f-lime~+ ‘ } \
complete commercial |
POzt oo vs s ins 48.8 | 78.0 | 67.3 | 1.79 | 65.5 | 69.9 | 87.1 1.)55 50.9
13 [ Cheek .ovvrivnenenannns 30.7 | 67.0 | 53.1 | 1.59 | 52.3 | 53.2 | 75.6 | 0.88 | 44.0

Four tons lime applied.

Plot 1, low yield, oats down badly; four tons lime applied in Seplember.
Clover pastured heavily in spring.

Corn down badly on checks and cron residue plots.

Dry weather reduced yields.

Poor stand on plot 11 due to pocket gophers.

Tce sheet killed out most of the clover in spring of 1925, good stand of timothy.

3O UV O
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Fig. 9. Level topography of the Muscatine silt loam.

not only on the legume crops of the rotation but also on general farm crops.
The use of a phosphate fertilizer is certainly very desirable on this soil. Whether
rock phosphate or acid phosphate should be employed cannot be definitely
stated as both phosphates seem to give very similar results. It is recommended
that farmers test acid phosphate and rock phosphate on their own soils, under
their particular conditions, to determine which will be the more profitable for
them to use. It would not seem that a complete commereial fertilizer should be
recommended for use on this soil as acid phosphate or rock phosphate will prob-

TABLE XVI. FIELD EXPERIMENT—MUSCATINE SILT LOAM, CLINTON COUNTY
DELMAR FIELD

. ol ) 1023 | 1924 )
| ‘9%21 1918 1919 | 1920 | 1921 1922 Clover 1925 | 1926
Plot Treatment Corn [ Corn |[Barley |Winter| Cern Oats and Corn Oats
No. bu. bu. bu. [ wheat| bu. bu. |timothy bu. bu.
per A. | per A. [ per A, u. |[per A, | per A.| tons per A. | per A,
per A. per A.
I R o 4 s o mosmsmios o i 77.7 | 69.6 | 25.3 | 33.5 | 55.4 | 49.3 1.04 744 | 15.4
2 | Mamms' s wws s smnssves 81.1 | 65.8 | 28.1 | 28.4 | 65.1 | 54.3 1.08 789 | 17.4
3 | Manure-lime .......... 83.3 | 76.1 | 24.9 | 349 | 64.6 | 61.1 | 1.08 | 82.7 | 15.6
4 | Manure-lime-rock
PHONPHAEES 2503w s ames 88.8 | 75.3 | 32.7 | 30.0 | 71.1 | 61.1 1.57 91.2 | 23.0
5 | Manure-lime+acid
PhoSphabe ;ouwswsams 811 | 722 | 32.7 | 25.8 | 71.6 | 56.1 1.52 96.5 | 23.2

6 | Manure-+lime-complete
commercial fertilizer ..| 75.0 | 77.4 | 40.3 | 32.9 | 73.6 | 67.7 1.44 | 949 | 28.3

b CRBEE &g upme 3 amt s ams 66.6 | 73.1 | 27.2 | 25.8 | 68.8 | 42,5 | 1.08 | 82.1 | 12.7
8 | Crop Tesidites .......ww. 75.0 | 65.8 | 27.2 | 19.1 | 68.8 | 44.2 | 1.02 | 80.5 9.8
9 | Crop residues-lime ....| 76.6 | 70.9 | 27.2 | 33.6 | 67.4 | 45.8 | 1.17 | 88.0 | 17.2
10 | Crop residues+lime--

rock phosphate ....... 78.3 | 69.2 | 349 | 27.6 [ 70.0 | 62.8 | 1.31 | 94.9 | 17.2
11 | Crop residues-lime+

acid phosphate ....... 76.6 | 71.4 | 32.2 | 31.3 | 75.7 | 69.7 | 1.44 | 92.2 | 23.6

12 | Crop residues-lime-
complete commercial
farfilizer .smwss swmann 70.5 | 70.5 | 32.7 | 29.1 | 73.4 | 61.1 | 1.56 | 89.6 | 20
18 [ OHEEE ssmsisrans sspanss 64.4 | 67.5 | 245 | 234 | 68.0 | 45.8 | 0.98 | 73.6 | 15

1. Wheat very uneven, mixed with rye, clover poor and plowed under.
2. Oats were late in ripening and badly lodged due to rust.
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TABLE XVII. FIELD EXPERIMENT—LAMOURE SILTY CLAY LOAM,
CLAY COUNTY
EVERLY FIELD—SERIES II

(1) (2) (3) (4)
Plot 1919 | 1920 | 1921 | 1922 | 1928 | 1924 | 1925 | 1926
No. Treatment Clover | Corn | Corn Oats | Clover | Corn | Corn Oats
tons bu. bu. bu. bu. bu. bu. bu.
per A. | per A. | per A. | per A. | per A. | per A. | per A. | per A.
CROTIT  aweis o wimvis w et o seomcntes e 8 1.45 | 74.6 | 65.8 | 35.6 | 0.57 | 31.8 | 57.9 | 47.4
& | Manire:  ssens s s s g ae v s w s 145 | ... | 75.3 | 541 | 0.71 | 58.2 | 68.6 | 62.9
3 | Manure+-acid phosphate--
potassium chloride ........... 1.60 | 83.2 | 75.8 | 70.4 | 1.83 | 69.4 | 58.8 | 76.8
4 | Manure+-rock phosphate ....... 1.67 | 83.2 | 70.0 | 64.1 | 1.25 | 61.7 | 55.1 | 76.8
5 | Manure+acid phosphate ....... 2.03 | 80.8 | 68.1 | 70.2 | 1.75 | 67.2 | 55.8 | 83.0-
6 | Manure-complete commercial
810191310 011 ) P O P o 1.79 | 80.8 | 63.2 | 68.4 | 1.26 | 60.8 | 54.0 | 71.1
B OHBEE. oo nsiwnnn woss wimsnimenn stibilbed) 6553 1.68 | 66.9 | 54.5 | 58.3 | 0.77 | 43.2 | 44.0 | 54.7
8 || Crop wesidues «wws «svmwe sy menm 156 | ... | 54.7 | 52.8 | 0.87 | 39.6 | 43.4 | 53.4
9 | Crop residuesacid phosphate-
potassium chloride .......... 1.56 | 70.4 | 61.9 | 61.1 | 1.47 | 56.5 | 44.2 | 71.6
10 | Crop residues-+rock phosphate...| 1.68 | 73.6 | 60.4 | 57.7 | 1.14 | 61.2 | 42.2 | 72.4
11 | Crop residues+acid phosphate...| 1.56 | 83.4 | 60.8 | 62.8 | 1.59 | 57.7 | 44.7 | 77.6
12 | Crop residues+complete
commercial fertilizer ......... 2.03 | 77.8 | 64.7 | 78.4 | 1.73 | 56.4 | 57.7 | 76.5
1B ([ THBCR, s m s wrsto wimmnin .6 bl &5 57253 1.68 | 61.2 | 54.0 | 48.5 | 0.83 | 35.7 | 53.5 | 50.4

1. Clover killed out in spots.

2. Soil basic and no lime applied. Corn on plots 2 and 8 not husked.

3. Acid phosphate and potassium chloride (50 pounds per acre) applied to plots 3 and 9.
4. TFirst cutting only.

ably bring about quite as large crop increases owing to the greater cost of the
complete fertilizer.

THE DELMAR FIELD

The results secured on the Muscatine silt loam on the Delmar Field, in Clinton
County, are given in table XVI. The application of manure to this soil brought
about increased crop yields in most seasons. In general the increases were not
very large but in one or two cases, as for example on the corn in 1922, pro-
nounced gains in crop yields were secured. The application of lime along with

Fig. 10. A field on the Waukesha silt loam. Note the gentle rise to the uplands
in the background.
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manure proved valuable on this soil, bringing about inereased yields in most
seasons.  In several cases very pronounced gains were secured.

The rock phosphate with the manure and lime increased the crop yields in
practically all cases. Very pronounced gains were secured on the barley in
1920, the corn in 1922, the clover and timothy in 1924 and the corn in 1925.
The acid phosphate with the manure and lime showed no greater effect than the
rock phosphate in most cases and in several seasons had a smaller influence. In
general, however, the differences between the effects of these two phosphates
were not very large. The complete commercial fertilizer with the manure and
lime showed a greater effect than the phosphates in one or two cases but in
egeneral the differences were not very great and in several seasons there was less
effect from the complete fertilizer than from the phosphates.

The crop residues had little effect on the various crops grown on this field.
Lime with the residues increased the crop vields to a considerable extent in some
seasons, as for example, on the winter wheat in 1921, and on the clover and
timothy in 1924.

The rock phosphate with the crop residues and lime showed a beneficial effect
on the crops grown in most seasons. In some cases very pronounced gains were
secured, as for example, on the oats in 1923 and the clover and timothy in 1924,
In several cases no large effects were evidenced from the rock phosphate. The
acid phosphate with the crop residues and lime showed a larger effect on the
crops grown in several seasons, but no very large differences were noted. The
complete commercial fertilizer with the c¢rop residues and lime had a lesser effect
than the acid phosphate in most seasons.

The results secured on this field indicate that, altho the type is black in
color, and high in organic matter, it will respond to applications of farm ma-
nure. Increases in crop yields will generally follow the application of this
material and in many cases very large increases may be secured. Lime is neces-
sary on the soil as it is acid in reaction. Notf only will the yields of leguminous
crops be increased by the use of lime but incereases will be secured in many cases
in the yields of other general farm crops. The use of a phosphate fertilizer is
very desirable on this soil and tests on individual farms of rock phosphate and
acid phosphate are recommended. In some cases acid phosphate seems to be
preferable but in other instances rock phosphate gives quite as good returns.
Definite conclusions regarding the relative value of these two materials cannot
vet be drawn. It would not seem that a complete commerecial fertilizer would be
as desirable for use on this soil as a phosphate inasmuch as the inereases secured
are not sufficiently great to warrant the use of the more costly material.

THE EVERLY FIELD

The results secured on the Lamoure silty clay loam on the Everly Field, series
[1, in Clay County are given in table XVII. The application of manure to this
soil type brought about distinet inereases in cerop yields in most seasons.  Very
large gains were noted on the corn in 1921 the oats in 1922 the clover in 1923,
the corn in 1924 and 1925 and the oats in 1926. This soil was basice in reaction
and no lime was applied. The rock phosphate with the manure was beneficial on
the various crops grown on this soil in practically every season. In some cases

o
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very large increases were secured, as for example on the clover in 1923, and on
the oats in 1926. In general the increases wyere very pronounced from the use
of the rock phosphate. The acid phosphate applied with the manure showed a
larger effect than the rock phosphate in practically every season. In several
cases very large differences were noted, as for example on the clover in 1919 and
on the clover in 1923, The potassium chloride applied with the acid phosphate
and manure increased the crop vields in practically every season but the differ-
ences were not very larege. The complete commercial fertilizer applied with the
manure showed less effect on the erops grown than did the acid phosphate.

The erop residues showed little effect on the various erops grown on this field.
The rock pho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>