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WORTH COUNTY SOILS

By W. H. StevexnsoN and P. E. BRowN with the assistance of D. S. Gray, L. W. FORMAN
and R. E. BENNETT
Worth County is located in north central Towa in the fifth tier of counties west
of the Mississippi River and bordering the state of Minnesota on the north. Tt
is partly in the Towan drift soil area and partly in the Wisconsin drift soil area.
Hence, the soils of the county are all of gla-
cial origin, being derived in major part from
the Towan drift and to a smaller extent from
the Wisconsin drift. The total area of the
county is 399 square miles or 255,360 acres.
Of this area 244,808 acres or 96.2 percent is
in farm land. The total number of farms is
1450 and the average size of the farms is 169.
The farms are operated by 687 owners, 238
Fig. 1. A map showing the location of relative renters, 433 renters, 90 both owning
PR, - and renting, and 2 unclassified.
The following figures from the Iowa Yearbook of Agriculture for 1925 show
the utilization of the farm land in the county.

Apreage in genernl ERENG CUOTEL 5o s s aus s s s 6 eeves Fas o3 a%E§ S0 169,328
Acreage in farm buildings, public highways and feed lots....... 13,291
Acreage i1 PABEATE .« iuw s v swon st e ww o ww s v 8w § e § e s 58,581
Acreage in waste land not utilized for any purpose.............. 1,435
Acreage in farm wood lots used for timber only.................. 881
Aergage in crop: land Taying A8 oo vwwssweovigng o gaes sws s suss 684
Acreage in crops not otherwise listed......... ... ... .. ... .. ... |

THE AGRICULTURE OF WORTH COUNTY

The dominant type of agriculture in Worth County at present consists of a
system of general farming including the raising of various field crops and the
breeding and feeding of beef cattle, dairy cattle, and hogs. There is some grain
farming, but the great majority of farmers are combining grain production with
livestock raising and many farms at the present time are being operated on a
livestock basis. The system of general farming or of livestock farming permits
more ready maintenance of the productiveness of the soil. Since this fact has
been recognized, there has been a general trend toward these systems of farming.

The income of the county comes from the sale of the surplus corn, oats, and
other minor crops and from the sale of heef cattle, hogs, and dairy products. Al-
most half of the corn grown in the county is sold on the markets. A small part
of the oats crop is similarly disposed of, and on some farms the income is in-
creased from the sale of certain of the other crops grown on limited areas. The
sale of beef cattle, of hogs, and of dairy products provides the entire source of
income on some farms and makes up a large part of the income on all others.

The acreage in waste land in the county is considerable, and some niethods of

*See Soil Survey of Worth County, Towa, by D. S. Gray of the Towa Agricultural Experiment Station
and A. L. Gray of the U. S. Department of Agriculture. Field Operations of the Bureau of Soils 1922,
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TABLE I. AVERAGE YIELD AND VALUE OF PRINCIPAL CROPS GROWN IN
WORTH COUNTY, IOWA*

ke Bushel Total Average Total
Acrea total farm ushels ota Average ?

— MR land of or tons bushels price value
the county | per acre | or tons ;)210(;‘0_}2?
Tor 57,106 274 428 2,875,080 | $ 0.56 | $1,610,55
Duin el win | BEL | asn | gacens | e | o2
Winter wheat ....... 87 0.03 ’ 2(—).0 | 1,749 ]128 7’468
Spring wheat ........ 383 0.1 1:3.0 ro,74.3 0."7 ?3’308
BarlaY s s sd dws 2,087 0.9 | 28.0 58,436 ) i5’488
T e 880 03 | 220 19,360 0.80 SR
- iy il | 20,866 85 | 14 20212 | 13.50 04,362
Wild hay ........... | 8,241 3.8 ‘ 0.9 7,417 1o.ﬁ0 ao
Alfalfa ............. | 189 0.07 3.0 567 ]7.1)(3 B
Pobatioes: s emesiws | 393 0.1 77.0 30,261 2.‘:’;0 46’989

TR & epsions vy i | 1,643 0.7 18.0 21,359 2.20 !
PHEEIES .« o vvmon s s o ’ 58,581 23.9 wae | e s pwwew | wesnas

*Towa Yearhook of Agriculture, 1925.

treatment should be adopted for the reclamation of these areas. 'l‘h? causes of
infertility are variable and, hence, general recommendations fqr Ifeclalm}ng su.ch
land cannot be given. Later in this report under the deseriptions of tht.a H}—
dividual soil types, special treatments will be suggested for use.under indi-
vidual soil conditions to make the land more productive. In special cases for
more or less abnormal conditions, advice regarding treatx‘nent may be sefzured
upon request from the Soils Section of the Towa Agricultural Experiment
Stf;‘t]llzng.;eneral farm crops grown in Worth County in order of their importance
are corn, oats, hay, potatoes, flax, barley, rye, alialfa, and wheat. The average
ie value of these crops are given in table TI. .
m%irin(iis the most importarr)lt crop both in acreage and value. In .1925, it waf
grown on 27.4 percent of the total farm land with an average yl'eld of 42.8
bushels per acre. The leading varieties are Murdock .and Silver K'lng. Other
varieties, including Golden Giant, Kossuth County Reham.:e, and Mlnnes'ota No.
13 are grown to a lesser extent. Much of the corn erop 1s fed to the livestock
on the farms. From 40 to 50 percent, however, is sold out of the county and
7 cash erop.

Ser’I“}euSa ZZc?md crop ?n acreage and value is oats. 11? 192? this erop was grown
on 27.1 percent of the total farm land. Average y}elds in that year amounted
to 44 bushels per acre. The chief varieties are Med1u¥n Early Yel'low, Towa No.
103, Towa No. 105, and some Iowar. These latter var1et1e§ are })elng more com-
monly used because they are better adapted t.o the hfaav1er soils on Whl.ch the
longer strawed varieties tend to lodge. The major portion of the oat erop is used
for feed on the farms. A portion, however, serves as a cash crop. .

The third erop in acreage and value is hay. Tame .hay was produced in 1925
on 8.5 percent of the total farm land with average yields ?f 1.4 tons per acre.
The chief tame hay crop consists of timothy and clover mixed. S?me timothy
is grown alone and in some cases clover is al§o grown alone. Occasionally these
erops are both grown for seed. Clover may yield as much as 1 bushel of seed per
acre, while timothy sometimes gives as high as two b1.1she1s per acre. Some
wild hay is grown in the county, average yields amounting to 0.9 ton per aere.

WORTH COUNTY SOILS 5

In 1925, it was estimated that 3.3 percent of the total farm land of the county
was in wild hay. All the hay produced in the county is used for feeding pur-
poses on the farms, &

Potatoes are grown to a considerable extent and average yields amount to 77
bushels per acre. The chief varieties are Rural New Yorker, Trish Cobbler, and
Early Ohio. A large part of the potato erop is sold locally, but there is some
sale outside of the county, particularly on the markets at Mason City.

Flax is grown to a limited extent. Average yields of 13 bushels per acre
were reported in 1925. This crop is seeded chiefly on poorly drained areas
which have been brought under cultivation for the first time, or on areas of
muck or peat. It serves as a cash crop.

There is some barley grown with average yields of 28 bushels per acre. A
small total acreage in rye yields 22 hushels per acre.

Alfalfa is grown on a small acreage and average yields of this c¢rop amount
to three tons per acre. It is a valuable crop and might be grown much more
extensively. With proper precautions in seeding, very satisfactory yields of
alfalfa may be secured.

Sweet clover is being grown to some extent at the present time. It is looked
upon with considerable favor as a valuable pasture crop. Tt may be grown
successfully on so-called ‘“alkali’’ areas, and when plowed under to provide a
green manuring material it is sometimes of considerable value on these areas.

At the present time wheat is grown to only a limited extent. More spring
varieties are grown than winter varieties. Average yields of spring wheat
amount to 16 bushels per acre, while the vields of winter wheat amount to
20 bushels per acre. The wheat serves as a cash crop.

In the eastern part of the county there is some truck farming on the Car-
rington silt loam. Some onions are grown and potatoes constitute quite an im-
portant truck crop. Sweet corn is grown near Bristol in the western part of

the county. Other crops of minor importance which are grown on a small
scale, include beans, sugar beets, and sorghum.

THE LIVESTOCK INDUSTRY IN WORTH COUNTY

The livestock industry of the county is extensively developed. The following
figures taken from the Towa Monthly Crop Report for July 1st, 1926, based
on the January 1st, 1926 estimates of the Division of Crop and Livestock Es-
timates of the U. S. Department of Agriculture show its extent.

SHOBREE. 1« 0 v se i R b s 5 400 505 e 8,200
BUEE .05 5000 0 4 103 5 A R SRR €At Tm 200
All cattle O RS S Bl A e B 58 e 4 s s < B O00
ELGE «ovce v s 4 4 wi0w s mintin e wains v v i s n i o s e ks e 61,900
HREE i 10w 5 0kt 8 0508 K000 B 9 065 g m 2,400

The beef cattle industry is very important and much of the income of the farms
is derived from the breeding and feeding of beef cattle. The Shorthorn and
Hereford are the most popular breeds. There are, however, some pure bred
Aberdeen Angus. A good many steers are fed each year, '

The dairy industry is developed considerably and the dairy produects pro-
duced are quite valuable. The majority of the dairy cattle are grades. The
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Holstein and Guernsey are the most popular breeds. Most of the cream is dis-
posed of at the local creameries. A few creameries located just outside of the
county also draw upon the milk produced.

Some hogs are raised on every farm. The most popular breeds are the
Poland China and Duroe Jersey. Some Chester Whites, ITampshires and spotted
Poland Chinas are also raised. The total number in the county on January 1,
1926 was 61,900. The income on most of the farms of the county is derived
in part from the sale of hogs.

Sheep feeding and breeding are practiced to a very limited extent. A few
farmers ship in feeders each year. A few horses are raised in the county largely
to provide work stock on the farms.

Some poultry is maintained on practically every farm. The value of the
poultry and eggs produced in the county is considerable. Farmers are appre-
clating the fact that more attention may well be paid to this industry with the
view of increasing the income on their farms.

THE FERTILITY SITUATION IN WORTH COUNTY

The yields of general farm crops secured in Worth County are usually quite
satisfactory, but there are many cases where better bethods of soil treatment
would bring about profitable increases in crops.

The drainage conditions are quite unsatisfactory in some of the soils and in
many areas the first treatment needed to secure satisfactory crop growth is the
installation of tile. The Clyde silt loam, the Webster silt loam, the Floyd silt
loam, the Webster loam, the Webster clay loam on the drift uplands are all in
need of better drainage. There are also some areas in the Carrington silt loam
where drainage would be of value. The Bremer soils on the terraces, the Wabash
and the Lamoure types on the bottoms, the Sogn silt loam, a residual soil and the
areas of muck and peat are all in need of better drainage.

Most of the soil types are acid in reaction, and on these the addition of lime
is very necessary for the best growth of general farm ecrops, particularly of leg-
umes. Only in the Webster silt loam, and the clay loam on the drift uplands, the
Benoit silt loam on the terraces, the Lamoure soils on the bottoms and the Sogn
silt loam, a residual soil, is there any occurrence of carbonates in the surface
soil. On these types, therefore, the application of lime would not be necessary.
In the case of some of the other soil types, notably the Clarion loam on the up-
lands, lime oceurs in the lower soil layers. However, even in these cases if the
surface soil is acid, the application of lime would certainly be desirable for
the best growth of lecuminous crops. It is apparent, therefore, that the soils of
the county, except for the Webster, Benoit, Lamoure, and Sogn types, should be
tested for acidity or lime requirement. The amount of lime shown to be neces-
sary according to the test should be applied before legumes are grown.

Some of the soil types are not very well supplied with organic matter and
applications of farm manure or the turning under of leguminous crops as green
manures would be of considerable value. In a number of the upland types and
some of the terrace a1 bottomland soils there is a very large content of organic
matter and additional applications do not seem necessary. It is found, however,
by various experimen’'; and by much farm experience that the application of
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fa.rm manure is valuable even on those soils which are apparently better supplied
with organic matter and dark in color.  On the light colored sm‘ldy soils, the use
of farm manure and green manures is particularly necessary to make ’the soi.ls:
properly productive, ‘ | o

The nitrogen supply is not st rikingly low and in many cases the soils seem to
be very well supplied with this constituent. On all the soils of the county, how-
4:\'9,1', the use of nitrogenous fertilizers will be needed at regular interval; ‘in the
luturo‘if the supply of this constituent is to be kept up. The best means of
.\'ll])p.l_\'lll{_{‘ nitrogen to these soils is by the proper use of farm manure, and the
tlu'm.ngz under of leguminous crops as green manures. Thus the use of com-
mercial nitrogenous fertilizers will not be needed on these soils.

None of the soils show any large content of phosphorus and in most cases the

supply of this constituent seems to be rather low.  Apparently the need of phos-
phorus fertilization will be evident in the very near future ev:an if it is not acute
at the present time. The experimental work which has been carried out with
phosphate fertilizers on some of the soils has indicated the value of applications
of rock phosphate or acid phosphate. Tt is plain, therefore, that the use of ])}l()ﬂ.<
p.horus fertilizers on most of the soils will be of (listinct’\'alua at thé presel.lt
time. Definite recommendations regarding the use of phosphorus fertilizers
cannot yet be made inasmuch as the data secured show some variations. It 1\
urged, therefore, that farmers test the need of phosphorus on their 0\\:11 soil;
and by using both acid phosphate and rock phosphate in comparative tests ;rh(*\.'
may determine not only whether their soil will respond to phosphorus fertiiizer;
but also which phosphorus carrier will prove the more profitable for use undi;l:
their particular conditions,
. Complete commercial fertilizers have been tested on some of the soil types
In comparison with aeid phosphate and rock phosphate. Tt does not seem from
these results that the complete commercial fertilizers would be as desirable for
general use as a phosphate fertilizer.

EI‘OSIf)H oceurs in some areas in the rolling phase of the Carrington loam
the 1"o]lmg phase of the Clarion loam, and other upland types. C(l)jnsiderabl(:
wa:shlng away of the soil sometimes oceurs and gullying fre;.]uently takes place
It is very desirable wherever erosion occurs that some precautionary measures b(;
tf:z)l]\:::l(:)lllnst\;ltutlzi extensive washing away of the surface soils and to stop the

THE GEOLOGY OF WORTH COUNTY

[t is unnecessary to consider the early geological history of Worth Countyv as it
ha.s no significance from the standpoint of present day soil conditions: The
original bed rock material has been buried so deeply in most cases by the elacial
d'eposits that there is little or no effect of this material upon the soil charaizteris-
th:S. Only in two of the soil types is there any influence of the bedrock on'the
soil. The Sogn silt loam is classified as a residual soil being derived mainly
from the native limestone rock. The Dodgeville soils are inﬂ?lenced only to ‘?1
limited extent by this limestone rock. The surface soils of this type are o% drif(t

origin. The lime rock oceurs at short distances from the surface and affects the
character of the soil only slightly.
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With the exception of the small area of the Sogn silt loam, the upland soils of
the county have been derived from the glacial deposits made by two great ice
sheets which in previous geological ages swept over the county, and upon their
retreat left behind large deposits of glacial drift or till.

The earlier glacier known as the Iowan swept over the entire surface burying
the native bedrock in most areas to considerable depths. The earlier topographie
teatures were mainly obliterated by this glacier. The deposit left by the Towan
glacier is known as the Towan drift and in depth it usually extends from 10
to 20 feet. In an unweathered condition, the Towan drift is a bluish-gray or
drab clay, but where it has been weathered and exposed to oxidation, the color
has been changed to a brown or yellowish-brown. The texture ranges from a
heavy clay to a gravelly or sandy clay. Pockets of sand and gravel occur and
glacial boulders of varying size and description abound over the surface and
scattered thruout the soil section. During the period which has elapsed since
the deposition of this glacial drift the calcareous material has been largely re-
moved by leaching and in most of the soils no lime remains. The soils of the
Carrington, Clyde, Webster, I'loyd, Dickinson, Lindley and Dodgeville series
on the uplands are derived in whole or in part from this Iowan drift material.
[n addition many of the types on the terraces and bottomlands have originated
from the Iowan drift.

At a later date a second glacier covered the western part of the county leaving
hehind a layer of drift material known as the Wisconsin drift. The depth of
this deposit is variable, averaging usually somewhat less than 10 feet. This drift
material is a dull yellow in color. In the lower part where weathering has not
occurred, it consists of a blue boulder clay. Boulders are common thruout the
drift deposit. In most cases the Wisconsin drift is high in calcareous material
and the soils developed from this glacial- deposit will generally effervesce with
acid in the subsoil and often even up thru the surface soils. The soils of the
Webster, Clarion, and Pierce types are developed from this Wisconsin glacia-
tion. The Pierce soils are considered formed in part from the deposits in what
is known as the terminal moraine. Sand and gravel and numerous boulders
oceur in this terminal moraine which represents the edge of the deposition of
the Wisconsin drift material.

The terrace and bottomland soils as developed in the county have been derived
entirely from the glacial upland soils, which have been reworked and laid down
along the streams. In the eastern part these bottomland soils are derived from
the upland till of Towan drift origin. In the western part where the uplands
are derived from the Wisconsin till, the bottomland soils are formed from these
same soil materials and in many cases the differences in the bottomland soils
reflect the differences in the upland soil conditions. Thus in the western part
of the county, the bottomland soils show a lime content, in many instances. In
the eastern part, however, very rarely does any lime occur in the bottomland
soils.

PHYSIOGRAPHY AND DRAINAGE

In topography, the county may be divided into two parts. The eastern por-
tion is characterized by a topography ranging from flat to gently undulating. In
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the western part there is a rougher topography, in general ranging from a flat
or gently undulating to strongly rolling or sloping. The, prevailing topography
is gently rolling.

There are broad relatively flat areas of second bottoms or terraces along the
Shellrock River and Lime Creek. There is an extensive area of terraces on both
sides of the Shellrock River extending from just north of Northwood to below the
entrance of Elk Creek into the Shellrock River above Kensett. It is 4 to 5 miles
in width and 5 to 7 miles in length. Another extensive terrace area is found in
the vicinity of Fertile and Hanlontown.

In general thruout the eastern part the topographic features are not very well
developed and there is no striking relief. In the western part, however, there
are rather striking topographic differences, and the land ranges from rough to
broken on one hand to level, flat to depressed, on the other. As will be noted
later, there is a rather definite relationship between the topographic conditions in
the county and the occurrence of the various soil types. Very often the topo-
graphic boundaries will indicate the boundaries of the soil types.

Deer Creek, the Shellrock River, and Lime Creek and their tributary streams
drain the county. Deer Creek with its tributaries drains the northeastern part
of the county. The Shellrock River which flows thru the central part of the
area with its tributaries drains the central portion. The extreme southwestern
part is drained by Lime Creek and its tributaries.

The natural drainage system is not very well developed in certain sections, and
there are many areas where artificial drainage is necessary. The accompanying

Fig. 2. Natural drainage system of Worth County.
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drainage map indicates the extent of the natural drainage system, and it shows
the rather considerable areas between the various streams and their tributaries
where the drainage conditions are not well developed. There are extensive areas
of the Webster soils, the Clyde soils, the Bremer types, the Floyd soils, some of
the bottomland types and many areas of muck and peat which are poorly drained.
In all these cases, the laying of tile or the installation of drainage ditches is
necessary for the adequate drainage of the areas.

THE SOILS OF WORTH COUNTY

There are four groups of soils in Worth County, drift soils, terrace soils, swamp
and bottomland soils, and residual soils. Drift soils are formed from the ma-
terials carried by glaciers and deposited on the surface of the land when the
glacier retreated. They are extremely variable in composition and contain
pebbles and frequently boulders. Terrace soils are old bottomlands which have
been raised above overflow by a decrease in the volume of the stream which de-
posited them or by a deepening of the river channel. Swamp and bottomland
soils are those occurring in low, poorly drained areas or along streams. They are
subject to more or less frequent overflow. Residual soils are those formed in
place from the underlying rock material. The extent and occurrence of these
soils are shown in table II.

Over three-fourths of the total area, 78.3 percent, is covered by drift soils.
Terrace soils are rather extensively developed, covering 11.9 percent. There is a
somewhat smaller area of swamp and bottomland soils, covering 9.1 percent.
There is one area of residual soil, covering 0.7 percent of the total area.

There are 24 individual soil types and these with the rolling phase of the
Clarion loam, the rolling phase of the Carrington loam, the deep phase of the
O’Neill loam, and the areas of peat and muck make a total of 29 separate soil
areas. There are 17 drift soils, six terrace types, five areas of swamp and bottom-
land soils and one residual soil. These various soil types are distinguished on
the basis of certain characteristics which are described in the appendix to this
report, and the names given to the types denote these particular characteristics.
The areas of the various soil types are given in table III.

The Carrington silt loam is the largest individual soil type and the most ex-
tensively developed drift soil. It covers 22.8 percent of the total area. The
Carrington loam is the second largest drift soil. Together with the rolling phase
which is much less extensively developed, it covers 21.4 percent of the county.
The Clarion loam is the third largest soil type and with the rolling phase which
is slightly less extensive in total area, it covers 14 percent of the total area. The

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

Percent of

Soil Group Acres total area

of county
IDRTEE BT 2oams s oo iensceyminarbes, § 85 bt 5 w4 B S Ao, St €5 199,808 78.3
TOrTaEs BOIE oo smies o embe s s siie s b o o Sasis s sie e 30,336 11.9
Swamp and bottomland soils.........covvviiviiieniianns 23,424 9.1
RoRTAUEY, EOUIE: oo 3 win ons »oxeim s arint o N5 e G SR B 1,792 %

EBBAL s aerdvis il m abs  SERTRE FR R A AT LD 255,360

=
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Clyde silt loam is the fourth largest soil type, covering 7.6 percent of the county.
The Webster silt loam covers a much smaller area, 3 percent of the county, the
Lindley loam 2.8 percent, the Floyd silt loam, 1.9 percent and the Webster loam,
1.3 percent of the total area respectively. The remaining drift soils, the Dick-
inson sandy loam, the Dickinson loam, the Lindley silt loam, the Pierce sandy
loam, the Carrington sandy loam, the Webster clay loam and the Dodgeville
silt loam, all cover less than one percent of the area.

The O’Neill loam together with the deep phase which is more extensively
developed than the typical soil covers 7.5 percent, and it is the largest terrace
soil and the fifth most extensively developed type. The Benoit silt loam covers
1.5 percent of the county, the Bremer silt loam 1.4 percent, the Waukesha silt
loam 1.1 percent and the O’Neill sandy loam 0.4 percent.

The areas of swamp and bottomland soils are all minor in extent. Mueck is the
most extensively developed covering 2.8 percent of the area. The Wabash silt
loam covers 2.2 percent of the county, peat 2.2. percent, the Lamoure silt loam
1.6 percent and the Cass silt loam 0.3 percent. There is one residual type, the
Sogn silt loam, poorly drained phase which covers 0.7 percent of the county.

There is a rather definite relationship between the occurrence of the individual

TABLE III. AREAS OF DIFFERENT SOIL TYPES IN WORTH COUNTY

] i | Percent of
Soil Soil Type | Acres total area
No. | of county

DRIFT SOILS
83 Oarrington’ Silt TOBI: s s s ommn os oms ooms s o 58,112 22.8

1 CRrBIgEOn,. TOAIT n besn s oo b b o o8 w0000 & 50w v 45,888
197 Carrington loam (rolling phase)................. 8,768 ELe
138 ELEBIOAL TOIEITE. qorocus it 0 i i s i b 1 i e 3 20,480

150 Clarion loam (rolling phase).................... 15,296 4.0
84 OIS oy o S T S A 19,328 7.6
113 Webster silt 108mM......covvivvisovrnvesssosanis 7,744 3.0
65 Tinflay JORDY s muwos v ovi s amiaiie « 555 6 o a0d 5§65 suais 7,232 2.8
198 S1OFd. Bl TG o i i 55t v i s o 575 B 5 4,992 1.9
55 | Webster loam ....................ooon 3,392 1.3
199 Digkingon S8andy TOAM, o« v ssaesnseneomomeses 2,304 0.9
174 JOICIHTEON, JOMIL, 5 551+ comesvsi o s ek s B s s 0.6 1,728 0.7
32 Lindley SilE DO« vom s 10 5ol b me die s miman 1,216 0.5
191 Pieree SaHEY VORI «a 5 s s e oo s g s e 960 0.4

3 Carrington sandy loam..................c..oo.... 896 0.4

56 Webster Blag TOBIG & us o s wins o5 G566 e 832 0.3
204 Dodgeville ®ilh ToGH « v v vun vwne swmesass s 5 wias 5 640 0.3
TERRACE SOILS

108 OPNETIL TOTIE wjoitsneoinei oo srimessenasss s g1y 8550 808 20m 000 & 7,616

200 | O’Neill loam (deep phase).................... 11,456} s
201 Benoib g1l TOMNG 5.6 5158 a550 608 » 5 mie s svm st s iosiinecs 3,968 1.5
88 Bremer silt loam..........covvivieieesnsvennnns 3,584 14
75 | Waukesha silt loam..................... ... . 2,816 11
126 | O’Neill sandy loam.....................ooo.. . '896 0.4

SWAMP AND BOTTOMLAND SOILS

21a TEUCE w150 1015 0 5 b 0315, S0 b o gt st et ooty 7,168 2.8
26 Wabash 8ilf 108m. . ..ouuiiiiirinniiincesuseeenns 5,760 2.2
21 BOHE v st o@ i mm w58 5% D6 85§ 50 4 5516 fob i smee: e momirioce 5,696 2.2
153 Lamoure silt loam.............................. 4,096 1.6
208 | Case S J0RIM. o uveninsseinnseenssnenssnrrnenns 704 0.3

RESIDUAL SOILS

202 | Sogn silt loam (poorly drained phase)............ | 1,792 | 0.7
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soil types and the topographic condition. On the drift upland, the rolling econ-
dition is indicated by the names ‘‘rolling phase Carrington loam’’ and ‘‘rolling
phase Clarion loam.”” The typical soils of these types are gently undulating in
topography. The Clyde silt loam occurs in depressions and is level to flat or
depressed in topography. The Webster soils and the Floyd silt loam oc-
cur on level areas. The Dickinson, Tindley and Pierce soils are found in more
rolling to rough topographic positions. In the case of the Pierce the rough to-
pography is especially pronounced. as this soil oceurs on knobs or knolls in the
upland. The terrace soils are more or less level in topography and there are
no topographic features of significance in the bottomland types.

THE FERTILITY IN WORTH COUNTY SOILS

Samples were taken for analyses from each of the soil types except the Lind-
ley loam on the uplands and the areas of peat and muck on the bottoms. The
more extensive types were sampled in triplicate, but only one sample was taken
in the case of the minor types. All samplings were made with the greatest care
that the samples should be thoroly representative of the particular soil type, and
that any variations, due to local conditions or previous treatments might be elim-
inated. The samples were secured at three depths, 0-6 2/3”7, 6 2/3”7-20" and
20”-40”, representing the surface soil, the subsurface soil and the subsoil re-
speetively.

Analyses were made on all these samples for total phosphorus, total nitrogen,
total organic carbon, inorganic carbon and limestone requirements. The phos-
phorus, nitrogen and carbon determinations were made according to the official
methods, and the Truog qualitative test was used for determining the limestone
requirements of the soils. The figures oiven in the tables are the averages of the
results of duplicate determinations on all samples of each type.

THE SURFACE SOILS

The results of the analyses of the surface soils are given in table IV. They
are caleulated on the basis of two million pounds of surface soil per acre.

There is considerable variation in the phosphorus content of the various soils,
the amount present ranging from 889 pounds per acre in the O’Neill sandy loam
up to 2,688 pounds per acre in the Lamoure silt loam. No definite relationships
are indicated between the phosphorus content of the soils and the various groups
of soils. The swamp and bottomland types will average a little higher than the
upland soils and the terrace soils. This might be expected owing to the fact that
there has been less crop growth on the bottomland types, and hence, a smaller re-
moval of plant food constitutents. In oeneral there are much wider variations
in the phosphorus content of the soils within the groups than between the various
groups of soils.

Certain relationships are evident, however, between the phosphorus supply in
the soils and the particular soil series. Thus on the drift upland, the Webster
soils are the richest in phosphorus of any of the series represented. The Car-
rington and Clarion soils are very much the same in phosphorus content, the
Clarion being a little higher on the average. The Clyde soils are a little better
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supplied than the Carrington and Clarion types. The soils in the Dickinson,
Lindley, and Pierce series are much more poorly supplied than are the Webster,
Carrington, Clarion and Clyde soils. The Floyd‘and Dodgeville types have very
much the same phosphorus content as the Carrington soils. On the terraces the
Benoit, Waukesha, and Bremer soils are better supplied than the O’Neill types.
On the bottoms the Lamoure is better supplied than the other bottomland soils.
It is higher in phosphorus than the Wabash which may be due, however, to a
peculiarity of the particular sample analysed.

Apparently, there is a rather definite relationship evidenced here between the
phosphorus content of the soil and those characteristics which serve to differen-
tiate the soil series. The topography is of significance. Those soils like the
Webster on the uplands and the Bremer on the terraces which are more nearly
level to flat in topography are higher in phosphorus. The gently rolling to undu-
lating topographic condition which is characteristic of the typical Carrington
and Clarion soils is correlated with a somewhat higher phosphorus content than
that found in the more steeply rolling to rough Dickinson, Lindley, and Pierce
soils. The Clyde silt loam is somewhat higher in phosphorus than the Carrington
and Clarion soils and the topography is more nearly level. The color of the soil

TABLE IV. PLANT FOOD IN WORTH COUNTY, IOWA, SOILS
Pounds per acre of 2 million pounds of surface soil (0-63477)

o ' |  Total Total Total | Limestone
Soil No. Soil Type phos- } Total organic % inorganic H 1'0(;1'11'(:31-L
| phorus | nitrogen | carbon | carbon | ment
- DRIFT SOILS
83 | Carrington silt loam..... L..| 1,254 5,053 63,350 | ...... | 3,383
1 Carringtion 108M .o aosn 1,266 5,300 (51,088 b » ‘)’000
197 | Carrington loam (rolling ' o =
DUBNEY 50056 5w 4 oaami 5 3% 1,077 3,920 45
138 | Clarion loam .............. ]:lTl 3:780 | 4?3;2 ...... ‘11,833
150 | Clarion loam (rolling phase)| 1,427 | 4,860 59,160 | ...... 3,000
84 | Clyde silt loam............. 1,306 | 4,320 40,802 | ... 6,000
113 Webster gilt Toam. .. ..ocvsan 2,080 8,440 S):Z,GJST ""G. ’98 '
108 | Floyd silt loam............. 1293 | 6,560 82,798 S 4,000
55 | Webster loam ............. 1,306 | 6,740 69,418 9143 .
199 Dickinson sandy loam....... 002 1,940 26,620 s 4,000
174 | Dickinson loam ............ 1,360 | 4,200 27268 | ...... 3,500
32 | Lindley silt loam........... 996 | 2,780 30133 | ...... 3,000
191 Pierce sandy loam.......... 942 3,360 3;')135)3 ...... 1’000
3 Carrington sandy loam...... 1,171 2,840 39,256 | ...... 1’000
56 | Webster clay loam.......... 1,670 | 6,720 80,844 o7 ’
204 | Dodgeville silt loam......... 1,279 | 5,440 66,810 | 4,000
...... 3
TERRACE SOILS o
108 [ O'Neill Toam. ..icvo.covress 929 3,240 | 41,432 7,000
200 | O’Neill loam (deep phase) ..| 1,104 ‘ 3680 | 37,352 | ...... 5,000
201 | Benoit silt 10Am............ | 1,575 | 8160 | 14,466 80,433 '
88 Bremer silt loam.......oo00. 1,212 | 7,580 | 88i805 i 100()
75 Waukesha silt loam......... ’ 1481 | 3.680 | 42901 | ...... 3,000
126 | O’Neill sandy loam......... | 'ss9 | 2240 | 26,765 | ...... 5,000
SWAMP AND BOTTOMLAND SOILS
26 | Wabash silt loam........... | SS9 | 2,600 | 105,800 S
153 | Lamoure silt loam.......... | 2,688 | 2940 | 164691 | 6,745
106 | Cass silt Toam.............. | 2396 | 2100 | 131,440 . 1,000
i 0 ;

T 202 | Sogn silt loam (poorly

RESIDUAT, SOILS

drained phase) .......... 12,067 ‘10,38() | 85237 | 1,096
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apparently also plays some part in indicating the phosphorus' supply. Soils like
the Webster and Clyde, which are black in color, are richer in Phosphorus than
the lighter colored soils. The subsoil condition is likewise of ‘51gn1ﬁcane'e‘. ‘O.n
those types where the subsoil is heavy the supply of phosphorus is better. This is
true of the Webster and Floyd soils on the drift uplands and of the Bremer,
Waukesha and Benoit types on the terraces.

There is a further relationship evident from these data between the texture of
the soils and the supply of phosphorus. The Carrington silt loam and' the Car-
rington loam contain about the same content of phosphorus, but the rolhng phase
of the Carrington loam and the Carrington sandy loam are much lowex" in this
constituent. The Webster silt loam is higher than the Webster loam and it is also
somewhat higher than the Webster clay loam. This is contrary to the usual
results as the clay loam is frequently better supplied with the plant food'than
the silt loam. The Dickinson loam is higher in phosphorus than th(.a Di'eklnsqn
sandy loam. On the terraces the deep phase of the O ’Neill.loam is richer in
phosphorus than the typical loam which in turn is better supplied t-han the? sandy
loam. These are the only comparisons which can be made of the soils of different
textures classed in the same series, and while there are some variations as have
been pointed out, in general, the results bear out the conclusion 1'each.ed from
former analyses that the texture of the soil plays a very important part in deter-
mining the content of plant food. Soils which are coarse textured or sandy are
more poorly supplied with plant food than are the fine textured types. Thus silt
loams are ordinarily better supplied than loams. Loams are richer than sandy
loams or sands, and clay loams and silty clay loams are ordinarily higher than
silt loams and loams. . .

The supply of phosphorus in the soils of Worth (Jounty 'is not 'hlgh and it
seems quite evident from these analyses that phosphorus fertilizers will be needed
on the soils of this county in the very near future if they are not of value at the
present time. The results of experiments which have been carried out on some
of these soils, which will be referred to later in the report, indicate that applica-
tions of a phosphorus fertilizer might be made on these types with profitable re-
sults at the present time.

There is a wide variation in the nitrogen content of the soils in the county, the
amount present ranging from 1,100 pounds in the Cas§ silt loam on the bottoms
up to 10,380 pounds in the Sogn silt loam poorly drained phase. Ma‘ny of the
soil types in the county are rather poorly supplied with nltrogen' while on the
other hand there are a number of soils which are rich in this constituent.

There is no relationship evident between the nitrogen content of the soils and
various soil groups. There is some evidence, however, of a relationship between
the soil series and the content of nitrogen. Thus on the drift uplands, the
Webster soils are the richest in nitrogen. The Floyd and Dodgeville soils are
somewhat lower in this constituent. These are followed by the Carrington,
Clarion, and Clyde types, while the Dickinson, Lindley and Pierce soils are tl}e
most poorly supplied of all the upland types. There is evidentl.y a r.ela,tlonshlp
here between the characteristics which serve to determine the soil series and the
content of nitrogen. Those soils like the Webster, Floyd, and Clyde, wh.ich are
more level in topography, blacker in color, with heavier textured subsoils, are
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ordinarily better supplied with nitrogen than are the types which are more
rolling in topography, lighter colored in the surface soil, and with lighter tex-
tured subsoils. On the terraces the Benoit, the Bremer and the Waukesha soils
are better supplied than the O’Neill types and on the bottoms the Wabash and
Lamoure soils are richer than the Cass. In all these cases the color of the soil,
the topographic conditions and the character of the subsoil serve in large part to
indicate the nitrogen content.

A relationship is evident here also between the texture of the soil and nitrogen
content. Thus on the drift uplands the Webster silt loam is higher than the loam.
The Webster clay loam is not as well supplied as the silt loam of the same series,
which is contrary to the usual results due probably to some abnormal condition
in the particular sample. The Carrington silt loam and Carrington loam are very
similar in nitrogen content, the loam being a little higher than the silt loam.
Ordinarily the silt loam would show a little larger content of nitrogen. The
rolling phase of the Carrington loam is much lower in nitrogen than the typical
loam and the Carrington sandy loam is the lowest of all the types in this series.
The Dickinson sandy loam is much lower in nitrogen than the Dickinson loam.
On the terraces the O’Neill is much better supplied than the sandy loam of the
same series, the deep phase of the O’Neill being richer than the typical loam.
These comparisons indicate the relationship between the soil texture and the
nitrogen content which is ordinarily observed. While there are some variations,
in general it seems to be true that those soils which are coarser-textured are more
poorly supplied with nitrogen. Silty clay loams and clay loams are ordinarily
richer than silt loams, silt loams are better supplied than loams, and loams show
a higher content of plant food than do sandy loams or sands.

While many of the soils in this county are fairly well supplied with nitrogen,
there are one or two cases where the nitrogen content is rather low. In such
cases applications of nitrogenous fertilizing materials are very necessary and on
all the soils of the county the use of nitrogen-containing fertilizers at regular
intervals will be necessary if the supply of this constituent is to be kept up.

The proper preservation and application to the soil of all the manure produced
on the farms will aid considerably in keeping up the supply of nitrogen in the
soil.  Crop residues also will return to the land much of the nitrogen which has
been removed by the crops grown. The use of leguminous crops as green ma-
nures is very desirable in many cases to supplement the use of farm manure.
When soils are low in nitrogen content, it is particularly necessary that legumi-
nous crops be used as green manures in order to increase the nitrogen content of
the soil.

The total organic carbon content of the soils of the county varies quite as
widely as the nitrogen content, the amount present ranging from 14,466 pounds
in the Benoit silt loam up to 164,691 pounds in the Lamoure silt loam on the
bottoms. Many of the soils in the county are apparently very well supplied with
organiec matter or organic carbon while in others the supply is not so adequate
and in a number of cases the content is rather low.

The relationships between the various soils in the county in regard to organic
carbon are very much the same as those noted in the case of the nitrogen. Thus
on the drift uplands, the Webster soils are richer in organic matter than are the
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other types. The Floyd and Dodgeville soils are second, then come the Carring-
ton. the Clarion, and the Clyde soils. The Dickinson, Lindley, and Pierce types
are the most poorly supplied with organic matter. On the terraces the Bremer
and Waukesha soils are the richest in organic matter, while the O’Neill soils are
low. Again the relationship between the soil series and the content of organic
matter is definitely evidenced in these results. Those soils which are character-
ized by a level to flat topography, by a black color, and by a heavy subsoil condi-
tion are richer in organic matter as well as in nitrogen.

There is also a relationship between the texture of the soils and their content
of organic matter. The Webster silt loam is higher in organic matter than the
Webster loam. The Carrington silt loam is a little higher than the Carrington
loam which is in turn better supplied than the rolling phase of the Carrington
loam and all are much richer than the Carrington sandy loam. The Webster clay
loam is not as high in organic matter as the Webster silt loam which may be due
to some abnormality in the particular sample. It is, however, richer than the
Webster loam. The Dickinson loam is richer in organic matter than the Dickin-
son sandy loam. On the terraces the O’Neill loam is higher in organic matter
than the sandy loam of the same series. 1t appears, therefore, that the texture of
the soil plays a large part in determining the organic matter supply.

While many of the individual soil types in Worth County are apparently very
well supplied with organic matter and black in color, some are not rich in this
constituent and in one or two cases the supply is rather low. In such cases the
use of fertilizers supplying organic matter is very necessary and on all the types
in the county some fertilizing material supplying organic matter must be used
regularly if the supply is to be kept up. The application of farm manure is by
far the best means of supplying organic matter to the soil and liberal use of this
material on the coarse textured or sandy types in this county is particularly de-
girable. The turning under of all erop residues will aid in maintaining the
supply of organic matter. The use of leguminous crops as green manures is often
profitable as a means of improving soil conditions for erop growth.

The Webster soils on the drift uplands, the Benoit silt loam on the terraces, the
Lamoure silt loam on the bottomlands and the poorly drained phase of the Sogn
silt loam, a residual soil, show some inorganic carbon in the surface soil. These
soils are, therefore, supplied with basic materials such as lime and are not acid in
reaction. All the other soil types, however, show a lack of inorganic carbon and
hence an acidity or limestone requirement which in some cases is quite high.
The oceurrence of inorganic carbon or lime in these soils is related to the char-
acteristies which serve to determine the soil series. Thus it is characteristic of the
Webster, the Benoit, the Lamoure, and the Sogn soils to show a lime content.
Very rarely are these soils deficient in lime or acid in reaction.

It is apparent, therefore, that on the soil types in Worth County, except those
of the Webster, the Benoit, the Lamoure, and Sogn series, the application of lime
is very necessary for the best growth of leguminous crops and also for the pro-
duction of general farm crops. The soils of the county, with the exception of the
types just mentioned, should all be tested for acidity or limestone requirement at
regular intervals. The amount of lime shown to be necessary by the tests should
be applied. The figures given in the table indicate roughly the lime requirements
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of these various acid soils, but they should not be taken to show definitely the

needs of all soils of these types. The soil from every individual field should be
" . . . . . . . . .

tested for lime requirement in order that the proper application may be made.

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 caleulated on a basis of four million pounds of sub-
surface soil and six million pounds of subsoil per acre. 7

.In general the needs of the soils as indicated by the analyses of the surface
soils are quite aceurate and are little modified by a consideration of the plant food
!n'osenf in the lower soil layers. The analyses of the subsurface soils and subsoils
in \Vf)rth County show that there is no large content of any individual plant food
constituent nor is there any striking deficiency in any of the elements. It is
apparently unnecessary, therefore, to consider these results in detail. It may
merely be noted that the needs of the individual soils in the county as indicate‘d
by the analyses of the surface soils are lareely confirmed by the results obtained
from the analyses of the lower soil layers. ‘ 7

The phosphorus content of the soils of the county is not-high in any case and in
most of the soils the supply is rather low, so low that it is evident tha.;c phosphorus

’I‘i\BLE V. PLANT FOOD IN WORTH COUNTY, IOWA, SOILS
Pounds per acre of 4 million pounds of subsurface soil (62477—2077)

— ‘ | Total | Total Total | Limestone
Soil No. Soil Type * phos- | Total ; organic % inorganic l' r](-l(llol;it;:\lr“
phorus |nitrogen| ecarbon | carbon | ment
DRIFT SOILS
83 | Carrington silt loam........[ 1,592 | 4,173 | 43,976 | 4,338
| Carrington loam ............ | 2182 | 6,680 | 76336 | ...... | Yoo
197 ’| Carrington loam (rolling | | [ ’ | |
Phase) «vemnws snevsami. . | 1,830 | 4,520 | 56,6 | 2
138 | Clarion JOZI0. ..o« oo vonvis oo | 1,791 3.,380 | 4)?’(4)33 I ...... \[ T((‘!)?)::
150 | Clarion loam (rolling phase) | 2,316 6,720 | 73,610 | BieE | .
84 | Clyde silt loam............. | 1203 | 2960 | 26542 | ... |
113 | Webster silt loam............ | 2,733 | 5200 | 65860 | 45388 |
198 | Floyd silt loam............. | 1,562 | 4240 | 50136 | ...... | 3,000
55 | Webster loam ............. | 2612 | 7,280 | 51078 | 20610 | .
199 | Dickinson sandy loam....... | 1,670 | 3,080 | 35.944 | e 3,000
174 | Dickinson loam ............ | 2,316 | 5,880 | 67.080 ¥ i 1 .1"00()
32 | Lindley silt loam........... | 1,499 | 3,173 | 38210 | ...... | ;§"%
191 | Pierce sandy loam (nosample)| | Y | . I ..... | ot
3 | Carrington sandy loam...... | 1,724 | 3,280 | 38,176 | [ 2,000
56 | Webster clay loam.......... | 2,208 | 3,600 | 33,900 | 86,100 1‘ popt
204 | Dodgeville silt loam......... | 1778 | 5360 | 32720 | ...... | 5000
- - TERRACE SOILS
108 | O’Neill loam ........ conses] 1,804 4,600 | 57,772 o 5,000
200 l 0’Neill loam (deep phase) l ]:724 l 4i202 ; _:‘_7"‘2‘;:) ; | 2’22“
201 Benoit silt loam.......cqv00s T 1,885 | 3,720 | 45‘713 [ e
88 | Bremer silt loam............ | 834 | 3720 | 25864 |
75 | Waukesha silt loam......... | 2,195 [ 5480 | 63264 | 4,000
126 | O’Neill sandy loam......... | 1,616 | 2,280 | 22072 | .. ... o
SWAMP AND BOTTOMLAND SOILS
26 | Wabash silt loam........... [ 2,074 | 4,400 | 57,006 |
153 | Lamoure silt loam.......... | 2,396 | 4,240 | 25674 | 40,310
106 | Cass silt loam.............. | 1750 | 2,920 | 32.680 | .... 1,000
RESIDUAL SOILS
202 | Sogn silt loam (poorly | | |
| drained phase) ....ovis4.. 2,612 | 6,720 | 86,246 | 1,022
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TABLE VI. PLANT FOOD IN WORTH 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 | inorganie | require-
phorus | nitrogen carbon carbon ment
DRIFT SOILS
83 Carrington silt loam........ | 1,982 | 2,520 20008 | swesss 4,000
1 Carrington loam ........... 2,019 | 3,360 45,756 | ..ocone s
197 Carrington loam (rolling |
FUHARRY wiswess irdas Bane s 2,019 | 2,880 20432 | sas e 1,000
138 Clation 1081 o s wvows omms os 2,391 | 3,240 11,146 71,616 i
150 Clarion loam (rolling phase) 2,988 | 7,080 71,818 13,208
84 Ohyde, STt JoAM., o« s s mons o0 1,857 | 2,280 048R | wiseas
113 Webster silt loam........... 3,594 | 2,400 41,316 14,316 e
198 Floyd ailb 1oam.. « we s« s s sas 2,262 | 1,680 19,968 | soeus 2,000
55 Wolsher 108 & coiss sne e wes 2,988 | 2,520 38,056 109,190 T
199 Dickinson sandy loam....... 2,019 | 3,240 89,288 | cieins 2,000
174 Dickinson loam .....c...... 3,474 | 2,640 PR668 | <swass 2,000
32 Lindley silt loam............ 2,665 | 2,280 PR028 | esowes 5,000
191 Pierce sandy loam (no sample) | |
3 Carrington sandy loam...... 2,262 | 2,040 | 16,362 | ...... 1,000
56 Webster clay loam.......... 3,069 | 4,200 | 2,120 186,040 5o ioi
204 Dodgeville silt loam......... 2,220 | 3,360 | 40,860 | ...... 6,000
TERRACE SOILS
108 O'Neill 10aMm. cvoomsssniss 1,818 | 4,080 49,0200 | sasses 3,000
200 0°’Neill loam (deep phase)..| 1,857 [ 1,920 28,190 | .ocens 2,000
201 Bengit 8ilt lgami.  voe o om0 oo 2,343 | 3,600 36,248 63,482 o
88 Bremer silt loam........... 2,019 | 2,760 | 32972 | ...... 1,000
75 Waukesha silt loam......... | 2,787 | 3/980 | 39816 | ..oev. 6,000
126 0O’Neill sandy loam......... | .787 | 1840 | I198IT | sessus 1,000
SWAMP AND BOTTOMLAND SOILS
26 Wabash silt loam.. e s vee e 2,505 | 2,400 60207 | sepwus
153 Lamoure silt loam.......... 3,030 | 2,640 28,783 54,007
106 Cass silt loam...oeeevsssoe | 1,899 | 9,600 6,634 6,456
RESIDUAL SOILS
202 Sogn silt loam (poorly I | | |
drained phase) .......... | 4,080 | 3,480 | 46,778 | 31,762

fertilizers will be needed on these soils in the very near future even if they are
not of value at the present time. The indications are from certain experiments.
however, that phosphorus fertilizers may be used with profit on many of these
soils now.

The supply of organic matter and nitrogen in the soils of this county must be
maintained if the land is to remain fertile. In some of the types there is need for
an inerease in the supply of these constituents at the present time. The proper
preservation and application of all the farm manure produced on the farm is very
desirable in order to build up and maintain the supply of organic matter and
nitrogen in these soils. The thoro utilization of erop residues is desirable, and
the turning under of leguminous crops as green manures is necessary in order to
keep up the supply of nitrogen.

The soils which showed a lime content in the surface soil are all well supplied
with lime in the lower soil layers. The rolling phase of the Clarion loam has a
lime content in the subsurface soil and in the subsoil and the typical Clarion loam
shows a lime content in the subsoil. The Cass silt loam on the bottoms also has a
lime content in the subsoil. In general., however, the conclusions drawn from the
analyses of the surface soils are borne out by these data. Except for the Webster,
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B(j,nf)it, La¥noure, and Sogn types the soils of this county should be tested for
acidity or lime requirement, and lime should be applied as needed. Even on those
types which contain lime in the subsoil such as the Clarion loam and the Cass silt

loam if the surface soil is acid the use of lime is necessary especially if legumes
are to be grown.

GREENHOUSE EXPERIMENTS

Two greenhouse experiments were carried out on soils from Worth County in
the attempt to learn something of the needs of the soils and to secure indieations
of the value of the applications of certain fertilizing materials. These experi-
ments were carried out on the Carrington silt loam and the Clyde silt loam, two of
the more important types in the county. In addition to these experiments, the
results secured in the greenhouse experiments on the Carrington silt loam from
Mitehell County, on the Clarion loam from Winnebago County, on the Webster
clay loam from Winnebago County, on the Carrington loam from Hardin County
and on the Webster loam from Hamilton County are all included inasmuch as the
soil types are the same as those occurring in Worth County and the results seeured
indicate quite accurately what may be expected of the same soils in this county.

The plan of all of these experiments was the same and the treatments used in-
cluded manure, lime, rock phosphate, acid phosphate, and a complete commercial
fertilizer. These materials were applied in the same amounts in which they are
used in the field, and, hence, the results of the greenhouse experiments may he
considered definitely indicative of what may be expected in the field. )

Manure was supplied at the rate of 8 tons per acre; lime was added in sufficient
amounts to neutralize the acidity of the soil; rock phosphate was applied at the
rate of 2,000 pounds per acre; acid phosphate at the rate of 200 pounds per
acre; and the standard 2-8-2 complete commercial fertilizer at the rate of 300
pounds per acre. Wheat and clover were grown in all the experiments, the
clover being seeded after the wheat had been up about a month. In some of the
tests the yields of clover were not secured.

RESULTS ON CARRINGTON SILT LOAM FROM WORTH COUNTY

The results secured in the greenhouse experiment on the Carrington silt loam
from Worth County are given in table VII. Only the yields of wheat were se-
cured in this test. The application of manure increased the vield of this erop as
is indicated in the table. Lime with the manure brought about a further inerease
in the yield of wheat. This is unexpected as lime usually does not bring about
as large increases in the yields of grain erops as with legume crops. The applica-
tion of rock phosphate with the manure and lime increased the yield of wheat to
a considerable extent. The acid phosphate with the manure and lime brought
about a much larger increase in the wheat yields. The complete commercial
fertilizer increased the yields more than did the rock phosphate but showed a
smaller effect than the acid phosphate.

These results indicate that the Carrington silt loam will respond to applica-
tions of manure, lime and a phosphate fertilizer. The application of manure
seems to be particularly valuable. The use of lime with the manure is necessary
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Fig. 3. Wheat and clover on Carrington silt loam from Worth County.

as the soil is acid in reaction. The use of a phosphate fertilizer is certainly very
desirable on this soil. The acid phosphate showed somewhat better results 1n
this test than did the rock phosphate. The difference, however, was not great.

RESULTS ON CLYDE SILT LOAM FROM WORTH COUNTY

The results secured in the greenhouse experiment on the Clyde silt loam from
Worth County are given in table VIIL. The application of manure brought
about a slight increase in the yield of wheat and gave a pronounced gain in the
yield of clover. The application of lime with the manure increased both crops,
the effects of the lime showing up quite as definitely on the wheat as on the
clover. The acid phosphate with the manure and lime increased the yield of
wheat more than did the rock phosphate but showed about the same effect on the
clover. The complete commercial fertilizer had a larger effect on the wheat than
did the rock phosphate but showed a smaller effect than did the acid phosphate.
1t gave a somewhat larger influence on the clover but the influence was n9t gre.at.

Tt is apparent from these results that even tho this soil is well supphed‘ W{th
organic matter and dark in color, the application of manure is of value in 1m-

TABLE VII. GREENHOUSE EXPERIMENT, CARRINGTON SILT LOAM,
WORTH COUNTY

Weight of
Pot Treatment wl_leat grain
No. in grams
ak OBOE anms 406 s Sarls Favra sy nams s s AR L L HET F EH S ASE PrE l §$
2 WIGELRG. .« « 5 oo 5 4 505 6 4 B 5 5 5905 5 GAVE B GUAFE 580000 ¥ s wlon 0 0 i o 0 i 01 0.8
3 METOTEETIIIG: o v win o006 mimin o 5 668 8§ DS 5 SR8 5 €0 §6 500 ¢ ¢ wine v o | 6.
4 Manure-+lime-4rock phosphate ............ ... ‘ T
5 Manure-}+-lime-acid phosphate ........ S TTE R CRREETRRRRTEREE | 8.4
6 Manure-lime-+complete commercial Corlianr. . s s savprsvensan | 8.0
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TABLE VIII. GREENHOUSE EXPERIMENT, CLYDE SILT LOAM, WORTH COUNTY

[ Weight of |  Weight of
Pot Treatment ¢« | wheat grain | clover in
No. | in grams | grams
0 CHEBI 1ve g4 56183855 8.0 fomms ¢ wsnr wommpmsamns o B 63 6.1 18.0
2 10 07 A R G ——. 6.2 20.3
3 R BT - S S S, TA 21.7
4 ~ Manure+lime+rock phosphate .............. | 7.8 23.5
5 Manure-lime+acid phosphate .............. | 8.5 23.4
6 | Manure+lime-complete commereial fertilizer| 8.1 23.8

creasing the yields of general farm crops. The soil is acid in reaction and the
application of lime will bring about increases in erop yields which are distinetly
profitable. The application of acid phosphate with manure and lime seemed to
be more effective on the wheat than did the rock phosphate. The difference was
negligible, however, in the case of the clover erop. The use of the complete
commercial fertilizer would probably not be as profitable as the application of
acid phosphate, owing to the greater cost of the complete commercial fertilizer
and the fact that it does not bring about any larger effects on the crop yields.

RESULTS ON CARRINGTON SILT LOAM FROM MITCHELL COUNTY

The results secured in the greenhouse experiment on the Carrington silt loam
from Mitchell County are given in table IX. The manure brought about a dis-
tinet increase in both the wheat and clover crops, the effect being particularly
evident on the clover. Lime increased the wheat yield slightly but with the
clover crop, the yield was more than doubled. The rock phosphate, the acid
phosphate, and the complete commercial fertilizer showed no effect on the clover,
but brought about distinet inereases in the yields of wheat.

These results confirm those previously secured on this soil type indicating that
manure will bring about large increases in crop yields. The soil is acid in re-
action and the use of lime is very desirable. The use of a phosphate fertilizer
seems to be desirable on this soil and increased yields of erops will follow the ap-
plication of rock phosphate or acid phosphate. The use of a complete com-
mereial fertilizer cannot be recommended on this soil because it does not seem
to bring about any larger increases in crop yields than does acid phosphate.

Fig. 4. Clover on Carrington silt loam from Worth County.
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Fig. 5. Wheat and clover on Clyde silt loam from Worth County.

RESULTS ON CLARION LOAM FROM WINNEBAGO COUNTY

The results secured on the greenhouse experiment on the Clarion loam from
Winnebago County are given in table X. Manure brought about very distinet
increases in the wheat grown on this soil and the clover erop was also increased
materially. The addition of lime along with manure had a slight effect on the
wheat but showed no influence on the clover. This is contrary to the usual
results as the beneficial effects of lime are ordinarily apparent on the legume
crop of the rotation rather than on the grain crop. In general farm experience
has shown definitely the beneficial effects of applications of lime on clover and
it is recommended that the lime needs be determined before clover is grown and
that proper application of lime be made when it is found to be necessary. The
application of rock phosphate and acid phosphate had no influence on the wheat
but the rock phosphate brought about an increase in the clover. The complete
commercial fertilizer increased both the wheat and clover crops.

It would seem from these results that the Clarion loam will respond very
profitably to applications of farm manure and liberal amounts of this material
should be applied. The soil is acid in reaction and lime should be used for the

TABLE IX. GREENHOUSE EXPERIMENT, CARRINGTON SILT LOAM,
MITCHELL COUNTY

Weight of Weight of
Pot Treatment wheat grain clover in
No. | in grams grams
1 CIOHIE  vecinds 5 om0k & 0 00 08 O e B B AT 48 TR RS | 16.93 10.5
2 TS 00 b a0 6100 Sre & 300 Anlesosenbu e et s domeon ossiiocs | 19.56 }().9
3 NS ASI0E w0 E SRS 5 931 & 6 SES FU | .,‘0.93 .:6..)
4 Manure+lime-+rock phosphate ............. \ 22.39 ;7.0
5 Manure-lime-+acid phosphate ......... SEREE | 23.55 26.0
6 Manure-lime-complete commercial fertilizer | 23.67 36.5
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TABLE X. GREENHOUSE EXPERIMENT, CLARION LOAM,
WINNEBAGO COUNTY

‘ 2 I Weight of |  Weight of

Pot | Treatment | wheat grain | clover in
No. | | in grams | grams
1 Check ..... SR R R 5% G B E B S § e % A6 o n el \ 11.75 52.16
2 IVISUIIIEB, 5 6n 6 me e mimiso o e e e s o oo e ciar o 17.25 58.96
3 MIETEBO IO o wovins o 6 s 19 566 5 5 £ 5 G0 4 § 968 \ 20.00 | 58.96
4 | Manure-+lime-+rock phosphate .............. | 20.00 | 68.04
5 | Manure+lime4acid phosphate .............. | 20.00 | 58.96
6 | \T mmo-H1nn'+(>()mph-1v commere ial fertilizer | 23.25 | 68.04

best growth of general farm crops. The application of a phosphate fertilizer
would probably be of value on this soil. The use of a complete commercial
fertilizer may be desirable in some cases on this soil but it seems probable that
acid phosphate will generally be more profitable for use.

RESULTS ON WEBSTER CLAY LOAM FROM WINNEBAGO COUNTY

The results secured in the greenhouse experiment on the Webster clay loam
from Winnebago County are given in table XI. The effect of manure is definite-
ly evidenced on this soil, the yields of both the wheat and the clover crops being
incereased considerably by the application. In spite of the fact that this soil is
well supplied with organic matter, the addition of farm manure seems to have
much value. The particular sample of soil used in this experiment was slightly
acid in reaction and lime was applied. The amount of acidity was small, how-
ever, and the application of lime showed no influence. In general this soil type
is not acid in reaction, and applications of lime should not be made. A fter the
soil has been under cultivation for a longer period of time and drainage con-
ditions are well established, the loss of lime will increase and the need of testing
the soil and making applications of lime will be apparent in later years. The
rock phosphate, the acid phosphate, and the complete commercial fertilizer gave
increases in the yields of both the wheat and the clover. Unfortunately, the
clover erop on the acid phosphate pots was evidently abnormal and the 1(*\u]t\
are not included here. The rock phosphate showed up somewhat better than
the acid phosphate on the wheat crop and the complete fertilizer likewise gave
a larger effect than the acid phosphate but smaller than the rock. On the
clover the complete fertilizer proved slightly more effective than the rock
phosphate.

Fig. 6. Clover on Clyde silt loam from Worth County.
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TABLE XI. GREENHOUSE EXPERIMENT, WEBSTER CLAY TLOAM,
WINNEBAGO COUNTY

| Weight of Weight of
Pot Treatment | wheat grain clover in
No. | in grams grams
1 GhOTK oo s ommas g s s wm e dmwin s o s md o8 o 45 ¥ 2 b & 18.00 \ 70.25
2 NEGTIORE: o & o5 0ot 65 BI00a 5 5 B0 &5 Bivis &5 0 o 0 8 i 22.00 | 74.84
3 Manure41ime .....ovvverrnnreciiiaeiiaa | 22.75 | 74.84
4 Manure-lime-4rock phosphate ... | 26.00 | .11
5 Manure-+-lime-acid phosphate .............. | 23.00 | ——
6 Manure-+lime-complete commercial fertilizer | 25.00 | 79.38

In general it appears that applications of manure are very desirable on this
soil type. When the soil is acid in reaction, lime should be applied and there
are strong indications of value from the use of a phosphate fertilizer.

RESULTS ON CARRINGTON LOAM FROM HARDIN COUNTY

The results secured in the greenhouse experiment on the Carrington loam
from Hardin County are given in table XII. Only the yvield of wheat was
secured in this experiment. The application of manure brought about a distinet
inerease in the wheat erop. TLime with the manure showed some additional effect.
The phosphates and the complete commercial fertilizer brought about still
greater gains. The rock phosphate had a much smaller effect than did the acid
phosphate. The latter material gave a very pronounced increase. The complete
commereial fertilizer had a very slightly smaller effect than the acid phosphate.

Apparently this soil will respond to applications of manure, lime and a phos-
phate. The addition of manure seems to be of particularly large value. TLime
showed an effect on the wheat grown on this soil and would certainly have a much
larger effect on a legume crop. The acid phosphate seemed to be somewhat
superior to rock phosphate in this test but definite conelusions should not be
drawn from one experiment, It seems evident, however, that some phosphate
fertilizer should be employed on this soil.

RESULTS ON WEBSTER LOAM FROM HAMILTON COUNTY

The results secured in the greenhouse experiment on the Webster loam from
ITamilton County, are given in table XTII. The addition of manure brought
about an increase in the wheat crop. The yield of clover on the manure treated
pots was not secured. Lime in addition to the manure increased the wheat yields
considerably. This particular sample of Webster loam was acid and hence
lime was applied and the results indicate that when the type is acid, the applica-
tion of lime will be of considerable value. The rock phosphate with the manure
and lime showed no effect on the wheat but brought about an inerease in the

TABLE XII. GREENHOUSE EXPERIMENT, CARRINGTON LOAM,
HARDIN COUNTY

Weight of

Pot Treatment l’ wheat grain
No. ‘ in grams
T | CHECE . e e § 33007 ETEEF S DES 3008424003 Hasle o 01600 3 25008 T8 | 5.223

2 TUBLTUTG, <m0 it o wiiiee st v o gncy - 0RAER) &0 80 B8, BN 0 s MM s 8.295

3 ManTHE-FIIE o wsssos samsssaris srvysssmaes suesefeseieesne o 8.712

4 Manure-lime-Frock phosphate ... ..o 8.840

5 Manure4lime-aeid phosphate ... 9.420

6 Manure-lime4-complete commerecial fertilizer................. ' 9.307
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TABLE XIII. GREENHOUSE EXPERIMENT, WEBSTER LOAM
HAMILTON COUNTY :

' Weight of Weigl
I’vot ) Treatment ‘\ whea% grain cfogellrt i(;f
No. | | in grams grams
L | OBevl e anin s m e i s s s am v ¢ 6 #5003 weres | 13.15 59.5
> 1 MANULC .. veees oo | 13.77 '
3 Manure-1ime ...........c.ooeeeeeeieeenns. [ 17.61 70.0
4 ' Manure-lime4rock phosphate ............. | 13.94 74.5
5 Manure+lime—+acid phosphate .............. | 18.01 80.0
- 6 | Manure-+lime+complete commercial fertilizer | 20.31 82:0

vield of clover. The acid phosphate increased the yield of wheat and showed
a pronounced inecrease in the yield of clover. The complete commercial fertilizer
showed a slightly greater effect than the acid phosphate on both the wheat and
clover erops.

It is apparent from these results that manure may prove of value on this
type. Lime should be used when the surface soil is acid in order to secure the
best crop growth. The application of a phosphate fertilizer may be of con-
siderable value on the soil. Acid phosphate seems to be preferable in this test
but definite conclusions regarding the relative value of the two phosphates
should not be drawn until comparative tests have been carried out under in-
dividual farm conditions. The use of a complete commercial fertilizer may be
desirable on this soil but tests on the farm in ecomparison with acid phosphate

should be carried out before any extensive utilization of a complete fertilizer
is made.

FIELD EXPERIMENTS

A field experiment has been started in Worth 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 Worth County, on the same soil types which occur extensively in this county.
The results secured in these experiments will be given here as they indicnl'ro
quite definitely the fertilizer effects which may be expected on these same soil
types in Worth County. Tests on the Carrington silt loam on the Osage Field
in Mitehell County, on the Carrington silt loam on the Springville Field, Series
I, and Series 11, in Linn County, on the Carrington loam on the Waverly Field,
No. 11, Series I, and Series 11, in Bremer County, on the Carrington loam on the
Eldora Field, Series 100, in Hardin County, on the Carrington loam on the
Truesdale Field, Series T and Series II, in Buena Vista County, and on the
O’Neill loam on the Everly Field, Series I, in Clay County, are given here.

These field experiments are carried out in order to determine the value of
certain soil treatments, and they are all laid out on land which is representative
of the particular soil types. The fields include 13 plots 155" 7”7 by 28’ or one-
tenth of an acre in size. They are permanently located by the installation of
corner stakes and all precautions are taken in the application of fertilizers and
in the harvesting of the crops, to insure the securing of accurate results.

Th.e experiments are carried out under the livestock and grain systems of
farming. In the former, manure is applied as a basic treatment while in the
latter, crop residues are employed. The other fertilizing materials which are
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tested include limestone, rock phosphate, acid phosphate and a complete com-
mercial fertilizer. Manure is applied at the rate of 8 tons per acre once in a
four-year rotation. The crop residues treatment consists in plowing under the
corn stalks which have been cut with a disk or stalk cutter and plowing under
at least the second crop of clover. Sometimes the first erop of clover is cut and
allowed to remain on the land to be plowed under with the second. TLime is
applied in sufficient amounts to correct the acidity of the soil. Rock phosphate
is added at the rate of 2,000 pounds per acre once in four years. Since 1925,
rock phosphate has been employed at the rate of 1,000 pounds per acre once in
four years. Acid phosphate is added at the rate of 150 pounds per acre annually.
Until 1923 the old standard 2-8-2 complete commercial fertilizer was used, ap-
plications being made at the rate of 300 pounds per aere annually. Since that
time the 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 OSAGE FIELD

The results secured on the Carrington silt loam on the Osage Field, Series I,
in Mitehell County, are given in table XTV. The application of manure brought
about a very beneficial effect on the crops grown on this field in all but one
season. Im some cases very large effects were noted as, for example, on the oats
in 1920, on the clover in 1921, on the corn in 1922, on the corn in 1923, on the
clover and timothy in 1925, and on the corn in 1926. Lime with the manure
increased the crop vields to an appreciable extent in most seasons and in several
instances very considerable increases were noted as, for example, on the corn in
1923 and on the clover in 1921 and 1925. The increases in the yields in other
seasons were in general quite definite.

The use of rock phosphate with the manure and lime increased erop yields
in practically every season. In some cases the gains were quite definite but in
soveral instances very small inereases were secured. The acid phosphate with
the manure and lime showed a larger effect than the rock phosphate in several
seasons as, for example, on the oats in 1924 and on the clover and timothy in
1995. In one or two other seasons the rock phosphate seemed to give slichtly
larger effects but in these cases the differences were not very great. The com-
plete commercial fertilizer with manure and lime had a larger effect on the
crop yields in several seasons, but in general the differences were not large and
in one or two instances the effects were less definite than those brought about
by the phosphates.

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

The rock phosphate with the crop residues and lime increased the yields in
practically every season. In some cases very considerable gains were noted as
on the oats in 1920 and on the clover and timothy in 1925. In most of the other
seasons the gains were less definite and in one or two cases no increases at all
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TABLE XIV. FIELD EXPERIMENT, CARRINGTON SILT LOAM
MITCHELL COUNTY ’
OSAGE FIELD, SERIES I

(1) (2) (3) 4 B 6 7
1918 1919 1920 1921 1(92)2 1(92)3 1(92)4 1(912)5 1926
it ST Corn | Corn | Oats |Clover| Corn | Corn | Oats | Clover Corn
g ¢ 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.
}) |§J}1’c<k. ................. | 46.5 | 55.8 | 34.6 | 1.09 | 58.8 | 42.3 | 724 0.97 | 37.3
; ’\I‘:KS:E—{—I .............. ]‘ :)2:.(‘; [| 60.0 | 60.3 | 1.55 | 68.0 | 50.8 | 71.0| 1.25 | 51.4
3 | Manure+lime ...cvoeuu. 52.8 | 70,0 | 56,3 | 1.98 8. 2 ;
4 | Manure-+lime—4rock | T | = 8.0 ) 641 Sy 4 p—
phosphate ........... | 54.8 | 72.0 | 61.2 | 1.94 | 74 57
5 | Manure-++lime-acid ’ } ) ‘ | i Sl B Soul s
PhosplE. - voiss sies 56.4 l 77.0 | 61.2 | 1.82 5.7
6 | Manure+lime4-complete , | | | . || i | nst Bt Bosnnll B
commercial fertilizer ..| 44.5 | 79.0 | 67.3 | 1.63 | 72.3 | 70.2 [102.9| 1.92 | 60.8
’; Cl}eck e | 38.8 | 67.0 | 59.8 | 1.48 | 50.0 | 53.7 | 74.3| 1.12 46.6
Crop resx-rllws IEREERRRE 37.7 | 65.0 | 55.0 | 1.55 | 51.4 | 52.0 | 71.8| 1.14 | 41.3
9 | Crop residues-+lime 30.4 | 74.0 | 50.3 | 1.55 | 58.3 | 65.2 | 81.6| 1.63 | 52.0
10 | Crop residues—+lime—- | | | | - ' o =
rock phosphate ....... | 47.4 | 75.0 | 61.8 | 1.55 | 57 g 52.5
i] ;Crop residues—+lime—- | | | = } RIS [ g i % Qs
acid phosphate ....... | 44.2 | 73.0 | 59.8 | 1.44 | 62.3 9 5
12 | Crop residues-lime-- | 1 | | { ) | o i Ll
complete commercial | | | | |
fertilizer .... 48.8 | 78.0 | 67.3 | 1.79 | 65.5 | 5
........ 8. ; o T8 55 | 69.9 | 871 | 1.5 50.9
13 | Olietk woisauwmsiumsanans 39.7 | 67.0 | 53.1 | 1.59 | 52.3 | 53.2 | 75.6| 0.88) ;4.0

Four tons lime applied.

gll(()):ve} r}g:u.\rlee({dimc:;tﬁ'vd?"wx;pllp.?’:l;{'; four tons lime applied in September.
Corn down badly on checks and crop residue plots

Dry weather reduced yields. '

Poor stand on plot 11 due to pocket gophers.

Clover mostly killed out in spring due to ice sheet, good stand of timothy.

R

were noted. The acid phosphate with the erop residues and lime showed a
larger effect than the rock phosphate in one or two cases, but in several instances
had a less beneficial influence. The differences were not large and it would S(‘CU’I
that the two phosphates had very much the same effect on the various crops
erown. The complete commercial fertilizer with the crop residues and limé
showed a larger effect than the phosphates in several seasons. The differences
were quite definite in one or two cases. In a few instances, however thefe wc:ro
less beneficial effects from the complete fertilizer than from the pho;pha‘res. -

The results secured on this field show the large inereases in the yields of
ge%leral farm crops following the application of manure. Iime with the nvlanuro
brings about beneficial effects not only on the legume crops of the rotation but
a'ls'o on the general farm crops which are grown. The use of a phosphate fer-
tilizer is especially desirable on this soil. Whether rock phosphate or acid p]]éq—
phate should be employed cannot be definitely stated as both phosphates see;n
to give very similar effects in most cases. Tt would not seem that a complete
commercial fertilizer should be recommended for use on this soil as acid phos-
phate or rock phosphate will probably bring about quite as large crop increases.

THE SPRINGVILLE FIELD

: ) ‘ 2 ;
The results secured on the Carrington silt loam on the Springville Field

. - . . . . = ‘
Series T, in Linn County, are given in table XV. The application of manure to
this soil type is apparently very valuable. Considerable inereases in erop yields
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X B NG M, LINN COUNTY
§ 7 XV. FIELD EXPERIMENT CARRINGTON SILT LOAM,
e ’ SPRINGVILI:E FIELD, SERIES I

; : D G 1B | (D | (@)
1(911)8 1(921)9 1(932)0 1921 1(0‘2'2 1;‘23 1924 1925 192'6
Plet Treatment Clover | Corn | Corn | Oats [Clover| Corn | Corn Oats Cbmn
- tons bu. bu. bu. tons bu. bu. bu. uA
G per A. | per A. | ver A. | per A. | ver A. | per A. |ver A.| ver A.| per A.
1T |ICheek i semswpsmne vamiosa 595 | 58.6 | 46.5 | 44.8 | 1.37 | 40.2 | .... 53.9 4;3
9 | Manure+lime ........... 247 | 648 | 63.3 | 36.4 | 1.47 | 51.2 | .... 72.4 164
S T MSIDUTE  sses voneos smeiiai 240 | 63.7 | 51.1 | 46.9 | 1.35 | 55.9 | .... 57.4 ¢
. 3 7k >
! lel)xlll‘éls(;)—lttl‘:gle_*_mc ........ 270 | 60.8 | 66.1 | 42.8 | 2.02 | 60.2 | .... 71.6 | 50.4
5 anure--lime-+acid =
’ I\I;)rllxl(l)ls%ﬁa‘:? + ........... 270 | 67.1 | 60.8 | 46.3 | 2.14 | 59.7 | .... 68.6 | 47.4
6 | Manure--lime-+complete =
comm—l_rcial fertilizer ...| 2.70 | 64.5 | 61.0 | 49.2 1 Qg | 60.7 ‘té(ls gij
T OReE o wmnwm we diem o0 e 5 | 1.65 | 60.0 51.9 | 36.9 | 1.35 | 40.0 3 ‘%7.8
8 | Crop residues ........... 2.05 | 62.5 | 55.0 | 42.8 | 1 40 | 46.2 42% :3,8‘6
9 | Crop residues+lime ..... 2.02 ] 49.4 | 59.6 | 38.9 1.56 ]l 442 62. 4
10 | Crop residues-lime--
0 rl'cI))ck phosphate ........ 2.16 | 55.7 | 58.5 | 43.6 | 1.98 } 54.4 64.8 | 36.8
1|C esidues+lime--
. rggi; phospli;te ........ 047 | 55.4 | 58.5 | 48.4 | 2.10 | 43.5 62.2 | 37.0
12 | Crop residucs-{—lime—l,—] %
lete commercia
f.’ggcliqi;er .............. 210 | 33.1 | 57.3 | 87.8 | 2.04 | 44.7 7‘.2.4 38.2
18 |Check .....ocevececerens 1.80 | 45.7 | 41.1 | 36.0 | 1.51 | 36.1 4:).3;30.. :

"hree and one-half tons lime, fall 1917.

Plots 10, 11, 12 and 13 on lm’\:‘]_trlmund, poor stand.

g}gfreg dq:\l::ll 1!)1:‘1:1?1;.0.’11})20:::1116?1;“(d 11 and 12, only 859 could he cut.

s -y Janted and corn did not mature.

FP]lilélgv?ss ;?ghﬂin f(*‘rtilit_\; and poorly drained which resulted in high vield due to dry season.
ot winds and dry weather damaged corn.

R e

were secured in all but one season. In some cases the increases were \'ery‘]m'go.as
in the corn in 1920 and 1925 and in the oats in 1925. The application of lime with
the manure increased the crop yields in one or two seasons but no large effects
were noted from the use of this material. In several cases no increases a‘r‘all
were secured. The application of rock phosphate with the manure and lime
brought about very large crop inereases in some seasons as, for example, on ﬂ'm
clover in 1918, on the corn in 1920, on the clover in 1922, and on the oats n
1925. TIncreases were secured from the use of this material in all but two sea-
sons. The acid phosphate with the manure and lime had a larger effect than 1'.110
rock phosphate in several cases but in general showed very mueh the same -
fluence. The corn in 1919, the oats in 1921 and the clover in 1922 showed larger
offects from the acid phosphate than from the rock phosphate, but in .sevm'al
other seasons the latter seemed more beneficial. The complete commercial fer-
tilizer had a slightly greater effect than the acid phosphate in one or two sea-
sons but in general the influence was very much the same as that brought about
by the two phosphates.

Crop residues showed little effect on the various crops grown. In one or two
seasons small increases were noted, but in general the yields were 1nﬂnenqed
very little. The application of lime with the crop resid_ues showed a bo.neﬁcml
offect on the erops grown in several seasons, the largest influence was edeenc'ed
on the clover in 1922, and on the oats in 1925. Tn several other cases slight in-
ereases in crop yields were socured. In one or two seasons no gains at all were

noted.
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The application of rock phosphate with the crop 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.
The acid phosphate with the erop 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 large differ-
ence in the yield and this was in the case of the oats in 1925. In several other
seasons the complete fertilizer gave slightly larger effects but the differences
were not definite.

The results secured in the field test on the same soil type in Series II, of the
same field, are given in table XVI. Here again the beneficial effect of the
application of manure 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 effects from the application of manure.
The addition of lime with the manure increased the crop yields in practically
every season. The clover in 1921 and 1925 were particularly benefited by the
lime. The corn in 1923 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 there were
slightly smaller effects. In general the difference between the influence of these

TABLE XVI. FIELD EXPERIMENT, CARRINGTON SILT LOAM, LINN COUNTY
SPRINGVILLE FIELD, SERIES IIL :

(1) (2) (3) (4) (5) (6)
- 1919 | 1920 1921 | 1922 1923 | 1924 | 1925 1926
’lot Treatment Corn | Oats | Clover| Corn | Corn | Oats |Clover | Corn
No bu. bu. tons bu. bu. bu. tons bu.
per A, | per A, | per A. [per A. | per A, |rer A, | per A. | per A.
i . 61.1 | 41.1 | 1.16 | 62.6 | 32.0 | .... | 0.87 | 40.0
D | MATURE i i 5.5 s o mossing & @ vt gow 54 66.0 | 46.8 | 1.42 | 76.0 | 40.0 | .... | 0.90 | 41.0
8 | Manure--linie . esasswisinmisos 66.2 | 48.8 | 1.86 | 82.8 | 46.6 |....| 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 '
commercial fertilizer ......... 64.2 | 43.4 | 2,50 | 79.1 | 47.4 | ....| 1.39 | 41.0
T [OheEle .oh.apss onas oy s e 571 | 476 | 1.51 | 62,9 | 335 |.... | 0.95 | 36.8
8 | Crop Tesidues .. ossawsssmnnsss 56.9 | 476 | 1.17 | 61.7 | 36.2 | .... | 0.78 | 37.8
9 | Crop residues|-lime ......covune 53.1 | 68.9 | 1.27 | 63.4 | 356 [ ....| 1.13 | 50.6
10 | Crop residues-lime-}-
rock phosphiate ... esssewnses 61.4 | 63.7 | 231 | 60.6 | 349 |....| 1.15 | 44.8
11 | Crop residues+lime-+
acid phosphate .::wsesiowseas 62.9 | 70.6 | 2.34 | 59.1 | 38.1 [ ....| 1.41 | 44.2
12 | Crop residues—+-lime-
complete commercial fertilizer | 60.0 | 50.2 | 2.25 | 74.7 | 449 |.... | 1.35 | 44.2
18 [ WUHEOK oo ismuysams s s ey i s i 55.6 | 1.35 | 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. No fertilizer applications made since spring of 1923, carried as a residual series.

Hot winds and dry weather dumaged corn.
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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
considered that the two materials gave very similar increases in the yields of
general farm crops.

The crop residues had little effect on the yields of the various crops grown in
this test. ILime with the 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 crop residues and lime
inereased the yields to a conmsiderable 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 com-
mercial fertilizer had a larger effect than the acid phosphate in one or two
seasons, but in several other cases it showed smaller effects.

The results secured in this experiment confirm those previously discussed in
showing that the Carrington silt loam will respond in a very profitable way to
applications of manure, lime and a phosphate fertilizer.

THE WAVERLY FIELD

The data secured from the field experiment on the Carrington loam on the
Waverly Field, No. II, Series I, in Bremer County are given in table XVIIL.
Beneficial effects of manure on this soil were evidenced by the increased crop
yields secured in practically every season. Tn some cases very large gains were
noted as, for example, on the clover in 1919. Lime with the manure brought
about increased crop yields in practically all cases. The effect was particularly
noticeable on the oats in 1921 and in 1925. The yield on plot 3 in 1919 was
evidently abnormal.

The rock phosphate with the manure and lime inereased crop yields to a very
pronounced extent in some seasons. In one or two years it showed no benefitial
effects. The clover in 1919 was increased to the largest extent but there was a
considerable influence also on the oats in 1925. The acid phosphate with the
manure and lime showed a greater effect than the rock phosphate in most
seasons. The differences, however, were generally not very large. In one case
the acid phosphate showed less effect than the rock phosphate. The complete
commercial fertilizer had a greater influence than the acid phosphate in one or
two cases but in general showed a very similar effect to that brought about by
the acid phosphate. A very large increase was noted, however, in 1925, from
the complete fertilizer.

The crop residues showed very little effect on the various crops grown. ILime
with the residues increased the erop yields in all seasons. In some cases very
large gains were noted, particularly on the clover in 1919 and 1922. Large
offects were also shown on the oats in 1921 and 1925.

The rock phosphate with the crop residues and lime increased the erop yields
to a considerable extent in practically every season. The largest influence was
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TABLE XVIL. FIELD EXPERIMENT, CARRINGTON LOAM
59 y 2 M, BREMER COUNTY
WAVERLY FIELD, NO. II, SERIES I

(1) (2) (3) (4) | (5) (6) (7) (8)
' 1918 | 1919 | 1920 [* 1921 | 1922 | 1923 | 192 25 26
l\'l(z)t Treatment Corn | Clover | Corn Oats | Clover | Corn (‘f)nf %)g;t: c:&c?\d:x
No. bu. tons bu. bu. tons bu. bu. bu. tons
er A, | per A. | per A. [ per A. | per A. | er A. |per A. | per A. | per A.
L [ heek ..owessms oo s 42.8 | 1.50 | 47.8 | 25.7 | 2.22 11.0 i
'2 Manure R E R 61.0 | 1.75 | 56.5 | 34.3 | 2.20 24.7 | 63.9
3 | Manure+lime .......... 64.9 | 1.10 | 57.5 | 50.6 | 2.32 304 | 77.7
4 | Manurelime-rock | | . '
B phosphate ............ | 65.5 | 2.60 | 58.0 | 40.3 | 2.10 34.3 37
5 | Manure4-lime+complete | |[ | | || | \ g, -
commercial fertilizer ..| 72.1 | 2.35 | 44.0 | 35.7 | 2 2 3
6 | Manure—lime--acid | | 0| FE s | O G TR
phosphate ;uwweosms qes 67.2 | 2.85 | 47.0 | 42.0 | 2.90 38.2 | 89.3
s . . - e s To P oJd.o
7 | Check e 55.1 | 1.55 | 36.6 | 30.6 | 1.76 19.2 | 59.9
8 | Crop residues ........... 49.6 | 1.05 | 39.6 | 20.3 | 1.24 18.8 | 51.7
9 | Crop residues+lime ..... 66.2 | 1.50 | 40.8 | 30.4 | 1.84 20.3 | 62.1
10 | Crop residues--lime+-rock | | [ . -
Phospbate seossamesias | 70.0 | 1.75 | 41.6 | 40.6 | 2.16 20.5 5
11 | Crop residues+-lime+-acid | ! i B el Ll
phosphate ............ | 88.2 | 2.55 | 43.3 | 38.4 | 2.7 2
12 | Crop residues+lime | ‘| R e (B ERE
complete commercial | | |
fertilizer ... | 88.6 | 2.10 ' 458 | 4 7
........... | 886 | 2. 5.8 6.0 | 270 | .... | 224 | 885
13 | Chetlt uisvmsiasesnamenna | 79.7 | 1.55 | 35.1 | 26.7 | 1.48 | s s | 163 53.-;
&. Six tons lime, f1111.1917.
2. Soybeans planted in corn, both crops poor. Wet spring injured plots in center series. Plots 5

and 6 and crop residue plots weedy.
Plot 3 too high, many morning glory vines on plot
S}zmd uneven on 2 and 4. i ’
No crop yields secured owing to drought.
%gor}';eda:elgge((ll lby frost—phosphate plots_ showed more maturity.
ety };msmrec(l.ivmx)zllrs;s‘llxleiso?aﬁlelﬁt. 1. Unable to account for high yield on plot 5.

©asop

noted on the clover erop and on the oats in 1925. The acid phosphate with the
crop residues and lime had a larger effect than the rock phosphate in practically
every season. In some cases the gains were very pronounced, as on the clovelr
in 1919 and 1922. In other seasons the differences were not laree. The com-
plete commercial fertilizer with the crop residues and lime exert?ad very much
tche same effect as did the acid phosphate, showing a slightly greater influence
in some cases and a somewhat smaller effect in other instances.

T.he results secured on the Carrington loam on the Waverly Field, No. IT
Series II, in Bremer County, are given in table XVIII. Iere acain t,he b‘enez
ficial influence of manure on this soil is evidenced by the great in(?reases in erop
vields secured in practically every season. The clover in 1920 and 1921 and thle
corn in 1922 and 1923 showed the largest influence from the use of manure. - The
application of lime with the manure brought about distinet gains in the croﬁ
yields in practically every season. In some cases the increases were very large
as on the clover in 1920, 1921 and 1925, on the corn in 1923, on the oats in 19‘74
and on alfalfa in 1926. o

The rock phosphate with the manure and lime showed a beneficial effect on
t%le erop yields in most seasons. The differences, however, were not very dis-
tinet and in some cases no gains were noted. The acid phosphate wit‘h t};e
manure and lime increased the yields to a considerable extent in most seasons
The largest effects were noted on the clover and alfalfa crops altho there was.
a large effect also on the oats in 1924. The complete commercial fertilizer
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TABLE XVIII. FIELD EXPERIMENT, CARRINGTON LOAM, BREMER COUNTY
WAVERLY FIELD, NO. 2, SERIES II

(1) (2) (3) (4) (5) (6)
1918 1919 | 1920 1921 1922 1923 | 1924 1925 1926
Corn | Oats |Clover | Clover | Corn | Corn | Oats | Sweet | Alfalfa
Plot Treatment bu. bu. tons and bu. bu. bu. clover | tons
No. per A | per A. | per A. | timothy | per A. | per A. | per A. | tons per A.
tons per A,
e per A.
L | Cheel wyyssees s auss i s | 38.5 | 39.8 | 0.47 1.03 39.4 | 25.0 | 42.8 | 0.39 el
2 [ Manure ............... | 54.0 | 49.3 \ 0.67 | 1.30 | 55.7 | 40.2 | 49.7 | 0.45 | 0.76
3 | Manure-+lime ......... ‘ 56.8 | 61.9 | 1.36 BT 62.3 | 57.0 | 66.4 | 2.66 1.28
4 | Manure-lime-rock
phosphate .......... 57.2 | 46.4 | 1.66 1.98 63.1 | 62.0 | 64.9 | 2.72 1.61
5 | Manure-lime+acid \
phosphate .......... | 60.5 | 57.8 | 2.05 | 219 | 64.0 | 60.7 | 75.8 | 3.03 | 1.65
6 | Manure--lime+complete | ]
commercial fertilizer | 61.3 | 61.9 | 1.99 | 2.47 | 62.9 | 63.0 | 65.3 | 3.03 | 1.35
T U s diinms bmeis s 48.7 | 35.4 | 0.84 1.17 45,7 | 34.2 | 42,5 | 0.62 0.67
8 | Crop residues ......ww. 46.4 | 39.4 | 0.67 | 1.09 | 41.4 | 34.0 | 48.3 | 0.62 | 0.69
9 | Crop residues+lime ...| 50.0 | 48.3 | 0.87 | 1.26 | 50.6 | 45.2 | 55.5 | 2.93 | 1.10
10 | Crop residues—-lime--
rock phosphate ...... 56.7 | 40.8 | 1.14 | 1.44 | 52.0 | 46.5 | 74.7 | 3.02 | 111
11 | Crop residues--lime-- |
acid phosphate ..... 48.7 | 47.3 | 1.11 | 1.63 | 51.4 | 47.5 | 70.9 | 3.02 | 1.36
12 | Crop residues—-lime--
complete commercial
fontilizer .puwspsangs 42,7 | 53.5 | 1.32 2.10 60.8 | 50.7 | 51.2 | 2.96 131
1B hCheek: osomwiswansaniss 33.4 | 329 | 0.33 | 0.87 348 | 43.2 | 37.8 | 045 0.69
1. Six tons lime, fall 1917. Heavy rains washed 11, 12 and 13 badly.
2. Plots 1 and 2 poorer in fertility than other plots.
3. Dry season.
4. Plot 13 high probably due to manure application made thru error.
5. Biennial white sweet clover,
6. Grasshoppers injured plot 1 and the west side of all plots.

showed a somewhat greater effect than the acid phosphate in some cases, but in
several instances did not bring about as large increases.

The crop residues showed little effect on the crop yields, small increases being
noted only in one or two cases. Lime with the residues increased the crop yields
in a very pronounced way, in some cases bringing about enormous increases, as
for example on the clover in 1925. The rock phosphate with the crop residues
and lime inereased the yields in most seasons, the differences being considerable
in some cases, as on the clover crops and on the oats in 1924, The acid phosphate
with the erop residues and lime showed a larger effect than the rock phosphate in
one or two cases, but the differences were not large and in general the two phos-
phates seemed to give about the same returns. The complete commercial fer-
tilizer showed a larger effect than the acid phosphate in some cases, particularly
on the clover and timothy in 1921, but in other instances there was a smaller
influence from the complete fertilizer.

These results as a whole indicate that the Carrington loam will respond pro-
fitably to applications of manure, lime and a phosphate fertilizer. Liberal ad-
ditions of manure to this type are recommended and large crop increases will
follow the application. The type is acid in reaction and the application of lime
is very necessary for the best growth of general farm crops and particularly if
the most desirable yields of legumes are to be secured. The use of a phosphate
fertilizer seems to be particularly profitable on this type. Acid phosphate and
rock phosphate both bring about large increases in the yields of general farm
Crops.
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THE ELDORA FIELD

The results secured on the Carrington loam on the Eldora Field, Series 100 in
Hardin County, are given in table XIX. This experiment was begun in 1915
and the results have been secured over a period of 12 years. The beneficial
effects of manure when applied to this soil are shown by the inereased crop yields
which were secured in practically all cases. Lime with the manure brought
about increases in crops in some instances. (Gains were not noted in all cases,
however, and in some seasons the differences in yields were small. In general,
however, it is definitely shown that lime will generally bring about beneficial
effects on erops grown on this soil.

The use of rock phosphate and acid phosphate on this soil proved to be
very valuable in increasing crop yields. The increases were particularly notice-
able in the case of the clover crop, altho very large effects were noted in some
cases on the corn and oats crops. Acid phosphate generally brought about some-
what larger effects than the rock phosphate. In some cases the differences were
considerable as, for example, on the corn in 1918. In other instances, however,
there seems to be very little choice between the two phosphates. The complete
commercial fertilizer occasionally showed larger effects than the acid phosphate
but in several cases it had less influence.

TABLE XIX. FIELD EXPERIMENT, CARRINGTON LOAM, HARDIN COUNTY
ELDORA FIELD, SERIES 100

(1) (2) | (8) (4) (5) (6) 1926
1919 | 1916 | 1917 1918 (1919 11920 | 1921 | 1922 (1923 | 1924 | 1925 | Corn
Plot Treatment Corn | Oats | Clover | Corn | Corn | Qats | Clover | Corn | Corn | Oats | lover | bu.
No. bu. bu. tons bu. | bu. bu. tons bu. bu. bu. | tons |per A.
per A.|per A.|per A. [ver A.|per A.[per A | per A, [per A. per A.| er A.|per A,

1 | Check ........ 47.5(40.0 | L.19 | 46.4 | 33.9 | 42.8 | 1.75 | 64.3 | 41.5 [ 59.6 | 0.89 [59.8
2 | Manure .. o0es 38.5150.0 | 1.36 | 55.8 | 52.5 | 49.6 | 1.65 | 67.2|40.0|69.1| 1.05 | 69.4
3 | Manure+lime 40.8 | 40.0 | 1.53 | 52.2 | 50.6 | 56.9 | 1.50 | 69.9|38.2|70.4| 1.14 | 63.1
4 | Manure+lime-

| rock phosphate| 53.3 | 46.0 | 1.78 | 48.9 | 58.8 | 57.7 | 2.30 | 66.4 | 41.8 | 71.5 | 1.18 | 52.2
5 | Manure+-lime+

| acid phosphate| 53.9 | 53.0 | 1.87 | 68.8 | 61.1]60.3 | 2.55 | 73.6 | 44.8|79.4| 1.32 | 58.8
6 | Manure--lime--

complete

commercial

fertilizer ...|52.2|53.6 | 2.04 | 60.7|57.9|59.8| 2.65 | 70.7 | 50.4 | 78.0 | 1.46 | 60.1
7 | Chetk. s 35.3 | 33.8| 1.44 | 56.8 |35.4 |43.1| 1.40 | 61.7|34.9|52.6| 0.75 | 53.5
8 | Crop residues..’37.2 33.9‘ 1.36 53.3’39.6’38.7 1.40 | 62.2 | 33.0|55.9 | 0.63 |50.2
9 | Crop residues |

+lime .. 37.3 30.0, 1.28 | 60.3 | 39.2 | 50.2 | 1.55 | 64.3 |41.5|71.6| 1.18 |52.9
10 | Crop residues

~+lime+
rock phosphate| 38.7 | 33.3 | 1.70 | 62.2 | 44.0 | 52.2 | 2.40 | 73.6 | 45.6 | 79.5| 1.32 | 63.1
11 | Crop residues
~+lime+

acid phosphate| 46.8 | 46.6 | 1.87 | 65.3 | 46.0 | 55.7 | 3.00 |82.2 [43.9|83.4| 1.25 | 63.8
12 | Crop residues

+lime-+

complete

commereial

fertilizer ....[35.0(50.0| 1.70 | 63.7 | 41.6 | 67.2 | 2.85 [70.0|45.9 |74.2| 1.25 | 61.8
18 | Chetk ..o 28.833.8] 1.23 | 58.3]35.0|39.4| 2.00 |65.0|38.2|58.0| 0.82 | 57.8

Iime 3 tons per acre, fall of 1914.
Dry season, yields low.

Plots limed in spring.

Much sweet clover on plot 13.
Corn down badly, dry season.
Extremely dry spring, low yield.

S UV O D =
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The crop residues had little effect on this soil as would be expected. The use
of lime with the erop residues brought about slight increases in crop yields in
most seasons. In one or two cases the use of lime proved very valuable. The
effect was noted particularly on the oats in 1920, on the clover in 1921 and on
the corn, oats and clover in 1923, 1924 and 1925.

The use of rock phosphate and acid phosphate was of considerable value on
this soil, the acid phosphate showing up to particular advantage when applied
with lime and erop residues. Larger increases were secured in many cases than
those brought about by the rock phosphate when used with lime and residues.
The greater beneficial effect of the acid phosphate was noted particularly on the
oats in 1916, on the clover in 1917, on the clover in 1921 and on the corn in 1922,
In several other cases the rock phosphate was quite as beneficial in effect, some-
times giving a slightly larger influence on the crop yields. The complete com-
mercial fertilizer frequently had less beneficial effect than the acid phosphate.
In one or two instances it gave a larger influence but the differences were not
great.

These results confirm those previously discussed in indicating that the Car-
rington loam will respond in a very large way to applications of manure, lime,
and a phosphate fertilizer.

THE TRUESDALE FIELD

The results secured on the Carrington loam on the Truesdale Field, Series I,
in Buena Vista County, are given in table XX. The results secured in this
field are applicable to Clarion loam as mapped in Worth County While the soil
type was called Carrington loam in Buena Vista County, it has all the character-
istics of the Clarion loam, the latter soil type being differentiated from the Car-
rington loam after the completion of the survey of Buena Vista County.

Manure brought about an inerease in the yields of all the crops except the
clover in 1921. The largest increase was evidenced on the corn in 1922. Lime
increased the yields in all cases, showing the largest effect on the clover as would
be expected. The rock phosphate with the manure and lime gave increases in
most years, the largest effects being shown on the clover. The influence on the
oats and corn was smaller, and in the case of the corn in 1922 and the oats in
1923, no increases at all were secured. The acid phosphate with the manure and
lime gave very similar inereases to the roek phosphate in some seasons. With
the clover in 1921, however, there was a very much larger effect from the acid
phosphate, while on the same erop in 1926 there was a smaller effect. The oats
in 1925 were increased to a much larger extent by the acid phosphate than by
the rock phosphate. In most of the other seasons, the variations between the
effects of the two phosphates were insignificant. The complete comercial fertil-
izer showed gains which were very similar to those brought about by the phos-
phates, giving slightly smaller effects than the acid phosphate in some instances
and slightly larger effects than this material in other cases.

The crop residues showed little influence on the yields of the succeeding crops
except in one or two cases. Lime with the residues brought about increases in the
yields in most seasons, the effects being most evidenced on the clover in 1926 and
on some of the oats crops. The rock phosphate with the lime and erop residues
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TABLE XX. FIELD EXPERIMENT, CARRINGTON LOAM, BUENA VISTA COUNTY
TRUESDALE FIELD, SERIES I

1) | @) | (3) e (@) | ) | (6)
1918 | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926
Plot Treatment Corn | Corn | Oats |Clover | Corn | Oats | Corn | Oats |Clover
No. bu. bu. bu. tons bu. bu. bu. bu. tons
ver A. [ per A, |ver A. | per A. | per A. | per A. | per A. | per A. | e A.
I [CRECE s smeus swan swos s 38.9 | 56.5 | 57.2 | 1.40 | 48.6 | 44.2 | 13.0 | 48.3 | 1.12
2 | Matiure . .s5m g6 055 505 44,3 | 57.1 | 57.9 | 1.20 | 61.6 | 57.7 | 24.2 | 57.0 | 1.45
3 | Manure+lime .......... 46.4 | 58.1 | 59.2 | 1.60 | 64.0 | 61.2 | 32.7 | 63.2 | 1.64
4 | Manure-+lime-+rock i
phosphate ............ 54.4 | 58.7 | 64.7 | 2.45 | 63.2 | 60.0 | 34.1 | 64.6 | 1.77
5 | Manure+lime-acid
phosphate ............ 49.6 | 58.7 | 64.9 | 3.30 | 61.6 | 61.2 | 32.8 | 73.1 | 1.60
6 | Manure+lime-complete
commercial fertilizer ...| 49.6 | 58.7 | 64.7 | 3.10 | 63.7 | 68.0 | 37.5 | 71.0 | 1.79
T | QhetK sowssmmsssvnvmnos as 38.4 | 58.1 | 56.4 | 2.20 | 51.0 | 54.8 | 30.2 | 50.4 | 1.13
8 | Crop residues ........... 49.1 | 61.9 | 67.7 | 2.20 | 49.7 | 55.5 | 27.1 | 44.3 | 1.52
9 | Crop residues-+lime ..... 51.2 | 66.6 | 66.0 | 2.20 | 50.6 | 54.5 | 31.0 | 51.7 | 1.68
10 [ Crop residues-lime-}+
rock phosphate ........ 589 | 68.8 | 68.1 | 3.10 | 61.6 | 60.0 | 31.4 | 57.6 | 1.50
11 | Crop residues+lime-+ ’
acid phosphate ........ 576 | 67.2 | 76.8 | 2.90 | 64.1 | 64.5 | 24.5 | 71.0 | 1.44
12 | Crop residues—+lime-+
complete commercial
fertilizer ............. 629 | 66.1 | 77.6 | 3.00 | 60.4 | 77.0 | 34.4 | 71.6 | 1.29
18 |'Chael uansossaorepessys 47.5 | 64.0 | 56.5 | 2.10 | 49.0 | 48.7 | 29.6 | 54.4 | 0.92

Three tons lime, fall 1917.

Plots 8, 13 more moisture, slopes into heavier soil.

Three tons lime in October,

Dry season cut yields.

Phosphate plots down at harvest.

Plots 1 and 2 injured by squirrels. Corn green when husked due to a killing frost.
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increased the yields in practically all cases. Only with the clover in 1926 was no
increase noted. In some seasons the increases were quite large while in other
seasons they were small. The clover in 1921 showed a large increase. The oats
in 1923 was increased considerably and likewise in 1925. The acid phosphate
showed larger effects than the rock phosphate in some instances, particularly on
the oats in 1920 and on the same crop in 1925, a very large difference being evi-
denced in the latter year. In several other cases, however, the rock phosphate
seemed to give quite as good results as the acid phosphate and in the case of the
clover crop, it had a slightly larger influence. The complete commercial fer-
tilizer had about the same effect as the acid phosphate in most cases. In a few
instances it gave better results and in one or two cases had a smaller influence.
The differences, however, were not large enough in most cases to be significant.
Only on the oats in 1923 and on the corn in 1924 were the differences of very
large import.

The results secured on Series IT of the Truesdale Field in Buena Vista County
on the same soil type are given in table XXI. Here again the application of
manure was found to increase the yields of the various crops grown, showing very
large effects in practically all cases. The corn and oats crops were benefited
greatly by the use of manure and there was a large influence also on the clover
crop, shown by the increased yield in 1923. Lime brought about further in-
creases in the crop yields in most cases. In one or two instances the application
of the lime did not prove significant. In general, however, when this soil is
acid, it is very desirable to apply lime in order to secure the best growth of
leguminous crops.



36 SOIL SURVEY OF IOWA

TABLE XXI. FIELD EXPERIMENT, CARRINGTON LOAM, BUENA VISTA COUNTY
TRUESDALE FIELD, SERIES IL

(1) (2) [ (3) (4) ‘ | (3 | (6)
1918 1919 1920 1921 1922 | 1923 1924 | 1925 1926
Plot Treatment Oats | Clover | Corn Corn Oats | Clover | Corn | Corn Oats
No. | bu. tons bu. bu. hu. tons | Du. bu. bu.
| | per A, | ser A, | ver A, | per A, | pec-A. | per A.I per A. | per A. | per A.
L [CHOEE o 5v aone v asous o s uies s 69.9 | ... | 47.5 | 32.8 | 18.5 | 1.72 | 38.0 | 40.0 | 29.9
D | MAMMEE: 4 wice 60 aiwsi b4 ot s @ 94.2 | 57.0 | 39.7 | 24.6 | 1.90 | 52.7 | 50.4 | 38.1
3 | Manure--lime .......... ' 91.2 59.0 | 41.8 | 27.2 | 1.86 | 46.9 | 51.8 | 37.0
4 | Manure-+lime-rock ! | \ | ‘
phosphate: «: .« wess o s | 88.2 | | 61.2 | 38.1 | 32.4 | 2.26 | 44.4 | 51.7 | 37.3
5 | Manure+lime+acid | ) | | | | | }
Phosphate . ..weivewes | 91.2 | 1.89 | 62.1 | 40.2 | 31.0 | 2.24 | 24.4 . 54.8 | 43.3
6 | Manure4-lime-f-complete | | 1 [ | | [ | |
commercial fertilizer ...| 88.2 | 2.00 | 64.0 | 44.5 | 31.9 | 2.42 | 45.0 | 58.6 i 43.6
P BBBBIE o v 6 woesis sosmsnie 6 o | 851 | 1.59 | 57.1 | 36.3 | 23.6 | 1.98 | 42.9 | 51.6 | 34.3
8 | Crop residues ...i...sw.. | 89.7 | 1.98 | 38.5 | 32.9 | 31.2 | 1.98 | 40.7 | 59.2 | 35.4
9 | Crop residues+lime ...... | 97.3 | 2.07 | 59.2 | 40.1 | 29.8 | 2.03 | 41.8 | 52.2 | 32.7
10 | Crop residues-+lime- 1 | | | | [ [
rock phosphate ........ | 91.2 | 219 | 60.0 | 35.6 | 34.4 | 2.39 | 46.0 | 51.1 | 38.7
11 | Crop residues4lime+ | \ | | | | |
‘ acid phosphate ........ | 92.7 | 2.22 | 60.4 | 33.6 | 36.8 | 2.11 | 40.7 | 60.4 | 47.4
12 | Crop residues—lime- [ | | | | | | [
| complete commercial \ | | | | \
Lortllizer iy, vaivibans | 95.8 | 2.37 | 61.9 | 35.5 | 87.3 | 2.39 | 39.3 | 55.2 | 40.3
18 | CGHEEE oipinnsss isdsameiss | 85.1 | 1.91 | 60.9 | 34.9 | 28.4 | 2.03 | 39.5 | 49.8 | 29.9
1. 2% tons lime in March.
2. Plots 1, 2, 3 and 4 disced and seeded to oats., Clover winter-killed.
3. Poor stand of corn.
4, Two tons lime in April.
5. Plot 5 injured by squirrels.
6. Dry season, low yields.

The rock phosphate, the acid phosphate. and the complete commercial fertil-
izer increased yields in practically all cases when applied with the manure and
lime. In one or two seasons the rock phosphate did not appear to be of value,
but the acid phosphate and complete commercial fertilizer always brought about
increases in yields, the effects being particularly noted on the clover in 1923.

The crop residues exerted slight effects on the crop yields in several instances.
The application of lime with the erop residues brought about inecreases in yields
in most seasons. The effects were not very large except in one or two cases,
however, and in 1925 and 1926, no value from the application of lime was evi-
denced on the corn and oats.

The rock phosphate, the acid phosphate and the complete commercial fertilizer
increased the erop yields in practically all seasons. The acid phosphate seemed
to be slightly superior to the rock phosphate in some cases while in other in-
stances the rock phosphate gave somewhat better results. The greater influence
from the latter material is shown on the clover in 1923 and on the corn in 1924.
The acid phosphate, however, gave much larger effects on the corn in 1925 and
on the oats in 1926. The complete commercial fertilizer had very much the same
effect as the acid phosphate in most seasons, showing less influence, however,
than the latter material in 1925 and 1926 and slightly larger effects in some other
seasons.

These results very largely confirm those secured in Series I on the same soil
type and indicate the large value of manure on this soil. The use of lime is
desirable with manure in the livestock system of farming, or with crop residues
in the grain system. The application of a phosphate fertilizer will certainly
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prove valuable on this type and either rock phosphate or acid phosphate should
be employed. The use of a complete commenrcial fertilizer has not been shown to
be of large enough value to make the application profitable.

THE EVERLY FIELD

The results secured in the field experiment on the O’Neill loam in Clay County
on the Everly Iield Series I are given in table XXII. The application of
manure to this soil type was apparently very valuable. Inecreases in crop
vields were secured in practically every season. In some cases very large gains
were noted as, for example, on the clover in 1921, on the corn in 1922, and on
the oats in 1924. Lime with the manure was of value on this soil and increases
in erop yields quite generally followed its application. Large increases were
secured in many cases on the oats and corn as well as on the legumes.

The rock phosphate with the manure and lime increased the crop yields in
several seasons. In general, no large effects were noted, however, except on the
clover in 1921. The acid phosphate with the manure and lime showed a larger
effect on the crop yields in several seasons. The beneficial influence of the acid
phosphate was noted particularly on the clover in 1921 and 1925 and on the
oats in 1924. TIn the other seasons, the differences between the effects of the
two phosphates were not very pronounced. The complete commercial fertilizer
with the manure and lime had about the same influence on the erop yields as
did the phosphates. In one or two cases slightly ereater inereases were secured
while in other instances the vields were somewhat smaller. In no case, how-
ever, was there any large difference.

TABLE XXII. FIELD EXPERIMENT, O’NEILL LOAM, CLAY COUNTY
EVERLY FIELD, SERIES I

@ | @) [ (%) @ ] @) | ©) |
1918 1919 | 1920 1921 1922 1923 1924 1925 | 1926
Plot Treatment Corn Corn Oats | Clover | Corn | Corn | Oats |Clover | Corn
No bu. bu. bu. tons hu. bu. bu. tons bu.
S '.1','.;\; | per A. _Hm"_\A er 4\.7 L{-l'_A._ ,i“; b ;\‘._l_m: b ;Peré'_
L [GHBCE « oiom oo osi n g svomn o ma. o | 47.7 | 87.1 | 23.3 | 1.80 | 41.2 | 37.2 | 47.9 | 0.40 | 51.5
2 | DEOMATE oo o 6 oo v w5 o | 56.2 | 34,1 | 27.5 | 2.35 | 51.5 | 37. l 58.8 | 0.48 | 59.3
3 | Manureflime ...eociqes | 56.4 | 38.0 | 28.9 | 2.60 | 53.1 | 42.3 | 66.7 | 0.47 | 65.4
4 | Manure—+lime-+rock ‘ ‘ 1 \ | i | |
Phosphafe .. issqsmmis | 56.0 | 40.3 | 33.6 | 2.94 | 53.3 | 41.7 | 66.1 | 0.57 | 62.7
5 | Manure-+lime-facid | | | | | | | |
Phosplate v saies | 9.2 | 39.0 | 32.6 | 3.28 | 54.7 | 39.2 | 71.5 | 0.65
6 | Manure+lime--complete | | | \ | | | |
| commercial fertilizer ..| 55.4 | 40.9 [ 30.9 | 2.97 | 55.4 | 38.3 | 69.3 | 0.64
T [Chetlt o wssxnus vae s g & | 46.6 | 37.1 | 24.1 | 1.80 | 44.6 | 35.8 | 44.6 | 0.40
8 | Crop residues ........... | 51.4 | 36.4 | 249 | 2.00 | 45.6 | 36.4 | 49.7 | 0.43
9 | Crop residues-+lime ..... | 54.1 | 37.0 | 24.4 | 2.22 | 44.5 | 38.7 | 64.8 | 0.36
10 | Crop residues—lime-- \ | | | \ | |
rock phosphate ........ | 57.0 | 37.3 | 28.2 7 3.20 | 51.5 | 38.8 | 56.2 | 0.41
11 | Crop residues—lime-- | T | | | | [ |
acid phosphate ........ | 56.2 | 35.1 | 30.6 | 3.13 | 51.9 | 41.3 | 62.1 | 0.56
12 | Crop residues+lime- | | | | | | |
complete commercial ! | \ [ | | [
fertilizer ............. 57.6 | 379 | 26.8 | 3.00 | 51.7 | 37.3 | 54.1 | 0.41 | 60.8
T3 || CHEIE wovveinn wamss g nmosow s s | 47.2 | 32.1 | 23.1 | 1.87 | 40.9 | 33.3 | 37.8 | 0.41 | 50.3

Three tons lime, fall 1917,

Poor stand.

First cutting only.

Dry summer reduced yield.

Dry summer reduced yield.

Very small erop due to dry weather,

Cl'J\h:‘leQ)—-\
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The crop residues showed little effect on the crops grown in most seasons.
Lime with the residues brought about increases in the yields in practically all
cases. In some seasons very large effects were noted as on the clover in 1921 and
on the oats in 1924. The rock phosphate with the residues and lime increased
the crop yields in practically all cases. In several seasons the increases were
not very large but in one or two cases considerable gains were noted, as on the
clover in 1921. The acid phosphate with the residues and lime showed about
the same effect on the crop yields as did the rock phosphate in most seasons.
In one or two cases larger increases were secured from the acid phosphate, but
in general the differences were not very pronouned. The complete commercial
fertilizer with the crop residues and lime showed no greater effects on the crop
vields than did the acid phosphate. In faect in most instances slightly smaller
crop vields were secured from the complete fertilizer.

The liberal application of manure is particularly recommended on this soil
fype as it is characterized by a sandy to gravelly subsoil condition and hence it
has a tendency to be droughty. The soil is acid in reaction and will respond
to the addition of lime. The application of a phosphate fertilizer is of con-
siderable value on this soil and either rock phosphate or acid phosphate should
be employed.

PEAT SOILS

Peat is partially rotted vegetable matter, which consists either of swamp
orasses, sedges, rushes and flags, or of a sphagnum moss, the former variety
being known as grass peat and the latter as moss peat. Peat forms in swamps,
marshes, or flat, undrained areas where water stands and water-loving grasses
and mosses erow in profusion. The remains of such plants accumulate under
water and the absence of air permits only very incomplete decomposition. Tt is
mainly in the level Wisconsin drift soil area that peat oceurs in Towa. Worth
C'ounty is located in this soil area and has several peat areas, aggregating 5,696
acres or 2.2 percent of the area. There are two classes of Towa peats, the shallow
and the deep. The latter have been mapped by the ITowa Geological Survey
and their commereial value pointed out.* They are composed of fibrous, fairly dry
vegetable matter, extending from 5 to 15 feet in depth, and they need not be
considered from the agricultural standpoint. The shallow peats are usually
not over three feet in thickness and the reported experiments on peat soils have
dealt only with shallow peats. The suggestions and recommendations regarding
the treatment of peat soils which are made in this report refer, therefore, only
to the shallow peats and are not at all applicable to deep peats.

The peat in Worth County is generally from 6 to 20 inches in thickness and
only in two or three localities does it extend to a depth of more than three feet.
Hence, practically all the peat soils in this county may be reclaimed and made
productive by proper methods of treatment and cropping.

FIELD EXPERIMENTS ON PEAT SOILS

Field experiments were carried out several years ago on some typical shallow
peats near Somers, Eagle Grove and Ontario, in Webster, Wright and Story

*Towa Geological Survey 19: 168, 1908.
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counties, respectively. The tests included the use of gypsum, limestone, phos-
phorus and potassium, each applied alone or in combination in the amounts in
which such materials are generally applied to soils. In no case was there any
profitable inerease in crop yields from the use of any of these materials and in
most instances the variations in yields between the treated and untreated soils
were only such as might well occur between duplicate plots.

Recent tests, however, have shown profitable increases from the use of muriate
of potash or acid phosphate on shallow peats. Sometimes the phosphate is the
most effective. At other times the potash gives the best results. Tests of these
two fertilizers on the peat soils in Worth County are recommended. Applica-
tions of manure are not advisable. Not only is it of no special value, but in
many cases it increases the weed growth on the reclaimed peat to such an
extent that it is almost impossible to control it. A small application may be of
use on newly reclaimed peat by serving to introduce decay bacteria and increase
the speed of decomposition. In general, manure should not be used on peat
soils, but should be utilized on land in greater need of organic matter and

nitrogen.
DRAINAGE AND CULTIVATION FOR PEAT SOILS

‘What the peats in Worth County need mainly to make them productive is
physical improvement thru drainage, cultivation and the growing of proper
Crops.

Drainage is the most important step. Sufficient tile of ample size and special
drains to carry away flood waters and prevent the flooding of the low-lying peat
areas at times of heavy rainfall, are essential. The tile in the drainage system
should be laid in the underlying subsoil rather than in the peat itself, as in the
latter case, the compacting of the peat would bring the tile too close to the sur-
face and re-laying would be necessary. The tile should not be laid too deeply
in the subsoil, as the heavy clay is quite impervious. It is often advisable to
cover the tile at points a few rods apart with straw, gravel, cinders or some other
material which will allow the ready passage of water into the drains.

Fall plowing is desirable in order to expose the peat soil to the action of the
frost, rain and snow during the winter and hasten decay. Fall-plowed peats may
be worked earlier in the spring, hence, the seed bed may be more thoroly pre-
pared. Deep plowing is also valuable, especially when the peat is very shallow
and some of the underlying, heavy clay, rich in phosphorus and potassium, may
be mixed with the peat.

Towa peat soils which are not over sixteen inches in depth should not be
rolled. as such an operation may compact them too much and check decomposi-
tion. Where the peat is deeper than this, careful rolling may be valuable in
providing a firmer seed bed, but the practice cannot be generally recommended.

The frequent cultivation of peat soils is very important in opening them up
and hastening decay of the organic matter.

Corn and small grain crops, as a rule, do not do well on newly reclaimed
peat soils. The corn may not mature and the small grains may develop an
abundance of straw and little grain. Therefore, it is not advisable to seed these
crops on peat soils until several years after their reclamation when the organic
matter has reached an advanced state of decomposition.



40 SOIL SURVEY OF IOWA

A mixture of timothy and alsike clover is probably the best crop to seed on
newly reclaimed peat land. It may be cut for hay, but it is better used as
pasture, as the trampling by the stock compacts the peat and thus aids in its
decomposition.

Many vegetables have been grown satisfactorily on peat soils. Onions, celery,
tomatoes and potatoes all gave excellent results on the experiment plots near
Ontario. Cabbages, beets, turnips and other crops might also prove of value.
The use of such crops on newly reclaimed peat soils should be encouraged.

After a few years of pasturing or growing truck crops, peat soils are usually
in a condition which will permit the suceessful growth of corn and small grain
erops.  Frequently the application of acid phosphate or muriate of potash or
both may be advisable, especially where truck crops are grown. Tests of these
fertilizers are very desirable.

“ALKALI” SOILS

So-called ““alkali’” spots may frequently be found on farms located in north
central Towa in the Wisconsin drift soil area. They are mainly associated with
peat deposits and vary in size from one-tenth of an acre to two acres.

There are several areas of ‘‘alkali’’ soils in Worth County and while their
extent on individual farms is small, they seriously reduce crop yields and pre-
sent a diffieult problem in management.

Such ““alkali’’ spots are characterized by a whitish deposit of salts on the
surface of the soil, giving the ground the appearance of having been lightly
strewn with a fine white powder. Corn produces only a stunted growth on such
spots while other erops are less affected.

These spots oceur in connection with swales, ponds, or sloughs which have
recently been drained. They are not found in the lower parts of the slough
but always in a belt around the low spot, which frequently consists of peat,
and they do not appear until after the area has been drained.

The character of the accumulation of so-called ‘‘alkali’” salts in such localities
has been considered in detail in another publication.”

TREATMENT FOR ALKALI SOILS

g

The first treatment necessary for the reclamation of ““alkali’” soils in Towa is
proper drainage. ‘‘Alkali’’ spots do not appear until after a soil 1s drained,
but this does not mean that the drainage produces the ‘‘alkali’’ condition. A
large amount of salts was present prior to drainage and the excess water merely
concealed the high content. Thoro drainage is essential for the removal of
“alkali’’ salts from the soil. In draining a slough or pond, lines of tile should
be laid around the low area as well as thru the center. These two lines will
then run thru the area where the ‘‘alkali’’ is most likely to appear and the wash-
ing out of any excess of salts will be more rapid. The lines of tile may be
brought together again below the slough and, if the area is rather wide, a third
line of tile thru the center of the slough may be advisable.

If tile is properly laid when a pond or slough is drained, the occurrence of
“alkali’” spots may frequently be prevented. When the “‘alkali’” spot is fully

*Bulletin 177, Towa Agricultural Experiment Station—The Alkali Soils of Towa.
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developed, as is frequently the case in Worth County, the removal of excess
salts by proper drainage of the area is hastened considerably by the application
of heavy dressings of farm manure. Straw®or any kind of vegetable matter
plowed under will also aid in the rapid removal of salts. It may be advisable
in some cases to sow oats on such ground and when the greatest growth has been
attained, plow under the entire crop. Manure, however, has the greatest effect
on ‘‘alkali’” spots and should be used wherever available in sufficient amounts.
In other cases, green manures or straw may serve for the purpose, but where
such materials are used a small application of manure should be made along
with them, in order to hasten the decomposition processes, which in turn hasten
the removal of the excess of salts.

THE NEEDS OF WORTH COUNTY SOILS AS INDICATED
BY THE LABORATORY, GREENHOUSE, AND FIELD TESTS

The laboratory, greenhouse, and field experiments, which have been discussed
in previous pages, give sufficient information so that certain general recommen-
dations regarding the treatment needed by the soils of this county may be made.
While the field tests reported have been carried out in other counties, they are
located on the same soil types as those found extensively developed in Worth
County and the results may be considered to indicate quite definitely, therefore,
the effects which may be expected from the same fertilizer treatment in this
county. The recommendations are also made upon the general experience of
many farmers, and only those suggestions are offered which have been found to
be of value by considerable practical experience. It should be emphasized that
the recommendations made are such as can be put into effect under any particular
farm condition.

In several instances it is urged that tests be carried out on the farm. Such
tests as are referred to are simple and may be carried out quite generally.
Fertilizer tests are now being carried out on many farms and the results which
the farmers are securing are proving of considerable value to them and also to
others who are located on the same soils. The Soils Section of the Towa Agri-
cultural Experiment Station will aid farmers who wish to carry out tests on
their own soils. It is very desirable that the value of rock phosphate and acid
phosphate be determined by tests on small areas before applications are made
extensively. Similarly in the case of the complete commercial fertilizers, tests
should be carried out on small areas in comparison with acid phosphate before
applications are made to large areas. This is true also in the case of potassium
fertilizers. Tests should be carried out along with acid phosphate using the
potassium fertilizer in addition to acid phosphate in order to determine whether
or not profitable erop increases will be secured.

LIMING

Most of the surface soils in Worth County are acid in reaction. The exceptions
include the Webster soils on the upland, the Benoit silt loam on the terraces, the
Lamoure silt loam on the bottomland, and the Sogn silt loam on the residual
upland areas. These soils show a lime content in the surface soil and, hence,
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they are not acid in reaction and not in need of lime. With the exception of
these types, however, the soils of the county are acid and applications of lime
should be made to remedy this condition if the best growth of general farm
crops, particularly of legumes, is to be secured. In one or two cases lime is
found in the lower soil layers, but the presence of lime in the subsoil will have
little effect upon the lime requirement of the surface soil. Lime rarely moves
upward in the soil and the presence of any carbonate in the subsoil will have
little influence on the securing of a good stand of legumes if the surface soil is
acid.

The amount of lime which is needed by the various soils which show acidity is
extremely variable. The figures given earlier in this report merely indicate the
needs of the particular samples, and should not be used as a basis upon which
to make applications to these soil types. There is such a wide variation in lime
requirement even in soils of the same type in different fields that lime should
be applied to an area only after soil from that area has been tested and the
actual lime requirement determined. Farmers may test their own soils for
acidity and need of lime, but it will generally be more satisfactory for them to
send a small sample to the Soils Section of the Towa Agricultural Experiment
Station and have it tested free of charge.

The experiments which have been discussed earlier in this report have in-
dicated the increases in crop yields which are secured from the application of
lime to acid soils. All the types, therefore, except the Webster, Benoit, La-
moure and Sogn should be tested for lime needs and the amount shown to be
necessary should be applied for the best growth of general farm crops, partie-
ularly of legumes.

It is suggested further that the soils should be tested for lime needs at least
once in a four-year rotation and application should be made just preceding the
lecume crop of the rotation. Lime disappears rapidly from soils under con-
tinuous cultivation and it is important that the supply be replenished regularly
if the soils are to remain most satisfactorily productive. Further information
regarding the losses of lime from the soil, the requirements of certain crops, and
other points connected with liming are given in the Extension Bulletin No. 105
of the Iowa Agricultural Extension Service.

MANURING

The soils in Worth County are in general well supplied with oréanic matter.
Some of the types, however, particularly those which are coarse or sandy in
texture need applications of fertilizing materials supplying organic matter at
the present time. On all the soils fertilizing materials must be used regularly if
the supply of organic matter is to be kept up.

The application of farm manure has been found to be valuable on many
of the soil types in this county. It is frequently the most profitable fertilizer
which can be employed. The experiments which have been discussed earlier in
this report have indicated the large crop increases which follow the application
of farm manure. While the beneficial influence is evidenced particularly on the
lighter colored sandy types, manure is of value also on those soils which are
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darker in color and apparently richer in organic matter. FEven on those soils
which are very high in organic matter, the use of small amounts of manure may
be very desirable in order to stimulate the production of available plant food.

On such soils as the Webster types, the Clyde soils, the Floyd soils and the
Bremer and Lamoure types, manure should not be applied preceding the small
grain crop as it may cause the crop to lodge. Small amounts used on these
soils at other points in the rotation, however, bring about very beneficial effects.

The value of manure has been shown particularly in the field and greenhouse
experiments discussed earlier on the Carrington silt loam, the Carrington loam,
the Clarion loam, some of the Webster soils and the O’Neill loam. The other
types of the county would undoubtedly respond quite as well to applications of
manure.

On many livestock farms there is an insufficient production of manure to
supply all the soils on the farm. On the grain farms some other fertilizing
material must be employed in place of farm manure. In both cases green
manuring with leguminous crops is strongly recommended. When legumes are
well inoculated they have the ability of utilizing the nitrogen of the atmosphere
and hence when turned under as green manures in the soil, they will add con-
siderable amounts of nitrogen. They serve therefore, a dual purpose in the
soil supplying not only organic matter which is so necessary to fertility, but also
increasing the supply of nitrogen. There are many cases where green manuring
would undoubtedly be of value in Worth County.

The thoro utilization of all erop residues is of importance as an aid in main-
taining the supply of organic matter in the soil. These materials should never
be burned or otherwise destroyed as there is considerable loss of valuable con-
stituents. On the livestock farm, they may be utilized for feed or bedding and
returned to the land with the manure. On the grain farm they are often stored
and allowed to decompose partially before application.

THE USE OF COMMERCIAL FERTILIZERS

The supply of phosphorus in the soils of Worth County is not large and ap-
plications of phosphorus fertilizers will certainly be needed in the very mnear
future. There is evidence, however, from the field and greenhouse experiments
which have been carried out on some of the important types in the county that
applications of a phosphate fertilizer might be of considerable value at the
present time. The results secured in the tests on the Carrington silt loam. the
Carrington loam, the Webster loam, the Webster clay loam, the Clarion loam. the
O’Neill loam, and the Clyde silt loam, show very definitely that rock phosphate
or acid phosphate may bring about very profitable returns when applied to
these soils.

[t is not yet possible to make definite recommendations regarding the relative
value of rock phosphate and acid phosphate on these soils. In some of the ex-
periments, the rock phosphate has given quite as satisfactory returns as the
acid phosphate, but in other instances the acid phosphate has seemed preferable.
Rock phosphate supplies the element phosphorus in an unavailable form and the
fertilizer must be applied in rather large amounts. Acid phosphate is more
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expensive but supplies the phosphorus in an available form. Smaller applica-
tions of the acid phosphate are required. Farmers are urged to test the relative
effects of these two phosphates on small areas on their own farms in order to
determine which may be used with the greater profit. Comparisons should be
made to determine the relative value of the crop inereases secured from the ap-
plications with the cost of the fertilizer. That phosphate which proves the more
economically profitable should be used. Simple field tests may be carried out on
any farm using these two phosphates. Directions for such tests are given in
cirecular 97 of the Towa Agricultural Experiment Station.

The soils of this county do not show any striking deficiency in nitrogen and in
most of the types there seems to be a rather considerable supply of this element.
In a few cases the content of nitrogen is high. There is a constant removal of
nitrogen from soils, however, thru continuous cultivation and any system of
permanent fertility must provide for the regular return of nitrogen to the soils
in order that the supply may be kept up. On those particular types where the
content of mitrogen is not high at the present time it is particularly desirable
that applications of some fertilizing material supplying nitrogen be made now.

Farm manure and leguminous green manures provide the cheapest and best
means of supplying nitrogen to the land. When the manure produced on the
livestock farm is carefully stored and applied to the soil, there is a considerable
return of the nitrogen removed by the crops grown. When leguminous crops
are well inoculated as they should be, they take a considerable amount of nitro-
gen from the atmosphere and, hence, when turned under in the soil as green
manures, they increase the content of nitrogen in those soils. The proper appli-
cation of farm manure and the turning under of leguminous crops as green
manures will serve to build up and maintain the supply of nitrogen in the soils
of this county. The proper utilization of crop residues will also aid in main-
taining the nitrogen content of the soil.

The use of commercial nitrogenous fertilizers on the soils of this county will
not be economically profitable at the present time inasmuch as nitrogen may be
more cheaply supplied thru the proper use of farm manure and leguminous green
manure crops. Small applications of commerecial nitrogenous materials may,
however, be made with profit as top dressings to stimulate the early growth of
crops. Such fertilizers should not be applied extensively, however, until tests
are made on a small seale on the farm in order to determine the profit from
the application.

Many analyses of the soils ocecurring in the state have shown a high content
of potassium and it does not seem probable that the use of potassium fertilizers
is necessary on these soils at the present time. If there is an early and suffi-
ciently rapid production of the element potassium in an available form, there is
no need of a commercial potassium fertilizer. By keeping the soil in the best
condition for erop growth, potassium should be made available rapidly enough to
supply the needs of ecrops. Applications of muriate or sulphate of potash may
prove profitable on some of the soils in this county, but before applications are
made to any extensive areas, farmers should test the effects of the particular
potassium fertilizer on a small area. If the results secured show a profitable
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effect from the application then the material can be applied to a larger area with
the assurance of profit.

The complete commercial fertilizer tested in the field experiments, which have
been discussed, did not seem to bring about any greater crop increases than the
acid phosphate. The complete fertilizers are more expensive than acid phos-
phate and consequently their application does not seem as desirable unless they
bring about very much larger crop increases. Other brands of complete fer-
tilizers might of course, yield different results than those which have been dis-
cussed. It should be emphasized that tests should be carried out in comparison
with acid phosphate in order to secure a definite idea of the actual profit from
the application of a complete fertilizer.

DRAINAGE

The drainage conditions in Worth County are in general satisfactory. There
are areas, however, where artificial drainage is desirable and in some cases even
necessary for the best crop growth. The map given earlier in this report shows
the extent of the natural drainage system in the county and it will be noted that
in many areas there is no evidence of natural drainage. On the level areas of
the Clyde silt loam, the Webster soils and the Floyd silt loam on the uplands
drainage is needed in order to provide for the most satisfactory erop yields.
Most of the other upland types are fairly well drained. There are small areas,
however, in some of these soils where tiling would be of value. Some of the
terrace types are in need of draining, particularly the Bremer soils. Some of the
bottomland types such as the soils of the Wabash and Lamoure series are poorly
drained and for general farm crops the installation of tile would be of much
value.

Wherever the soil is too wet, crop production is decreased considerably. Even
if the expense involved in the installation of tile is considerable, the returns se-
cured more than warrant the outlay. No other treatment will prove valuable
on a soil which is too wet. The addition of fertilizers should not be made to a
soil until it is well drained.

THE ROTATION OF CROPS

One of the essentials for the permanent fertility of any soil is the proper
rotation of crops. If one erop is grown continuously on land, the soil is rapidly
depleted in fertility constituents and it becomes increasingly difficult to build
it up again. Even if the crop grown continuously is a money crop, the
value of all the crops produced on the area over a period of years will be
greater when a rotation is practiced. The experiments which have been carried
out comparing rotations with continuous eropping have indicated definitely the
greater profit under the rotation system. Too much emphasis cannot be placed
on the importance of adopting a proper rotation on every farm, and farmers
should appreciate the fact that the growing of one crop continuously will make
their land very rapidly decline in fertility and it will become more and more
difficult to bring the soil into a high state of produectivity.

No particular rotation experiments have been carried out in Worth County
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but there are many satisfactory rotations which can be used under various eon-
ditions. Some of these which have proven very satisfactory in the state are
suggested here. In all the proposed rotations where clover is designated it is
understood that the erop may be red or white, sweet or Hubam clover. Various
modifications may be made as seems desirable in such rotations.

1. SIX-YEAR ROTATION
First year—Corn
Second year—Corn
Third year—Wheat or oats (with clover, or clover and grass)
Fourth year—Clover, or clover and grass
Fifth year—Wheat (with clover), or grass and clover
Siath year—Clover, or clover and grass ‘
This rotation may be reduced to a five-year rotation by cutting out either the second or sixth
year and to a four-year rotation by omitting the fifth and sixth years.

2. FOUR OR FIVE-YEAR ROTATION
First year—Corn
Second year—Corn
Third year—Wheat or oats (with clover or with clover and timothy) .
Fourth year—Clover (If timothy was seeded with the clover the preceding year, the rotation
may be extended to five years. The last crop will consist principally of timothy)

3. FOUR-YEAR ROTATION WITH ALFALFA

Iirst year—Corn

Second year—Oats

Third year—Clover

Fourth year—Wheat

Fifth year—Alfalfa (The crop may remain on the land five years. This field should then
be used for the four-year rotation outlined above and the alfalfa shifted to one of the
fields which previously was in the four-year system)

4. FOUR-YEAR ROTATIONS

First year—Wheat (with clover)
Second year—Corn

Third year—OQats (with clover)
Fourth year—Clover

First year—Corn

Second year—Wheat or oats (with clover)
Third year—Clover

Fourth year—Wheat (with clover)

First year—Wheat (with clover)
Second year—Clover

Third year—Corn

Fourth year—Oats (with clover)

5. THREE-YEAR ROTATIONS

First year—Corn

Second year—Oats or wheat (with clover seeded in the grain)

Third year—Clover (In grain farming, only the grain and clover seed should be sold, most
of the crop residues such as corn stover and straw should be plowed under. The clover
may be clipped and left on the land to be returned to the soil and only the seed taken
from the second erop

First year—Corn

Second year—Oats or wheat (with sweet clover)

Third year—Sweet clover (The clover may be mixed clovers and used largely as pasture and
green manure)

(This may be changed to a two-year rotation by plowing the sweet clover under the follow-
ing spring for corn)

First year—Wheat (with clover)
Second year—Corn
Third year—Cowpeas or soybeans
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THE PREVENTION OF EROSION

Erosion is the carrying away of the surface soil by the free movement of water
over the land, known as sheet erosion or the washing away of the soil with the
formation of gullies, gulches or ravines.

Erosion oceurs to a very limited extent in Worth County. Only in the areas
of the rolling phase of the Carrington loam and the rolling phase of the Clarion
loam is there any erosion of significance. In most of the other types very little
washing has occurred. Erosion occurs usually where the topography is undu-
lating to rolling. Wherever serious washing of the land occurs and gullies are
formed, it is very desirable that some means be taken to prevent the loss of
fertility which occurs.

Various methods are followed for the control and prevention of erosion in
Towa. These methods differ somewhat depending upon the type of erosion.
Erosion occurring due to ‘“dead furrows’ may be controlled by ‘¢
by “‘staking in,”” or by the use of earth dams.

Small gullies may be filled by the ‘‘staking in’” operation, by the use of straw
dams, earth dams, Christopher or Dickey dams, Adams dams, stone dams, rub-
bish dams, woven wire dams, conerete dams. They may be prevented from oc-
curring by thoro drainage or by the use of sod strips. Large gullies are similarly
filled or prevented from occurring. IKrosion in bottomlands is prevented by
straightening the streams, by tiling and by planting trees up the drainage chan-
nels. Hillside erosion is controlled by the use of organic matter, by growing
cover crops, by contour discing, by terracing, by deep plowing and by the use
of sod strips.®

INDIVIDUAL SOIL TYPES IN WORTH COUNTY

There are 24 individual soil types in the county and these with the rolling
phase of the Carrington loam, the rolling phase of the Clarion loam, the deep
phase of the O’Neill loam, the areas of muck and peat make a total of 29 soil
areas. They are grouped into four groups according to their origin and loca-
tion. These groups are known as drift soils, terrace soils, swamp and bottomland
soils and residual soils.

plowing in’’,

DRIFT SOILS

There are 15 drift soils in the county and with the rolling phase of the Car-
rington loam, the rolling phase of the Clarion loam, a total of 17 individual
drift soil areas. They represent the Carrington, Clarion, Clyde, Webster, Lind-
ley, Floyd, Dickinson, Pierce and Dodgeville soil series and together they cover
more than three-fourths or 78.3 percent of the total area of the county.

CARRINGTON SILT LOAM (83)

The Carrington silt loam is the largest drift soil and the most extensively

developed type. It covers 22.8 percent of the total area.

el i |
*See Bulletin 183. Soil Erosion in JTowa. Towa Agricultural Experiment Station and Extension
Service Bulletins 93, 94, 95, 96, Agricultural Extension Service, Towa State College.

The descriptions given in this section of the report very closely follow those in the Bureau of Soils
report.
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It is the most extensively developed upland soil in the eastern part of the
county. Large areas of the type occur in Deer Creek, Barton and Union Town-
ships, the three eastern townships. It is also extensively developed in Linecoln
and Kensett Townships. Small aveas of the type ocecur in Grove Township and
in Danville Township.

The surface soil of the Carrington silt loam is a dark brown to dark grayish-
brown silt loam extending to a depth of 12 to 15 inches. The upper subsoil to
about 24 inches is a grayish-brown to brown heavy silt loam to silty clay loam.
The lower subsoil to 36 inches is a yellowish-brown to yellow silt to silty clay or
clay. Iron stains occur in the lower part of the soil section.

There are some variations from the typical soil as described. In a few areas
in the southeastern part of the county the surface soil is not over 10 inches in
depth, and the subsoil has a uniform buff color to the three foot depth. An area
showing these characteristics is found at the cross roads three miles east of
Manly. In some areas where the topography is relatively level the surface soil
may be 16 to 17 inches in depth with a brown or yellowish-brown subsoil, mot-
tled with yellow and brown in the lower part. In some places the lower subsoil
is heavier than the typical. Natural drainage is sometimes deficient in these
areas. In some locations the subsoil below 30 inches is a yellow sand which may
extend to a depth of several feet or may be only a few inches or a foot in thick-
ness. These areas are very small in extent and are included with the type as
there is very little effect on the fertility of the soil.

In topography the Carrington silt loam varies from undulating to moderately
rolling. The general topography is gently rolling. In the area along the county
line in Danville Township, the topography is more pronounced, ranging from
rolling to gently rolling. Here it is difficult to draw a boundary line between
the silt loam and the loam and the lines are rather arbitrarily placed. The
drainage conditions on the Carrington silt loam are usually good. On some areas
where the subsoil is rather heavy there is need of tiling. Some small areas of
Clyde silt loam have been included with the type as they could not be shown on
the map. All these areas need to be tiled in order to produce satisfactory
drainage conditions.

The major portion of the Carrington silt loam is under cultivation. Corn,
oats, timothy and clover, some wheat and truck crops are the chief crops
grown. Corn yields from 40 to 50 bushels per acre, and on some of the better
areas the yields will range from 50 to 65 bushels per acre. Oats yield from 40
to 45 bushels per acre. Timothy and clover supplies the chief hay crop, yielding
from one to three tons per acre. Some wild hay is grown with yields of from
one to one and one-half tons per acre. Winter wheat is grown to a limited ex-
tent, vields ranging from 10 to 15 bushels per acre. The uncultivated portion
of the type is taken up largely by ponds, sloughs, and permanent pasture.
Some truck crops are grown on small areas on this type consisting chiefly of
potatoes, onions, and cabbage. Trucking is not practiced extensively in the
county but very satisfactory yields of these crops may be secured.

The needs of the Carrington silt loam to make it more productive include
the installation of tile in all areas not properly drained at present. The experi-
ments, which have been discussed earlier in this report, have indicated value
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from the application of farm manure to this soil and liberal applications of this
fertilizing material should be made. TLarge increases in the yields of general
farm erops will follow its use. The type is acid in reaction and the application
of lime is very desirable for the best growth of leguminous crops and for the
most satisfactory production of general farm crops.

The use of a phosphate fertilizer would be very desirable on this soil and
tests have indicated the value of applications of acid phosphate or rock phos-
phate. Farmers are urged to test both phosphates under their own conditions
and thus determine whether or not their soil will respond to a phosphorus fer-
tilizer and which fertilizer will give them the more profitable returns. The use
of a complete commercial fertilizer does not seem to be as desirable on this soil
as the application of a phosphate carrier, at least as far as the comparative ex-
periments would indicate. While the commercial fertilizers bring about quite as
large increases in crop yields as acid phosphate, they are more expensive and,
henee, would be less economically profitable. Tests of any complete commercial
fertilizer should be carried out on the farm in comparison with acid phosphate
on a small area before any general application is made.

A potassium fertilizer or a commercial nitrogenous fertilizer should not be
used on this soil until tests have been carried out in the field and definite
indications have been secured of profit from the use of the fertilizer. Where
truck crops are grown, the use of complete commercial fertilizers is quite likely
to be of value. The application of particular brands, which are made up for
special erops will often bring about very large increases in the yields of the
particular truck crops.

CARRINGTON LOAM (1)

The Carrington loam is the second largest individual soil type and the second
most extensively developed drift soil. Together with the rolling phase which is
much smaller in extent, it covers 21.4 percent of the total area. This soil type
is most extensively developed in the western central part of the county, and the
largest development is found in Danville, Brookfield and Hartland Townships.
There are areas of the type in practically all parts of the county except the
eastern parts of the three eastern townships.

The surface soil of the Carrington loam is a dark brown to very dark brown
mellow loam, extending to a depth of 12 inches. Below this point to a depth of
20 inches there is a lighter brown silty loam to silt loam containing some sand.
The lower subsoil to 86 inches is a still lighter brown to yellow, heavy silt loam
to silty elay or clay loam, containing some sand and rock or gravel. The subsoil
varies somewhat in the content of sand and gravel, but the general texture is
heavy. Boulders occur frequently on the surface of the soil and thru the soil
section.

On some of the hills and slopes, the surface soil is somewhat thinner and
lighter in color, while on the lower slopes the soil is deeper and more silty in
texture. In some areas the subsoil is rather open and porous, but these are too
small to show on the map. This particular variation from the typical soil oc-
curred only in a marrow strip running north and south thru the west central
part of the county, following a high ridge a couple miles ecast of Joice. In
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some areas there are small spots or ““pot holes’” made up of Clyde silt loam.
muck, peat or a soil of the Webster series. They are too small to show on the
map. They are naturally poorly drained and in some places are swampy.

In topography the Carrington loam is gently rolling to moderately rolling and
the natural drainage system is good.

Most of the soil is under cultivation, corn, small grain, and hay being the
chief crops grown. Corn yields from 30 to 60 bushels per acre, with an average
of 45 bushels. Under favorable conditions it yields as high as 70 to 80 bushels
per acre. The yields of hay, consisting chiefly of clover and timothy, are from
one to two tons per acre.

While the Carrington loam is generally satisfactorily drained, there are small
areas included within the type where artificial drainage is necessary. In these
areas the installation of tile would be of large value. The type will respond
profitably to applications of farm manure, and liberal amounts of this material
should be applied. Where farm manure is not available for use, the turning
under of leguminous crops as green manures would be of value. This type is
acid in reaction and lime should be applied in order to secure the best growth
of legume and general farm crops. The use of a phosphate fertilizer is very
desirable and tests on individual farms of acid phosphate and rock phosphate
are recommended. Experiments which have been carried out on this soil type
have indicated large returns from the applications of manure, lime, and a
phosphate fertilizer. In many cases acid phosphate has proven distinetly pro-
fitable while in other instances rock phosphate has proved quite as good. Tt is
impossible at present to make a selection between these two phosphates and
hence, farmers are urged to determine the response of their own particular soils
to these two phosphate fertilizers. Complete commercial fertilizers will prob-
ably not be as desirable for general use on this soil as acid phosphate. ITowever,
tests of any complete brand may be carried out on the farm in comparison with
acid phosphate and if profitable inereases in crop yields are secured, then the
complete fertilizer may be applied extensively to that soil type.

CARRINGTON LOAM (ROLLING PIIASE) (197)

The rolling phase of the Carrington loam is minor in importance, covering 3.7
percent of the total area. This phase of the typical soil occurs in areas of vary-
ing size thruout the central and western parts of the county, being developed
chiefly in the vieinity of Silver Lake and extending northeast of the lake along
the county line as far east as Goose Creek. Tt is developed also along Elk Creek
east and a little south of Joice and northwest of Fertile.

The surface soil of the rolling phase of the Carrington loam consists of a dark
brown loam extending to a depth of 8 to 12 inches. The subsoil is a brown loam
to silt loam to a depth of 18 inches. Below this point, it hecomes a yellowish-
brown to yellowish silt loam to silty clay or clay to a depth of 36 inches. The
lower subsoil contains considerable gritty material and occasionally rock frag-
ments or gravel. On some of the ridges and slopes the surface soil is lighter
colored and yellower than the typical. Some areas of this phase include small
bodies of the typical Carrington loam which were too small to separate on
the map.
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As the name indicates, this phase of the typical Carrington loam has a
strongly rolling topography and in some cases.the topography is even broken.
The natural drainage is good to excessive.

Most of the soil is under eultivation and general farm crops are grown. Corn
vields from 25 to 50 bushels per acre. Oats yield 25 to 50 bushels per acre, the
hay erop, one to two tons per acre.

This soil will respond to liberal applications of farm manure. Leguminous
crops should be used as green manures in order to supplement the use of farm
manure or as a substitute for that material. The building up of the soil in
organic matter content is very desirable in order to improve its water-holding
power and liberal additions of fertilizing material supplying organic matter will
be of value. The type is acid in reaction and applications of lime are necessary
for the best growth of legumes and general farm crops. The use of a phosphate
fertilizer would be valuable on this type and applications of acid phosphate or
rock phosphate are recommended. Iarmers are urged to use both rock phosphate
and acid phosphate in tests on their own soils in order to determine which will he
the more profitable for general use. The use of a complete commercial fertilizer
would probably be less desirable than the application of acid phosphate. The
type is subject to considerable erosion and on the rougher to broken areas much
washing has occurred. This is particularly true if the areas have been under
cultivation. Tt is very important that in all those places where surface washing
is oceurring or where gullying has taken place, some means of prevention and
control of erosion or the reclamation of gullied areas be adopted.

CLARION LOAM (138)

The Clarion loam is the third largest soil type and the third most extensively
developed drift soil. Together with rolling phase which is somewhat smaller in
extent, it covers 14 percent of the total area of the county. It is the chief upland
soil in the three western townships and is extensively developed in Bristol and
Fertile Townships. Tiarge areas also occur in Silver Liake Township. In the
other townships to the east, there are small areas of the type but there is no
extensive development except in the extreme western part of the county.

The surface soil of the Clarion loam is a dark brown to very dark brown mel-
low friable loam, extending to a depth of 12 to 14 inches. The upper subsoil
is a brown loam or silty loam containing sand and extending to about 20 inches.
Below this point there is yellowish-brown to yellow silt loam or silty clay having
a slight grayish or whitish appearance and extending to a depth of 36 inches.
The gray or white appearance of the lower subsoil is due to the presence of
lime which occurs in considerable amounts in the lower layers of this soil type.

There is some variation from the typiecal soil in the areas adjoining the Car-
rington loam on the uplands to the ecast. Ilere the lime does not occur in
sufficient quantities in the subsoil to effervesce when the soil is tested with acid.
There are traces in the lower layers, however, sufficient to give it a whitish cast
and thus distinguish it from the Carrington loam. In many places the location
of the boundary line between the Clarion loam and the Carrington loam is
fixed rather arbitrarily. There is often a gradual change from the one soil to the
other.
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In topography the Clarion loam is undulating to moderately rolling. The
natural drainage is good. Only in a few swales or depressions is there need of
tiling.

Most of the type is utilized for cultivated crops. Corn, oats, and hay are the
chief erops grown. Corn yields from 40 to 60 bushels per acre, oats from 35 to
55 bushels and hay from one to two and one-half tons per acre.

This soil will respond to the same treatments recommended for the Carrington
loam and in a very similar way. Applications of farm manure, lime and a phos-
phate fertilizer will certainly prove profitable. Tests of acid phosphate and rock
phosphate are recommended on individual farms.

CLARION LOAM (ROLLING PHASE) (150)

The rolling phase of the Clarion loam is smaller in extent than the typical
soil but it is the fifth largest soil type, covering about 6 percent of the total
area. It oceurs only in the three western townships being closely associated
with the typiecal Clarion loam on the uplands, in those townships. The largest
developments of this phase are found in Silver Liake Township in the north-
western corner of the county and in Fertile Township in the southwestern part
of the county.

The surface soil of the rolling phase of the Clarion loam is very similar to
the typiecal soil, being a dark brown to a very dark brown loam. In many
places, however, it is somewhat lighter colored than the typical soil and in
general it is shallower in depth extending for only 10 to 12 inches. The subsoil
is similar to that of the typical soil containing lime in varying amounts.

The topography of the phase is strongly rolling to broken. The natural
drainage is good and in a few places is excessive.

A large part of the phase is used for general farm crops and yields are very
much the same as on the rolling phase of the Carrington loam. Considerable
areas of the type are in timber.

This soil will respond to the same treatments which were recommended for
the rolling phase of the Carrington loam. Liberal applications of farm manure
should be made. The addition of lime will prove of value and the application
of a phosphate fertilizer, either acid phosphate or rock phosphate will prove
profitable. Wherever erosion occurs the soil should be protected from further
action and the gullied areas should be reclaimed.

CLYDE SILT LOAM (84)

The Clyde silt loam is the fourth largest soil type, covering 7.6 percent of
the total area. It is developed in a number of areas, varying widely in size, in
the eastern part of the county in association with the Carrington silt loam on the
uplands. The largest areas on the type are found in the central portions of Deer
Creek and Barton Townships. Numerous small areas of the type oceur in other
parts of these townships and in the other eastern townships, Union, Lincoln,
Kensett, and Grove. Only a few small areas of the type are found west of the
central line of the county.

The surface soil of the Clyde silt loam is a very dark grayish-brown to nearly
black silt loam, extending to a depth of 16 inches. The upper subsoil to 24 inches
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is a drab or gray silty clay to clay loam somewhat stained with iron. The lower
subsoil is a mottled gray, brown and yellow clay loam to heavy clay loam or
clay containing some sand and gravel. Soulders are occasionally found on the
surface and thru the soil section.

Numerous variations from the typiecal soil are found. In many places the
lower subsoil contains considerable sand to a depth of 30 inches. A few areas
mapped with the type are really a silty clay loam but they were too small to
warrant separation on the map. In an area about one-eighth of a mile east of
the southwest corner of Section 10 of Barton Township, the surface soil is a
dark brown loam 12 inches in depth, overlying a grayish-brown loam slightly
mottled. At 20 inches it changes into a sandy loam or sandy clay, yellow in
color. In another area in the southwest quarter of Section 9 of Grove Town-
ship, the surface soil is a loam in texture. In some of the more poorly drained
areas of the type, water stands on the soil for a long period of time, and the
surface soil 1s somewhat mucky in spots to a depth of 1 to 3 inches.

In topography the Clyde silt loam is flat to depressed. The natural drainage
is deficient.

The greater part of the type is in need of artificial drainage if the crop yields
are to be satisfactory. When undrained, this land is utilizable only for the pro-
duction of wild hay or for grazing. General farm crops are grown on the well-
drained cultivated areas and yields of corn may be as high as 50 bushels per acre.

The first treatment needed for the Clyde silt loam to make it more productive
is the installation of tile. When thoro drainage is accomplished, the soil will
respond to applications of farm manure in order to stimulate the production of
available plant food. The type is acid in reaction and applications of lime will
prove of value. The use of a phosphate fertilizer is strongly recommended,
and tests of acid phosphate and rock phosphate should be carried out under in-
dividual farm conditions. The experiments which have been conducted in the
field on this soil type have indicated the value of applications of manure, lime,
and a phosphate fertilizer.

WEBSTER SILT LOAM (113)

The Webster silt loam is the fifth largest drift soil, covering 3.0 percent of the
total area. It is developed in many small areas in the western townships. The
largest development of the type is found in IMartland and Brookfield Town-
ships. Small areas of this type are also found scattered thru the other western
townships. There are no large individual areas of the type. The largest area is
found just south of Tenold.

The surface soil of the Webster silt loam is a black or nearly black silt loam,
extending to a depth of 15 inches. The upper subsoil to a depth of 24 inches is
a drab or gray clay loam. The lower subsoil is a gray, brown, and yellow
mottled clay loam to clay, containing iron stains and sufficient lime to cause
effervescence with acid.

In a few areas there are a variation from the typical soil. Sometimes the
subsoil does not show the typical mottled gray or drab color. Occasionally the
surface soil shows a small content of sand but not enough to change the textuire.
Very small depressions, heavier in texture than the silt loam, are included with
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the type as they are too small to show on the map. In some places the subsoil
contains small gravel, and in some spots it may be a sandy clay or brown sand
below 30 inches.

In topography the Webster silt loam is flat to depressed. The natural drainage
is deficient.

Most of the type is under cultivation altho there are some areas still in virgin
sod. The general farm crops grown are corn, yielding from 40 to 70 bushels
per acre, oats 40 to 60 bushels, and hay 114 to 3 tons per acre.

The needs of this soil to make it more satisfactorily productive include first of
all adequate drainage. When the land is thoroly tiled out, the yields of general
farm crops will ordinarily be quite satisfactory. Small applications of farm
manure would be of value on this type to stimulate the production of available
plant food. Large amounts of manure should not be applied, however, and the
manure should not be applied preceding the growing of a small grain crop. The
use of a phosphate fertilizer would be of value on this soil and tests of acid
phosphate and rock phosphate are recommended. The experiments which have
peen carried out on the soil have indicated the value of applications of manure
and the phosphate fertilizers. In general, the surface soil of the type is high in
lime and additions of lime are unnecessary. If the soil is tested and shown to be
acid in the surface soil, then the use of lime will be of value for the best growth
of leguminous crops.

LINDLEY LOAM (65)

The Lindley loam is the sixth largest drift soil, covering 2.8 percent of the
total area. It is extensively developed in the central part of the county in
Brookfield and Hartland Townships. There is a large development of the type
on the eastern edge of these townships and extending over the township lines.
Small areas of the type are also found to the west.

The surface soil of the Lindley loam is a grayish-brown to brown loam, ex-
tending to a depth of 8 to 10 inches. The upper subsoil is a yellowish-brown or
gray silty layer extending to 18 fo 20 inches. Here the subsoil becomes a yel-
lowish-brown to yellow silty clay to clay loam, having considerable gritty ma-
terial and some rock fragments.

In topography the Lindley loam is rolling to rough or broken. Most of the
type has the typical rolling topography. Natural drainage is good.

Much of the soil has been cleared and brought under cultivation. General
farm crops are grown on the cultivated areas and the yields are very much the
same as those secured on the Lindley silt loam. The yields are lower on these
types than those secured on the Carrington and the Clarion soils on the uplands.

This soil will respond profitably to proper fertilizer applications for the
growth of general farm crops. The liberal application of farm manure is very
desirable. Large increases in farm crops will be secured from the use of manure.
The type is acid in reaction and applications of lime are of value. The use of a
phosphate fertilizer would be of value on this soil and tests of acid phosphate
and rock phosphate are recommended. Probably acid phosphate would be of
more value at the present time because of the low organic matter content of the
soil.
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The soil is subject to considerable injury thru erosion and the washing away
of the surface soil and the formation of gullies, and it is very important that
it be protected from this destructive action. *~ The rougher areas should un-
doubtedly be left in forest or pasture. On the cultivated areas the incorpora-
tion of organic matter with the soil will protect it from serious washing and
some means must be taken to prevent further washing and the formation of
gulies and to reclaim areas which are already gullied.

FLOYD SILT LOAM (198)

The Floyd silt loam is the seventh largest drift soil, covering 1.9 percent of
the total area. It is found in a number of areas varying widely in size, in the
eastern part of the county, being developed mainly in Deer Creek and Barton
Townships. Areas are also found, however, in the other eastern townships. The
largest areas of the type oceur in the central sections of Deer Creek Township
northeast of Bolan and southeast of Grafton. Many other areas of the type
somewhat smaller in extent are found on the upland in association with the
Carrington silt loam and the Clyde silt loam.

The surface soil of the Floyd silt loam is a very dark brown to black smooth
silt loam, extending to a depth of about 16 inches. The upper subsoil extending
to a depth of 24 inches is a grayish-yellow or gray silty clay to clay loam, fre-
quently stained with iron. The lower subsoil is a yellowish-brown to yellow silty
clay to clay loam mottled with yellow and brown and stained with iron. Glacial
pebbles commonly oceur in the subsoil and oceasionally boulders are found.

There are some variations from the typical soil and a few sand pockets oceur
just below 30 inches but they are not extensive and are of little significance from
the standpoint of productivity of the soil. The topography of the Floyd silt
loam is flat to sloping. The natural drainage is deficient.

Practically all of the soil is under cultivation. General farm crops are grown,
corn yielding 40 to 65 bushels, oats 40 to 60 bushels per acre, and clover and
timothy hay 134 to 214 tons per acre.

The chief needs of the Floyd silt loam to make it more productive are
adequate drainage and the application of manure and lime and a phosphate
fertilizer. The type should be thoroly drained before satisfactory crop yields
can be secured. The application of manure will be of value in improving the
physieal condition and making the type more productive. It is acid in reaction
and the use of lime is necessary for best growth of legumes and general farm
crops. The use of a phosphate fertilizer would undoubtedly be of value on this
soil and tests of rock phosphate and acid phosphate are recommended.

WEBSTER LOAM (55)

The Webster loam is the eighth largest drift soil, covering 1.3 percent of the
total area. It occurs in a number of small areas thruout the western townships
and in one area in Deer Creek Township. There are no large individual areas
of the type. The largest developments are found south of Silver Lake in Hart-
Jland Township, and in the southwestern section of Brookfield Township. Many
small areas of the type ocecur thruout the upland in the level to depressed areas
in the western part of the county in association with the Clarion and Carrington
soils.
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The surface soil of the Webster loam is a black to very dark grayish-brown or
nearly black loam, extending to a depth of about 15 inches. The upper subsoil
is a drab or gray silt loam or heavy silt loam to about 22 inches. The lower
subsoil is a mottled gray, brown, and yellow silty clay to clay stained with iron.
Pebbles and fragments of lime and other rock oceur thru the soil seetion and in
some places on the surface. The lower subsoil contains sufficient lime to
effervesce with acid.

There are some variations from the typical soil but in general it is quite uni-
form. TIn the depressions, the soil is generally more silty.

In topography the Webster loam varies from flat to gently undulating. Some
of the areas have a depressed topography. In some places it seems to oceupy
areas where formerly there were sluggish streams. The natural drainage of the
type is poor and tiling out of these areas is very necessary if satisfactory crop
yields are to be secured. Much of the Webster loam has been drained and
brought under cultivation and general farm crops are produced. Yields are
very much the same as those secured on the Webster silt loam.

Large increases in crop yields may be secured on drained areas of the type
thru the application of farm manure and the addition of a phosphate fertilizer.
Small amounts of manure will give large returns. The manure should not be
applied preceding the growing of small grain crops, however, as it may cause
the crops to lodge. The application of a phosphate fertilizer will be of large
value on this soil and tests of acid phosphate and rock phosphate are recom-
mended. The soil is usually high in lime content, and therefore, it is not in need
of applications of lime. If the surface soil is acid, however, as sometimes is the
case, the addition of lime may be of value in providing suitable conditions for
the early growth of leguminous crops.

DICKINSON SANDY LOAM (199)

The Dickinson sandy loam is a minor type, covering only 0.9 percent of the
total area. Tt occurs in a number of small areas scattered thruout the eastern
and central townships. The largest developments of the type are found in the
northwestern sections of Barton Township, north of Northwood, extending al-
most to the county line in Grove Township, northwest of Northwood along the
Shellrock River, extending to the county line in Hartland Township. Many other
small areas of the type are found developed in various parts of the central
townships.

The surface soil of the Dickinson sandy loam is a dark brown to dark grayish-
brown sandy loam, extending to a depth of about 10 inches. This is underlaid
by a brown sandy loam to loamy sand to a depth of 24 inches. The lower subsoil
consists of a brown or yellow fine sand.

In topography of the Dickinson sandy loam is gently rolling to rolling. The
natural drainage of the type is excessive.

General farm crops are grown on this soil. The yields, however, are low,
being slightly lower even than those secured on the Dickinson loam.

The type will respond very profitably to applications of farm manure and the
turning under of leguminous crops as green manures. The building up of the
organic matter content of the soils is very necessary if satisfactory crop yields
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are to be secured. The type is acid in reaction and will respond to additions of
lime, especially for the best growth of legumes. The incorporation of organie
matter with the soil will reduce the danger of injury to crops in dry seasonms.
The application of a phosphate fertilizer would undoubtedly be of value on this
soil and tests of acid phosphate are recommended. It would seem that acid
phosphate would be preferable for use on this soil because of the low organic
matter content.

DICKINSON LOAM (174)

The Dickinson loam is a minor type, covering 0.7 percent of the total area.
It is found in a number of areas of limited size in various parts of the county,
the largest developments of the type occurring in Bristol Township, north and
west of Bristol, and in the northwest sections of Brookfield Township. Other
small areas of the type are found in other parts of the county.

The surface soil of the Dickinson loam is a dark brown to very dark brown
friable loam, extending to a depth of 12 to 13 inches. The upper subsoil
is a brown or yellowish-brown loam or silty loam to a depth of 20 to 24 inches.
The lower subsoil is somewhat variable and may consist of sand or gravel or of
a mixture. The two largest areas of the type which have been mentioned have
a gravelly subsoil and the rest of the areas of the type in the county show a
sandy subsoil condition.

In topography the Dickinson loam is undulating to gently rolling and in a
few places rolling. The natural drainage is good to excessive.

A large part of the type is under cultivation and general farm crops are
grown. The uncultivated areas support a growth of wild grasses, and are used
for wild hay or pasture land. Crop yields on the cultivated areas are variable
depending on the treatment and moisture supply. In favorable years corn
yields 80 to 45 bushels, oats 30 to 40 bushels and hay 1 to 2 tons per acre. In
dry seasons, the yields are very much lower.

This soil will respond profitably to applications of fertilizing materials supply-
ing organic matter. Tiberal additions of farm manure should be made and
leguminous erops should be turned under as green manures in order to build up
the organic matter supply. The crops will be less in danger in periods of dry
weather when the organic matter content of the soil is increased. The type is
acid in reaction and applications of lime would be of value in order to secure
the best growth of leguminous crops. The addition of a phosphate fertilizer
would undoubtedly be of value and tests of acid phosphate are recommended.
Acid phosphate is undoubtedly preferable for use on this soil because of the low
organic matter content.

LINDLEY SILT LOAM (32)

The Lindley silt loam is a minor type, covering only 0.5 percent of the total
area. It occurs in numerous small areas in various parts of the county, being
developed chiefly in the central townships along the Shellrock River. There
are no large individual areas of the type. Small scattered areas are found in
various parts of the county.

The surface soil of the Lindley silt loam is a grayish-brown or brown, some-
what ashy or flour-like silt loam, extending to a depth of about 10 inches. The
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subsoil is a grayish-brown or yellow smooth silt loam grading at about 18 inches
into a yellowish-brown heavy silty elay to clay, usually showing some mottling.
In some places, the subsoil is solid in color, while in other areas there is a good
deal of mottling in the lower subsoil. Glacial pebbles and rock fragments occur
at the lower depths. TIron stains are frequently found. In the lower subsoil the
material is a firm, sticky, gritty clay containing some sand. In the forested
areas the surface soil, one to three inches in depth, has a dark brown color. Be-
low the color is lighter. The upper subsoil is somewhat variable being grayish
in places. Where the type occurs in swales and draws, the surface soil is darker
colored than the typical.

In topography the Lindley silt loam is undulating to gently rolling or in some
instances rolling. The natural drainage is good, but not excessive.

Most of the type is under cultivation, general farm crops being grown. Corn
vields from 38 to 40 bushels per acre, oats 25 to 45 bushels per acre, hay one to
two tons per acre.

Crop yields on this soil type may be improved considerably thru proper ap-
plications of manure, lime, and a phosphate fertilizer. The soil is particularly
in need of organic matter and liberal applications of farm manure should he
made. The turning under of leguminous crops as green manures would also aid
in building up the organic matter content of the soil. The type is acid in re-
action and lime would be of value for the best growth of leguminous erops.
The application of a phosphate fertilizer would undoubtedly prove profitable
and tests of acid phosphate are recommended. Owing to the low content of or-
ganic matter, the use of acid phosphate would probably be more desirable on
this soil than rock phosphate.

PIERCE SANDY LOAM (191)

The Pierce sandy loam is a minor type, covering only 0.4 percent of the
total area. It occurs most often in kames and eskers in long, narrow or round,
knob-like formations, rising 15 to 30 feet above the surrounding surface. The
type is mapped along Elk Creek, along Beaver Creek west of Fertile, and in a
few isolated bodies in the western and north central parts of the county.

The surface soil of the Pierce sandy loam is a brown to dark brown sandy
loam, extending to a depth of 6 to 8 inches. The subsoil to 36 inches is variable
containing all grades of sand, gravel, and rock with practically no clay or silt.
The surtace soil varies somewhat, ranging from a loamy sand to a sand.

This type is of practically no value for cultivated crops. The only utilization
is for pasture land and it supports only a very poor growth of wild grasses. The
chief use made of it, when accessible, is as a source of road building material.

CARRINGTON SANDY LOAM (3)

The Carrington sandy loam is a minor type, covering only 0.4 percent of the
total area. It occurs in only a few small areas. The largest development of
the type is in the Sections 7, 8, 17, and 18 of Barton Township, north of Bolan.
Many of the small areas of the type occur thruout the central townships and in
Fertile and Brookfield Townships.

The surface soil of the Carrington sandy loam is a dark brown sandy loam,
10 inches in depth. The subsoil is a brown to yellowish-brown sandy loam to 20
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inches. The lower subsoil to 36 inches is a yellowish-brown to yellow sandy
loam to sandy clay or clayey sand. In some places where the topography is
more rolling, the surface soil contains less organic matter and is a brown or
grayish-brown in color.

In topography the Carrington sandy loam is gently rolling to rolling and
natural drainage is good to excessive.

The type is all under cultivation and general farm crops are grown. The
vields, however, are lower than those secured on the adjacent upland soils of
the Carrington series.

The soil is in need of organic matter to be made more productive. Liberal
applications of farm manure and the turning under of leguminous crops as
oreen manure would be of large value. The type is acid and the addition of
lime would aid in seeuring the best growth of leguminous erops. The use of
a phosphate fertilizer is desirable on the soil and tests of acid phosphate are
recommended.

WEBSTER CLAY LOAM (56)

The Webster clay loam is a minor type, covering only 0.3 percent of the total
area. It is found in a number of small areas, chiefly in the central western
townships. Small areas are found, however, in other parts of the county.

The surface soil of the Webster clay loam is a very dark grayish-brown to
black clay loam, extending to a depth of 15 to 18 inches. The subsoil is a drab
or gray clay loam stained with iron, grading at about 24 inches into a gray and
brown or yellow mottled clay containing lime in sufficient quantities to effer-
vesce with acid.

In topography the Webster clay loam is flat to depressed and the natural
drainage is poor. Tiling is necessary if the land is to be cultivated. When well-
drained, this soil is produective and satisfactory yields of general farm crops will
be secured. The yields are much the same in drained areas as those seeured on
the Webster loam and Webster silt loam areas. This soil needs first of all,
thoro drainage if it is to be cultivated. When this is accomplished, yields of
general farm erops will be very good. Small applications of farm manure would
be of value on newly drained areas and would stimulate the production of
available plant food. The manure should not be applied, however, preceding
the growing of a small grain crop as it may cause the crop to lodge. The type
is well supplied with lime in general and is not in need of additions. If the
surface soil is found to be acid, however, the use of lime may be of value in
securing a good early growth of legumes. The turning under of leguminous
crops as green manure would also be of value. The use of a phosphate fer-
tilizer on this type would undoubtedly be profitable and tests of rock phosphate
and acid phosphate are recommended.

In some of the low spots of this type, there may be so-called “‘alkali’” accumu-
lations. These are evidenced by the appearance of a whitish powder on the
surface of the soil in periods of dry weather. These areas may be reclaimed by
being properly tiled out and supplied with fresh horse manure or with green
manure. By these treatments the excess of alkali salt may be readily removed
from the soil.
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DODGEVILLE SILT LOAM (204)

The Dodgeville silt loam is a minor type, covering only 0.3 percent of the total
area. It is developed only along the Shellrock River in the south central town-
ship, the largest developments of the type being along the river and north of
Kensett, southeast of Kensett, and almost on the county line south and east of
Manly.

The surface soil of the Dodgeville silt loam is a very dark brown silt loam.
extending to a depth of 10 to 14 inches. The upper subsoil to 24 inches is a
brownish silt loam somewhat heavier than the surface soil but still a silt loam
in texture. The lower subsoil is a yellowish-brown silt loam to heavy silt loam or
silty elay. Limestone bedrock is encountered at depths varying from 20 inches
to 8 or 9 feet. There is generally a layer of soil material an inch or two in thick-
ness immediately above the bedrock and this is a heavy waxy clay shghtly mot-
tled brown in color.

In topography the Dodgeville silt loam is gently rolling and natural drainage
is good.

In the areas where the bedrock does not occur close to the surface, the soil
is used for general farm crops. The yields are very much the same as those
secured on the Carrington silt loam. In the areas where the surface soil is very
shallow, the type has little agricultural value.

In order to secure better crop yields on this soil, applications of farm manure
should be made. Leguminous crops turned under as green manures would also
increase the productivity. The type is acid in reaction and additions of lime
would aid in securing the best growth of legumes. The use of a phosphate fer-
filizer is recommended and tests of acid phosphate and rock phosphate should be
carried out on this soil.

TERRACE SOILS

There are five terrace types in this county classified in the O’Neill, Benoit,
Bremer and Waukesha series and these with the deep phase of the O’Neill loam
make six separate soil areas.

O’NEILL LOAM (108)

The O’Neill loam is the second largest terrace soil, being somewhat less cx-
tensively developed than the deep phase of the same type. Together the two
make up 7.5 percent of the total area. It occurs on the terraces along most of
the streams of the county. The largest developments of the type are found along
the Shellrock River, Elk and Beaver Creeks. In the vicinity of Northwood there
is a large individual area surrounding the city and extending south on the ter-
races along the Shellrock River to the junection of that river with Elk Creek.

The surface soil of the O’Neill loam is a dark brown friable loam to a depth
of 12 inches. Below this to a depth of 18 to 24 inches, there is a brown loam to
sandy loam or loamy sand. The lower subsoil consists of sand and gravel.

In topography the O’Neill loam is flat, sloping or gently undulating. Tt lies
10 to 20 feet above present overflow. Natural drainage is good to excessive.
Crops are in need of moisture in dry seasons. :

The soil is used for cultivated crops and in good seasons corn yields 30 to 45
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bushels, oats 20 to 40 bushels and hay three-fourths to one and one-half tons per
acre. In dry seasons the yields are very much lower.

This soil is particularly in need of additions of organic matter in order to
be made more satisfactorily productive. ILiberal applications of farm manure
should be made, and leguminous crops should be turned under as green manures
in order to build up the supply of organic matter and make the soil more
resistant to drought. The type is acid in reaction and will respond to additions
of lime especially for the best growth of legumes. The application of a phos-
phate fertilizer would undoubtedly be of value on this soil and tests of acid
phosphate and rock phosphate are recommended. Probably acid phosphate
would be of more value at the present time because of the low organic matter
content of the soil. The use of a complete fertilizer would probably be of less
value than the application of acid phosphate owing to the greater cost of the
complete material.

O’NEILL LOAM (DEEP PHASE) (200)

The deep phase of O’Neill loam is somewhat more extensively developed than
the typical soil. Together with the typical O’Neill loam, it covers 7.5 percent
of the total area. It is the most extensive terrace soil in the county, being
developed principally along the larger creeks and along the Shellrock River.
The most extensive developments of the type are found south and west of North-
wood and east of the city and extending south on both sides of the Shellrock
River and on both sides of Elk Creek. It is also found rather extensively de-
veloped in areas in the southwestern part of the county along Beaver Creek.

The surface soil of the deep phase of the O’Neill loam is a dark brown to very
dark brown, mellow, friable loam 12 inches or 13 inches in depth. The subsoil
is a brown to yellowish-brown or yellow silty loam to silt loam or heavy silt
loam becoming more sandy at about 30 inches. DBelow that point, there is a
coarse sand or fine gravel subsoil. There is some variation in the soil in two
areas, one in Section 29 of Deer Creek Township and the other comprising parts
of Sections 13 and 24 of Lincoln Township and 18 and 19 of Union Township.
In these areas the surface soil is a silt loam. Occasionally the silty character of
the subsoil continues to a greater depth, and the sand or gravel layer is not
encountered above 33 to 36 inches.

In topography the deep phase of the O’Neill loam is flat or sloping. It lies on
terraces b to 20 feet above overflow. Drainage is good and in places excessive.

Most of the type is cultivated and yields of general farm crops are quite satis-
factory in favorable seasons. Corn yields 35 to 55 bushels per acre, oats 35 to
50 bushels, and clover 1 to 2 tons per acre.

This soil will respond to the same treatments which have been recommended
for the typical O’Neill loam. Liberal applications of farm manure are of large
value on the soil. The turning under of leguminous crops as green manures
would be of profit. The soil is acid in reaction and the application of lime would
be of value for the best growth of legumes. The use of a phosphate fertilizer
should be recommended and tests of rock phosphate and acid phosphate should
be carried out under individual farm conditions. Probably acid phosphate
would prove more profitable for general use than rock phosphate owing to the
low organic matter content of the soil.
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BENOIT SILT LOAM (201)

The Benoit silt loam is the second largest terrace soil, covering 1.5 percent of
the total area. It occurs on the terraces along the Shellrock River chiefly in
the vicinity of Northwood, the largest areas of the type being east of Northwood
and southeast of the city. Small areas of the type are found in other parts of
the county limited, however, to the north ecentral townships.

The surface soil of the Benoit silt loam is a black or nearly black silt loam 10
to 15 inches in depth. The upper subsoil to a depth of 24 to 26 inches is a gray
or drab silty clay to elay. The lower subsoil is a coarse sand or gravelly sand.
In places the sandy subsoil ranges in thickness from 12 inches to 3 feet with
clay below. In places the surface soil contains an excess of so-called ‘‘alkali’’
salts. As a rule the subsoil does not contain sufficient lime to effervesce with
acid. Exceptions to this are found in the area two miles northeast of North-
wood and in Hartland and Kensett Townships where the subsurface layer as
well as the subsoil is high in lime.

In topography the Benoit silt loam is flat. Natural drainage is poor in spite
of the sandy character of the lower subsoil, and tiling is generally necessary to
secure the best crop yields.

Part of the type is under cultivation, a considerable part remaining in native
grasses and utilized for pasture or hay land. Crop yields are quite variable.
Corn yields from 25 to 60 bushels per acre, oats from 30 to 60 bushels, and
clover hay from 1 to 2 tons or more per acre.

This soil will respond to liberal applications of manure. When it is acid in
reaction, the use of lime is desirable in order to insure the best crop of legumes.
The addition of a phosphate fertilizer would be of value and tests of acid phos-
phate and rock phosphate are recommended. Drainage is necessary as the first
treatment in order to make this soil most satisfactorily productive. Where
alkali spots oceur in the type, the drainage of the areas and the incorporation
of fresh horse manure are the most desirable treatments in order to reclaim
the areas.

BREMER SILT LOAM (88)

The Bremer silt loam is the third largest terrace type, covering 1.4 percent of
the total arca. It oceurs in a number of areas in various parts of the county, be-
ing developed chiefly along the Shellrock River, Deer Creek and some of the
tributary streams. The largest areas of the type are found on the terraces near
the junction of Elk Creek with Shellrock River, southeast of Northwood, east of
the Shellrock River, and along Deer Creek in the extreme eastern parf of the
county.

The surface soil of the Bremer silt loam is a dark brown or nearly black smooth
silt loam, extending to a depth of 15 inches. The subsoil is a drab or gray silty
clay containing stains of iron to a depth of 24 inches. The lower subsoil is a
gray clay loam or clay, mottled with gray, brown and yellow.

There are many variations from the typical soil. In some areas, sand oceurs
below depths of 33 to 35 inches. Such areas are found in parts of Sections 35 and
36 of Deer Creek Township, and in parts of Sections 14 and 15 of Kensett Town-
ship. In the west half of Section 31 of Danville Township, the surface soil is
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calcareous and somewhat lighter in color than the typical surface soil, and this
chalk like layer of calecareous material appears at about 35 inches. The surface
here has numerous hummocks and the area lies at higher elevations than the sur-
rounding bottomlands. An area occurring in the west half of Section 13 of
Lincoln Township varies from the typical in that the subsoil is mottled brown
and yellow below a gray upper subsoil. In the west half of Section 1 and the
northeast quarter of Section 2 of Barton Township, the type has a grayish silt
loam surface soil with a mottled ashy gray or grayish-brown and gray subsoil
of stiff waxy clay.

The topography of the Bremer silt loam is flat or sloping. The natural drain-
age is deficient to fair. DMost of the type is under cultivation and general farm
crops are grown. Corn yields 40 to 60 bushels per acre, oats 45 to 60 bushels,
clover hay 114 to 214 tons.

The first need of this soil is the installation of tile. When this is accomplished,
small applications of farm manure would be of value to stimulate the production
of available plant food. TFarm manure should not be applied to this soil, how-
ever, in large amounts nor should it be added just preceding the growing of a
small grain crop as it may cause the grain to lodge. The type is acid in reaction
and will respond to additions of lime for the best growth of legumes. The use of
a phosphate fertilizer would be valuable on the soil and tests of rock phosphate
and acid phosphate are recommended.

WAUKESHA SILT LOAM (75)

The Waukesha silt loam is the fourth largest terrace soil, covering 1.1 percent
of the total area. It is found in numerous small areas along the Shellrock River,
Elk Creek, Deer Creek and Beaver Creek. The largest development of the type
is along Elk Creek just north and west of Kensett. Further considerable devel-
opments of the type are found south of Northwood along Shellrock River and
north of Northwood extending to the county line.

The surface soil of the Waukesha silt loam is a dark brown to very dark brown
smooth silt loam to a depth of 12 to 14 inches. The upper subsoil is a brown
smooth silt loam to a depth of about 20 inches. The lower subsoil is a yellowish-
brown to yellow heavy silt loam to clay loam or silty clay, compact but not
impervious. The surface soil in places is more nearly a loam than a silt loam.
In Section 10 of Kensett Township the surface soil is a loam. The area in Sec-
tion 12 of Lincoln Township is a loam in the surface soil. The subsoil is a
brownish loam.

In topography the Waukesha silt loam is flat or sloping. The drainage is good.
It occurs on terraces 5 to 20 feet above overflow.

The type is used for the production of general farm crops and quite satis-
factory crop yields are secured. Corn yields 30 to 60 bushels per acre, oats 35
to 55 bushels per acre, and clover hay 1 to 214 tons per acre.

This soil will respond profitably to applications of farm manure in order to
make it more productive, and liberal amounts of this material should be applied.
The turning under of leguminous crops as green manures would be of value.
The soil is acid and additions of lime would improve the fertility conditions.
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The application of a phosphate fertilizer would bring satisfactory results and
tests of rock phosphate and acid phosphate are recommended.
O’NEILL SANDY LOAM (126)

The O’Neill sandy loam is a minor terrace type, covering only 0.4 percent of the
total area. It occurs in a number of small areas on the terraces along the Shell-
rock River and Beaver Creek. There is no large development of the type. DMost
of the areas are found along Beaver Creek, cast of Fertile.

The surface soil of the O’Neill sandy loam is a brown to dark brown sandy
loam 12 inches in depth. Below this, the subsoil is a brown sandy loam to loamy
sand to a depth of about 20 inches, at that point grading into a yellowish-brown
to yellow sand. In some places the surface soil is a brown rather sandy loam.
containing patches of a loamy sand. )

In topography the O’Neill sandy loam is flat or gently undulating. Natural
drainage is good to excessive. Crops suffer for moisture in dry seasons.

General farm crops are grown on the soil, corn vielding 15 to 30 bushels per
acre, oats about the same, and hay 14 to 1 ton. In dry seasons the vields are
very poor. ‘ ‘

This soil will respond to additions of fertilizing materials supplying organic
matter. The building up of organic matter is very necessary if satisfactory
erop yields are to be secured. ILiberal applications of farm manure should be
made and legumionus erops should be turned under as green manures in order
to secure better crop yields on this type. It is acid in reaction and additions of
lime would be of value in order to secure the best yields of legume crops. The
application of a phosphate fertilizer would undoubtedly be profitable on this
soil and tests of acid phosphate are recommended. The acid phosphate would
undoubtedly be more preferable than rock phosphate because of the low organic
matter content of the soil.

SWAMP AND BOTTOMLAND SOILS

There are three swamp and bottomland soil types in the county classified in
the Wabash, Lamoure and Cass series. These with the areas of muck and peat
make a total of five bottomland areas.

MUCK (21a)

Muck is the most extensive bottomland type, covering 2.8 percent of the total
area. It oceurs in many areas, chiefly in the western part of the county, west
of the Shellrock River. These areas are found in depressions or infermittent
drainageways or along the streams., Rather extensive areas occur west of the
Shellrock River, along Elk Creek in the southwestern part of the county north
of Hanlontown, and in the northwestern corner of the county. .

Muck is derived from peat representing the same material in a further stage
of decomposition. It is black in color, smooth in texture, being light and fluffy,
containing no evidence of the original form of the plants from which it was
derived. It varies from 8 to 10 inches to 4 or 5 feet in depth. Most of it, how-
ever, will come within a range of 18 to 26 inches in depth. The underlying ma-
terial is generally a black silty clay which may extend for a considerable depth
or may change into a gray or yellowish or mottled gray, brown and yellow clay
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loam or clay. In topography areas of muck are nearly always flat. They are
not smooth, however, and may be hummocky like peat. Much of it is poorly
drained and under water in wet seasons of the vear. Many areas have been
tiled and in such cases drainage is well established.

Proper drainage is the first requirement for the reclamation of muck areas.
When this has been accomplished, it is usually best to seed down to timothy
and alsike clover before attempting to grow general farm crops. Corn and oats
do not do well on newly drained areas. Vegetable crops, however, such as onions,
potatoes, tomatoes and sugar beets are grown very well on drained areas of
muck. The use of certain complete fertilizers may be desirable on these areas
where truck crops are to be grown. The application of acid phosphate and mur-
late of potash, which is sometimes recommended, may be of considerable value
in inereasing the production of these truck crops.

WABASH SILT LOAM (26)

The Wabash silt loam is the second largest bottomland soil covering 2.2 per-
cent of the total area. It occurs in many arcas in various parts of the county
along the streams, creeks, and infermittent drainageways in narrow ribbon-like
areas. There are no large areas of the type, but the largest development in the
county is found along Deer Creek and along the Shellrock River in the vieinity
of Northwood and south of Northwood.

The surface soil of the Wabash silt loam consists of 15 to 18 inches of a black,
smooth silt loam underlaid by a drab or gray clay loam containing iron stains
and sometimes mottlings of gray, brown and yellow. Ocecasionally the subsoil
contains small quantities of fine sand. In places the lower subsoil is as heavy
as a clay. In some areas the surface soil is a silty clay loam in texture, but
this variation was not developed extensively enough to warrant a separate map-
ping. Such areas occur in Section 34 of Danville Township, Section 35 of
Brookfield Township, and along the ditech running thru Seections 29, 30 and 31 of
Deer Creek Township. The Wabash silt loam mapped along Deer Creek in Sec-
tion 1 of Barton Township is variable, ranging in surface texture from a loam
to a silt loam. In the southeast quarter of Section 31 of Danville Township, the
soil is a dark brown loam with no change thruout the entire three foot section.

In topography the Wabash silt loam is generally flat to very gently sloping.
Most of the type is subject to flooding. The areas, which are less frequently
overflowed, are utilized for the production of general farm crops. Corn yields
30 to 60 bushels per acre, oats 30 to 50 bushels per acre, and hay 1 to 2 tons.
The uncultivated areas are used for pasture and the production of wild hay.

In order to secure better crop yields on the cultivated areas of this type, it
would be desirable to apply farm manure, to add lime to remedy the acid con-
dition of the soil, and to apply a phosphate fertilizer. Tests of acid phosphate
and rock phosphate would be very desirable. In order to insure good crop
yields on this soil, it should be protected from overflow and thoroly drained.

PEAT (21)
There is a rather considerable area of peat covering 2.2 percent of the total
area. It is found in numerous areas of varying size in the western townships.
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The largest developments of peat are found in what was originally Rice Lake,
in large areas in the southwestern part of the county west of Hanlontown, and
in areas west of the Shellrock River in Hartland and Brookfield Townsips. Nu-
merous other smaller areas are found scattered thruout the western townships.

Peat is partially decayed organic matter which has retained the original form
of the plant from which it was derived, at least in part. Tt ranges in color from
reddish-brown to deep chocolate brown. Tt is somewhat variable, but usually
extends to a depth of 18 to 20 inches where it is underlaid by a black, smooth
mucky material which may contain considerable amounts of mineral soil par-
ticles. The raw surface peat varies in depth from 8 to 10 inches to 5 or 6 feet.
The underlying materials are also variable, ranging from sand to clay in texture
and from a gray to yellow in color.

In topography, peat is rough to hummocky. Tt supports a luxuriant growth
of wild grasses and many kinds of weeds. The unreclaimed areas are used as
pasture land.

Drainage is the first treatment necessary in order to reclaim areas of peat.
When this has been accomplished, thoro cultivation and the seeding of the
areas to timothy and alsike clover and utilizing them for pasture for several
yvears is the most desirable treatment. Tt is unsatisfactory to seed corn and small
grains on newly drained peat. The yields will be very unsatisfactory. Vege-
table crops may sometimes be grown on partially decomposed peat areas. Such
erops as tomatoes, potatoes, sugar beets, onions, and celery will grow well. A
general statement regarding the reclamation of peat and treatments needed, has
been given earlier in this report.

LAMOURE SILT LOAM (153)

The Lamoure silt loam is a minor type, covering only 1.6 percent of the total
area. It is developed chiefly in the western part of the county in a number of
small areas in the bottomlands and along intermittent drainage channels in as-
sociation with the ecaleareous upland soils.

The surface soil of the Lamoure silt loam is a very dark brown to nearly black
silt loam 15 inches in depth. The subsoil is a gray or mottled gray and brown
calcareous silty clay to clay. There is a hich lime content in the subsoil usually
extending thru the surface soil.

The type occurs on the first bottoms along the streams and it is subject to
overflow. In topography it is level to flat. A very small part of the soil is under
cultivation and much of it is in native grasses used for pasture and the pro-
duction of hay. On the cultivated areas, the yields are much the same as those
secured on the Wabash silt loam.

The treatments recommended for that type will also apply in this case. Ap-
plications of farm manure would be of value on newly drained areas and the
use of a phosphate fertilizer is recommended.

CASS SILT LOAM (106)

The Cass silt loam is a minor type covering only 0.3 percent of the total area.
It occurs in a number of small areas along the streams of the county. The
largest development is found one mile east of Manly. Another area is mapped
about one mile northwest of Kensett along Tlk Creek.
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The surface soil of the Cass silt loam is a very dark grayish-brown or nearly
black smooth silt loam. The subsoil is a mottled gray, brown, and yellow silty
clay. It contains considerable sand, grading Felow 24 inches into a brown or
vellowish-brown incoherent sand.

In topography the Cass silt loam is flat, sloping slightly toward the streams.
It occurs on the first bottoms and is subject to overflow. It is used almost ex-
clusively for pasture or wild hay land. The areas not subject to overflow would
be suitable for the growth of cultivated crops. If cultivated the soil would re-
spond to applications of farm manure and the turning under of leguminous
crops as green manures. The use of lime would be of value to remedy acidity.
The application of a phosphate fertilizer would undoubtedly prove profitable.

RESIDUAL SOIL

There is one residual soil in the county, the Sogn silt loam, poorly drained
phase. It covers only 0.7 percent of the total area.

SOGN SILT LOAM (POORLY DRAINED PHASE) (202)

The Sogn silt loam ocurs in small areas along the Shellrock River and Beaver
Creek. Most of the areas are long and narrow and not very extensive. The
largest development of the type is found south of Northwood.

The surface soil of the poorly drained phase of the Sogn silt loam is a dark
brown or nearly black silt loam, extending to a depth of 16 inches. The subsoil
is a gray or drab silty clay loam containing some mottlings of brown and yellow.
Below 24 inches it is a grayish-brown or gray or mottled gray, brown and yellow
silty clay to clay loam. The lower inch or two of material, resting on the bed-
rock, contains particles of limestone. In typical areas the bedrock is usually
encountered at depths between 30 and 40 inches. Numerous variations occur
within areas of this type along the Shellrock River. The surface soil may be a
light textured to rather sandy loam, black in color. The sandy texture may con-
tinue to the bedrock or may grade into a drab colored subsoil just above the
bedrock. The depth to which the bedrock occurs varies from 8 to 10 inches to
the normal depth of 30 to 40 inches.

In topography the Sogn silt loam is flat to depressed and the natural drainage
is poor. Areas, bordering the Shellrock River, are subject to flooding and are
undoubtedly made up in part of alluvial material.

The type is not important agriculturally. The areas along the river banks
are unsuitable for cultivation. They are utilizable only for pasture purposes.
In the areas which can be cultivated, drainage is the first treatment necessary.
The application of farm manure and the use of a phosphate fertilizer would be
desirable.
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APPENDIX

THE SOIL SURVEY OF IOWA

What soils need to make them highly productive and to keep them so, and how their needs
may be supplied, are problems which are met constantly on the fan?l_today.

To enable every farmer to solve these problems for his local conditions, a c.omplete survey
and study of the soils of the state has been undertaken,.the results of wluch_ will be published
in a series of county reports. This work includes a dqtalled survey of the soils of each county,
following which all the soil types, streams, roads, ra1lroad§, ete., are _accur'fltely located on a
soil map. This portion of the work is being carried on in cobperation with the Bureau of
Soils of the United States Department of Agriculture. ) ) )

Samples of soils are taken and examined mechanically and .chemlcall_y to determine their
character and composition and to learn their needs. Pot experiments with these samples are
conducted in the greenhouse to ascertain the value of the use of manure, fertilizers, lime and
other materials on the various soils. These pot tests are followed in many cases by field
experiments to check the results secured in the greenhouse. The meagerness of the funds
available for such work has limited the extent of these field studies and tests have not been
possible in each county surveyed. Fairly complete results have been secured, however, on the

ain types in the large soil areas. ) .
mfg‘%llgging the survgy, systems of soil management which should be adopted in the various
counties and on the different soils are worked out, old methods of treatment are emphasized
as necessary or their discontinuance advised, and new methods of proven value are suggested.
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PLANT FOOD IN SOILS

Fifteen different chemical elements are essential for plant food, but many of these occur
so extensively in soils and are used in such small quantities that there is practically no danger
of their ever running out. Such, for example, is the case with iron and aluminum, past
experience showing that the amount of these elements in the soil remains practically constant.

Furthermore, there can never be a shortage in the elements which come primarily from the
air, such as carbon and oxygen, for the supply of these in the atmosphere is practically in-
exhaustible. The same is true of nitrogen, which is now known to be taken directly from the
atmosphere by well-inoculated legumes and by certain microscopic organisms. Hence, altho
many crops are unable to secure nitrogen from the air and are forced to draw on the soil
supply, it is possible by the proper and frequent growing of well-inoculated legumes and their
use as green manures, to store up sufficient of this element to supply all the needs of succeed-
ing non-legumes.

THE ‘‘SOIL DERIVED’’ ELEMENTS

Phosphorus, potassium, calcium and surfur, known as ‘‘soil derived’’ elements, may fre-
quently be lacking in soils, and then a fertilizing method carrying the necessary element must
be used. Phosphorus is the element most likely to be deficient in all soils. This is especially
true of Towa soils. Potassium frequently is lacking in peats and swampy soils, but normal
soils in Towa and elsewhere are usually well supplied with this element. Calecium may be low
in soils which have borne a heavy growth of a legume, especially alfalfa; but a shortage of
this element is very unlikely. It seems possible from recent tests that sulfur may be lacking
in many soils, for applications of surfur fertilizers have proved of value in some cases. Iow-
ever, little is known as yet regarding the relation of this element to soil fertility. If later
studies show its importance for plant growth and its deficiency in soils, surfur fertilizers may
come to be considered of much value.

AVAILABLE AND UNAVAILABLE PLANT FOOD

Frequently a soil analysis shows the presence of such abundance of the essential plant foods
that the conclusion might be drawn that crops should be properly supplied for an indefinite
period. However, applications of a fertilizer containing one of the elements present in such
large quantities in the soil may bring about an appreciable and even profitable increase in
Crops.

The explanation of this peculiar state of affairs lies in the fact that all the plant food
shown by analysis to be present in soils is not in a usable form; it is said to be unavailable.
Plants cannot take up food unless it is in solution; hence available plant food is that which
is in solution. Analyses show not only this solution or available portion, but also the very
much larger insoluble or unavailable part. The total amount of plant food in the soil may,
therefore, be abundant for numerous crops, but if it is not made available rapidly enough,
plants will suffer for proper food.

Bacteria and molds are the agents which bring about the change of insoluble, unavailable
material into available form. If conditions in the soil are satisfactory for their vigorous
growth and sufficient total plant food is present, these organisms will bring about the pro-
duction of enough soluble material to support good crop growth.

REMOVAL OF PLANT FOOD BY CROPS

The decrease of plant food in the soil is the direct result of removal by crops, altho there
is often some loss by leaching also. A study of the amounts of nitrogen, phosphorus, and
potassium removed by some of the common farm crops will show how rapidly these elements
are used up under average farming conditions.

The amounts of these elements in various farm crops are given in table I. The amount of
caleium and surfur in the crops is not included, as it is only recently that the removal of these
elements has been considered important enough to warrant analyses.

The figures in the table show also the value of the three elements contained in the different
crops, calculated from the market value of fertilizers containing them. Thus the value of
nitrogen is figured at 16 cents per pound, the cost of the element in nitrate of soda; phos-
phorus at 12 cents, the cost in acid phosphate, and potassium at 6 cents, the cost in muriate
of potash.

It is evident from the table that the continuous growth of any common farm crop without
returning these three important elements will lead finally to a shortage of plant food in the
soil. The nitrogen supply is drawn on the most heavily by all the crops, but in the case of
alfalfa and clover only a small part should be taken from the soil. If these legumes are
inoculated as they should be, they will take most of their nitrogen from the atmosphere.
The figures are therefore entirely too high for the nitrogen taken from the soil by these two
crops, but the loss of nitrogen from the soil by removal in non-leguminous crops is consider-
able. The phosphorus and potassium in the soil are also rapidly reduced by the growth of
ordinary crops. While the nitrogen supply may be kept up by the use of leguminous greem
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TABLE I. PLANT FOOD IN CROPS AND VALUE
Calculating Nitrogen (N) at 16¢ (Sodium Nitrate (NaNO83) ), Phosphorus (P) at 12¢
(Acid Phosphate), and Potassium (K) at 6ec (Potassium Chloride (XKCl) ).

Plant Food, Lbs. Value of Plant Food ;I,‘th:;
of
Crop Yield Phos- | Potas- | Nitro- | Phos- | Potas- | Plant
Nitrogen | phorus | sium gen phorus | sium | Food
Corn, grain 75 bu. 75 | 12.75 14 $12.00 $1.52 $0.84 $14.37
Corn, stover 2,26 T. 36 | 45 39 5.76 0.54 2.34 8.64
Corn, erop = | casvas 111 17.25 53 17.76 2.07 3.18 23.01
Wheat, grain 30 bu. 42.6 7.2 7.8 6.81 0.86 0.46 8.13
Wheat, straw 1.6 T, 15 2.4 27 2.40 0.28 1.62 4.30
Wheat, ecrop | ...... 57.6 9.6 34.8 9.21 1.14 2.08 12.43
Oats, grain 50 bu. 33 5.5 8 5.28 0.66 0.48 6.42
Oats, straw 1,26 T. 15.5 2.5 26 2.48 0.30 1.56 8.28
Qats, erop | ceoeiss 48.5 8 34 7.76 0.96 2.04 14.70
Barley, grain 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61
Barley, straw 0.76 T, 9.5 1 13 1.52 0.12 0.78 2.42
Barley, erop | «cou.es 32.5 6 18.5 5.20 0.72 111 7.08
Rye, grain 30 bu. 29.4 6 7.8 4.70 0.72 0.46 5.88
Rye, straw 1a T 12 3 21 1.92 0.36 1.26 3.54
Rye; exop | suwess 41.4 9 28.8 6.62 1.08 1.72 9.42
Potatoes 300 bu. 63 12.7 90 10.08 1.25 5.40 17.00
Alfalfa, hay 8 . 300 27 144 48.00 3.24 8.64 59.88
Timothy, hay 3 T. 72 9 67.5 11.52 1.08 3.95 16.55
Clover, hay - i ! 120 15 90 19.20 1.80 5.40 16.40

manure crops, phosphorus and potassium must be supplied by the use of expensive commercial
fertilizers.

The cash value of the plant food removed from soils by the growth and sale of various
crops is considerable. Even where the grain alone is sold and the crop residues are returned
to the soil, there is a large loss of fertility, and if the entire crop is removed and no return
made, the loss is almost doubled. It is evident, therefore, that in calculating the actual in-
come from the sale of farm crops, the value of the plant food removed from the soil should
be subtracted from the proceeds, at lease in the case of constituents which must be replaced
at the present time.

Of course, if the crops procured are fed on the farm and the manure carefully preserved
and used, a large part of the valuable matter in the erops will be returned to the soil. This
is the case in livestock and dairy farming where the products sold contain only a portion of
the valuable elements of plant food removed from the soil. In grain farming, however, green
manure crops and commercial fertilizers must be depended upon to supply plant food de-
ficiencies in the soil. It should be mentioned that the proper use of crop residues in this lat-
ter system of farming reduces considerably plant food loss.

REMOVAL FROM IOWA SOILS

It has been conservatively estimated that the plant food taken from Iowa soils and shipped
out of the state in grain amounts to about $30,000,000 annually. This calculation is based on
the estimate of the secretary of the Western Grain Dealers’ Association that 20 percent of
the corn and 35 to 40 percent of the oats produced in the state is shipped off the farms.

This loss of fertility is unevenly distributed over the state, varying as farmers do more or
less livestock and dairy farming or grain farming. In grain farming, where no manure is
produced and the entire grain crop is sold, the soil may very quickly become deficient in cer-
tain necessary plant foods. Eventually, however, all soils are depleted in essential food
materials, whatever system of farming is followed.

PERMANENT FERTILITY IN I0WA SOILS

The preliminary study of Towa soils, already reported, revealed the fact that there is not
an inexhaustible supply of nitrogen, phosphorus and potassium in the soils of the state.
Potassium was found in much larger amounts than the other two elements, and it was con-
cluded, therefore, that attention should be centered at the present time on nitrogen and phos-
phorus. In spite of the fact that Towa soils are still comparatively fertile and crops are still
large there is abundant evidence at hand to prove that the best possible yields of certain
crops are not being obtained in many cases because of the lack of necessary plant foods or
because of the lack of proper conditions in the soil for the growth of plants and the produe-
tion, by bacteria, of available plant food.
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Proper systems of farming will insure the production of satisfactory crops and the main
tenance of.permanent fertility and the adoption of such systems should not be delayed until
the crop y}el(ls are r'nuch lower, for then it will involve a long, tedious and very expensive
ﬁgl.lt to bring t.he soil back to a fertile condition. If proper methods are put into operation
\\'hllq comparatively large amounts of certain plant foods are still present in the soil, it is
relatively easy to keep them abundant and attention may be centered on other elements likely
to be limiting factors in crop production.

Soils may be kept permanently fertile by adopting certain practices which will be sum-
marized here.

CULTIVATION AND DRAINAGE

Cultivation and drainage are two of the most important farm operations in keeping the
soil in a favorable condition for crop production, largely because they help control the
moisture in the soil.

The moisture in soils is one of the most important factors governing crop production. If
the soil is too dry, plants suffer for lack of water necessary to bring them their food and also
for lack of available plant food. Bacterial activities are so restricted in dry soils that the
production of available plan food practically ceases. If too much moisture is present, plants
likewise refuse to grow properly because of the exclusion of air from the soil and the absence
of available food. Decay is checked in the absence of air, all beneficial bacterial action is
limited and humus, or organic matter, containing plant food constituents in an unavailable
form, accumulates. The infertility of low-lying, swampy soils is a good illustration of the
action of excessive moisture in restricting plant growth by stopping aeration and limiting
beneficial decay processes.

While the amount of moisture in the soil depends very largely on the rainfall, any excess of
water may be removed from the soil by drainage and the amount of water present in the soil
may be conserved during the periods of drouth by thoro cultivation or the maintaining of a
good mulch. The need for drainage is determined partly by the nature of the soil, but more
particularly by the subsoil. If the subsoil is a heavy, tight clay, a surface clay loam will be
rather readily affected by excessive rainfall. On the other hand, if the surface soil is sandy,
a heavy subsoil will be of advantage in preventing the rapid drying out of the soil and also
in checking losses of valuable matter by leaching.

THE ROTATION OF CROPS

Experience has shown many times that the continuous growth of one crop takes the fertility
out of a soil much more rapidly than a rotation of crops. One of the most important farm
practices, therefore, from the standpoint of soil fertility, is the rotation of crops of a basis
suited to the soil, climatie, farm and market conditions. The choice of crops is so large that
no difficulty should be experienced in selecting those suitable for all conditions.

There is a third explanation of the value of rotations. It is claimed that crops in their
growth produce certain substances called ‘‘toxic’’ which are injurious to the same crop, but
have no effect on certain other erops. In proper rotation the time between two different
crops of the same plant is long enough to allow the ‘‘toxic’’ substance to be disposed of in
the soil or made harmless. This theory has not been commonly accepted, chiefly because of
the lack of confirmatory evidence. It seems extremely doubtful if the amounts of these
‘“toxic’’ substances could be large enough to bring about the effects evidenced in continuous
cropping.

But, whatever the reason for the bad effects of continuous cropping, it is evident that for
all good systems of farming some definite rotation should be adopted, and that rotations
should always contain a legume, because of the value of such crops to the soil. In no other
way can the humus and nitrogen content of soils be kept up so cheaply and satisfactorily as
by the use of legumes, either as regular or ‘‘cateh’’ crops in the rotation.

MANURING

There must always be enough humus, or organic matter, and nitrogen in the soil if satis
factory crops are to be secured. Humus not only keeps the soil in the best physical condition
for erop growth, but it supplies a considerable portion of nitrogen. An abundance of humus
may always be considered a reliable indication of the presence of much nitrogen. This
nitrogen does not occur in a form available for plants, but with proper physical conditions in
the soil, the nonusable nitrigen in the animal and vegetable matter which makes up the humus,
is made usable by numerous bacteria and changed into soluble and available nitrates.

The humus, or organic matter, also encourages the activities of many other bacteria which
produce carbon dioxide and various acids which dissolve and make available the insoluble phos-
phorus and potassium in the soil.

Three materials may be used to supply the organic matter and nitrogen of soils. These are
farm manure, crop residues and green manure, the first two being much more common.

By using all the crop residues, all the manure produced on the farm, and giving well-inocu-
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lated legumes a place in the rotation for green manure crops, no artificial means of maintain-
ing the humus and nitrogen content of soils need be resorted to.

THE USE OF PHOSPHORUS

Towa soils are not abundantly supplied with phosphorus. Moreover, it is possible by the
use of manures, green manures, crop residues, straw, stover, ete., to return to the soil the
entire amount of that element removed by crops. Crop residues, stover and straw merely
return a portion of the phosphorus removed, and while their use is important in checking the
loss of the element, they cannot stop it. Green manuring adds no phosphorus that was not
used in the growth of green manure crop. Farm manure returns part of the phosphorus
removed by crops which are fed on the farm, but not all of it. While, therefore, immediate
scarcity of phosphorus in Iowa soils cannot be positively shown, analyses and result sof
experinients show that in the more or less distant future, phosphorus must be applied or crops
will suffer for a lack of this element. Furthermore, there are indications that its use at
present would prove profitable in some instances.

Pliosphorus may be applied to soils in three commercial forms, bone meal, acid phosphate
and rock phosphate. Bone meal cannot be used gencrally, because of its extremely limited
production, so the choice rests between rock phosphate and acid phosphate. IExperiments are
now under way to show which is more economical for farmers in the state. Many tests must
be conducted on a large variety of soil types, under widely differing conditions, and thru a
rather long period of years. It is at present impossible to make these experiments as complete
as desirable, owing to small appropriations for such work, but the results secured from the
tests now in progress will be published from time to time in the different county reports.

Until such definite advice can be given for individual soil types, it is urged that farmers
who are interested make comparisons of rock phosphate and acid phosphate on their own
farms. In this way they can determine at first hand the relative value of the two materials.
Information and suggestions regarding the carrying out of such tests may be secured upon
application to the Soils Section.

LIMING

Practically all crops grow better on a soil which contains lime, or in other words, on one
which is not acid. As soils become acid, crops grow smaller, bacterial activities are reduced
and the soil becomes infertile. Crops are differently affected by acidity in the soil; some
refuse to grow at all; others grow but poorly. Only in a very few instances can a satisfactory
crop be secured in the absence of lime. Therefore, the addition of lime to soils in which it is
lacking is an important principle in permanent soil fertility. All soils gradually become acid
because of the losses of lime and other basic materials thru leaching and the production of
acids in the decomposition processes constantly occurring in soils. Towa soils are no exception
to the general rule, as was shown by the tests of many representative soils reported in Bulletin
No. 151 of this station. Particularly are the soils 1 the Towan drift, Mississippi loess and
Southern Towa loess arcas likely to be acid.

All Towa soils should therefore be tested for acidity before the crop is seeded, particularly
when legumes, such as alfalfa or red clover, are to be grown. Any farmer may test his own
soil and determine its need of lime, according to simple directions in bulletin No. 151, referred
to above.

As to the amount of lime needed for acid soils as a general rule sufficient should be applied
to neutralize the acidity in the surface soil and then an additional amount of one or two tons
per acre.

SOIL AREAS IN IOWA

There are five large soil areas in Iowa, the Wisconsin drift, the Towan drift, the Missouri
loess, the Mississippi loess and the Southern Towa loess. These five divisions of the soils of
the state are based on the geological forces which brought about the formation of the various
soil areas. The various areas are shown in the map, fig. 8.

With the exception of the northeastern part of the state, the whole surface of Towa was in
ages past overrun by great continental ice sheets. These great masses of ice moved slowly
over the land, crushing and grinding the rocks beneath and carrying along with them the
material which they accumulated in their progress. Five ice sheets invaded Iowa at different
geological eras, coming from different directions and carrying, therefore, different rock
material with them.

The deposit, or sheet, of earth debris left after the ice of such glaciers melts is called
““glacial till’’ or ‘“drift’’ and is easily distinguished by the fact that it is usually a rather
stiff clay containing pebbles of all sorts as well ag large boulders of ‘‘nigger heads.”” Two of
these drift areas occur in Towa today, the Wisconsin drift and the Towan drift, covering the
north central part of the state. The soils of these two drift areas are quite different in chem-
ical composition, due primarily to the different ages of the two ice invasions. The Iowan drift
was laid down at a much earlier period and is somewhat poorer in plant food than the Wis-
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consin drift soil, having undergone considerable leaching in the time which has elapsed since
its formation.

The drift deposits in the remainder of the state haye been covered by so-called loess soils,
vast accumulations of dust-like materials which settled out of the air during a period of
geological time when climatic conditions were very different than at present. These loess
soils are very porous in spite of the fine texture and they rarely contain large pebbles or
stones. They present a strong contrast to the drift soils, which are somewhat heavy in texture
and filled with pebbles and stone. The three loess arcas in the state, the Missouri, the Missis-
sippi and the Southern Towa, are distinguished by differences in texture and appearance, and
they vary considerably in value for farming purposes. In some sections the loess is very deep,
while in other places the underlying leached till or drift is very close to the surface. The
fertility of these soils and their needs are greatly influenced, therefore, by their depth.

It will be seen that the soils of the state may be roughly divided into two classes, drift soils
and loess soils, and that further division may then be made into various drift and loess sails
because of differences in period of formation, characteristics and general composition. More
accurate information demands, however, that further divisions be made. The different drift
and loess soils contain large numbers of soil types which vary among themselves, and each of
these should receive special attention.

THE SOIL SURVEY BY COUNTIES

It is apparent that a general survey of the soils of the state can give only a very general
idea of moil conditions. Soils vary so widely in character and composition, depending on many
other factors than their source, that definite knowledge concerning their needs can be secured
only by thoro and ‘and complete study of them in place in small areas. Climatic conditions,
topography, depth and character of soil, chemical and mechanical composition and all other
factors affecting crop production must be considered.

This is what is accomplished by the soil survey of the state by counties, and hence the needs
of individual goils and proper systems of management may be worked out in much greater
detail and be much more complete than would be possible by merely considering the large areas
separated on the basis of their geological origin. In other words, while the unit in the general
survey is the geological history of the soil area, in the soil survey by counties or any other
small area, the unit is the soil type.

GENERAL SOIL CHARACTERISTICS

Soil types possess more or less definite characteristics which may be determined largely in
the field, altho some laboratory study is necessary for final disposition. Usually the line of
separation between adjoining soil types is quite distinet and it is a simple matter to locate the
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Fig. 8. Map showing principal soil areas in Iowa.
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type boundaries. In some cases, however, there is a graduation from one type to another and
then the boundaries may be fixed only with great difficulty. The error introduced into soil
survey work from this source is very small and need cause little concern.
The factors which must be taken into account in establishing soil types have been well
enumerated by the Illinois Experiment Station in its Soil Report No. 1. They are:
1. The geological origin of the soil, whether residual, glacial, loessial, alluvial, colluvial
or cumulose.
2. The topography or lay of the land.
3. The structure or depth and character of the surface, subsurface and subsoil.
4. The physical and mechanical composition of different strata composing the soil, as the
percentages of gravel, sand, silt, clay and organic matter which they contain.
The texture or porosity, granulation, friability, plasticity, ete.
The color of the strata.
The natural drainage.
The agricultural value based upon its natural productiveness.
Native vegetation.
10. The ultimate chemical composition and reaction.
The common soil constituents may be given as follows:{
{ All partially destroyed or decomposed
| vegetable and animal material.
Stones—over 32 mm.*
Gravel—32—2.0 mm.
Very coarse sand—=2.0—1.0 mm.
Inorganic matter Coarse sand—1.0—0.5 mm.
Medium sand—0.5—0.25 mm.
Fine sand—0.25—0.10 mm.
| Very fine sand—0.10—0.05 mm.
| Silt—0.05—0.00 mm.

Al o B

Organic matter

SOILS GROUPED BY TYPES

The general groups of soils by types are indicated thus by the Bureau of Soils.

Peats—Consisting of 35 percent or more of organic matter, sometimes mixed with more or
less sand or soil.

Peaty Loams—15 to 35 percent organic matter mixed with much sand and silt and a little
clay.
Mucks—25 to 35 percent of partly decomposed organic matter mixed with much clay and
some silt.

Clays—~Soils with more than 30 percent clay, usually mixed with much silt; always more than
50 percent silt and clay.

Silty Clay Loams—20 to 30 percent clay and more than 50 percent silt.

Clay Loams—20 to 30 percent clay and less than 50 percent silt and some sand.

Silt Loams—20 percent clay and more than 50 percent silt mixed with some sand.

Loams—Less than 20 percent clay and less than 50 percent silt and from 30 to 50 percent
sand.

Sandy Clays—=20 percent silt and small amounts of clay up to 30 percent.

Fine Sandy Loams—More than 50 percent fine sand and very fine sand mixed with less than
25 percent very coarse sand, coarse sand and medium sand, much silt and a little clay; silt and
clay 20 to 50 percent.

Sandy Loams—More than 25 percent very coarse, coarse and medium sand; silt and clay
20 to 50 percent.

Very Fine Sand—More than 50 percent fine sand and less than 25 percent very coarse, coarse
and medium sand, less than 20 percent silt and clay.

Fine Sand—More than 50 percent fine sand and less than 25 percent very coarse, coarse and
medium sand, less than 20 percent silt and clay.

Sand—DMore than 25 percent very coarse, coarse and medium sand, less than 50 percent fine
sand, less than 20 percent silt and clay.

Coarse Sand—More than 25 percent very coarse, coarse and medium sand, less than 50 per-
cent of other grades, less than 20 percent silt and clay.

Gravelly Loams—25 to 50 percent very coarse sand and much sand and some silt.

Gravels—More than 50 percent very coarse sand.

Stony Loams—A large number of stones over one inch in diameter.

METHODS USED IN THE SOIL SURVEY

It may be of some interest to state briefly the methods which are followed in the field in
surveying the soils.

*25mm equals 1 in, tBureau of Soils Book.
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As has been indicated the completed map is intended to show the accurate location and
boundaries, not ounly of all soil types but also of the streams, roads, railroads, ete.

The first step, therefore, is the choice of an accurate base map and any official map of the

county may be chosen for this purpose. Such maps are always checked to correspond correctly
with the land survey. The location of every stream, road and railroad on the map is likewise
carefully verified and corrections are frequently necessary. When an accurate base map is not
available the field party must first prepare one.
. The section is the unit area by which each county is surveyed and mapped. The distances
in ?he {'oads are determined by an odometer attached to the vehicle, and in the field by pacing,
wlpch is done with accuracy. The directions of the streams, roads, railroads, etc., are deter-
mined py tl'le use of the compass and the plane table. The character of the soil types is
ascertained in the section by the use of the auger, an instrument for sampling both the surface
soil and the subsoil. The boundaries of each type are then ascertained accurately in the section
and indicated on the map. Many samplings are frequently necessary, and individual sections
may contain several soil types and require much time for mapping. In other cases, the entire
section may contain only one soil type, which fact is readily ascertained, and in that case the
mapping may proceed rapidly.

When one section is completed, the party passes to the mext section and the location of all
soil types, streams, ete., in that section is then checked with their location in the adjoining
area Jjust mapped. Careful attention is paid to the topographic features of the area, or the

lay of the land,’’ for the character of the soils is found to correspond very closely to the
conditions under which they occur.

The field party is composed of two men, and all observations, measurements and soil type

boundaries are compared and checked by each man.
. The determinations of soil types are verified also by inspection and by consultation with those
in charge of t.he work at the Bureau of Soils and at the Towa Agricultural Experiment Station.
Whgn .the entire county is completed, all the section maps of field sheets are assembled and any
variations or questionable boundaries are verified by further observations of the particular
area.

The completed map, therefore, shows as accurately as possible all soils and soil boundaries
and it constitutes also an exact map of the county. ,





