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WORTH COUNTY SOILS 
By W. H . 81'1\\'ENS0N a nd P. E . BROWN with t he ass istance of D. S. GRAY, L. W. FoR~IAN 

:1n 1l R. E . BENNET'L' 

·worth Count.r is loca ted in north central Iowa in the fif th tier of counties west 
of the l\Ii ssissippi River and bord ering· th e state of Minnesota on the north. It 
is partly in the Iowan d rift so il area and partly in the , Visconsin dr ift soil area. 

H ence. the soils of the county are all of gla­
ci.a l or igin, being derived in major par t from 
t il e Iowan drift and to a smaller extent from 
th e ·w isconsin drift. The total area of the 
eounty is 399 square miles or 255,360 acres. 
Of t his area 244,808 acres or 96.2 percent is 
in fa rm land. 1.'he total number of farms is 
1-1-:iO an cl the average size of the fa rms is 169 . 
'!' li e farms are operated by 687 owners, 238 

1-·; _~. 1 .. 1 '""P sh11\\'i 11 g the 111e:rti"11 or l'Plative r enters, 433 renters, 90 both owning 
\Vurth C'ounl,\', 

and r enting, and 2 unclassified. 
The fo llowing figures from 1'he Iowa, Yearbook of Agricnltme for 1925 show 

the utilization of th e farm land in th e coun ty. 

Acr eage in g-1• J1 c r,il f:, 1'111 nops. . . . . . . . . . . . . . . . . . .. . lG9,328 
Acreage in fo rm build ings, public h igh\\"ays and feed lots ..... .. 13,291 
Acreage in pas tu re . . . . . . . . . . . . :38,,38 l 
Acreage in \\" Uste lnn cl not: u t i]izecl fo r a ny pu rpose .... . .. . , . . . .. 1,435 
A cr eage in f:um " ·ood lot s use,~ fo r timber only .. ....... .... .. . . . 88 1. 
A cr eage in cr op la ncl ln y ing idle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 684 
Acr eage in c· rops not othenrisr l ish:d. .. . . . ...... .. .. . . . . .. .... 71J 

THE AGRICUL'l'URE OF WORTH COUNTY 

The dominant type of agr iculture in ,Vorth 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 witb 
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 r ecognized, 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 beef 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
cr eased 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 en t ire source of 
in~ome on some farms and makes up a large part of the income on all other,:. 

1.'he acr eage in waste land in the county is considerable, and some methods of 

*,See Soil Survey of Worth Cou nty, Iowa , by D . S. Gray of the Iowa Agricul tu ral Experiment Station 
an d A. L. Gray of the U . S . D epa rtm en t of Agriculture. Field Operation s of the Bureau of Soils 1922 . 
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TABLE I. AVERAGE YIELD AND VALUE OF PRINCIPAL CROPS GROWN IN 
WORTH COUNTY, I OWA* 

P ercent of 
Crop Acreage t otal farm Bushels Total Average Total 

land of or tons bushels price value 
the county per acre or tons of crop 

Corn . . . . . . . ' . . . . . . . 67,l!)(i 

I 27.4 
I 

42.8 

I 
2,8 75,989 $ 0. 56 I $1,610,553 

Oats . . . . . . . . . . . . . . . GG,301 27.J 44.0 2,904,608 0.32 929,474 
Winter wheat . . . . . . . 87 0.03 

I 
20.0 1,740 1.36 2,366 

Spring wheat . . .. ... . 383 0.1 15.0 5,745 1.30 7,468 
Barley . . . . . . . . . . . . . 2,08 7 0.D 28.0 58,436 0.57 33,308 
Rye . ....... . . . . ·• . . 880 0.3 I 22.0 19,360 0.80 15,488 
Tame hay . . . .. . . . ... 20,866 8.5 1.4 

I 
29,212 13.50 394,362 

Wil d h a.y . . . . . . . . . . . 8,241 3.3 0.D 7,417 10.50 77,878 
Alfalfa . . . . . . . . . . . . . 1S9 0.0 7 3.0 567 17.50 9,922 
Potatoes .......... . . 393 0.1 77.0 I 30,261 2.35 71,113 
Flax . . . . . . . . . . . . . . . 1,643 0.7 13.0 

I 21,359 2.20 46,989 
Pn.sture . . . . . . . . . . . . 58,581 23.9 . . . . . . . . . . . . . ..... . 

* fo w a, Yea rbook of Ag riculture, 1925. 

treatment should be adopted for the r eclamation of these arens. The causes of 
infertility arc variable and, hence, general r ecommendations for reclaiming such 
land cannot be given. Later in this report under th~ rlescri.ptiom; of the in­
dividual soil types, special treatments will be suggested for use under indi­
viclnal soil conditions to make tli e land more productive. In special cases for 
more or less abnormal conditions, advice regarding treatment may be secured 
upon request from the Soils Section of th e Iowa .AgTicultural Experiment 
Station. 

The general farm crops grown in Worth County in order of their importance 
are corn, oats, hay, potatoes, flax, barley, rye, alfalfa, and wheat. The average 
vield and value of these crops are given in table I. 
· Corn is the most important crop both in acreage and value. In 1925, it was 
grown on 27.4 percent of the total farm land with an average yield of 42.S 
bushels per acre. The leading varieties are Murdock and Silver King. Other 
varieties, including Golden Giant, Kossuth County Reliance, and Minnesota No. 
13 are grown to a lesser extent. Much of the corn crop is fed to the livestock 
on the farms . From 40 to 50 percent, however, is sold out of the county and 
serves as a cash crop. 

The second crop in acreage and value is oats. In 1925 this crop was grown 
on 27.1 percent of the total farm land. Average yields in that year amounted 
to 44 bushels per acre. The chief varieties are Medium Early Yellow, Iowa No. 
103, Iowa No. 105, and some Iowar. These latter varieties are being more com­
monlv used because they are better adapted to the heavier soils on which the 
long;r strawed varieties tend to lodge. The major portion of the oat crop 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 of 1.4 tons per acre. 
The chief tame hay crop consists of timothy and clover mixed. Some timothy 
is grown alone and in some cases clover is also grown alone. Occasionally these 
crops 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 bushels per acre. Some 
wild hay is grown in the county, average yields amounting to 0.9 ton per acre. 

WORTH COUNTY SOILS 

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

Potatoes are grown to a consiclel'able extent and average yields amount to 77 
bushels per acre. Th e chief varieties are Rural New Yorker, Irish Cobbler, and 
Early Ohi o. A large part of the potato crop is sold locally, but there is some 
sale outside of tlie county, particularly on th e markets at Mason City. 

l<'lax is grown to a limited ex tent. Average yields of 13 bushels per acre 
" ·ere reported in 1925. 'l'bis 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. 

'rhere is some barley grown witli average yields of ~8 bushels per acre. A 
small total acreage in rye yields 22 bushels per acre . 

Alfalfa is grown on a small acreage and average yields of this crop amount 
to three tons per acre. It is a valuable crop and might be grown much more 
extensively. "\Vith 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 . It 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. 

~t .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 th e yields of winter wh eat amount to 
20 bushels per acre. The wh eat serves as a cash crop. 

In the eastern part of th e 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 gTown near Bristol in the western part of 
the county. Other crops of minor importance which are grown on a small 
scale, in clud e beans , sugar beets, and sorghum. 

THE LIVES'l'OCK INDUSTRY IN WORTH COUNTY 

The livestock industry of the county is extensively developed. 'l'he following 
figures taken from the Iowa 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. 

:~/;~~s . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8,~~~ f ll cattle . . ... .. . . . ..... . .............. . .... .. ...... .. ....... 35,600 

s~~e~~) · : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · · · · · · ·: : : : : : : : • • 6~;~~~ 
The beef cattle industry is very important and much of the income of tli e farms 

is derived from the breeding and feeding of beef cattle. 'l'he Shorthorn and 
Hereford are tlic most popular breeds. Th ere are, however , some pure bred 
Aberdeen Angus. A good many steers arc f eel each yenr. · 

The dairy industry is developed considerably and the dairy products pro­
duced are quite valuable. 'l'he majority of the dairy cattle are grades. ThP 
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Holstein and Guernsey are the most popular breed . Iost of the cr eam is clis-
po.-ed of at th e local cream ri es. A few crramcries loc-a1"ed just out. ide of 1h 
co nnty also draw upon th e milk produced. 

Some hoo-s are rai eel on eYery farm . The mo. t popular b ree ]s are th e 
Poland China and Dnroc J er. c)·. Some Chester W hites, Ilampshir es and spotted 
Poland Chinas are also rai .·ed. 'l' he total number in the county on J anuary J. 
1926 was 61,900. 'l'h e income on most of th e farms of the county is del'ivecl 
in part from the sale of hog . 

Sheep feeding and br ecl ino- al'c practiced to a very limited extent. ,\ few 
farmers ship in feeder. each ,veal'. A few hors ,; a,·e raised in the county la rge!.,· 
to provide "·ork tock on the farm.-. 

Some poultry i: maintained on pract ically e,·ery fa rm. The value of th e 
poultry and eggs produced in the count)' is onsiclerable. Farmers are appre­
ciating the fact that more attention ma)· ,rcll be pa id 1o this industry with th e 
view of increasing th incom e on th eir farms. 

THE FER'l'ILI'I'Y SI'I'UA'l'ION I N WOR'l'H COUNTY 

The yields of general farm crop.- secu red in ·worth Coun ty are usually quite 
.-atisfactory, but there are many cases where better bethod of oil treatmrnt 
would bring about 1 rofitable increases in crop . 

The drainage conditions are quite unsatisfactor y in some of the soils and in 
many areas the first treatment n eeded to secu r e satisfactor y crop growth i.- t he 
installation of tile. Th e Clyde silt loam, the ·w eb. tcr silt loam , the Floy l s ilt 
loam, the Web. ter loam, the W ebster clay loam on the drift uplands are all in 
need of better drainao- . Ther e are also some areas in the Carrington silt loam 
where drainage would be of value. The B remer soils on the terraces, the W abash 
and the Lamoure type on the bottoms, tbe Sogn ilt loam, a r esidual soil an l th e 
areas of muck and peat are all in n eed of better drainage. 

l\Iost of the soil type are acid in reaction, and on these the addition of lime 
is ye1-y n ecessary for the be. t growth of gen eral farm crops, particularly of leg­
ume . . Only in the ·w eb ter si lt loam , and the clay loam on the drift uplan 1., the 
Benoit silt loam on th e terraces, the Lamoure so ils on the bottoms and the Sogn 
silt loam, a residual soil, i there any occurrcnc of carbonates in the : ut·face 
soil. On these type., therefore, the application of lime would not be n ee ssary. 
In the case of some of the other so.i l types, notably th e Clarion loam on th e up­
lands, lime occurs in th e lower oi l layers. Ilowcver, even in these cases if the 
surface soil is acid, the application of lime " ·oul d certa inly be desirabl for 
the best growth of leo-uminon .· crops. It is apparent . therefore, that the . oils of 
the county, except for the W eb ter. Benoit. Lamoure, and ogn type , should be 
tested for acidity or lime requirement. The amount of lime shown to be neces­
sary according to th e test . hould he applied before legumes ar e grown. 

Some of the soil t ypes are n ot very well supplied with organic matter and 
applications of farm manure or the turning under of leguminous crop as green 
manures would be of considerable value. In a nnmber of the upland type· and 
some of the tei·racc .c:! I bottomlancl soils t l1erc is a very large content of organic 
matter and additional .i ppli ations do not seem n ecessar y. It is found , however , 
by various experimen · .; and by much farm experience that the applicati on of 
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fa_,·m mam,~·e is Yal 11abl CYen on th ose soils whi1·h are apparently better supp lied 
mt h Ol'ganic mattct' and dark in colol' . On t hr light co lol'ed sanely soils, the 11 ,;c 
of farm manure and g reen mannres is parti c11M11·l.,· necessa ry to make the soil,; 
properly productive. 

Th e n itrogen supply is not sti- iki ngly low and in many cases the soils seem 10 
be -very well supplied with thi s constitu ent. On all the so ils of th e countv how­
r ,·er , the use of nitrogenous fel'ti lizer s ,ri ll be needed at r egul ar interval; in the 
f'11ture i_f th e suppl)· of this ·onst itu ent is to be k pt up. 'l'he best means of 
snpplying llitrogen to th ese soi ls is by the proper 11s of farm manure. a ntl the 
1 n1·ning und er of legumin ow; ·r·ops as green ma11111· s . 'l'hus the us; of eo m­
mer cial nitrngenons fe rtilizr l's will not be n eeclecl on t hese so ils. 

;"\fone of th e soils show any large content of phos plt o1·1 1s and in most cases th <' 
supply of this constitu en t Rems to be ratl1 er low. _Apparently th e n eed of phos­
phorus ferti lization will be evid ent in the Yery near future even if it is not acute 
at the present time. Th e cxp el' imcn t11 l work w hich has been carried out w it l, 
phosphate ferti lizers on some of the soils lrns ind ica t cl the value of applications 
of r ock phosphate or acid pho ·phate. It is plain. th er rfor e, that the use of pho.- . 
J~borns f ertil_izcrs on mo.-t of the soils will be of di . t-inct Yaluc at the present 
t11ne. Defimte r ccomm nclation.- regarding- the u. c of pho. phorus fert ilizers 
cannot )·et be made inasmuch as the data secured show .-omc variations. It is 
u rged , therefore, tliat farmers 1·est the n eed of phosphoru. on their own soils 
and liy usin~ both acid phospha te and r ock phosph ate in comparative tests , they 
may cletenn'.ne not only wh ther th ei r so il will r rs poncl to phosphorus fe rtilizer.- , 
lmt also ,rl11 ch phosp horu · c11 rri c1· wi ll proYc th e mo l'e 1 ,·ofi table fot· use undel.' 
t.l, ci t· particnl ar condi t ions. 

Complete commercial fcrti lize ,·s have been tested on ome of the soil types 
in compari son with acid phosphate and rock phosphate. It does not seem from 
1 hese 1·e ults that the complete commer cial fertilizers would be as desirable fo r 
general u e as a pho phate fert ilizer . 

Erosion occurs in ome a reas in the rolling pha.-c of the Carrino-ton loam 
th e rolling phase of th e larion loam, and other upland type . C;nsidernble 
wa~hing a way of the soi l ometimes occurs and g nlly.ing frequently takes place. 
It 1s Ye ry desirable wherever rros ion occu1·s that some precautionary measures be 
1aken 1'o prennt the extc11siw washing away of th e snrfa re soi ls a;1cl to s to p th e 
fon nat ion of g ullies. 

THE GEOLOGY OF WORTH COUNTY 
It is u1~ne~essary to consid er the early geological hi ·to1·y of ·w or th County as it 

has no s1gmfican ce from the standpoint of present clay soil conditions. 'l'he 
original bed rock material ha. been buried so deeply in most ca e by tbe o-lacial 
deposits that there is little or n o effect of this materi al upon the soil char a~teri s­
tics. Only in two of the soi l t~rpc. is there any influ ence of the bedrock 011 th 
~oil. 'l'he So_gn s_ilt loam is classified as a r esidual . oil being derived mainly 
from the nabYe limeston e rock. Th e DodgeYille soil. are influenced onlv to a 
l imited extent by this lim stone rock. 'l' he surface so il. · of thi s type are of drift 
origin. 'l'he lime rock occur at short d istances from the surface and affec ts the 
char acter of the soil only slightly . 
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\\Tith the exception of the small area of th e Sogu 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 topographic 
features were mainly obliterated by this glacier. The deposit left by the Iowan 
glaci er is known as the Iowan drift and in depth it usually extends from ro 
to 20 feet. In an unweathered condition, the Iowan 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 t11ruout 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 r emains. The soils of the 
Carrington, Clyde, W ebster, Floyd, Dickinson, Lindley and Dodgeville series 
on the uplands are derived in whole or in part from this Iowan drift material. 
[11 addition many of the types on th e terraces and bottomlands have originated 
from the Iowan drift. 

At a later date a second glacier covered the western part of the county leaving 
behind a layer of drift material known as the "\Visconsin drift. 'fhe depth of 
thi s 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 
"\\T ebster, Clarion, and Pierce types are developed from this Wisconsin glacia­
tion. 'fhe Pierce soils are considered formed in part from the deposits in what 
is known as the terminal moraine. Sand and gravel and numerous boulders 
occur in this terminal moraine which represents the edge of the deposition of 
1 he Wisconsin drift material. 

'I'he terrace and bottomland soils as d.eveloped 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 Iowan 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 
r eflect the differences in the upland soil conditions. 'fhus in the western part 
of th e 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. 'fhe 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 fl at 
or gently undulating to strongly rolling or sloping. The. prevailing topography 
is gently rolling. 

There are broad r elatively 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 th e Shellrock River above K ensett. 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, th ere 
are rather striking topographic differences , and the land ranges from rough to 
broken on one hand to level, fla t to de pressed, on the other. As will be noted 
la ter , there is a r ather definite r elationship between the topographic conditions in 
the county and the occurrence of th e Yarious soil types. Very often the topo­
graphic boundaries will indicate th e boundaries of th e soil types. 

Deer Creek, the Shellrock Rfrer , and Lime Creek and their t ributary streams 
drain the county . Deer Creek with its tributari es drains the northeastern part 
of the county. The Shellrock River which fl ows thru the central part of th e 
area with its tributaries drains th e central porti on . Th e extr eme southwestern 
part is drained by Lime Cr eek and its tributaries. 

'l'he natural drainage system is not very well developed in cer tain sections, and 
t.hei-e are many areas wl1 er e artificial drainage is necessary. 'l'he accompanying 
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drainage map indicates the exten t of the natural drainage system, and it shows 
the rather considerable areas between the various str eams 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 lay in g of tile or the install ation of drainage ditches is 
necessary for the adequate drainage of th e areas. 

THE SOILS OF WORTH COUNTY 
There are four groups of soils in Worth Co unty, drift soils, terrace soils, swamp 

and bottoml:rnd 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 boulder s. 'l'errace soils are old bottomlancls 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 ar eas or along str eams. They are 
subject to more or less frequen t overflow. Residual soils ar e those formed in 
place from the underlying rock material. Th e 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 ex tensively developed, covering 11.9 percent. There is a 
somewhat smaller area of swamp and bottomlancl soils, covering 9.1 percent. 
There is one area of r esidual soi l, 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 
0 '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 r esidual soil. These various soil types are distinguished on 
the basis of certain characteri tics 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. Th e 

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

Soil Group 

Drift soils .. ... .. . ..... . . ........ . . . . .. .. . . .. . ...... . 
Terrace soils . ... . ... . ................. . . .......... . . . 
Swamp and bottomland soils . .. . . ..................... . . 
Residual soils ...... ..... .... . . . .. .... ....... . ....... . 

Total .. . ..... . .... . ... ... . . .. ..... . . . . ...... . 

Acres 

199,808 
30,336 
23,424 

1,792 

255,3 60 

Percent of 
total a rea 
of county 

78.3 
11.9 

9.1 
0.7 

WORTH COUNTY SOILS 11 

Clyde silt loam is the fourth largest soil type, covering 7.6 percent of the county. 
T~e W ebster silt loam covers a much smaller ai:ea, 3 percent of the county, the 
Lmdley loam 2.8 percent, the Floyd silt loam, 1.9 percent and the ·Webster loam 
1.3 percent of the total ar ea r espectively . 'rhe r emaining drift soils, the Dick~ 
inson sandy loam, the Di ckinson loam, th e Lindley silt loam, the Pierce sandy 
loam, th e Carrington sandy loam, the Webster clay loam and the Dodgeville 
silt loam, all cover less than one percent of th e area. 

The O'Neill loam together with the deep phase which is more extensively 
developed than the typ ica l so il 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 sanely loam 0.4 percent. 

The areas of swamp and bottornland soils are all minor in extent. JVIuck 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 si lt loam 0.3 percent. There is one r esidual type, the 
Sogn silt loam, poorly drained phase which covers 0.7 percent of the county. 

There is a rath er defini te r ela ti onship between the occurrence of the individual 

TABLE III. ARE.AS m~ DIFPERENT SOIL TYPES IN WORTH COUNTY 

Soil 
No. 

83 
1 

197 
138 
150 
84 

113 
65 

198 
55 

199 
174 

32 
191 

3 
56 

204 

108 
200 
201 

88 
75 

126 

21a 
26 
21 

153 
106 

202 

, oil T ypo 

DRIF'l' SOILS 
Cani11gto n sil t loam ... . .......... . . . . .. .. . . . .. . 
Carringto n loam ... . ........... .. . ... .. .. ... . . . 
Carrington loam (rollin g ph nse) . .. .. .. . ... . .... . 
Cla rion loam ......... .. .. .... . .. . . . . . .. . . . . . . . 
Clarion loam (rollin g phase) ....... .. . . .. . .. .. . . 
Clyde silt loam .... .. ... . ...... .. . . .. ..... . .. . . . 
Webster sil t loam ..... .. . .. . ........... .... ... . 
Lindl ey loam . . . . . . . . . ......... .. ......... .... . 
Floyd si lt loam .. . .... . . . ... .. ... .... . . . . . . . ... . 
Webster loam .......... . . . ..... .. . . .... .. ... . . 
Dickinson s::rndy loam .... .. . .... . . .. .......... . . 
Dickinson loam .......... .. .... ........ . .. . • .. . 
Lindley silt loam . ........... . ... . ......... . .. . . 
Pierce sandy loam . . . ........... ..... . . ... .. ... . 
Canington sandy loam . . . ........ . ......... .. .. . 
Webster clay loam ..... . .... . . ......... . . . . . . .. . 
Dodgeville silt loam ... , . , ... . ... . . . .... . ...... . 

'l''ERRACE SOILS 
0 'N eiJl loam . .. .... . . ' ....... . .............. . . 
0 'Neill loam ( deep phase) . . .. ... . ... . . .. ...... . 
Benoit silt loam ........ . .. .. . . .. .. . . ... .. . . . . . . 
Bremer silt loam .. . ..... . . . .. ... . .. ... .. .... .. . 
·waukesha silt loam . ....... . . . . . .. . .......... . . . 
0 'Neill sandy loam . . . . .. . .. . . . .. .. .. ... ....... . 

SW AMP AND BOTTOMLAND SOILS 
11:uck ... . . ........... ... .. ... .. ... . .... . ..... . 
Wabash silt loam ...... ... ........ . ... .. . ...... . 
Peat 
Lamo;~~ · ~iit · 1~~~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Cass silt loam .... .............. . ..... ....... ... I 

RESIDUAL SOILS 

Sogn silt loam (poorly drained phase) .. . . .. . ... .. J 

Acres 

58,112 

45,888 l 8,768 
20,480 
15,296 
19,328 

7,744 
7,232 
4,992 
3,392 
2,304 
1,728 
1,216 

960 
896 
832 
640 

7,616} 
11,456 

3,968 
3,584 
2,816 

896 

7,168 
5,760 
5,696 
4,096 

704 

1,792 

Percent of 
total a rea 
of county 

22.8 

21.4 

14.0 

7.6 
3.0 
2.8 
1.9 
1.3 
0.9 
0.7 
0.5 
0.4 
0.4 
0.3 
0.3 

7.5 

1.5 
1.4 
1.1 
0.4 

2.8 
2.2 
2.2 
1.6 
0.3 

0.7 
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soil t!rpes and the topographi<' condition . On th e drift upland , the rolling con­
dit.ion is indicated by th e rnrnws "rolling phase Garrington loam " and "rolling 
phase Clarion loam." 'l'he typic11 l soils of tl1 ese types 11re gently nncln lating in 
to11ography. Th e Clyde silt lomn occnrs in depressions 11nd is level to flat or 
deprrsscd in topogr 11pl1!-- Thr '1Vrhstr1· soi ls m1cl th e Floyd sil t loam oc­
crn· on level areas. '11l1c Dickinson . T,i nclle.'· aml P ierce soi ls are fonncl in more 
rolling to rongh topog raphic posit iom. Tn the case of th e Pierce the rough to­
pography is esl)ecially prono11ncccl. as this soil occnrs on knobs or knolls in th e 
nl)lancl. The terrace soils arc more or l<'ss l rvel in topography ancl th er e arr 
no topographic features of significance in the bottornlancl 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 sam plcd in tr iplicate, but only one sample was taken 
in the case of the minor types. All sam pl ings were made with the greatest care 
that the samples should be thoroly r epresentative of the particular soil type, and 
that any variations, due to local conditions or previous treatments might be elim­
inated . 'fhe samples were secnrcd at three depths, 0- 6 2/ 3", 6 2/ 3"- 20" and 
20"- 40", r epresenting the surfa ce so il, the subsurface soil and the subsoil r e-

spectively. 
Analyses were made on all these sampl es fo r total ph osphorus, total nitrogen, 

total organic carbon , inorganic ca rbon and l imes J- onc requirements. 'l'he phos­
phorus, nitrogen and carbon dctcrminationi:i wer e made according to the official 
methods, and the Trnog qual i tat iYc test was used for cl termining the limestone 
r equirements of the soil . 'l'he fi gures giYen in the tables are the averages of the 
r esults of duplicate cleterminatiom on all ~a mples of each type. 

Tlrn SUHP.\.CE SOILS 

'fhe r esults of the analy ·es of the su rfa ce soils are given in table IV. 'fhey 
are calculated on the basis of two million pounds of surface soil per acr e. 

There is considerable vari a ti on in the phosr horns content of the various soils, 
the amount present rano·ing from 889 pounds per acr e in the O'Neill sandy loam 
up to 2,688 pounds per acre in the Lamoure silt loam. No definite r elationships 
are indicated between the phospliorns 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 .·oils. This might be expected owing to the fact that 
there has been less crop growth on the bottomlancl types, and hence, a smaller r e­
moval of plant food constitutents. In gener al there ar e much wider variations 
in the phosphorus content of the soils within the groups than between the various 

groups of soils. 
Certain r elationships ar e evident, however, between the phosphorus supply in 

the soils and the particular soil series. Thus on the drift upland, the W ebster 
soils are the richest in phosphorus of any of the series r epresented. The Car­
rington and Clarion soils are very much the ame in phosphorus content, the 
Clarion being a little higher on the aYerage. 'fhe Clyde soils are a little better 
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·upplied than the Carrington and Clarion types. The soils in the Dickinson, 
Lindley, and Pierce series arc much more poorly supplied than are the Webster, 
Carrington, Clarion and Clyde soils. 'rhe Floyd•and Dodgeville types have very 
much the same phosphorus content as the Canington soils. On the terraces the 
Benoit, Waukesha, and Bremer so ils are better snpplied than the O'Neill types. 
On the bottoms the Lamome is bettee supplied than the other bottomland soils. 
It is higher in phosphorus than the "'.Vabash which may be due, however, to a 
peculiarity of the particular sampl e analysed. 

Apparently, there is a rather definite relationship evidenced here between the 
phosphorus content of the soil and those characteristics ·which serve to differ en­
tiate the soil series. 'l' he topography is of significance. 'fhose soils like the 
Webster on the uplands and the Bremer on the terraces which are more n early 
level to flat in topography arc higher in phos1)horus. 'l' he 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 rolli ng to rough Dickinson, Lindley, and Pierce 
soils. 'fhe Clyde silt loam is somewhat higher in phosphorus than the Carrington 
and Clarion soils and the topography is more nearly level. Th e color of the soil 

Soil No.\ 

83 
1 

197 

138 
150 

84 
113 
198 

55 
l!J9 
.174 

32 
191 

3 
GG 

204 

108 
200 
201 

88 
75 

126 

2G 
1.53 
106 

202 

I 

'l'ABLE lV. PLA:t\'1' J<'OOU I N WORTH COUK'l'Y, IOWA, SOILS 
Pounds per acre of 2 miJlion pounds of surface soil (O- G% " ) 

I 'l'ot:.1I I I 'l'otal \ Total I Limestone 
Soil 'l'ype \ JJhOs· I Total orga nic inorganic / r equire -

p horus I ni troge 11 carbon ca rbon mea t 

DlUF'l' SOlLS 
Garrington silt !011111 ........ J ,264 5,053 G3,350 ' ..... 3,333 
Cani.ugton loa.m .. ..... . ... J,2GG 5,300 Gl,08 . . . .. . 2,000 
Cani.ngton lor,m (rolling 

phase) ... . .. .... . . . . ... ' J. ,077 3,920 45,818 . . .... 4,000 
Clarion loam . . . .. .. . .... . . 1,171 3,780 45,024 . ... . . 1,000 
Clarion loam (roll ing pha ·e) J ,,127 4,8GO 59,160 ' . . . . ' 3,000 
Clyde s ilt loam .. . .. . . . . .. . . J,30G -l,320 49,802 ...... G,000 
Webster silt loam . ..... .. .. . 2,080 8,HO 92,637 26,298 . ... 
Floyd sil t loam . . .... . ... . . . J ,293 G,560 82,798 ..... . 4,000 
Webster loam ..... . . . . .. .. 1,:lOG G,740 69,418 2,143 . ... 
Dickinson sandy loam . . ... .. !102 J ,940 26,620 ... .. . 4,000 
Dickinson loa111 ........ . . . . J,XGO 4,200 27,268 . . ... . 3,500 
Lindley silt loam ..... . .. . . . !)9[j 2,780 30,13;:! . ..... 3,000 
Pierce sand.y lon111 .......... !H:! 3,3GO 35,393 ..... . 1,000 
Carri.ngton sandy loan , . . .... 1,171 2,840 39,256 .. . ... 1,000 
Webster cb y loam .. . ..... . . J ,G 70 G,720 80, 44 974 . ' . ' 
Dodgeville sil t loan, ...... . .. l ,:!7!) I :::i ,440 66, 10 I .. .. .. 4,000 

'l'ERRACE SOILS 
O'Neill loam . . . ..... ... .. . !)2!) 3,240 41,432 . ... . . 7,000 
O'Neill loam ( deep phase) . ' 1,104 3,GSO 37,352 .... . . 5,000 
Benoi t silt lo:im ... .. . . . . . , . 1,:5 75 8,160 14,466 80,433 . ... 
Bremer sil t loam . . . . . ..... .. 1,212 7,:}80 88, 05 1,000 . . . ... 
Waukesha silt loam .... . . . .. l,481 I 3,G80 I +2,901 3,000 . . . ... 
O'Neill sandy loam .. .. . .... 889 I 2,~40 I 26,765 .. .. .. 5,000 

SW A?IU' AND BO'l"l'O:111LA1\1D 8O1LS 

Wab:1sh s ilt l oam .... . . . .. . - 1 88U I 2,G00 105,800 
L a mourn silt lon.rn .. . •... .. - I 2,G88 :l ,940 164,691 
Cn.ss sil t l oa n1 ............. · I 2,R9 G :2,l 00 1. 31,440 

G,745 
1,000 

II~SID LJ AL SOJL R 

Sogn sil t loa m ( poo rly I I 
drained p hase ) . . . . . . . . . . ~,067 10,3 0 85,2 .3 7 l ,096 I 



L4 SOIL s RVEY OF row A 

apparently also plays some par t in indicat ing the phosphorus supply. Soils like 
the W ebster and Clyde, which ar e black in color, are richer in phosphorus than 
the lighter colored soil . 'l'he subsoil condition i · likewise of significance. On 
those types where the subsoil is heavy the supply of phosphorus is better. 'l'his is 
true of the W ebster and J<-,loyd so ils on th e drift upl ands and of the Bremer, 
Wauke ·ha and Benoit types on the terrace .. 

There is a further r elationship evident from these data between the textu re of 
the soils and the supply of phosphorns. 'l'h e Ca l'rington silt loam and the Car­
rington loam contain about the ame content of phosphorus, but the rolling phase 
of the Carrington loam and th e arrington san dy loam are much lower in this 
constituent. The W eb ·ter silt loam i. high er than th e Webster loam and it is also 
somewhat higher than the "\Vebster clay loam. This is contrary to the usual 
results as the clay loam is frequ ently better uppl ied with the plant food than 
the silt loam. 'l.' he Di kinson loam is higher in pho pborus than the Dickinson 
sandy loam. On th e terraces th e deep phase of the O'Neill loam is richer in 
phosphorus than the typical loam which in turn is better suppli ed than the sandy 
loam. These are the only comparisons which can be made of the soils of different 
textures classed in th e same series, and whil e there are some variations as have 
been pointed out, in gener al , the results bear out the conclusion r eached from 
former analyses that the texture of the soil plays a very important part in deter­
mining the content of plant food. Soils which arc coarse textu red or sandy are 
more poorly supplied with plan t food than are the fine textured types. Thus silt 
loams are ordinarily better suppli ed than loams. Loams are richer than sandy 
loams or sands, and clay loams and silty clay loflms ftre ordin arily higher than 
silt loams and loams. 

The supply of phosphorus in t he so ils of Wol'th County is not hi"'h 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 ar e not of value at the 
present time. 'l.'he r esults of ex1 eriments which have been carried out on some 
of these soils, which will be r eferre l to later in the r eport, indicate that applica­
tions of a phosphorns fertili zer mi"'ht be made on these types with profitable r e­
sults at the present time. 

There is a wide variation in the nitrogen content of the soi l in the county, the 
amount present ranging from 1,100 pounds in th e Ca.o;;s silt loam on the bottoms 
up to 10,380 pounds in the Sogn silt loam poorly drnined phase. Many of th e 
soil types in the county are rather poorly supplied with nitrogen 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, th e 
Webster soils are the richest in nitrogen. The Floy l and Dodgeville soil are 
somewhat lower in this constituent. 'l'hese are followed by the Carrington, 
Clarion, and Clyde types, while the Dickinson, Lindley and Pierce soils ar e the 
most poorly supplied of all the upland types. There is evidently a r elationship 
here between the characteristics which serve to determine th e soil series and the 
content of nitrogen. Those soils like the "\Vebster, Floyd, and Clyde, which are 
more level in topography, blacker in color, with heavier tex tured subsoils, are 
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ordinarily better supplied with nitrogen than are the types which are more 
rolling in topography, lighte r colored in the surface soil, and with lighter tex­
tu red subsoils. On the terraces the Benoit, th/Bremer and the Waukesha soils 
ar e better supplied than th e O'Neill types and on the bottoms the Wabash and 
Lamoure so ils are ri cher than tl1 e Cass. In all these cases the color of the soil 
the topographic condi tions and t·he character of the subso il serve in large part t~ 
indi ca te the nitrogen content. 

A r elat.ionship is evident here also between the texture of the soil and nitrogen 
content. 'l'hus on the drif t upland.· th e "\Veb ·ter silt loam is high er than the loam. 
Th e W ebster clay loam is not as well suppli ed as the ·ilt loam of the same series, 
which is contrary to the u ual results due p robably to some abnormal condition 
in the particular sample. 'l'h e Caning t-on silt loam and Carrington loam are very 
similar in nitrogen content, t h loam being a li ttle higher than the silt loam. 
Ordinarily t he silt loam would show a little la 1·ge r content of nitrogen. 'rhe 
rolling phase of the Carrington loam is much lower in ni trocren than the typical 

0 • 

loam and the Carrington . andy loam is the lowest of all the types in this series. 
Th e Dickinson sandy loam is much lmrer 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 th e O'Nei ll being richer th an the typical loam. 
'l'hese comparison indi cate the r elationship between the soil texture and the 
nitrogen content which is ord inarily ob erwd. While there are some variations 
in general it seems to be tru e that those soils which are coarser-textured are mor~ 
poorly supplied with nitrogen. , 'ilty clay loam and clay loams are ordinarily 
1·icher than silt loams, silt loams arc better supplied than loams, and loams show 
a higher content of plant food than do sandy loams 01· sands. 

\\Thil e many of the soils in thi s county are fai rly well suppli ed with ni trogen , 
th e1·e are one or two cases wh ere- th e ni trogen content is r ather low. In such 
cases applications of ni trogenous fer tilizing materials ar e very necessary and on 
all the soi l of th e count? the use of n itrogen-contai ning fertilizers at r egular 
intervals will be necessary if the supply of this constituent is to be kept up. 

The proper preservation and appli cation to th e so il of all the manure produced 
on th e farms will a id considerably in keeping up th e . 11pply of nitrogen in the 
soi l. Crop residues al o will r etu rn to the land much of the nitrogen which has 
been removed by the crop grown. Th e use of leg uminous crops as green ma­
nures is very desirable in many cases to supplement the use of farm manure. 
\Vhen soils are low in nitro"'en content, it is particularly necessary that legumi­
nous crops be used as green manures in order to increase the nitrocren content of 
the soil. 

'l'he total organic carbon content of the soi ls of the county varies quite as 
widely as th e nitrogen conten t, the amount pre. en t r anging from 14,466 pounds 
in the Benoit silt loam up to 164,691 pounds in th e Lamoure sil t loam on the 
bottoms. 1\'Iany of the soils in th e co unty are apparently very well supplied with 
organic matter or organic carbon while in others the supply is not so adequate 
and in a number of cases the content is rather low. 

'l'h e r elationships between the variou soils in the county in r egard to orcranic 
carbon are very mu ch the same as tho e noted in th e case of the nitrogen. Thus 
on the drift uplands, the Webster soils ar e richer in organi c matter than are the 
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other types. 'l'h e Floyd and Dod gev ill e so ib are second, then come the Carring­
ton , th e Cla ri on, a nd t he Clyde so ils. 'l'h e Dickinson, Lindley, and Pi erce types 
ar e th e most poorly supplied with organic matter. On the terraces the Bremer 
and vVaukes ha .-oils are th e richest in organic matter , while the O'Neill oils are 
low. Again th e r elationshi p between th e .-o il se ries and tb e content of organic 
mat ter is definitely eYid cnced in th t'Se results. 'l'hose soils which are character­
ized by a level to fl a t topogrnpJi~,, by a black co lor , and by a heavy subsoil condi­
h on a re rich er in organic matter as ,rell as in nitrogen. 

'l'here is also a r elationship bet\recn th e textu re of the soi ls and their content 
of orga nic matte r. 'l'h c ·w ebster silt loam is high er in organic matter than t he 
\Vebster loam. The Carrington sil t loam is a li ttle higher than the Carrington 
loam which is in turn better suppl ied than th e rolling phase of the Carrington 
loa m and all ar e much ri cher than th e Carrington sandy loam. 'l'he vVebster clay 
loam is not as high in or<>'an ic matter as th e \Vebster silt loam which may be clue 
to some abnormality in tJ1 c partic11lar sample. It i., however , richer than the 
Webster loam. Th e Di ckin. on loam is richer in organic matter than th e Dickin­
son sandy loam. On the t erraces th e 0'1 eill loam is higher in organic matter 
than th e sandy loam of the .-arne seri es . It appears, therefore, that the texture of 
the soil plays a large part in determin ing the organic matter supply. 

\\ hile many of the indiYidual soil types in 'North County are apparently very 
well supplied with orga nic matter and bla ck in color, some are not rich in this 
constituent and in one or lwo cases th e supply is rather low. In such cases t he 
nse of fertilizer. su pplying organi c matter is very necessary and on all the types 
in the county some fe rtili zing material supplying organic matter must be used 
r eg ularly if the supply is to be kept up. 'l'h e application of farm manure is by 
far the best means of supplying orga llic matter to the .-oil and liberal use of this 
material on the coarse textured or sa ndy types in this county is particularly de­
sirable. 'l'h e turning 1111d cr of all crop residn es will aid in maintaining the 
supply of organi c matter. Th e use of leguminous c rops as green manures is often 
profi table as a means of improving so il conditions for crop growth. 

The ·w ebste r soils on the drift upl ands, th e Beno it silt loam on the te rraces, the 
Lamoure silt loam on th e bottomlands and the poorly drained phase of the Sogn 
silt loam, a r e. idual soi l, sbo,Y some inorganic carbon in the . urface soil. These 
soils are, th erefo re, suppli ed with basic materi als such as lim e and are not acid in 
reaction. All the other so il types, ho,rever , show a lack of inorganic carbon and 
hence an acidity or limestone r equi rement ,rhich in some cases is quite high. 
The occurrence of inorgan ic carbon or lime in these soils is r elated to the char­
acteri sti cs whi ch se rve to determine t he soil series. Titus it is characte ristic of the 
Webster , th e Benoit, th e Lamoure, and the Sogn soils to show a lim e content. 
Very r a rely are these soi ls defi cient in lime or acid in r eaction. 

It is apparent, therefore, that on th e soil types in Worth Co unty , except those 
of the ·w ebster , the Benoit , the Lamourc, and Sogn series, th e application of lim e 
is very necessary for th e best growth of leg uminous crops aud also for the pro­
duction of general farm crops. 'l'he soils of the county, w ith the exce ption of the 
types just mentioned , should all be tested for acidity or limestone r equirement at 
regular interval s. The amount of lime shown to be necessary b.v the tests should 
be appli ed . Th e figures given in th e table indica te roughly the lime r equirements 
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of th e,;e YarioL'.s ac!d soi ls. but thry slio11 ld not be taken to s l1ow definite ly the 
needs of all soil s of: these 1~·pes. Th e soi l f'r om r\·e r .\· incfo· iclual field should be 
te.-ted for li me requirement in order 111:if th r prnjw r ap plica tion ma y be made. 

'l'frE SUBSU RF ACE SOH,B Mm SUD. Ol LS 

'l'he result s of 1l1c anal~·se.- of the su bsurfa ce soi ls a nd .-ulJso ils are given in 
tables Y a.nd VI.. They are ca lculatell on a lrnsi,; of fou r mi lli on pounds of sub­
surface soil and six million pounds of subsoil prr ac re. 

In grncral the needs of the soils as inclicatccl hy th e analyses of the smface 
so il s arc.quite accurate.and are little modified b~· a con. icleration of the plant food 
~)r esent 111 th e lo,,·cr soil la~·crs. rr lte anal~·ses of the s1 1hs urEace so ils and subsoils 
111 \V~rt·!t ount.): .- how that there is no large co nteJL t of a11 y in ]ividual plan t food 
on.-tituent nor 1s tl1 ere an~· . tr iking cleficirJ1(.: ~· in any of th e clements. It is 

a pparently unnece,;.-ary. 1hcrcfore. to onsiclcr 1hrse results in detail. It may 
merely be noted tliat the neecls of the incliv icl 11 ,il so ils in th e co nnty as indicate~! 
by th e analy es of the surface soils a re larg-r ly eo 11firmed by tb c r esults obtained 
from th e analy e of the lo,\·er . oil layers. 

The phosph.orus content of the soils of the co nnty is noU1igh in any case and in 
most of the . oils the supply is rath er low,. so low that it is evident that phosphorns 
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26 
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TABLE V. PLANT FOOD I N WORTH COUN'l'Y IOWA SOILS 
Pounds per :icre of 4 million pounds of subsurface ;oil (6%~' 20" ) 

i 
Total I I Total I 'l'ota.l I Li111 estone 

Soil 'fype phos• I .Total I organic I inorgn.n.ic / rcquire -
phorus I mtrogen I c:irbon I cai·bon mcnl 

DRIF'l' SOILS 
I Cal'l'ington silt loam ....... . , J ,:i!J2 I 4,173 

C:irriJ1gton lo:im . . . . . . . . . . . . ~,J '.l I 6,6 O 
Carrington lonm (rolling 

phase) . . . . . . . . . . . . . . . . . . l.830 
Clarion loam . . . . . . . . . . . . . . . J , 701 
Clarion loam (rolling J hnsc) I 2,316 
Clyde silt loam .......... . .. I 1,20:! 
Webster silt lo:1111 . ... . . . .... I ~.733 
Floycl silt lo:.tm ............. I 1,:5()2 
Webster loam .. . ......... . 1 2,6] 2 
Dickinson s:.tncly lonm ... .... I J .670 
Dick inson loam .. : ........ . 1 ~,316 
Lindley silt Ion m ....... . ... I 1,499 

I Pierce sandy loam ( no sample) I 
I C:irrington Ra ndy loam ..... · 1 1.7~4 

Web ter clay loam . ... . ..... I 2,208 
I Dorlgeville silt lonm ......... I J.77, 

4,520 
3, 0 
6,720 
2,960 
5,200 
4,240 
7,2, 0 
3,080 
5. 0 
3, 17:J 

:l.280 
:l,600 
5,360 

TERRACE , OTLS 

43,976 
7G,33G 

56,6 4 
41,420 
73,610 
26,54~ 
6:i, 60 
,,0,1 :l(i 
.,1 ,07 
:{:i,944 
G7,0 0 
~R,210 

3R, l7G 
:'l:'l.900 
3~,720 

I O'Neill loam .............. 1 1, 04 I 4,600 :"17, 772 
0 'N~ill !oam (deep phase) .. I J ,724 I 4.600 22,23:i 
Benoit silt loam ...... ...... 1,88:i I 3.720 45,713 

I Bremer silt loam ............ / :l4 i :l,720 2:i ,864 
Waukesha silt lo:im . . .. ..... l 2,195 5,4,~0 63.264 
0 'Neill sn.ncly lonm .. . .. . .. · 1 J ,616 2,2 O 22,972 

i'lW A ]\[p A ::\TD BOTTff.\ILA xn SOILS 
I Wabash sil.t loam ...... . .... I 2,074 I 4,400 I 57,006 

I Lamou.re silt loam.. . . . . . . . . 2,396 I 4,240 I 2.'5,6 74 
Cass silt lonm .............. I 1,750 I 2,920 I 3'.l,6 o 

RESIDUAL SOILFi 
Sogn silt loam (poorly I I 

drained phase) . . . . . . . . . . . 2,6J 2 I G, 720 86,246 

8,166 

4.i,38 

29,6] 0 

G, 100 

5,5 6 

40,310 

1,022 I 

j 4,3:{3 
1,000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2,000 
1,000 

3,000 

:l,00() 
.1,000 
:u:i:i 

~,000 

:i.000 

6,000 
4,000 

4,000 
6.000 

1,000 
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So il No.J 
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56 
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200 
201 
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TABLE VI. P LA ' '.I.' FOOD I N WORTH COUN'fY, IOWA, SOILS 
Pounds per acre of 6 million p ound· of subsoil (20 " -40" ) 

( 
Total I I '.l.'otal I Total I Limeston e 

Soil Type pho;. Total organic inorganic / r cquire-
l)horns I nitrogen carbon carbon ment 

DRIFT SOTLS 
Carrington silt loam .... . . . · \ 1,932 2,520 27, 798 ... . .. 4,000 
Carrington loam ...... ..... 2,019 3,360 45,756 . . . . . . .... 
Carrington loam (ro!Ji.ng 

20,432 1,000 phase) . . . . . . . . . . . . . . . . . . 2,019 2,8 0 ...... 
Clarion loam . . . . . . . . . . . . . . 2,391 3,240 11,146 71,616 .. .. 
Clarion loa m (rolling phase ) 2,988 7,080 71,818 13,208 .. . . 
Clyde silt loam . . ...... . .. . . J,857 2,2 0 20,432 . . . . . . . ... 
Webster silt loam . .. . . . ..... 3,594 2,400 41,316 14,316 . ... 
Floyd sil t lonm ... . . . . ... . .. 2,262 1,6&0 19,958 . . .. .. 2,000 
, vebster loam ... . .. . . . .. ... 2,9 2,520 3 ,056 109,190 .... 
Dickin son sanely loam .. . .. . . 2,019 3,240 39,228 .. .. .. 2,000 
Dickinson loam . . . . . . . . . . . . 3,474 2,640 28,655 . . .... 2,000 
Lindley silt loam ... . . ....... 2,665 I 2,2 0 27,026 ...... 5,000 
Pierce sanely loam (no sn.mple) I 

1,000 Carrlll gton sanely loa m . .. .. · 1 2,262 I 2,040 I 16,362 ... ... ,v ebster clay loam . . . . .. .. . . 3,069 I 4,200 I 2,120 186,040 ... . 
DodgcvilJe silt loam ... .. . . . . 2,220 I 3,360 I 40,860 ...... 6,000 

TERRACE , OIL 

0 'Neill loam . . . . . . . . . . . . . . 1,818 I 4,080 I 4!J,020 .. ... . 3,000 
0 'Neill loam (deep phase ) .. 1,857 l 1,920 I 23,190 ...... 2,000 
B enoit silt loam . . ... .. .. .. . 2,343 I 3,600 I 36,24 63,482 .. .. 
Bremer silt loam ........... 2,019 I 2, 760 I 32,972 ..... . 1,000 
,vaukesha silt loam ..... . . .. 2,787 I 3,960 I 39, 16 .. .. .. 6,000 
0 'Neill s:i ncly loam .. .. . . ... 1,737 I 1,340 19,81 7 .... .. 1,000 

SWAll[P AND BO'r'.l.'O~lLAND SOILS 

26 
153 
106 

I Wabash s~t loam . . . . .. . . ... , 2,505 I 2,400 
Lamoure silt loam .. . . . . . . . . 3,030 2,640 
Cass silt loam . . ...... . . .. . · 1 1,899 I 9,600 

50,297 
28,783 

6,634 
54,007 

6,456 

RESIDUAL SOILR 
202 Sogn silt loam (poorly I \ 

drn.illed ph ase ) . . . . . . . . . . 4,0 0 3,4 0 46,77 31,762 I 
fertilizers will be nredecl 011 th ese soils in tli e very near fntnre even if they arc 
11ot of' Yalue at tl1 c 1wesent time. Th e indi cations arc from certain experiments. 
howeye1-, that pho phoru. fertilizer. may be u.·ed with profit on many of th ese 
flo ils now. 

Tl1 e suppl y of organic mat ter ancl nitrogen in the soils of this county must he 
maintained if th e land is to r emain ferti le. T n some of th e types there is need for 
an increase in th e snppl,v of th ese constitu ents at th e p1·esent time. Th e proprr 
preservation and application of fi ll the farm manure prodnced on the farm is vrr.,· 
drsirable in orler 1o build np and maintain th e suppl,v of organic matter ancl 
nitrogen in these soils. Tl1 c tho ro utilization of crop r e. id11cs is desirable. all(l 
th e turning under of leguminou s crops as green rnannres is necessary in onl er 1o 
keep up the supp]~, of nitrogen. 

The soi ls whi ch. ho,Yed a lime content in the surface .-o il are all well suppli ed 
,rith lime in the lower soil layers. 'l'he rollin°· phase of the Clarion loam has a 
lime content in the subsurface so il and in tl1 c, ubso il and the typical Clarion loam 
shows a lime content in the subsoil. The Ca ·s , ilt loam on the bottoms also has a 
lime content in th e subsoil. In general. however. th e conclusi ons drawn from th e 
ana ly cs of the urface soil s arc borne out by these data. Except for the Vv ebster , 
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Benoit, Lamoure, and Sogn type the soils of this county should be te ted for 
acidity or lime requirement, and lime should be applied as needed. Even on those 
types which contain lime in the subsoi l 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 \V'orth County in 
the attempt to learn something of the needs of the soils and to secure indications 
of the value of the applications of certain fertilizing material . 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 greenhou e experiments on the Carrington silt loam from 
Mitchell 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 \Vebster loam from Hamilton County are all included inasmuch as the 
soil types are the same as those occurring in \Vorth County and the results secured 
indicate quite accurately what may be expected of th e same soi ls in this county. 

The plan of all of these experiments was the . ame 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 be 
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 soi l ; 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 f ertilizer 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 yield of this crop as 
is indicated in the table. Lime with the manure brought about a further increase 
in the yield of wheat. This is unexpected as lime usually does not bring about 
as large increases in the yields of grain crops 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 lo:i,m from Worth County. 

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

RESUL'fS ON CLYDE SILT LOAM FROM WORTH COUNTY 

'l'he results secured in the greenhouse experiment on the Clyde silt loam from 
Worth County are given in table VIII. 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. 'l'he 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. 
It gave a somewhat larger influence on the clover but the influence was not great. 

It is apparent from these results that even tho this soil is well supplied with 
organic matter and dark in color , th e application of manure is of value in m-

Pot 
No. 
1 
2 
3 
4 
5 
6 

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

Treatment 

Check ....... . ............ . . . . ..... ... . . ....... . ... .. . . . .. . 
Manure . . ... . .. .. .............. . . . . . ... . . . ...... . . . . . . . 
Manure + lirne ..... .... .................. . . . . . . . .. . .... .. .. . 
Manure+lime+rock phosphate .. .......... .. ...... . . ... . .. . . 
Manure+Iirne+acid phosphate . ... .... ....... . .... . . ... . ... . 
Manure+lime+complete commercial fertilizer .. . .. .. . .... ..... . 

Weight of 
wheat grain 

in grams 
5.4 
5.7 
6.8 
7.7 
8.4 
8.0 
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TABLB VllI. GREEN HOUSE EXPERJ::'l[ENT, CLYDE SILT LOAM, WORTH COUNTY 

P ot 
No. 
1 
2 
3 
4 
5 
G 

I 
Treatment • I 

I 
Check .. .... .... . . . ................ . 
M:u1ure 
M:1nure-tl.i1;,·e· · : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
1fanme+lime+ rock phosphate ..... ........ . 
1IamITe+ lime+acid phosphate ........... .. . 
:i\[anure+lime+complete commercial fert ili ze r 

Weight of 
wheat grain 

in gra1ns 
6.1 
6.2 
7.1 
7.8 
8.5 
8.1 

Weight of 
clover in 

gran1s 
18.0 
20.3 
21.7 
23.5 
23.4 
23.8 

creasing the yields of general farm crops. 'rhe soil is acid in reaction and the 
application of lime will bring about increases in crop yields which are distinctlv 
profitable. The application of acid phosphate with manure and lime seemed t~ 
be more effective on the wheat than did the rock phosphate. The difference was 
negligible, how~v~r , in the case of the clover crop. The use of the complete 
co:nmercial fert1hz~r ,vould probably not be as profitable as the application of 
acid phosphate, owmg 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 CAlUUNG'fON SIL'f LOAM FROM MITCHELL COUNTY 

'L'he r esults secured in the greenhouse experiment on the Carrino·ton silt loam 
from Mitchell County are giYen in table IX. 'l'he manure brough~ about a dis­
t i1:ct 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. 'l'he rock phosphate, the acid 
phosphate, and the complete commercial fertilizer showed no effect on the clover 
but brought about distinct increases in the yields of wheat. ' 

These results confirm those previously secured on this soil type indicatina that 
manure "·ill 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 
se~ms_to be desirable on this soil and increased yields of crops will follow the ap­
plica~10n of. ~·ock phospliate or acid phospliate. The use of a complete com­
mercial ferhhzer cannot be recommended on tl1is soi l because it does not seem 
1o bring a Lout any lal'ger increases in crop yields than does acid phosphate. 

Fig. 4. Clover on Carr inglo n s ilt loam from ·worth County. 
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Fig. 5. Wheat :rncl clm·er on Clyde s il t loam from ·w orth County. 

RESULTS ON CLARION LOAM FROM WINNEBAGO COUNTY 

'l'he r esults secured on the greenhouse experiment on the Clarion loam from 
·winnebago County arc given in table X. l\'Ianure brought about very distinct 
increases in the wheat grown on this soil and the clover crop was also increased 
materially. 'l'he addition of lime along with manure had a slight effect on the 
wheat but showed no influence on the clover. 'l'his is contrary to the usual 
r esults as the ben efi cial effects of lime are ordinarily apparent on th e legume 
crop of the rotation rath er than on the grain crop. In general farm experience 
has shown definitely the beneficial effects of applications of lime on clover and 
it is r ecommended that the lime needs be determined before clover is grown and 
that proper appli cation of l ime be made when it is found to be n ecessary . 'l'h e 
application of rock phosphate and acid phosphate had no influence on the wheat 
but the rock phosphate brought about an increase in the clover. 'l'he complete 
commer cial ferti li zer increased both the wheat and clover crops. 

It would seem from these results that th e Clarion loam will r espond very 
profitably to applications of farm manure and liberal amounts of this material 
should be applied. 'l'he soil is acid in r eaction and lime should be used fo r the 

TABLE I X. GREENHOUSE EXPERIMENT, CARRING TON SIL'!' LOAM, 
MITCHELL COUNTY 

Pot 
No. 
1 
2 
3 
4 
5 
6 

'l'reatment 

Check ... . . . ..... ........... .... . ........ . 
J\1:anure ......... . ...... . .... . .. . . . . . .. . . . 
M::l.llure+lime ............. . .... . . .. .... . . . 
Manure+lime+rock phosphate . . . ...... ... . 
l\fanure+Iime+acicl phosphate ....... . . . ... . 
Manure+lime+complete commercia l fe rt iJ izer 

Weight of 
wheat grain 

in grams 
16.93 
19.5G 
20 .93 
22 .39 
23.55 
23 .137 

Weight of 
clove r in 

grnms 
10.5 
113.0 
36.5 
27.0 
26.0 
36.5 

Pot 
No. 
1 
2 
3 
4 
::; 
6 

WORTH COUNTY SOILS 

'!.'ABLE X. GREENHOUSE EXPERD1ENT, 
WIKNF.BJ\GO COUN'.l.'Y 

• I 
'J'rcatmrnt I 

I 
Check .. . .... . .............. . ........ . ... . 
J\[::rn ure ..... . ....... . ...... . ......... . . . . . 
J\[nnure+lim e ...... . .. ....... .. . .. . ..... . . 
J\Ianu re+ lirn r + Tock p hosphate ..... .. ..... . . 
J\fanure+lirn e+acid p hosphate .... . .... . . .. . 
Mn nu,·e+ lim c+co mpl et- e co rn,n or e ial .fertilizer I 

CLARION LOAM, 

Weight of 
wheat grain. 

in g rams 
11.75 
17.25 
20.00 
20.00 
20.00 
23.25 

Weight of 
clover in 

gram 
52.16 
58 .9G 
58 .913 
GS.04 
58 .9G 
GS .04 
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best growth of general farm crops. Th e appli ca tion of a phosphate fer hli zer 
would probably be of value on t his so il. 'l' li e use of a com plete comm C' r·cia l 
fertilizer may be de, irable in some cases on tl1 is soil but it seems probable t li;lf 
acid pho. phate will generally be more profi.ta ble for use. 

RESULTS ON W:EBSTER CLAY LOAJ\I FROM 'WIKNEBAGO COUN'.l.''t.' 

The r esults secur ed in the greenhouse exper iment on th e ·w ebster cla v loa m 
from 'Winnebago County arc g i\'en in table XI. 'l' hc effect of manure is c:i'efi 11i tP­
ly evid enced on this soil, th e yields of both the \\'heat and the clover crops being 
increased considerably by the appli cation. In ·pite of the fact that t his so il i~ 
well supplied with organic matter , the add it ion of fa l'm manme seems to lrn ,·c 
much value. 'l'be particular ·ample of soil used in this ex periment was slight ly 
acid in r eaction and lime " ·as applied. 'l'he amount of acid ity was small . l1(m ­
ever , and the application of lime showed no influ ence. In general this soiJ type 
is not acid in r eaction, and appl ica t ions of Li me should not be made. After t ir e 
so il has been under cultiYat ion for a longe r period of time and d ra inage co n ­
d itions ar e well established, the loss of lime will increase and th e need of test i11 n· 
the soi l and making applications of l ime will be apparent in later years. Tit~ 
rock phosphate, the acid phosphate, and th e complete commercial fert ilizer gave 
incr eases in the yields of both the wheat and the clover. Unfortunately, t ir e 
clover crop on the acid phosphate pots was evidently abnormal and the r e,; ult-s 
ar e not included her e. 'l'he rock phosphate showed up somewhat better tha n 
the acid phosphate on the wh eat crop and the complete fertilizer likewise g-aYe 
a larger effect th an the acid phosphate but smaller th an tl1 e rock On t ir e 
clover the complete :Eer ti l izcr J)rovecl sliglr f'l y more effective than t li e 1·ock 
phosphate. 

Fig. G. Clo,·er on Cly,lc s ilt lo:rn1 from Wurth Coun t~--



24 

P ot 
No. 
1 
2 
3 
4 
5 
G 

T ABLE XI. 

SOI L SURVEY OF row A 

GREENTIOU SE EXP ERIME N T, WE BS'l' E R CLAY LOAl\ [, 
'N [NKEBAGO CO N TY 

'l'reat ment 
Weight of Weight 

wh eat grain clover 
of 
in 

in gra ms gra ms 

Check . . . . . .. .... . . . .. .. . . .. , . . . . , . . · · · · · · 
Tui a11u ro . . . .. . . .. . . . . .... . . . .... .. . . . .. • • • . 
Manure + limc . ... . . . . .. . . . ... .. .. .. . .. • • •. 
Manure+li me+ r ock phosphate .. ... . .. ... .. . 
Mamire+li mc + n.cicl phosphate . . . . . .. . . . .. . . 
l\fanu rc+lime+complet e co mm ercia l fe r ti li ze r 

18.00 70. :2 -, 
22.00 H. .J-
22. 75 74.8 ci 
'.l G.00 77.1 l 
23.00 
25.00 79.3 

In general it c1ppears th at ::ippli cah ons oE manure ar c Ycry des!rabl e on thi s 
soil type. ·wh en th e so il is c1 cid in reacti on , lime should be a1~~l1cd and th err 
ar c strong indi cations of Yaln c from tl1c HSC oE a phospl1 atc fe rtili zer . 

RT~ UL 'l'S ON CAR [UXG 'l'OK LOAM JrRQ:.\ [ II ARJ IN COUN'l'Y 

'l'hc r esult , ecurcd in th e grccnhonsc exper imen t on the Carrington loarn 
from H ardin County ar e given in t able XII. Only th e yield of wheat was 
secured in this experiment. 'l'hc applica tion of manure brought about a clistinct 
increase in th e wh eat crop . Lime ,ri th th e manure howcd some additional effe~t. 
The phosphates and the compl ete commercial fertili zer brought ~bont st dl 
gr eater gains. 'l'h e rock phosphate had a mu ch smaller effect than d1d the c1 c1tl 
phosphate. The latter materi al gaYc a very pronounced increase. :he complete 
commercial fertili zer had a very slightly smaller effect than the amd phosph ate. 

Apparently this soil will r espond to applications of manure, lime and a ph os­
phate. The addition of manure seems to be of par ticularly la:·ge value. Lllnc 
sho,Yed an effect on the wheat grown on this soil and would cer tamly have a nrnch 
lar"'er effect on a legume crop . 'l'he acid phosphate seemed to be som wh at 
su;erior to rock phosphate in th is test but definite conclusions should not be 
drawn from one experiment . It seems eviden t, l1 owever , that some phosph ate 

ferti li zer should be employed on thi s soil. 

RESULTS ON W EBS'l'ER LOAM FROM HAMILTON COUN TY 

'l'hc results secured in the gr eenhouse experiment on the vVebster loam from 
Hamilton County, ar e given in table XIII. Th e addit ion of manure brought 
about an increase in the wheat crop . 'l'll c yield of cloYer on the manure treated 
pots was not secured. Lime in addition to th e manure increased th~ wheat y ield . 
considerably . 'l' his particular sample of '\Vebstcr loam was a~1d and he~ce 
lime was applied and the r esults indicate that " ·hen the type is acid, the applica­
tion of lime will be of considerable Yalue. 'l'he rock ph osphate with the manure 
and lime showed no effect on th e " ·heat but brou ght about an increase in th e 

P ot 
N o. 
1 
2 
3 
4 
5 
G 

TABLE XII. GREEN llOUSE E XPERI]\[ENT, CARRIN G'l'ON L01D[, 
HARDIN COUN 'l'Y 

Treatm ent 

Chock .. . .. . . . .. .. ... . . . .... .. ... · . , · · · . · · · · , · , · • · · • · • · · 
Manure . .. ... . . .. .. . ... . . • • • • . . • • • • • • • • • · • · · · · · · · · · · · · · · · · 
Manurc + lim e . .. .. . .. . . . . . .. . . . .. . .. . .... . . •. • • • • • • • • · · · · · 
Manurc+lime+r ock p hosph nfo . . .. . . . . .. .. . . . . . . •, . . • • • • • • • • 
Manure+li me + acicl ph osphnte . ... . . .. .. . . . . .. . . . • . ... • • • • • • 
Manure+lime+complete comrnercin.1 fert il izer . . . ... . . . .. . . . • . • 

Weight of 
wheat grai11 

in g r:1 111s 

5.223 
8.293 
8.712 
8.840 
9.4~0 
9.307 

1 

Pot 
No. 

1 
2 
3 
4 
5 
(, 

WORTH COUN TY SOILS 

'l'ABL E X III. GRE E NHOUSE EXP ERIMENT, 
H A]\[ILTON COUNTY 

WE B S'l'E R L OAl\I, 

Treatm ent 

Check . . . . . . . . . . . . . • . . . . . . . . . . . . · · · · · · -I 
1fanur e . .. . .... . .. .. ... . ....... . ... • . • • • • -I 
Manure+li.m e ... .. . .. . . . . .. . . .. . .. . ... . .. , I 
Manurc+ lime+l'Ock ph osphn.te ... . ..... . .. -I 
Ma nme+Jime + acicl phosphate . ... .. . . . . . . . -I 
Ma1111rn + lim e+ compl ete romm errin l fe rt ilizer I 

Weight of 
wheat grain 

in g ram s 
13.15 
J 3.77 
17.61 
13.94 
18.01 
20.31 

Weight of 
clover in 

gra ms 
59.5 

70.0 
74.5 
80.0 
82 .0 

~,iclcl of clover. The acid phosphate increased the y ield of wheat and showed 
a JJr011 011nced increase in th e yield of clover. Th e complete commercial fertil izer 
showed a slightly greater effect than the acid phosphate on both th e wheat a nd 
clover crops. 

It is apparent from these r esults th at manure may proYe of value on th i:; 
type. Lime should be used when the surface soil is acid in order to ·secure th e 
best crop growth . The application of a phosphate fertilizer may be of con­
s iderabl e value on the soil. Acid phosphate seems to be preferable in this t est 
but definite conclusions r egarding the r ela tive value of the two phosphates 
should not be drawn until comparative tests have been carried out under in­
diYichrn l farm conditions. 'l'he use of a complete commercial ferti lizer may be 
desir::i bl e on this soil but t es ts on the fa rm in comparison with acid phosphate 
should be carried out before any extensive utili zation of a complete fe rtilizer 
is made. 

FIELD EXPERIMENTS 

A field experiment has been started in ·w orth County but the r esults have uot 
been secured over a long enough period of time as yet for the data to be of 
signifi can ce. E xperiments haYe been under way, however , in counties adjacent 
to ·worth County, on th e same soil type which occur extensively in this county. 
'l'Ji e r esults secured in th ese experiments will be given here as they indicate 
quite defini tely the fertili zer effects whi ch may be expec ted on these sam e soi l 
types in ·worth County. Tests on th e Carrington silt loam on th e Osage Field 
in Mitcbell County, on th e Carrington silt lomn on the Springville Field, Sel'i es 
J , and Series II , in Linn Co L1nty, on the Carrington loam on th e ·waverly Field , 
No. II , Series I , and Series II, in Bremer County, on th e Carrington loam on th e 
Eldora Field, Series 100, in Hardin County, on the Carrington loam on tl1 c 
'l'ruesdale Field, Series I and Series II , in Buena Vista County, and on Ol e 
0' Ieill loam on the Everly Field, Series I , in Clay County, are given here. 

'l'hcse field experiments are carried out in order to determine the value of 
certain soil treatments, and th ey ar e all laid out on land which is r epresentative 
of the particular soil types. The fields include 13 plots 155' 7" by 28' or one­
tenth of an acre in si ze. They ar e 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 th e securing of accurate r esults. 

The experiments are carried out under the livestock and grain systems of 
fa rming. In the former , mannrc is ::ippli ed as a ba. ic treatment while in the 
latter , crop residues ar c employed. 'l'h c oth er fertilizing materials whi ch arc 
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tested include limestone, rock phosph ate, acid phosphate and a compl ete com­
mer cial fertil izer. l\Ianure is applied at th e rate of 8 tons per acr e once in a 
four-year rota tion. 'fhc cro11 r esidu es treatment con:ists in plowing under th e 
corn ·stalks which have been cu t with a cli sk or stalk cutter and plowing und er 
a t 1 ast th e second crop of clonr . Sometim es t-h c first cr op of clover is cut an <l 
allowed to r emain on the land to be plowccl nndcr with the second. I1im c is 
applied in sufficient amounts t o correct 1-li c acidity of th e soil. Rock pho.· phat c 
is added at th e rate of 2,000 pound.· per acr e once in four yea rs. Since 192:i . 
rock ph osph ate has been empl o~'ed at th e ra te of 1.000 pounds p er a re once in 
four years. Acid phosph at e is added at th e rate of 150 pounds p er acr e annually. 
Until 1923 the old . tandard 2-8-2 complete commer cial f ertilizer was used, ap­
plications being made at the rate of 300 poun cls per acr e anmrnlly . Since th at 
time th e n ew standar d 2-12-2 brand ha s been employed , appli ca tions being mad e 
at th e r at e of 202 pounds p er acr e amrnally , tlrn s applyin g th e same amo11nt of 
phosphorus as that contained in th e 150 pounds of acid phosphate. 

THE OSAGE F IELD 

'fhe r esults secured on th e Carrington silt loam on th e Osage Field, Series I , 
in Mitchell County, ar e given in tabl e XIV. 'l'h e application of manure brought 
about a very beneficial effect on th e crops gr o,Yn on this field in all but on e 
season. In some cases ver y large effects were notecl as, for example, on th e oats 
in 1920, on th e clover in 1921, on th e corn in 1922, on th e corn in 1923, on th e 
clover and timothy in 1925, and on the corn in 1926. Lime with the manmc 
incr eased the crop yields to an appreciable extent in most seasons and in sever al 
in. tanccs very considerable incr eases ,Yere noted as, for example, on th e corn in 
1923 and on th e clover in 1921 and 1926. Th e incr enscs in th e y ields in oth el' 

seasons wer e in general quite definit e. 
'fhe use of rock phosphate with th e manure an l lime in cr eased crop ~-ielcls 

in practically every season. In some cases th e ga in. \\·ere quite definit e bnt in 
sewral instan ces yery .·mall incr eases wer e secnrcd. The ac id phospl1aJe with 
th e manure nncl lim e showed a lnrO'er effect 1 ha.n tl1 e r ock phosph ate in srveral 
seasons as, for example, on th e oaJs in ] rl24 and on th e clover and timoth y in 
1925. In one or two oth er seasons th e r ock phos phate seemed t o give sl ightl y 
larger effects but in th ese cases th e differences ·we re not Yery gr ea t. 'fh e com­
plete commer cial fertili zer with manure and lime had a larger effect on t he 
crop yields in several seasons, but in general th e d iffer enccs wer e no t large c1ncl 
in one or two instances the effects " ·ere less definite th an those brongl1t about 

by the phosphates. 
The crop r esidu es had little effect on the y ields of th e various crops grown 

on this field. Lime with the crop r csiclnes incr eased th e crop yi elds, and in 
general the incr eases wer e very pron onnced as, for example, on th e corn in 
1923, on the oats in 1924, on th e cloYcr and timothy in 1925 and on th e corn 

in 1926. 
Th e rock phosphate with the crop r esidues and lime increased th e y ields in 

practically every season. In some cases very consider able gains wer e noted as 
on the oats in 1920 and on th e clow r and timothy in 1925. In most of th e oth er 
seasons the · gains were less definit e and in one or t"\Yo cases no in creases at all 
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TABLE X I V. l!'JELD EXP ERDrn~T, C;\.RlUNG TON SI L T LOAM, 
llHTCHELL COUNTY 

OSAGE F IELD, SERIES I 

Treatm ent 

1 Check ... .. . .......... -I 
2 i\Ianurc .. . ... .. ...... . \ 
3 :\fa nurc+limc ......... . 
4 l\fonurc+ li mc+ rock I 

phosphntc . . ... . .... . 
5 Manurc+lim c+nr icl I 

phosphntc . . . . .. . ... . 
6 l\fanurc+lime+ ·ompletc I 

co mrn erci n. l fc rt:ilizc r .. 
7 
8 
fl 

10 

11 

12 

13 

Cherk . . .............. . 
Crop res idues . ... . . .. . . 
Crop rcs idues+li mc . . . 
Crop rcsidues+lime+ 

rock ph ospk 1te . .. .... I 
Crop rns iducs+lim e+ I 

ncicl ph osphate .. . . .. . 
Crop rcsid ues+J ime+ 

com pl ete commerc ial 
fertilizer . . .. . . .. ... . 

Check .... . . . ..... . ... . 

l . Four tons lime npplied. 

( 1 ) 
1018 
Corn 
bu. 

per A. 

1919 
C'or u 
b u . 

per A. 

46.5 I 55.8 1 

52.8 I 60.o I 
52.8 70.0 

54.8 I 72.0 

5G.4 I 77 .0 

4-4.5 I 7fl.0 
38.8 67.0 
37.7 65 .0 
39.4 74.0 

4 7.4 75.0 
I 

44.2 I 73.0 

4 .8 78 .0 
3fl.7 67.0 

(2) 
19~0 
Oats 
bu. 

per A. 

(3) 
1921 

Clu,·er 
tons 

per A. 

(4 ) 
1922 
Corn 
bu. 

per A. 

(5) 
1923 
Corn 
b u . 

per A. 

34.6 1.09 I 58.8 42.3 
60.3 l .55 68.0 50.8 
56 .3 1.98 68.0 64.1 

61.2 l.!)4 74.3 70. 7 

61.2 1.82 I 7G.0 70.7 
I 

67.3 I 1.63 72.3 70 .2 
59.8 I 1.48 50.o 53 .7 
55.0 l.!55 51.4 52 .0 
50.3 1.55 58.3 65.2 

61.8 

59.8 
I 
I 

67.3 I 
53.1 I 

I 
J. 55 I 

I 
J .44 I 

I 
1.70 I 
1.59 I 

57.7 64.4 

62 .3 64.9 

65.5 ,' 6!) .9 
52.3 53 .2 

2. P lot 1, low yield. oats cl own bacllr ; four tons lime applied in 8eplcmhcr. 
3 . Clover pasturerl heav· ily in spring. 
4 . Corn down badly on checks a nd r rop r esidu e plots. 
5. Drr wenth1:1r r edu ced y ields. 
6. Poor s t and on p lot 11 due to pocket gopher s. 
7 . Clove r mostly kill ed ou t in spr ing du e to ice sheet, goocl stnnd of t imot h y . 

(6) 
1924 
Oats 
bu . 

per A. 

72.4 
71.0 
82.8 

6.5 

98.0 

102.9 
74.3 
71.8 
81.6 

90. 3 

78.4 

87 .1 
75.6 

(7) 
1925 

Clover 
nnd 

Timoth y 
'r ons 
per A. 

0.97 
1.25 
1.64 

1.68 

1.90 

1.92 
1.12 
l.l 4 
1.63 

1.94 

2.07 

1.55 
0.88 
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19~6 
Corn 
bu. 

per A. 

37.~ 
51.4 
56.0 

57.0 

5:5.7 

60 8 
46 .6 
4U 
52.0 

52.5 

51.2 

50.fl 
44.0 

wer e 11otcd. The acid phosph ate wi.th the cr op r esidues and lime showed a 

larger effect than the rock phosph ate in one or two cases, but in several instances 
had a le. s benefi cial influence. The differ ences were not large and it would seem 
tha t th e two phosphates ha.cl very much t l1 e same effect on the various crops 
gro"·n. Th e complete commer cial fertilizer with th e cr op r esidues and lime 
showed a larger effect than th e phosphates in several seasons. 'fhe differ ences 
wer e quite defini te in one or two ca. cs. In a few instances, however , ther e wer e 
less benefi cial effects from th e complete fer tili zer th an from th e phosphates. 

'fhe r esults secured on thi s fi eld show the large incr eases in th e yields of 
general farm crops following J-he applicat-ion oE manme. Lime with the manure 
brings about beneficial effects not only on th e legume crops of the rotation bn t 
also on th e general fa r m crops whi ch ar e grown. The use of a phosphate fer ­
tilizer is especially desirable on thi.s soil. "\V11 cther rock phosphate or acid phos­
phate should be employed cannot be definitely stated as both phosphates seem 
to give Yery similar effects in most cases. It would not seem that a eomplefo 
commercial fertilizer should be r ecommended for use on this soil as acid pJ1os­
phate or rock phosphate will probably bring about quite as large crop increases. 

THE SPRIKGVILLE FIELD 

The r esults secured on the Carrington silt loam on the Springville Field, 
Series I , in Linn County, ar e given in tabl e X V. 'l' he application of manure to 
this . oil t ype is appar ent ly very valuable. Consider able incr eases in crop yields 
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'!'ABLE XV. FIELD EXPERI MENT, CARRINGTO r SJL'l' LOAM, LINN COUNTY 
SPRINGVILLE FIELD SERIES I 

' 
(1) (2 ) I (3) 

(4) (5) (6 ) (7 ) (8) 

1918 1919 1920 192 1 1922 1923 1924 1925 1926 

Treatment Clover Corn Corn Oats Clover Corn Cor n Oats Corn 
P ict bu. b u. bu. bu . 

ton s bu . bu . bu . tons 
No. 

per A. per A. ner A. per A. ncr A. per A. ·1er A. lJC I' A. per A. 

2.25 58 .6 46.5 44.8 1.37 I 40 .2 53.9 41.6 
1 Check I .... . .. ...... . .... ... . 

64.8 63.3 36 .4 1.47 51.2 72.4 49.3 
2.47 ... . 

2 Manure+lime . ' . . . . . . . . . 
51 .1 46.9 1.35 I 55.9 57.4 46.4 

2.40 63.7 .... 
3 Manurn . .. ... . . . .. ..... 
4 Manure+lime+rock 

66.1 42 .8 2.02 60.2 71.6 50.4 
phosphate . .. . . . .. . . . .. 2.70 60.8 .... 

5 Ma nurc+limc+acid 
67 .1 60.8 46.3 2.14 59 .7 68.6 47.4 

phosphate ....... . ..... 2.70 ... . 
6 Manure+limc+compl ctc 

64.5 61.0 I 49 .2 1.99 60. 7 74.1 47.4 
commercial fe rtilizer 2.70 .... .. . 43.6 34.4 

7 Check 1.65 60.0 51.9 36.9 1.35 40.0 .... .. ... . . ..... .. .... 
55.0 I 42 .8 1.40 46.2 47.4 37.8 

2. 05 62.5 ... ' 
8 Crop r esidues . . ...... . . . 62.1 38.6 

r esidtics+lime 2.02 49.4 59.6 I 38.0 1.56 44.2 .... 
9 Crop ' . .. . 

10 Crop residues+limc+ 
2.16 55.7 58.5 43 .6 1.98 54.4 64.8 36.8 

r ock ph osph at e . . ...... 
. ... 

11 Crop residucs+lime+ 
55.4 58.5 48.4 2.10 43.5 62.2 37.0 

acid phosphate . . . . .. .. 2.47 .... 
12 Crop r esidues+ lime+ 

complete commercial 
2.10 33.1 57.3 37.8 2.04 44. 7 .... 72.4 38.6 

fer t ilizer ... . .......... 
41.1 36.0 1.51 36 .1 45.3 30.9 

1.80 45.7 .. . . 
13 Check .. . . . . ......... .. . 

1. T h ree a n d on e-h alf t ons li me, fall 19 17. 
2 . P lots 10, 11, 12 n. n d 13 on Itn~ irround, poor stand . 
3. P lot 2 small di tch, ab nor ma l yi eld . 
4. Clover down bndly 0 11 5 a nd 6, nnd 1 l nn d 12, only g5r/o co u lcl l,r c n t. 

5. Season dr v. 
fi. Field wns "r eplnn tccl nn d col' n did not m nlu rc. . . . 11 1 t 1 
7. Plot 2 i s hi gh. i n fertil ity nnd poorl~r dr nincd w hi ch 1•cf. tiltf'd in l11 gh y1c c ( 11c ri cry sc: i so n . 

8 . I-Iot wi nd s nnd d r y went h cr cln,rnnged corn . 

were secured in all but on e season. I n some cases the increases were very large_ as 
in the corn in 1920 an d 1925 and in the oats in 1925. The application of lime ~ntli 
the manure increased the crop yields in one or two seasons but no lar ge effects 
wer e noted from the use of this materi al. J n several cases no increases at. all 
were secured. Th e application of rock phosphate wi th th e manure and 1mm 
brought about very large cr op increases in some seasons as, for example, on tl~ e 
clover in 1918, 011 the corn in 1920, on the clover in 1922, and on the oats rn 
1925 . Increases were secured from th e use of this maJcri al in all but two sca­
:.;ons. The acid phosphate with the manure and lime hacl a larger effect than t'.hc 
rock phosphate in several cases but in gener al showed vc1? much the same m­
fluence. The corn in 1919, th e oats in 1921 and th e clover m 1922 shm~1ecl lar ger 
effects from the acid phosphate th an from th e r ock phosph ate, but 111 :c;everal 
other seasons the latter seemed more benefi cial. Th e com plete commercial fer­
tilizer had a slightly gr eater effect than th e acid ph osph ate in one or two sea­
sons but in general the influence was ver y mu ch th e same as that brought about 

by the two phosphates . 
Crop r esidues showed little effect on th e va rious crops g~·own. In o_ne or two 

seasons small increases were noted, but in general the yields were mfluenc_ecl 
very little. The application of lime with the crop r esicl_ues showed a be_neficial 
effect on the crops grown in several seasons, the largest mfluence was ev~denc_ed 
on the clover in 1922, and on the oats in 1925. In several other ~ases sli ght m­
cr eases in crop yields wer e secured. I n one or two se11sons no gams at all were 

noted. 
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The application of rock phosphate with the crop r esidues and lime increased 
the crop yields in pr actically every season. In some cases very large increases 
were secured as, for example, on the clover in•l 922, and on the corn in 1923. 
The acid phosphate with the crop residues and lime had a larger effect than the 
rock phosphate in most seasons. In general, however, the differences between 
th e effects of these t wo phosphates were not very pronounced. The complete 
commercial fertilizer with the crop r esidues and lime showed less effect than the 
acid phosphate in many cases. Only in one season was ther e any large differ­
ence in the yield and this was in the case of the oats in 1925. In several other 
seasons the complete f er t ilizer gave slightly larger effects but the differences 
,rere not definite. 

The results secured in the fi eld test on the same soil type in Series II, of the 
same fi eld, ar e given in table XVI. H ere 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 
uefini te gains wer e 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 manur e incr eased the crop yields in practically 
every season. rrh e clover in 1921 and 1925 were particularly benefited by the 
lime. 'l'he 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 phosph ate 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 

'fABLE XVI. FIELD EXPERIMEN'l', CARRING'l'ON SIL'f LOAM, LINN COUN'l'Y 
SPRINGVILLE FIELD, SERIES II 

(1) ( 2) (3) (4) (5 ) (6) 
19 19 1920 192 1 1922 1923 1924 1925 1920 

l 'lu t 'rrca tmcnt Uorn Oats Clover Corn Corn Oats Clover Cont 
Xo . b u. bu. tons bu. bu. bu . tons bu. 

per A. pe r A. per A. per A. per A. ,er A. pe r A . per A. 

1 Check ............. . ..... . .. .. 61.1 41.1 1.16 62.6 32 .0 . ... 0.87 40.0 
2 Manm e ..... ..... ..... ...... . . 66.0 46.8 1.42 76.0 40.0 . .. . 0.90 41.0 
3 M:rnure+lime .. .. . ... .. .... . .. G6.2 48.8 1.86 82.8 46.6 . ... 1.30 40.0 
4 Mauure+limc+rock phospkitc . . 6G .G 49 .6 2.29 84.3 46.8 . . . . 1.48 48.0 
[i Manurc+lime+:1cicl phosphate .. 59 .7 50.8 2.56 78.0 44.4 . . . . 1.30 40.5 
(j Manure +lime+complete 

commer cial fert ilizer ......... 64.2 43 .4 2.50 79.1 47.4 . .. . 1.39 41.0 
7 Check . ... . . .................. 57.1 47.6 1.51 62.9 33.5 . . .. 0.95 36.8 
8 Crop residues . .. . . .... . .. ... . . . 56.9 47.6 1.17 61.7 36.2 . . . . 0. 78 37.8 
9 Crop resiclues +lime . . .. ... ' .. . . 53 .1 58.9 1.27 63.4 35.6 . .. . 1.13 50.G 

10 Crop r esidues+lime+ 
rock phosphate .............. 61.4 63 .7 2.31 60.6 34.9 . . . . 1.15 44.8 

11 Crop residues+lime+ 
acid phosphate ..... . .... . .. . 62.9 70.6 2.34 59.1 38 .1 . . .. 1.41 44 .2 

12 Crop residues+lime+ 
complete commercial fe rti l izer 60.0 50.2 2.25 74. 7 44.9 .... 1.35 44.2 

13 Check .................... . ... . . . 55 .6 1.35 64.8 40.0 . . . . 0.43 41.0 

l . Plot 13 cut by m is l3ke . 
~- \Ve t sp ri n g r ed uced trop on manured plot·s, 4 to ns li me , SeptemLer. 
3. Poo r drnin:1ge mnd o seri es weedy in s pots . 
4 . No r esult s tak en . 
5 . No fert il izer appli catio n~ rn nde s in ce sp r in g of 1923, ca rri ed as a r cs idun l series. 
6. IIo t winds nnd dry weath er damn ge <l corn. 
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two phosphates was not very great. The complete commercial fertilizer with the 
manure and lime showed slightly larger effects th an the acid phosphate in most 
seasons. 1'he differences, however , ,Yer e not great, and in general it may be 
considered that the two materials gave very similar incr eases in the yields of 

general farm crops. 
The crop r esidues had little effect on the yields of the various crops grown in 

this test. Lime with the residues brought about increases in most seasons. In 
some cases very large gains were noted as, for example, on the clover in 19:25 
and on the corn in 1926. The rock phosphate with the crop residues and lime 
increased the yields to a considerable exten t in several season ·. Beneficial 
effects were particularly evidenced on the cloYcr in 1921. In several cases no 
o·ains were noted from the use of the rock phosphate. 'l'h c acid phosphate with 
b . 

the crop resi hi es and lime showed a larger effect than the rock phosphate 111 

most seasons. In general , however , the di ffe r ences were not very pronounced 
and the two phosphates seemed to have quit·c similar effects. The com plete com­
mercial fertilizer had a larger effect tltan th e ac id phosphate in one or two 
seasons, but in several other cases it sho"·ccl smaller effects. 

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

'rlIE WAVERr~Y FIELD 

'l'he data secured from the field experiment on the Carrington loam on th e 
Waverly Field, No. II , Series I , in Bremer County are given in table XVll. 
Beneficial effects of manure on this soil were evidenced by the increased crop 
yields secured in practically every season. In some cases very large ga ins were 
noted as, for example, on the cloYer in 1919. Lime ,Yith 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. 
'l'he rock phosphate with the manure and lime increased crop yields to a very 

pronounced extent in some seasons. In one or two years it showed no benefi~ial 
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 pho phate showed less effect than the rock phosphate. The complete 
commercial fertili zer had a greater influence than the acid phosphate in one or 
two cases but in general showed a -very sim ilar effect to that brought about by 
the acid phosphate. A very lar ge increase was noted, however, in 1925, from 

the complete fertilizer. 
The crop r esidues showed very little effect on the various crops grown. Lime 

with the r esidues incr eased the crop yields in all seasons. In some cases very 
large gains were noted, particularly on the cloYer in 1919 and 1922. Large 
effects were also shown on the oats in 1921 and 1925. 

The rock phosphate with the crop r esidues and lime increased the crop yields 
to a considerable extent in practically every season. 'l'he largest influence was 
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T ABLE XVII. FIELD EXPEH.IMEN'l', CARRINGTON LOAM, BREMER COUN'l'Y 
WAVERLY ]!7IELD, NO. II, SERIES I 

( l ) ,,, / '"' (4) (5) (6) (7) (8) 
191 8 1919 1920 1921 U) ~3 1923 19:.! -1 1925 1926 

P lot '11:eatment Corn Clover Corn Oats Clo ,·c 1· Uoru Corn Oats clo,·cr 
:-l o. hu. tons bu. bu. l !J ll S bu. lrn . bu . tons 

1lC r A. per A. per A. pe r A . per A. Ci' A. per A . per J\ . per A. 

1 Check ..... . . . . . ; .. .... . 42.8 1.50 47 .8 25.7 2.22 . ... 11.0 . . ' . ' . . 
2 :Manure ... . .. . ...... . .. 61.0 1.75 5G.5 34.3 2.20 . . .. 24 .7 G3.9 . .. . 
3 :Mauure+li.me . . ... .. ... 64.9 1.10 57.5 50 .6 2. 32 . .. . 30.4 77.7 . . . . 
4 Manure+lime+rock 

phosphate . . ..... . .... GG.5 2.60 58.0 40.3 2.10 . . .. 34.3 87. . .. . 
G Manure+ lime+compl cte ! I 

commercial fertil izer .. J 72.1 2.35 44.0 33.7 2.78 .. . . -1:2.1 I 0:1.:~ . . '. 
G fanure+lirne+aci.d 

phosphate ...... . .... . G7 .2 2. 5 47.0 ,12.0 2.90 . ... 38.~ SD.3 . . . . 
7 Check . ...... . ... .. . . '. ' 55.1 J .5 ,3 3G.6 30.G 1.7G ... . Hl.:2 59.D . .. . 
8 Crop residues .. ... ... ... 4D .6 1.05 39.6 20.3 1.2-± . . . . 18.8 51.7 . .. ' 

9 Crop resi.dues+ li.me . . . . . <i6,'.] 1.50 40.8 30.4 1.84 . .. . 20 .3 G'.U .. . . 
]0 Crnp r esidues + lime + roc:k 

phosphate . .. . .. ...... 70.0 1.75 41.G 40.G 2. l G . .. ' 20.5 85 .3 . '' . 
]1 Crop residues+li rn e+ acid 

phosphate . ...... .. .. . 8.2 2.55 43.3 38 .4 2.70 . . .. 23 .1 8G .9 ' . .. 
12 Crop residues+lime+ 

complete commercial 

I 
fe rtilizer .. . ...... . ... 1 88.G 2.10 4;:;_s 4G.0 2.70 .... 22.4 8G.G . ... 

13 Check ............... .. . 1 79.7 1.56 3G.l I 2G.7 1.48 I 16.3 53.4 . .. . . . . . 

1. Si x tons l im e, fall 19 17. 
2. S-oybenns planted in corn , both crops poor . \Vet sprin g injured l>lo ts in ce nter se ries . l' lut s 

and G an d crop res idu e plots weedy. 
3. Plot 3 too high, man y mon,in g g lory yi11 cs on ulot. 
4. Stand un eYen on ~ :in d 4. 
5 . No crop yields secured owin g to drou g ht. 
6. C1·op damaged by frost- phos phnte plots i:: howed more 111ai11rit v. 
7. ~_arley seeded by mis tnlrn on plot 1. U nabl e to ~1 cco 11nt for i, igh y ie ld on plo t 5. 
8 . E 1eld pa stured- no results tak en. 

noted on the clover crop and on the oats in 1925 . 1.'he acid phosphate with t li e 
crop r esidues and lime had a larger effect than the rock phosphate in practically 
every season. In some cases the gains ,Yere very pronounced, as on the clover 
in 1919 and 1922. In other seasons the diffe rences were not large. The com­
plete commercial ferti lizer with the crop res idues and lime exerted very mu ch 
the same effect as did the acid phosphate, sl1owing a slightly greater influence 
in some cases and a somewhat smaller effect in otber instances. 

The results secured on the Carrington loam on tli e Waverly Field, No. II, 
Series II, in Bremer County, are g·inn in table XVIII. H ere again the bene­
ficial influence of manure on this soil is eYid encecl by the great increases in crop 
yields secured in practically every season . 'l'h e clm·er in 1920 and 1921 and the 
corn in 1922 and 1923 showed the largest infl uence from the use of manure. · 'l'h e 
application of lime ,Yith the manure brou ght about d istinct gains in the crop 
yields in practically every season . In some cases th e increases were very large 
as on the clover in 1920, 1921 and 1925, on tl1 e corn in 1923, on the oats in 192.J 
and on alfalfa in 1926 . 

The rock phosphate with the manure and lim e showed a beneficial effect on 
the crop yields in most . casons. 'l'h e differences, however , were not verv dis­
tinct and in some cases no gain,; " ·er e noted. The acid phosphate wit'.h the 
manure and lime increased th e yields to a considerable extent in most seasons. 
'l'he largest effects were noted on the clover and alfalfa crops altho there was 
a large effect also on the oats in 192-!. 1.'h e complete commercial fe rtilizer 
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TABLE XVl II. FIELD EXPERIMENT, CARRINGTON LOAM, BREMER COUNTY 
WAVERLY FIELD, NO. 2, SERIES II 

( 1) (2) (3) (4) (5) (6) 
l UlS 1919 19.JO 1921 1922 1923 1924 19 25 192G 
Coru Oats Olo,·er Clover Co rn Coru Oats Sweet Alfnlfa 

Plot TT eatm c nt bu . bu. tons and bu. bn. hu. clo,.-er tons 
No. per A per A. per A. timothy per A. per A. per A. ton s per.\ . 

tons per A. 
per A. 

l Check . . . . . . . . . . . . . . . . 38.5 B!J.ll 0.47 1.03 39.4 25.0 42.8 0.39 

I 
... 

2 Manure .......... . . ... 54.0 49. 3 0.G7 1.30 55 .7 40.2 49 .7 0.45 0.7li 
3 Manure+lime .... ' .' . . 50.8 Gl.!J 1.3G 1.87 G2.3 57.0 GG.4 2.GG 1.2 
4 Manure+ lime+rock 

phosphate ... ' . .. ... G7.2 4-G.4 J .GG l.!)8 G3.l 62.0 64.9 2.72 l.Gl 
G Manure+lime +acicl 

phosphate ..... ' . . .. G0.5 G7.8 2.0G 2.19 G4.0. 60.7 75.8 3.03 l.GG 
G Manure+lime +complote 

commercial fertiliz er G l. 3 GU) 1.99 2.47 G2.9 63.0 65.3 3.03 1.3G 
7 Check ........... .. ... 48 .7 3:3 .4 0.84 1.17 45.7 34.2 42.5 0.62 0.G7 
8 Crop residues . . . . . . . . . 46.4 

I 
39.4 0.G 7 1.09 41.4 34.0 48.3 0.G2 0.G9 

9 Crop residues + lirne ... 50.0 48.3 0.87 1.2G 50.G 45.2 55.5 2.93 1.10 
10 Crop residues +lime+ 

rock phosphate ... . . ' G6.7 40.8 1.14 1.44 52.0 4G.5 74.7 3.02 1.11 
11 Crop r esidues +lime+ 

acid phosph::i.te . . . .. 48 .7 47.3 1.11 1.G3 51.4 47.5 70.9 3.02 1.3G 
12 Crop residucs + lime+ 

complete co111merci:1 l 
fertilizer .. .. . ...... 42.7 53 .5 1.32 2.10 G0.8 50.7 51.2 2.96 un 

13 Check . . . . . . . . . . . . . . .. 33.4 I 32.9 0.33 0.87 34.8 43.2 37.8 0.45 0.G!l 

1. Six tons lime, fall 1917. }fonvy rnin s wa shed J l, 12 and 13 badl y. 
2. Plots 1 and 2 poorer in fertility thnn other plots. 
3. Dry season. 
4. P lot 13 hi g h probably clu e to mnnurc appli c ftti on rnnd e th ru rrr01·. 
5 . Biennial whit e sweet clon?r, 
G. Grasshoppers injured plot 1 nnd til e wes t sid e of nil 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 r esidues 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 wa.y , in some cases bringing about enormous increases, as 
for example on the clover in 1925. 'l'he rock phosphate ·with the crop residues 
and lime increased the yields in most seasons, the differences being considerable 
in some cases, as on the clover crops and on the oats in 1924. 'l'he acid phosphate 
with the crop 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. 'l'he complete commercial fer­
ti li zer showed a larger effect than tbe acid phosphate in some cases, particularly 
on the clover and timothy in 1921, but in other instances there was a smaller 
influence from th e complete fertilizer. 

'l'hese r esults 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 ar e recommended and large crop increases will 
follow the application. Th e type is ac id in r eaction 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 arc to be secured. 'l'h e use of a phosphate 
ferti lizer seems to be parti cularly profitabl e on th is type. Acid phosphate ancl 
rock phosphate both bring about large increases in the yields of general farm 
crops. 
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THE ELDORA FIELD 

'l'he results secured on the Carrington loam on the Eldora Field, Series 100 in 
Hardin County, are given in table XIX. 'l'his 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 so il are shown by the increased 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 crops grown on this soil. 

'l'he use of rock phosphate and acid phosphate on this soil proved to be 
very valuable in increasing crop yields. 'l'he increases were particularly notice­
abl e 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 broug·ht about some­
what larger effects than the rock p hosphate. 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 . 

'l:ABLE XIX. F lELD EXPERIMEN'l' CARRTNG'l'ON LOAM HARDIN COUNTY 
ELDORA FIELD, SERIES 100 ' 

(1) c2) I ca) (4) (.5) (6 ) 1925 
1919 l\Jl6 1917 1918 1919 1 920 1921 1£J22 1923 [924 1925 Corn 

Plot Treatment Corn Oats Clover Corn Corn I Oats C IOYCI' Corn Corn Oa.ts :J lover bu. 
No. bu . bu . ton s bu. bu . bu. ton s bu. bu. bu. tons per A. 

per A. per A. per A. •Jer A. per A. ~er A per A. per A. per A. •e r A. per A. 
l \ Check ... . .... 47.5 40.0 I 1.19 146.4 33.9 42.8 1.75 64.3 41.5 59.6 0.8959.8 
2 Manurn .. .... 38.5 50.0 1.36 55.8 52.5 49.6 l.G5 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+lirne+ 

\ 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+ 

I acid phosphate 53 .9 53.0 1.87 68.8 Gl.l 60.3 2.55 73.6 44.8 79.4 1.32 58.8 
6 Manure+lime+ 

complete 
commercial 
fertilizer .. , I 52.2 53 .6 1 2.04 1 60. 1 57.9 59.8 I 2.65 1 10.1 50.4 78.0 1.46 60.1 

7 Check ... .. ... 35.3 33.8 1 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 U.l6 53.3 39.6 38.7 1.40 G2.2 33.0 55.9 0.63 50.2 
9 Crop residu es 

+lime ... . .. 37.3 30.0 ].28 G0.3 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 
commercial 
fertilizer . . . . 35.0 50 .0 1.70 63.7 41.6 67 .2 2.85 70.0 45.9 74.2 1.25 Gl.8 

13 Check . . . . . . . . 28.8 33.8 1.23 58 .3 35.0 39.4 2.00 65.0 38.2 58.0 0.82 57.8 

1. Lime 3 ton s per acre, fall of 1914 . 
2. Dry season, yields low. 
3. Plots limed in spring. 
4. Much sweet clov er on plot 13. 
5. Corn down badly, dry season. 
6. Extremely dry spring, low yield . 
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'l'he crop r esidues had little effect on this soil as would be expected. The use 
of lime with the crop r esidues brought about slight increases in crop yields in 
most seasons. In one or two cases the use of lime proved very valuable. 'l'he 
effect was noted part icularly on the oats in 1920, on the clover in 1921 and 011 

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 crop r esidues. Larger increases were secured in many cases than 
those brought about by the rock phosphate when used with lime and r esidues. 
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 011 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 cr op yields . The complete com­
mercial fertilizer frequently had less beneficial effect than the acid phosphate. 
In one or two instances it gave a larger influen ce but th e differences were not· 

gr eat. 
These r esults confirm those previously disc ussed in indicating that th e Ca1·-

rington loam will r espond in a very large way to appli cations of manure, lime, 
and a phosphate fertilizer . 

T H E TRUESDALE F I ELD 

'l'he r esults secured on the Carrington loam on th e Truesdale Field, Series J , 
in Buena Vista County, are given in table X X. 'l'he r esults secured in this 
fi eld are applicable to Clar ion loam as mapped in ·w orth County While the soil 
type was called Carrington loam in Buena Vista County, it has all the characte r­
istics of the Clarion loam, the latter soil type being differ entiated from the Ca1·­
rington loam after the completion of the survey of Buena Vista County. 

Manure brought about an increase in the y ields of all the crops except the 
clover in 1921. 'l' he largest increase was evidenced on the corn in 1922. Lim e 
increased the yields in all cases, showing the lar gest 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 t he 
oats and corn was smaller, and in the case of the corn in 1922 and the oats i11 

1923, no increases at all ·wer e secured. The acid phosphate with the manure and 
lime gave very similar increases to the rock phosphate in some seasons. Witl1 
the clover in 1921, however , there was a very much larger effect from th e acid 
phosphate, while on the same crop 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 wer e 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 r esidues showed little influence on the yields of the succeeding crops 
except in one or two cases. Lime with the r esidues brought about increases in th e 
yields in most seasons, the effects being most evidenced on th e clover in 1926 and 
on some of the oats crops. The rock phosphate with th e lime and crop residues 
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TABLE XX. FIELD E XPERIMEN'l' , CARRINGTON LOAM, BUEN A VISTA COUNTY 
TRUE SDALE FIELD, SERIES I 

P lot 
No . 

Trea tment 

1 Check .. . .. . . . .... . .. . . . 
2 Manure . ..... . . . .. . . . . . 
3 Manure+Iime .. . . . .. . . . 
4 Manure+Iime+rock 

phosphat e . . ... .... . . . 
5 Manure+Iime+ acid 

phosphate . . .. . ..... . . 
6 Manure+lime+complete 

commercial f er t il izer . . . 
7 Cheek . . ... . .... . . . . . . . . 
8 Crop residues . . . ... . ... . 
9 Crop residues+Iime 

10 Crop residues+Iime+ 
rock phosphate . ..... . . 

11 Crop residues+lime+ 
acid phosphate . . .. . . . . 

12 Crop residues+lime+ 
complete commercial 
fertilizer ... .. . . .... . . 

13 Check . . .. . . . . . . . .. . ... . 

1. T hree tons lim e, fa ll 19 17. 

( 1 ) 
l 918 
Corn 
bu. 

ner A. 

38.9 
44. 3 
46.4 

54.4 

49.6 I 
49.6 
38.4 
49.1 
51. 2 

58.9 

57.6 

62.9 
47.5 

(2 ) 
1919 
Corn 
b u. 

per A. 
56.5 
57.1 
58.l 

58 .7 

58 .7 

58.7 
58.1 

61.9 I 
66.6 

68 .8 1
1 

67.2 

66.1 
64.0 

( 3) 
1920 
Oa ts 
b u . 

n e r A . 

57.2 I 
57.9 
59.2 

64.7 

64.9 

64.7 
56.4 
67.7 
66.0 

68.1 

76.8 

77.6 
56.5 

2. ;"lot.s 8 , 13 mor e moisture, slopes into h ea v ier soil. 
3. Three ton s lim e in October . 
4. Dry season cut yields . 
5 . P hosph a te p lots down at b an-es t. 

192 1 
Clover 

to n s 
p e r A . 

1.40 
1.20 
1.60 

2.45 

3.30 

3.10 
2.20 
2.20 
2.20 

3.10 

2.90 

3.00 I 
2.10 

(4) 
HJ2 2 
Co r n 

bu . 
per A. 

48.6 
61.6 
64.0 

63.2 

61.6 

63.7 
51.0 
49.7 
50.6 

61.6 

64.1 

60.4 
49.0 

(5) 
1923 
Oats 
bu . 

per A. 

44.2 
57.7 
61.2 

60.0 

61.2 

68.0 
54.8 
55.5 
54.5 

60.0 

64.5 

77.0 
48.7 

(6) 
1924 
Corn 
bu. 

per A. 

13.0 
24.2 
32.7 

34.1 

32.8 

37 .5 
30.2 
27.1 
31.0 

31.4 

24.5 

34.4 
29.6 

6. P lots 1 and 2 injured b y squirrels . Corn gr een wh en hu sk ed d ue to a killin g fro st. 

1925 
Ou ts 
bu. 

p er A. 

48.3 
57.0 
63 .2 

64.6 

73.1 

71.0 
50.4 
44.3 
51.7 

57.6 

71.0 

71.6 
54.4 

1926 
Clover 

tons 
· n r· A 

1.12 
1.45 
1.64 

1.77 

1.60 

1.79 
1.13 
1.52 
1.68 

1.50 

1.44 

1.29 
0.92 

increased the yields in practically all cases. Only with the clover in 1926 was no 
increase noted. In some seasons th e increases ,vere 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 l~rger effects than the rock phosphate in some instances, particularly on 
the oats_ m 1920 and on the same crop in 1925, a very large difference being evi­
denced m the latter year. In several other cases, however, the rock phosphate 
seemed to give quite as good r esults 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 II of the Truesdale Field in Buena Vista County 
on the same soil type are given in table XXI. Here again the applieation of 
manure was f?und to i_ncrease the yields of the various crops grown, showing very 
large effects m 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 i_n 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. 
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TABLE XXI. FIELD EXPElUl\lENT, CARRIKGTON LOAM, BUE:KA VISTA COUN'l'Y 
TRUESDALE :E'IELD, SERIES II 

Plot 'l'TC'11tm r nt 
No . 

l Uli cek . ........ . . ... ... . 
2 Ma nure . .. . . . . . .. .... . . 
3 J\Lmtuc+l i11 1c ... . . .. .. . 
4 J\I:rnurc+limc+roc k 

p hospli :1Jc . . . . . . . . . .. . 
5 Ma11 urc+limc+acid 

phosphate .. . .... . . . . . 
6 Mn.nure + l im c+com plctc 

co n1rnereial fe rtil izer .. . 
7 Check ........... . .... . -I 
8 Crop res idu es ... .. . .... . 
9 Ci-op r csiducs+lime ..... . 

10 Crop r es idu e +l ime+ 
rock p hosphate ....... . 

11 Cr op rcsiuucs+lime + 
acid phosphn.te .... . .. . 

12 Crop r cs iclucs+limc+ 
~o mpl ctc commern ial [ 
fertilizer ... ... ... ... · \ 

13 Check . . .. . ........ . ... . 

1. 2 % tons lime in i\ la rch . 

(1 ) 
1018 
0 ,11 s 

111 1. 

pe r A. 

69.0 
04.2 
91.2 

88 .2 

91.2 

88 .2 
85 .1 
89.7 
97 .3 

!Jl.2 

92.7 

95.8 
85.1 

(2) 
1919 10~0 

Cluver Co rn 
tons ]JU_ 

er A. " Pl' _\. . 

. . 47.5 

... 57.0 

.. . 59.0 

. .. 61.2 

I 
l.8 !J I 62.1 

I 
2.00 T 64.o 
1.59 I 57.1 
1.98 I 3 .5 
2.07 59.2 

2.19 60 .0 

2.22 60.4 

2.37 61.9 
1.91 60.9 

(8) (4) 
102 1 H ) j::? 

Corn O .its 
bu. \1 11 . 

per A. 1, e,· ..A. 

32.8 

I 
18.5 

39.7 24.6 
41 .8 27.2 

38.1 32.4 

I 40.2 31.0 

I 44.5 31.9 
I 36.3 23.6 
I 32.9 I 31.2 

I I 40.1 I 29 .8 
I I I 
I 35.6 I 34.4 I 
I 

I 
I 

I 33.6 36.8 I 
I I I 
I 

I 
I 

I 35.5 37.3 I 
I 34.9 I 28.4 I 

2. Plots 1 , 2, 3 and 4 di sc d nncl secUcd to oat~. Clo \·er wi 11t cr -ki!l e1l . 
3. Poor s tnnd of corn. 
,J. Two to ns l ime in April. 
5. P lot 5 injnr ed b~r squ incls . 
6. Dry season, low yi eld s. 

19~3 
C IO\'L' I' 

Lon s 
pe r , \ . 

J .72 
1.90 
1. 6 

2.26 

2.24 

2.42 
1.93 
1.98 
2.03 

2.39 

2.11 

2.3!J 
2.03 I 

( ., ) 

1 ~J~ .1 
Co rn 
bu. 

Pl' !' . \ 

38.0 
52.7 
46.9 

44.4 

24.4 

45 .0 

I 
42.9 
40. 7 
41.8 

19::?.5 
Curn 

h11 . 
pe1· A. 

40.0 
50.4 
51. 

51.7 

54.8 

68 .6 
51.6 
G!J. 2 
::;2.2 

(6 ) 
J U:!ti 
Oats 
bu. 

per .:\ , 

20.9 
38.1 
37.0 

37.3 

43.3 

43 .6 
34.3 
35.4 
32.7 

46.0 51.l 3 .7 

40.7 60.4 47.4 
I 
I 

:rn .3 I 55_2 40.3 
39.5 I 4!J.8 29.9 

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

The crop r e idues exerted slight effects on the crop yields in several instances. 
'l'hc application of lime with the crop r esidues broug·ht about increases in yields 
in most seasons. Th e effects were not very lar ge except in one or two cases, 
however , an d in 1925 and 1926. no value fro m th e application of lime was evi­
denced on the corn and oats. 

'fhe rock phosphate, t he acid phosphate and the complete commercial fertilizer 
increased the crop 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 r esults. 'l' he gr eater influence 
from the latter material i 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. 'l'he complete commercial fer tili zer had very much the same 
effect as the acid phosphate in mos t seasons, showing less influence, however , 
than the lat ter material in 1925 and 1926 and sli ghtly lar ger effects in some other 
seasons. 

These r esults 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 r esidues 
in the grain system. The application of a phosphate fer tilizer will certainly 

.... 
' 

WORTH COUKTY SOILS 37 

prove valuable on this type and either rock pho.·phate or acid phosphate shoul d 
be employed. The use of a complete commercial fertilizer bas not been shown to 
be of large enough value to make th e application profitable. 

THE EVERLY FIELD 

The r esults secured in the field experiment on the O 'Neill loam in Clay County 
on the Everly Pield Seri es I are given in table XXII. 'l'he application of 
manure to this soil type was apparently very valuable. Increases in crop 
yields were secured in practically every season. In some cases very large gains 
were noted as. for example. on the cloYer in 1921, on the corn in 1922. ancl on 
the oats in 1924. Lime with the manure was of value on this oil and increases 
in crop yields quite generally followed its application. Large increases were 
secured in many ca es on the oats and corn as well as on the legumes. 

'l'h e rock phosphate with th e manure and lime incr eased the crop yi lds 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. 'l' he benefi ial inflnence of the acid 
phosphate was noted particularly on the clover in 1921 and 1925 and on the 
oats in 1924. In the other seasons, the differ ences between the effects of the 
two phosphates were not very pronounced. The complete commercial fertilizer 
with the manure and lime liacl about th e same influence on the crop yields as 
did the phosphates. In one or two c;:iscs slightl:v greater increase. were secured 
while in other inst;:inccs the ?iclcls wer e somc" ·lrnt . maller. In no ca ·c, how­
eYer , was there any large difference. 

TABLJ~ XXII . FIELD EXPERIMEN'r, 0':\TEILL LOAM, CLAY COUX'l'Y 
EVERLY FIELD, SEHIES I 

( I ) I (2 ) (:] ) (4) 1:, ) (G) 
lUI S 1919 1930 L921 I !):.!~ 1933 192 1 19:!5 

1'1 1, t Trentment ( '(Hll Corn Onts Clove r C'om Corn O:i t s Clo,·er 
~o. hu. bu . 1,u . t•1ns l1u . bu. ho. tons 

1H' I' A . per A. jlPl' . \ . (' l' . \ . 'l(\ 1' A. f •l' . \ _, ,,· .\ , per A. 
l Check .... .. . ... .. ..... -I 4-7.7 I 37.1 I 23 .3 1.80 41.2 37.2 47.9 0.40 I 

2 tfannrc . ... . .......... · 1 :36.2 
I 

34.1 27.5 2.35 51.G 37.0 -8.8 0.48 
3 nfa.nurc+l imc ... . .. . .. . 5G .4 38 .0 28 .9 2.60 53 .1 42 .3 66.7 0.47 
4 tfamnc+ lim c l' O<: k I phos phate . . . . . . . . . . . . 56.0 40 .3 33 .6 I 2.94 53.3 41.7 66.1 0.57 
5 :Manure+ Ji mc+ ::i cicl 

II 
I I ph osph:,te . . . . . . ..... 59.2 3!J.O 3'l .6 
II 

3.28 54.7 39.2 I 71. 5 0.65 
6 ;, [nnuro+ l i mc+complcte I 

con1111c1·<:i:1 l fcr1·ili zcr .. :j:j.4 I 40 .9 30 .9 I 2.07 ::;::;.4 38.3 69.~ 0.64 
7 Check . . . . . . . . . . . . . . . . . . I 40 .6 I 37.1 24.1 I 1.80 44.6 35.8 44.6 0.40 
8 Crop rcsirl ucs . . . . . . . . . . . I ii l .4 I 36.4. 24.!J I 2.00 45.6 36 .4 49.7 0.'1 3 
D Crop res idu es + l i 111 0 ... . · / 54.1 I 37.0 

24.4 ~ 2.22 44.5 3 .7 64.8 0. 36 
10 Crop rcsiclues+lirn c- + I 

rock phosphn.tc .. ...... 67.0 I 3U 28.'l 3.20 Gl.5 38. 56.2 0.41. I 
11 Crop rcsic1uC's+lirnc + T I I I I 

:idd ph osphnte .... . .. . 56.~ I 3:-:i.1 I 30.6 I 3.13 I 51.9 I 41. 3 I 62.l 0.56 
12 Crop i- cs iclucs+Iim c+ I I 

I I I I 
eornpl c tc eo mmrr r i:iJ I I I I I I ' fc rt ilizci- . . . . . . . . . . . . . I !i7 .6 I :n9 I 26.8 I :i.oo I Rl.7 I 37. 3 I 54.1 0.4 1 I 

13 Cheek ... . . .. . . . . . .. ... I 47.'.' I :32. l I 23 .1 I 1.87 I 40.9 I 33.3 I 37.8 I 0.41 I 
1. rrhrec ton s lim e, f:dl J!tl'i . 
2. l'oor stnn d. 
3. First cu tt ing onl .,·. 
4 . Dr~• summer rrdu ct>d y iel rl . 
5. Dn1 sum mer r edu ced yi eld . 
6 . Very small cro11 clu e to dr ;,· ,,·cathPr . 

J.9 2G 
Corn 
bu. 

per A. 

51.5 
59.3 
65.4 

62.7 

62.4 

G2.7 
i54.9 
:"i~. 
56.3 

57.7 

62 .7 

60.8 
50 .3 
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The crop r esidues showed little effect on the crops grown in most seasons. 
Lime wi th the r esidues brought about incr eases in the yields in practically all 
cases. In some seasons very large effects wer e noted as on the clover in 1921 and 
on the oats in 1924. The r ock phosphate with the r esidues and lime increased 
tbe cr op yields in practically all cases. In sever al seasons the incr eases were 
not very large but in one or two cases considerable gains wer e noted , as on the 
cloYCr in 1921. Th e acid phosphate wi th the r esidues and lime showed about 
tb e same effect on the crop y ields as did the rock phosphate in most seasons. 
I n one or two cases larger incr eases were secur ed from the acid phosphate, but 
in gener al the differ ences were not very p ronouncd . The complete commercial 
fer tilizer with th e crop r esidues and lime showed no gr eater effects on the cr op 
yield, than did the acid pbospbate. I n fact in most instances slightly smaller 
crop ~-ields wer e secured from the complete f ertilizer . 

The liber al application of manure is par ticularly r ecommended on this soil 
type as it is char acterized by a sandy to gravelly subsoil condition and hence it 
has a tendency to be draughty. The soil is acid in reaction and will r espond 
to the addi tion of lime. 'r he appli cation of a phosphate fer tilizer is of con­
siderable value on this soil and either r ock phosphate or acid phosphate should 
be employed. 

PEAT SOILS 

P eat is par tially rotted vegetable matter . which consists either of swamp 
gra sses, sedges, rushes and flags, or of a sphagnum mos , t he former variety 
being· known as gra s peat and the latter as moss peat. P eat fo rms in swamps, 
mnr shes, or flat , undrained areas wh er e water stands and water-loving grasses 
n.ncl mosses grow in profusion. The r emains of such plants accumulate under 
waler ancl th e absence of ai r p ermits only Yery incomplete decomposition. It is 
mainly in the level Wisconsin dri ft soil ar ea th a t peat occurs in Iowa. ·w orth 
Co1mt~· is locate :l in thi s soil ar ea and has sever al peat ar eas, aggr egating 5,69 6 
acr es or 2.2 percent of fo e ar ea. Th er e are two classes of Iowa p eats. th e shallow 
and th e deep . 'rhe latter have been mapped by the Iowa Geological Survey 
ancl their commer cial Yalue pointed out _,:;, Th e~, ar e composed of fi brous, fa irly dry 
vegetable matter , extending from 5 to 15 fee t in dep th , and they need not be 
ron. iclcr ccl from the agr icultural standpoint. The shallow peats are usually 
not over thr ee f eet in thickness and the r eported exper iments on p eat soils have 
den.It only with shallow peats. Th e suggestions and r ecommendations r egarding 
th e treatment of pea t soils which are made in this repor t r efer , ther efore. only 
to the shallow peats and are not at all applicable to deep p eats. 

Th e p eat in W orth County is generally from 6 to 20 inches in thickness and 
only in bYo or three localiti es does it extend to a dept-11 of more than th r ee fee t . 
H ence. pract icall~, all the peat soils in this county ma~' he reclaimed and made 
procln cti ve by proper methods of tr eatment and cropping. 

FIELD E XPERIMEN TS 0 ).1' P E .\T SOIL, 

Field exper iments were carried out sever al years ago on some typical hallo,v 
peats n ear Somers. E agle Grove and Ontari o. in ·w ebstcr , ·w righ t and Story 

*Iowa Geologica l Surver 19: 168, 1908. 

l 
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counties, r espectively. 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 gener ally applied t; soils. In no case was ther e any 
profitable incr ease in crop yields from the use of any of these materials and in 
most instances the variations in yields between the t r eated and untreated soils 
were only such as might well occur between duplicate plots. 

Recen t tests, however, have shown profi table incr eases from the use of muriate 
of potash or acid phosphate on shallow peats. Sometimes the phosphate is the 
most effective. At other t imes the potash gives the best r esults. Tests of these 
two fer tilizer s on the peat soils in '\Vorth County ar e r ecommended. Applica­
tions of manur e a re not advisable. Not only is it of no special value, but in 
many cases it increases the weed growth on the r eclaimed peat to such an 
extent that it is almost impossible to control it . A small applicat ion may be of 
use on newly r eclaimed peat by serv ing to introduce decay bacteria and incr ease 
the speed of decomposition. In gener al, manure should not be used on p eat 
soils, but sh ould be utilized on land in gr eater need of organic matter and 
nitrogen. 

DRAIN AGE -"'-::-;rD CULTIVATION F OR PEAT SOILS 

·what the peats in Wor th County need mainly to make them pr oductive is 
physical improvement thru drainage, cultivation and the growing of proper 
crops. 

Drainage is the most important step . Sufficient ti le of ample size and special 
dr ains to carry away flood ,Yaters and prevent the flooding of the low-lying peat 
ar eas a t times of heavy rainfall, are essential. The tile in the drainage system 
should be laid in the underlying subsoil rath er than in the peat itself, as in the 
latter case, th e compacting o.E the p eat would bring the tile too close to t he sur­
face and r e-laying would be necessary . The tile should not be laid too deeply 
in t he subsoil, as the heavy clay i~ quite impervious. It is often advisable to 
coYer th e tile at points a few rods apar t with , traw, gravel, cinders or ·o me other 
material which will allow the r eady passage of water into the drains. 

F all plowing is desir able in order to expose th e peat soil to the action of the 
frost, ra in and sno,y during the winter and hasten decay . F all-plowed peats may 
be worked earlier in the , pring, hence, t he seed bed may be more thoroly pre­
pared . Deep plowing is also va l uable, especiall y when th e peat is very shallow 
and some of the underlying, heavy clay. rich in phosphorus and potassium, may 
be mixed with the peat. 

Io,rn 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 
proYicling a firmer seed bed, bu t th e p r actice cannot be generally recommended. 

The fr equent cultivation of peat soils is very important in opening them up 
and hastening decay of the organic mat ter. 

Corn and small grain crops, as a r ule, do not do well on newly r eclaimed 
peat soils. The corn may not mature and the small grains may develop an 
abundance of str aw and little grain. Therefor e, it is not advisable to seed these 
crops on peat soils until sever al years after their r eclamation when the organic 
matter bas reached an advanced state of decomposition . 
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A mixture of timothy and alsike clover is probably the be ·t crop to eed on 
newly r eclaimed peat land. It may be cut for bay, bu t it is better used as 
pasture, as the t r ampling b:· the stock compacts the peat and thus aids in its 
decomposition. 

JVIany vegetables have been grown satisfactorily on peat soils. Onions, celery , 
tomatoes and potatoes all gave excellent r esults on the experiment plots near 
Ontar io. Cabbages, beets, tu rnips and other cr ops might also prove of value. 
'l'he use of such crops on newly r ecla imed peat soils hould be encouraged . 

After a few years of pasturing or gro" ·ing truck crop . peat soils ar e u ually 
in a condition which ,vill permit the successful growth of corn an d small grain 
crops. l<' r eqnently th e application of acid phosphate or muri ate of potash or 
both may be advisable, especially wher e t ruck crops are grown. 'l' ests of these 
fer t ilizers are very desirable. 

"ALKALI" SOILS 

So-call ed "alkali " spois mn:· fr qucntly be found on farms located in nort h 
central Iowa in the Wisconsin drift soil area . 'l'hey ar e mainly associated with 
peat deposits and Yarr in size from one-tenth of an acre to two acres. 

'L'her e are several areas of '' alkali '' soils in "i'v orth County an d while their 
extent on individual farms is small. tl1ey ser ious]:' r educe crop yields and pre­
sent a difficult problem in management. 

Such " alkah" spot. · ar e characterized by a whitish deposit of salts on the 
surface of the soil , givi11 g· 1'11c ground the appearance of having been lightly 
st1·e"·n w ith a fin e ,rlrite po11·der . Corn produces onl~- a stunted gro11·th on such 
spots , ,·hilc ot-J10r crops arc l r:-;s aJfcc tcd. 

'l' hese spots occur in connection with wales, pond. ·, or sloughs which have 
r ecently been drained. 'l'he:· ar c not found in the lower parts of the slough 
but always in a belt aronnd the low spot, which fr equently consists of peat, 
and th ey do not appea r unti l after th e area has been drained. 

The characte{· of the ac umula hon of. so-called " alkali " salts in such locali ties 
has been consicl er ed in cle tail in another publication .':', 

The first treatm n l· n ecessary for the reclamation of. ''alkali '' soils in Iowa is 
proper drainage. '' Alkali '' spots do not appear until after a soil is drained, 
but this does not mean that the drainage produces the '' alkali ' ' condition. A 
large amount of . alts was present 1:ir ior to drainage and the excess ,rnter merely 
concealed the high content. Thoro drainage is essential for the r emoval of 
'' alkali ' ' salts from the soi l. In draining a slough or pond, lines of tile should 
be laid around the low area as ,rell as thru the center. 'l'hese two lines will 
then run thru the area where the ''alkali '' is most likely to appear and the ,rn. h­
ing out of. any excess of salts will be more rapid. 'l'h c lines of tile may be 
brou ght together again below the slough and, if th e ar ea is r ather wide, a third 
line of tile thru the center of th e slough may be advisable. 

If tile is properly laid wh en a pond or slough is dra ined, the occurr ence of 
" alkali " spots may frequcntl:' be prevented. \Vhen t he " alkali " spot is fully 

*Bulleti n 17 7, Iown Agri c11lturnl Experiment St uti on-The Alkal i Soils 0f Tnwn. 
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developed, as is fr equently the case in \Vorth County, the r emoval of excess 
salt.· b~- proper dr ainage of the ar ea is hastened consider ably by the application 
of heavy dressings of farm manur e. Straw• or any kind of vegetable matter 
plowed under " ·ill also aid in the rapid r emoval 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. l\Ianure, however , has the greates t effect 
on '' alkali '' spots and should be used wherever available in sufficient amounts. 
I n other cases . gr een manures or st r aw may serve fo r the purpose, but where 
uch 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 r ernoYal of the excess of salts. 

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

'J'h e lahorator y, greenh ouse. and field experiment , which have been discussed 
in previo us pages, give suffici ent information so that certain general r ecommen­
dations r egar ding the tr eatment needed by the soils of th is county may be made. 
While the fi eld tests r eported have been carried ont in other counties, they ar e 
located on the same soil types as those found extensively developed in ·w or t h 
Count~, and the r esults may be considered to indicate quite definitely, therefor e, 
the effects which may be expected from the same fertilizer t r ea.tment in this 
county. Th e r ecommendations ar e also made upon the general experience of 
many farmers, and only those suggestions ar e offer ed which have been found to 
be of value by considerable practical experi ence. It should be emphasized that 
the r ecommendations made ar e such as can be put in to effec t under any particular 
farm condition. 

In severa l instances it is urged th at tests be carried out on the farm . Such 
tests as ar e r eferred to are simple and may be carried out quite generally . 
F er tilizer tests are now being carried out on many farms and the r esults which 
the farmers ar e securing ar e proving of considerable value to them and also to 
others who ar e located on the same soils. The Soils Section of the Iowa Agri­
cultural E xperiment Station will aid farmers who wish to carry out tests on 
their o,VJ1 soils. It is very desirable that the value of rock phosphat e and acid 
phosphate be determined by t ests on small areas before applications ar e made 
extensivel?. Similarly in the case of the complete commercial fertilizers , t ests 
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 crop increases will be secured. 

LIMING 

JVIost of the surface soils in Worth County are acid in r eaction. The exceptions 
include the \Vebster 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 r esidual 
upland areas. These soils show a lime content in the surface soil and, hence, 
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they are not acid in r eaction 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 :r.nade 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 r equirement 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 
extr emely 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 
r equirement 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 r equirement determined. Farmers may t est 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 Iowa 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, partic­
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 
legume crop of the rotation. Lime disappears rapidly from s~ils under con­
tinuous cultivation and it is important that the supply be r eplemshed regularly 
if the soils are to r emain most satisfactorily productive. Further information 
regarding the losses of lime from the soil, the r equirements 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 organic matter. 
Some of the types, however , particularly those which are coarse or sandy in 
texture need applications of f ertilizing 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. 

'l'he application of farm manure has been found to be valuable on 1:1-~ny 
of the soil types in this county . It is frequently the most profitable fertilizer 
which can be employed. The e-xperiments which have been discussed earlier in 
this r eport 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. Even 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 Vv ebstcr types, the Clyde soil s, 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 
.·oils at other points in the rotation, however, bring about very beneficial effects . 

Th e 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 ,Vebster soils and the O'Neill loam. The other 
types of the county would undou btedly respond quite as well to applications of 
manur e. 

On many livestock farms there is an insufficient production of manu re 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 gret>n 
manuring with leguminous crnps is strongly recommended. ,Vhen legumes a re 
well inoculated they have the ability of utilizing the nitrogen of the atmosphe re 
and hence when turned under as green manures in the soil, they will add con­
s iderable amounts of nitrogen. They serve therefore, a dual purpose in the 
soil supplying not only organic matter which is so neces. ary to ferti lity, but also 
increasing the supply of nitrogen. There are many cases where green manu ring 
would undoubtedly be of value in Worth County. 

The thoro utilization of all crop residues is of importance as an aid iu main­
taining the supply of organic matter in the soil. 'l'hese materials should never 
be burned or otherwise destroyed as there is considerable lo s of valuable con­
stituents. On the livestock farm, they may be utilized for feed or bedding and 
r eturned to the land with the manme. On the grain farm they are often sto recl 
and allowed to decompose partially before application. 

THE USE OF COMMERCIAL FERTILIZERS 

The supply of phosphorus in 1.he soils of ·w orth County is not large a nd ap­
plications of phosphorus fertil izers will certainly be needed in the ver.v nea r 
f ut ure. There is evidence, ho,veve1·, from the fi eld an l greenhouse experiments 
which have been carried out on some of the important types in the coun ty that 
applications of a phosphate ferti lizer might be of considerable value at the 
present time. 'l'he r esults secured in the tests on the Carrington silt loam, the 
Carrington loam, the ,Vebster loam, the ·w ebster clay loam, the Clarion loam, the 
O'Neill loam, and the Clyde silt loam, show Yery definitely that rock phosphate 
or acid phosphate may bring a,bout very profitable returns when appli ed to 
these soils. 

ft is not yet possible to make defi nite recommendations r egarding the r elat ive 
va,lue of rock phosphate and ac ill phosphate on these soils. In ·ome of tl1r PX­
periments , the rock phosphate bas given quite as satisfactory returns as t he 
acid phosphate, but in other instances the acid phosphate ha seemed preferable. 
Rock phosphate supplies the clement phosphorus in an unavailable form and the 
fert ili zer must be appli ed in rather large amounts. }\ cid phosphate i: more 
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expensive but supplies the phosphorus in an available form. Smaller applica­
tions of the acid phosphate are required. F armers are urged to test the r elative 
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 r elative value of the crop increases secured fro m the ap­
plications with the cost of the fertilizer. 'l'hat phosphate which proves the more 
economically profitable should be used. Simple fi eld tests may be carried out on 
any farm using these two phosphates. Directions for such tests ar e given in 
circular 97 of the Iowa Agricultural Experiment Station. 

'l'he 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 conten t of nitrogen is high. There is a constant r emoval of 
nitrogen from soils, however, thru continuo us cultivation and any system of 
permanent ferti lity must provide for the regular r eturn of nitrogen to the soils 
in order that the supply may be kept np . On those particular types where the 
content of nitrogen is not high at the present time it is particularly desirable 
that applications of some f ertili zing material supplying nitrogen be made now. 

l<'arm manure and leguminous gr een manures provide the cheapest and best 
means of supplying nitrogen to the land. "\:Vhen the manure produced on the 
livestock farm is carefully stored and applied to the soil, there is a considerable 
r eturn of the nitrogen r emoved by the crops gro,vn. \Vhen leguminous crops 
ar e 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 an d the turning under of leguminous crops as green 
man11res 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 th e soil. 

'l'h e use of commercial nitrogenous fertiliz ers on the soils of this coun ty 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 commercial 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 scale on the farm in order to determine the profit from 
the application. 

Many analyses of the soils occurring 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 pr esent time. If there is an early and suffi­
ciently r apid production of the element potassium in an available form, there is 
no need of a commercial potassium ferti lizer. By keeping the soil in the best 
co ndi tion fo r crop growth, potassium should be made ava ilable r apidly enough to 
supply the needs of crops. Applications of mnriate or sulphate of potash may 
prove profitable on some of the soils in this county, but before applications are 
made to any extensive ar eas, farmers should t est the effects of the particular 
potassium fertilizer on a small area. If the r esults 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 fer tilizer tested in the fi eld experiments, which have 
been discussed, did not seem to bring about any greater crop increases than the 
acid phosphate. 'l' he complete fer tilizers are more expensive than acid phos­
phate and consequently their application does not seem as desirable unless th ey 
bring about very much larger crop increases. Other brands of complete fer ­
tilizers might of course, yield differ ent 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 appli cation of a complete ferti li zer. 

DRAINAGE 

'l'he drainage conditions in "\:Vorth County are in general satisfactory. There 
are areas, however, where artificial drainage is desirable and in some cases even 
n ecessary for the best crop growth. 'l'he map given earlier in this report shows 
the exten t of the natural drainage system in the co unty and it will be noted that 
in many areas there is no evidence of natural drainage. On the level ar eas of 
the Clyde silt loam, the W ebst er soils and the Floyd silt loam on the uplands 
drainage is needed in order to provide for the most satisfactory crop yields. 
Most of the other upland types ar e fairly well drained. There are small areas, 
however , in some of these soils where tiling would be of value. Some of the 
terrace types ar e in need of draining, particularly the Bremer soils. Some of the 
bottomland types such as the soils of the "\Vabash and Lamoure series are poorly 
drained and for general farm crops the installation of t ile 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 ferti lizers should not be made to a 
soil until it is well drained. 

THE ROT A TION OF CROPS 

One of the essentials for the permanent fertility of any soil is the proper 
rotation of crops. If one crop 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 cropping 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 ferti lity and it will become more and more 
difficult to bring the soil into a high state of productivity. 

No par ticular rotation experiments have been carried out in "\'lorth Coun ty 
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but there are many satisfactor y rotations whi ch can be used under various con­
ditions. Some of these which have proven ver y satisfactory in the state are 
suggested her e. In all the proposed rotations \\·here clover is designated it is 
understood that the crop may be r ed or white, sweet or Ilubam clover. Various 
modifications may be made as ·eeins desirable in st1 ch rotations. 

1. 'I X -YEAR RO'r A 'r [ON 
Firs t year-Corn 
Second year-Corn 
1.'hircl year-Wheat or oats ( ll'i t h clover , or clove r :w,l g r:i s~ ) 
Four th y ear-Clover, or clover a nd gr::i.ss _ 
Fifth year- Wheat ( with clover ) , or o-r ass and c: lovcr 
Sf.xth year-Clover, or clover a nd grass _ . . . . 
'l'h is ro ta tion may be reduced to a fh·e-ycar rubtton by c: ult1 11 g out either l it e seco nd or s1xlh 

year ancl to a four -year r otation by 01nitt i11 g th e fift h :,nd s ixt h ye:i rs. 

2. l~OUR on }'] V l.: -Y E AR HO'J' A'l' I OX 
F·irst year-Corn 
Second year-Corn 
1.'hird y ear-Wheat or outs (with clove1 0 1 witl , clove1· a n,l ti 111oth.) ) . . 
Fourt h year-Clover (If t imothy was seeded with t he clove_r the _prccedrng year, th e rntatwn 

may b e extenclecl to five years. 'l'h e last Cl'OJ) wil l cons,st p rrn c,pa lly of ti rnolhy ) 

3. F OUR-YEAR HOTA'l'[ON WT'l'H AT,J.' AT,],'A 
F-irst yea.r-Corn 
Second y ear-Oats 
1.'hird year-Clover 
Fourth year-Wh eat 
Fi fth year- Al f:l.l fa ( The crop may re rn a iJt on th e la ml fi ve years. 'l' his fielcl shoul cl th en 

be usecl fo r t he fou r-year rotation outlined above and t he al fa l fa shi fted to one of the 
fields which previously was in the fo u1·-ycar system ) 

4. l!'OUR-YEAR RO TA 'l'TONS 

First year-Wh eat (with clover ) 
Second y ear-Com 
1.'hird y ear-Oat.a (with clove ,·) 
Foiirth year-Clover 

First y ear-Com 
Second year- Wh eat or oats ( with clover ) 
Third year- Clover 
Foiirth year-Wheat ( with clover ) 

First year- W heat ( with clover ) 
Seconcl year-Clover 
Thircl year-Corn 
Fourth y ear- Oats (with clover ) 

5. 'l'HREE -YE AR RO'l'A'l'IONS 
First y ear-Corn 
Second year-Oats or wheat (wit h clover seeded in t he grain ) 
1.'hircl y ear-Clover (In grain fa rming, only th e gl':1in a nd clover seed should be sold, most 

of the cr op residues such as corn stover :rnd st raw shoul d b e ploll'cd umler . 'l'lt e clove r 
may b e clipped and left on t he Janel to be retu rned to the so il a nd onl y the scccl taken 
from t he second crop 

First year-Com 
Second year-Oats or wheat (with sweet clover ) 
1.'hircl year-Sweet clover (Th e clover may be mix ccl clovers and used l:ll'gcly as p:ist nre a nd 

green manure) 
('l'his may b e chan ged to a two -yea r rota tion by plow in g the sweet clover u 11 ,k1· t lt r foll oll' -

ing spring for corn ) 

First year-Wheat (with clover ) 
Second year-Corn 
1.'hird year-Cowpeas or soyb eans 
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THE PREVENTION OF EROSION 

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

Erosion occurs to a very l imited extent in '\Vorth County. Only in th e ar eas 
of the r olling phase of th e Carrington loam and the rolling phase of the Clarion 
loam i. ther e any er osion of s ignificance . In most of th e other types very little 
washing has occurred. Erosion occurs usually where the to1 ography is undu­
lating to rolling. Wh erever serious washing of th e land occ urs and gullies ar e 
forme 1, it is very desirable that some means be taken to prevent t l1 c loss of 
ferti lity which occurs. 

Various methods ar c follo,ved fo r the control and p revention of eros ion in 
Iowa. 'l'hese methods differ som what depending upon th e type of erosion . 
Erosion occuning clue to " dead f nrrows" may be con troll ed by " plowing in ", 
by '' staking in,' ' or by th e use of earth dams. 

Small gullies may be fi lled by th e "staking in " operation , by the use of straw 
dam. , ear th dams, Christopher or Dickey dams, Adams clams, stone clams, rub­
bish dams, woven wi re dams, concrete dams. 'l'hey may be prevented from oc­
curring by thoro drainage or by th e use of sod strips. Large gullies are similarly 
fi lled or preven ted from occurring. Erosion in bottomlan ds is prevented by 
straightening the streams, by tiling and by planting trees up the drainage chan­
nels. H illside er osion is controlled by the use of organic matter , by growing 
cover crops, by contour discing, by t erracing, by deep plowing and by the use 
of sod strips. '" 

INDIVIDUAL SOIL TYPES IN WORTH COUNTY-r 
'!'her e ar e 24 individual soil types in the co nnty and these with the rolling 

phase of the Carr ington loam, tbe r olling phase of the Clarion loam, the deep 
phase of the O 'Neill loam, the ar eas of muck and pea t make a total of 29 soil 
ar eas. 'l'hey are g;r ouped into four groups according t o their origin and loca­
tion. 'fhese groups are known as drift soils, t errace soils, swamp and bottomland 
so ils and r esidual soils. 

DRIFT SOILS 

There ar e 15 drift soils in the county and with the rolling phase of the Car ­
rin6 ton loam, th e r olling phase of the Clar ion loam, a total of 17 individual 
drift soil ar eas. 'l'hey r epresent the Carrington, Clarion , Clyde, Webster, Lind­
ley, F loyd, Dickinson, Pier ce and Dodgeville soil series and together they cover 
more than three-fourths or 78.3 per cent of the to tal ar ea of the county. 

CARRINGTON SILT LOAM (83) 

The Carrington silt loam is the lar gest dri ft soil and th e most extensively 
developed type. It covers 22.8 percen t of the total area. 

I I -. -,~ . l~"l"!~'il 

*See B ull etin 183 . Soil 'Eros io n in I o wn . Iowa A gricu ltural Experim e nt Statio n an d Extens ion 
Service B ull etins 9 3 , 94,, 95, 96. Agricult ural F. xtcns ion Scn·ico, Iowa S tate Co ll ege. 

t Th e description s given in this sect ion of th e l'CJJ Ol' t ,·c 1·y closely fo ll o w those in the Bureau ol Soi ls 
report. 
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It is the most extensively developed upland soil in the eastern part of the 
county. Large ar eas of the type occur in Deer Creek, Barton and Union Town­
ships, the three eastern townships. It is also extensively developed in Lincoln 
and K ensett Townships. Small ar eas of the type occur in Grove Township and 
in Danville Township. 

Th e surface soil of the Carrington silt loam is a dark brown to dark grayish­
brown silt loam extending to a dep th 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. 
'J'li e lower subsoil to 36 inches is a yellowish-brown to yellow silt to silty clay or 
clay. Iron stains occur in th e lower part of the soil section. 

'l'l1 cr e are some variations from the typical oil 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 bas a uniform buff color to the three foot depth. An ar ea 
showing these char acteristics is fonnd at the cross roads three miles east of 
Manly. In some areas where the top ography is r elatively 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 heavi er than the typical. Natural drainage is sometimes defi cient in these 
ar eas. In some locations the subsoil below 30 inches is a yellow sand which may 
extend to a depth of several f eet or may be only a few inches or a foot in thick­
ness. These areas ar e 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. H er e it i. difficult to draw a boundary line between 
the silt loam and the loam and the lines are r ather arbitrarily placed. 'l'he 
drainage conditions on th e Carringt on silt loam are usually good. On some areas 
where the subsoil is r ather h eavy th ere is need of t iling. Some small ar eas of 
Clyde silt loam have been included with the type as they could not be shown on 
th e map. All these ar eas need to be t iled in ord er to produce satisfactory 
drainage conditions. 

'l'he major portion of the Carrington silt loam is under cultivation . Corn, 
oats, timothy and clover , some wheat and truck crops ar e the chief crnps 
grown. Corn yields from 40 to 50 bushels per acr e, and on some of the better 
ar eas the yields will range from 50 to 65 bushels per acr e. Oats y ield from 40 
to 45 bushels per acr e. Timothy and clover supplies the chief hay crop, yielding 
from one to three tons per acr e. Some wild hay is grown with y ields of from 
one to one and one-half tons per acre. 'IV-inter wheat is grown to a limited ex­
tent, yields ranging from 10 to 15 bushels per acre. The uncultivated portion 
of th e type is taken up largely by ponds, sloughs, and permanent pasture. 
Some tru ck crops are gro,vn on small areas on this type consisting chiefly of 
potatoes, onions, and cabbage. 'l' ru cking is not practiced extensively in the 
county but very sati sfactory yields of these cr ops may be secured. 

The n eeds of the Carrington silt loam to make it more productive include 
th e installation of tile in all areas not properl y drained at pr esent. 'l'he experi­
ments, which have been discussed earli er in thi r epor t, have indicated value 
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from the application of farm manure to this soil and liberal applications of this 
fertilizing mater ial should be made. Large jncreases in the yields of general 
farm crops will follow its use. The type is acid in r eaction and the application 
of lime is very desirable for the best growth of leguminous crops and for th e 
most sati sfactory production of general farm crops. 

The use of a phosphate f ertilizer would be very desirable on this soil and 
tests have indicated the value of applications of acid phosphat e or rock phos­
phate. Farmers are urged to test both pho pbates under their own condit ions 
and thus determine whether or not their soil will r espond to a phosphorus fer­
tilizer and which fertilizer will give t hem the more profitable r eturns. 'l'he use 
of a complete commercial fer t ilizer does not seem to be as de irable on this soil 
as the appli cation of a phosphate carrier , at least as far as the comparative ex­
periments would indicate. ,Vhile the commercial fer tilizers bring about quite as 
lar ge in creases in crop yields as acid phosph ate, they are more expensive and, 
hence, would be less economically profitable. 'l' ests 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 f ertilizer or a commer cial 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. 'IVhere 
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 crops will often bring about very large increases in the yields of the 
particular truck crops. 

CARRING'r ON LOAM (1) 

'J'he Carrington loam is the second largest individual soil type and the second 
most extensively developed drift soil. 'l'ogcth er with the rolling phase which is 
much smaller in extent, it covers 21.4 per cen t of the total ar ea. This soil type 
is mos.t extensively developed in th e wes tern central part of the county, and th e 
largest development is found in Danville, Brookfield and Hartland Townships. 
There are areas of the type in practically a 11 parts of th e county excep t t li e 
eastern parts of the three eastern townships. 

'l'h e surface soil of th e Carr ington 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. 
'l'he lower subsoil to 36 inches is a still lighter brown to yellow, heavy silt loam 
t.o silty clay or clay loam, containing some sand and rock or gravel. Th e subsoil 
Yari es 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 th e lower slopes the soil is deeper and more silty in 
t exture. In some ar eas 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 narrow strip running north and south thru th e west central 
part of the county, following a high r idge a couple miles cast of J oice. 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 th e ,Vcbster series. Th ey 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 rollin g to mod erately rolling and 
th e natural drainage system is good. 

Most of the soil is nnder cnltiw 1tion , corn, small grain , and hay being th e 
chief crops grown. Corn yjelds from 30 to 60 bushels per acr e, with an average 
of 45 bushels. Und er favorn ble conditions it yields as high as 70 to 80 bushels 
per acre. The yields of hay, cons isting chiefly of clover and timothy, ar e from 
one to t,Yo tons per acre . 

While the Carrington loam is generally satisfactorily drained, there are small 
areas included within the ty pe where artificial drainage is n ecessary. In th ese 
areas the installation of tile ,Yould be of large valu e. The type will r espond 
profitably to applications of farm manure, and liberal amounts of this ma terial 
should be applied. ·where farm manure is not available for use, th e 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 growt h 
of legume and general farm crops. The uso of a phosphate fertilizer is very 
desirable and tests on individu al farms of acid phosphate and rock phosph ate 
are r ecommended. E xperiments '"hich have been carri ed out on this so il type 
have indicated large r eturns from the applications of manure, lime, and a 
phosphate fertilizer. In many cases acid phosphate ha s proven distinctly pro­
fitable while in other instances rock phosphate has proved quite as good. It is 
impossible at present to make a selection between th ese two phosphates and 
hence, farmers are urged to d etermin e th e response of th eir own parti cular so il s 
1-o these two phosphate fc rtilize1·s. Complete commercial fert ili zers " ·ill prob­
c1 bly not be as desirable for genernl use on thi s soil as ac id phosphate. Howeve r. 
tests of any complete brand may he carri ed out on th e farm in comparison with 
acid phosph ate and if profitable incr eases in cro f) yi elds ar c secnrecl , th e11 the: 
compl ete f ertilizer may be applied extensively to tliat soil type. 

CARRINGTO~ LOA).'[ (ROLLING PHASE ) ( J!J7 ) 

Th e rolling phase of the Carrington loam is minor in importan ce, covering :l.7 
percent of the total area. 'l'hi;.; phase of the typica l soil occurs in areas of va 1'.)' ­

ing size thruout th e central and western parts of the county, being develof)e<l 
chiefly in the vicinity of Silver Lake and extendin g n ortb east of the lake along­
the county line as far east as Goose Cr eek. It is developed also along Elk Crerk 
east and a li ttle south of J oicc and northwest of l<'ertile. 

'l'h e surface soil of the rolling phase of the Ca rrin gton 10<1111 consists of a cla l'k 

brown loam extending to a depth of 8 to 12 in ches. Th e snhsoi l is a brown loam 
to silt loam to a depth of J8 in ches. Below this point, i.t becomes a yello,r is li ­
brown to yellowish silt loam to silty clay or clay to a depth of 36 inches. The 
lower subsoil contains consider able gritty material and occasionally r ock frag­
me~1ts or gravel. On some of t he ridges and slopes th e surface soil is lighter 
colored and yellower than the typical. Some areas of this phase include small 
bodies of the typica l Carrington loam which wer e too small to separate on 
the map. 
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.A s the name indi cate . . this phase of the typical Carrington loam has a 
strongly rolling topography and in some cases. the topography is even broken . 
'J'h e natural drainage is good to excessive. 

Most of the soil is und er cultiYation and general farm crops are grown. Corn 
y ields from 25 to 50 bushels per acre. Oats yield 25 to 50 bushels per acre, tlic 
hay crop , one to two tons per acre. 

This soil will r espond to liberal applications of fa rm manure. L eguminous 
crops should be used as green manures in order to supplement the use of farm 
manure or as a substitute for that material. Th o building up of the soil in 
organi c matter content is very desirable in order to improve its water-holding 
power and liberal additions of fertilizing material SU])plying organic matter will 
be of rnlue. The type is acid in r eaction and applications of lime are necessary 
for the best growth of legumes and genera l farm crops. The use of a phosphate 
ferti lizer would be valuable on this type and applications of acid phosphate or 
rock phosphate are recommended. Farmers are urged to use both rock phosphate 
and acid phosphate in tests on their own soils in order to determine which will be 
the more profitable for general use. The use of a complete commercial fertilizer 
would probably be less desirable than the application of acid phosphate. 'l'he 
type is subject to considerable erosion and on the r ough er to broken areas much 
washing has occurred. This is particular!~, tru e if the areas have been und er 
cultivation. It is very important that in all those places where surface washing­
is occurring or wher e gullying has taken place, some means of prevention ancl 
control of erosion or the r eclamation of gulli ed areas be adopted. 

CLARION LOAJ\,[ (138) 

'J'h e Clarion loam is th e third largest soil t.yp e and the third most extensively 
developed drift soil. Together with rolling pha se whi ch is somewhat smaller in 
extent, it covers 14 per cent of th e total area of th e county . It is the chief uplancl 
so il in th e three western townships and is extensively developed in Bristol and 
l<' ertilc 'fownships. Large areas also occur in Silver Lake Township. In th e 
oth er townships to th e east , ther e are small areas of th e ty pe but th er e is 11 0 
extensive development except in the extreme western part of th e county. 

'l'he 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. 'l'he 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 loc1m or silty cla y having 
a sli ght grayish or whi t ish appearance and extending to a depth of 36 in ches. 
Th e gray or white appearance of th e lower subsoil is rlue to the presence of 
lime which occurs in considerable amounts in th e lower layers of this soil ty pe. 

'rhere is some variation from th e ty pi cal so il in th e a reas adjoining the Car­
rington loam on the uplands to th e east. H er e th e lime does not occur in 
sufficient quantities in the subsoil to effervesce when the soil is tested with acid. 
Ther e are traces in the lower layers, however , sufficient to give it a whitish cast 
and thns distinguish it from the Carrington loam. In many places the location 
of the boundary line between th e Clarion loam and th e Carrington loam is 
fixed rath er arbitrarily. 'J'here 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 rollin g. 'l'he 
natural drainage is good. Only in a few s,rnles or depressions is there need of 
tiling. 

Most of the type is utilized for cultivated crops. Corn, oats, and hay are the 
chief crops 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. 

Thi s 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. 'l'ests of acid phosphate and r ock 
phosphate are r ecommended on individual farms. 

CLARION LOAM: (ROLLING PHASE ) (150) 

Th e 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 occurs only in the three western townships being closely associated 
with the typical Clarion loam on the uplands, in those townships. The largest 
developments of this phase are found in Sil:ver Lake Tow11Ship in the north­
western corner of the county and in F ertile Township in the southwestern part 
of the county. 

The surface soil of the rolling phase of the Clarion loam is very similar to 
tb e typical soil, being a dark hrown to a very dark brown loam. In many 
places, however, it is somewhat lighter colored than the typical soil and in 
gener al 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 lar ge p art of the phase is used for general farm crops and yields are very 
mn ch the same as on the rolling phase of the Carrington loam. Considerable 
areas of th e tY])e ar e in timber. 

'rhis soil will r espond to the same treatments which were recommendecl for 
the rolling phase of the Carrington loam. Liberal applications of farm manure 
shonld be made. The addition of lime will prove of value and the applicati01 1 
of a phos11hate fertilizer , either acid phosphate or rock phosphate will prove 
profitable. Wherever erosion occurs tb e soil should be protected from furtl1 er 
action and th e gullied areas should be reclaimed. 

CLYDE SILT LOAM: (84 ) 

'!'he Clyde silt loam is the fomth lar gest soil type, covering 7.6 p ercent of 
the total area. It is developed in a number of areas, varying widely in size, in 
the eastern part of the county in associat ion with the Carrington silt loam on th e 
uplands. The largest areas on the type are found in the centr al portions of Deer 
Creek and Barton Townships. Numerous small areas of the type occur in other 
parts of these townships and in the other eastern townships, Union, Lincoln, 
Kensett, and Grove. Only a few small areas of th e type are found west of the 
central line of the county. 

The surface soil of th e Clyde silt loam is a very dark grayish-br own to nearly 
black silt loam, extending to a depth of 16 inches. Th e 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 mottl ed gray, hrown and yellow clay loam to heavy clay loam or 
clay containing some sand and gr avel. Bould; rs are occasionally found on tb e 
sur face and thru the soil section. 

Numerous variations from th e typical 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 th e 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 in ches in depth , overlying a grayish-brown loam slight]~· 
mottled. At 20 inches it changes into a sandy loam or sandy clay, yellow in 
color. I n another area in the southwest quar ter of Section 9 of Grove 'rown­
ship, the sur face soil is a loam in texture. In some of the more poorly drained 
areas of th e type, water stands on the soil for a long p eriod of time, and th e 
surface soil is somewhat mucky in spots to a depth of 1 to 3 inches. 

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

'L' he 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 th e pro­
cluction of wild hay or for grazing. General farm crops are grown on the ,Yell­
drained cultivated areas and yields of corn may be as high as 50 bushels per acr e. 

The first treatment n eeded for the Clyde silt loam to make it more productive 
is t he installation of tile. ·wh en thoro drainage is accomplished, the soil ·will 
respond to applications of farm manure in order to stimulate the production of 
available plant food . 'l'he type is acid in r eaction and applications of lime will 
prove of value. The use of a phosphate ferti lizer 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 t he 
field on this soil type have indicated the value of applications of manure, lime, 
and a phosphate fertilizer. 

WEBSTER STL'l' LOA]\[ ( 113) 

'l'he Webster silt loam is the fifth la rges t drift soil , covering 3.0 percent of the 
total area. It is developed in many small areas in the ·western townships. 'rhe 
largest development of the type is found in Hartland and Brookfield 'r own­
ships. Small areas of this type are also founcl scattered thru th e other western 
townships. There are no large individual areas of th e type. 'l'he 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. 'l'h e upper s11bsoil to a depth of 24 inches is 
a drab or gray clay loam. '!'li e lower subsoil. is a gray, brown, and yello1\· 
mottled clay loam to clay, containing iron stains ancl sufficient lime to cause 
effervescence with acid. 

In a few areas ther e arc a variation from th e typical soil. Sometimes the 
subsoil does not show the typical mottlecl gray or drab color. Occasionally th e 
surface soil shows a small content of sand b11t not enough to change the texture. 
Very small depressions, }1ravier in texture than the silt loam, are included wit·h 
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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 \Vebster silt loam is flat to depressed. 'l'he 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 1½ to 3 tons per acre. 

'l'h e needs of this soil to make it more satisfactorily productive include first of 
all adequate drainage. ·when the land is thoroly t iled 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 . Th e 
use of a phosphate f ertilizer would be of value on this soil and tests of acid 
phosphate and rock phosphate are recommended . "rhe experiments. which have 
oeen carried out on th e soil have indicated the value of applications of manure 
and th e phosphate ferti li zers. 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 p ercent of th e 
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 th e township lines. 
Small areas of th e 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. 'l'he upper subsoil is a yellowish-brown or 
gray silty layer extending to 18 to 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 . Katural drainage is good. 

Much of the soil has been clear ed and brought under cultivation. General 
farm crops are grown on the cultivated ar eas and the yields are very much the 
same as those secured on th e 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 J)roper fertilizer applications for the 
growth of general farm crops. T11 e liberal application of farm manure is very 
desirable. Large increases in farm crops will be secured from the use of manure. 
rr11 e type is acid in r eaction and applications of lime ar e of value. The use of a 
phosphate fertilizer would be of valu e on this soil and tests of acid phosphate 
and rock phosphate are r ecommend ed. Probably acid phosphate would be of 
more value at the present time because of tl1 e 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 
g ulies and to r eclaim 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 vary ing 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. 'l'hc 
largest areas of the type occur 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 th e 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 occur in the subsoil and occasionally boulders are found. 

There are some variations from the typical soil and a f ew sand pockets occur 
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 fiat 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 1¾ to 2½ 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. 'l'he type should be thoroly drained before satisfactory crop yields 
can be secured. The application of manure will be of value in improving the 
physical condition and making the type more productive. It is acid in r eaction 
and the use of lime is necessary for best growth of legumes an l general farm 
crops. The use of a phosphate fertilizer would undoubtedly be of value on this 
so il and t ests of rock phosphate and acid phosphate are recommended. 

WEBSTER LOAM (55) 

'l'he "\Vebster loam is th e eighth largest drift soil, covering 1.3 percent of th e 
total area. It occurs in a number of small areas thruout the western townships 
and in one area in Deer Creek Township. 'l'here are no large individual areas 
of the type. The largest developments are found south of Silver Lake in Hart­
land Township, and in the southwestern section of Brookfield Township. lVIany 
small areas of the type occur thruon t 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 '.Vebs1cr loam is a black to very dark grayish-brown or 
nearly black loam, extending to a <lepth of about l :i inches. The upper subsoil 
is a drab or gray silt loam or J1 eavy sil t loam to about 22 inches. The lower 
subsoil is a mottled gray, bl'own. and yellow silty clay to clay stained with iron. 
Pebbles and fragment. of li me and otl1er rock occur thru the soil section and in 
some places on the su rface. 'l'he lo\\·er subsoil contains sufficient lime to 
effervesce with acid. 

'l'h ere ar e some variat ions from th e typical soil but in gener al it is quit·e 11ni­
fo rm. I n the depressions, the so il is generally more silty. 

In topography the ·w ebste r loam Yaries from -Aat to gently undulating. Some 
of th e areas haYe a depressetl topogrn11liy . Tn some places it seems to occupy 
areas \\·here formerly J-h ere were sl ngg islt strenrns. Th e natural drainao·e of the 
t:)?e is poor and ti ling 011 t of these areas is very necessary if satisfact~ry crop 
yrnlds are to be secured. l\Iu ch of th e '.V ebster loam has been drained an<l 
br ought un der cuHivation and general farm crops n re produced . Yi el el s are 
very much th e same ns those securetl on tl1c '.Vebster silt loam. 

Large increases in Cl'0J1 y iekls may be secur ed on drained ar eas of tbe ty pe 
thrn the applicat ion of fa rm rnnm11· ancl t he add ition of a phosphate fertili zer . 
Sma ll amounts of manure " ·ill g i\'C large r ctnrns. '.l'he manure should not be 
applied preceding the g-1·0\\·ing oE small grain cr ops, ltoweYer, as i t may cau:c 
ih e crops to lodge. Th e applicat ion of a pltosphat·c fe rtili zer "·ill be of lat•o·r b 

value on this soil and tests of ac id phospl1 atc and rock phosphate ar c recorn • 
mended. 'l' he soil is usual ly hi gh in lime content, and therefore, it is not in need 
of appl ications of lime. If the surface soil is ac id , ho,rcver, as somet imes is t he 
case, t he addition of l ime ma,v be of value in provid in g suitable conclitions fo r 
the ear ly growth of legnminou s crops. 

DTCKTNSON SANDY LOAi\1 ( HHl ) 

'l'he Dickinson sn nd.v lonm is a minor type, covering only 0.9 percent of th e 
total area. It occurs in a number of small areas scatte red thruout the caster11 
and central townships. 'l'hc largest dcvclopm nts of ili e type arc found in the 
northwestern sections of Barton Township , north of l\'orthwood, extending al­
most to the county l in e in Grove Township , northwest of Northwood along t he 
Shcllrock River , ex tending to the county line in IIart-l:rnd Township . l\fany otber 
small areas of the type ar c found deYclop cd in var ions parts of the ecnfral 
townships. 

The surface . oil of the Di ckinson sandy loam is a dark brown to dark grayish­
br own sandy loam, ext·en ding to a cleptl1 of about 10 inches. This is underl aid 
by a bro"·n sanely loam to Ionrn~· sand to a depth of 2.J. i11 clt es. 'l'hc lower subsoil 
consists of a brown or yellow fine sand. 

In topography of the Dickinson sandy loam is gen t-1 ,v rolling to rolling. The 
natur al drainage of. the type is excessive. 

General farm crops ar c g l'own on this soil. 'l.1 hc yields, however , are lo\\', 
bc-ing slightly lo\\·er even than those secured on the Dickinson loam. 

The type will r espond Yery profitably to appli cations of farm manure and th e 
tnrning und er of lcguminom; crops as green manures. '11he building up of the 
Ol'ganic mat ter cont·ent of the so ils is -very necessary if satisfactory crop yields 
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are to be secured. 'l'he type is acid in reaction and will respond to additions of 
lime, especially for the hes t. growth of legmnes. 'l'he incorporation of organic 
matter with the soil will reduce the danger o} injury to crops in dry seasons. 
The application of a phosphate fertili zer wonlcl undoubtedly be of value on this 
soil and tests of acid pl10splrntc are recommended. It would seem that acid 
phosphate would be preferable for use on this soil because of the low organic 
matter content. 

DJCK[N"SON LOAM ( 174 ) 

The Dickinson loam is a minor (vpe, covering 0.7 percent of the total area. 
It is found in a number of areas of limited . izc in various parts of the county, 
the largest developments of the type occurring in Bristol 'l'ownship , north and 
west of Bristol, and in the nortlrn·est sections of Brookfield Township. Other 
small areas of the type are found in other parts of the county. 

'l'he snrface soil of the Dickinson loam is a dark brown to very dark brown 
friable loam, extend ing to a clcpth of 12 to 13 inches. 'l'lte upper subsoi l 
is a brown or yellowish-brown lonm or silty loam to a deJ th of 20 to 24 inches. 
The lower subsoil is some,rhat variable and mny consist of sand or gravel or of 
a mixture. Th e two large:t areas of the type which have been mentioned have 
a grnvelly sub oil and the rest of the ar eas of the type in the county show ::t 

sandy subsoil condition. 
In topography tbe Di ckinson loam is undulating to gently rolling and in a 

few places rolling·. 'l'he natural drainage is good to excessive. 
A large part of the type is under cultivation and general farm crops arc 

grown. 'l'b e uncultivated nreas support a growth of wild grasses, and arc used 
for wild hay or pasture land. Crop yields on the cultivated areas are variable 
depending on the tr eatment and moisture supply. In favorable years corn 
yields 30 to 45 bushels, oats 30 to 40 bushels and bay l 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. Liberal aclcli.ti ons of farm manur e should be made and 
leguminous crops sbouk1 he turned under as green manures in order to build up 
the organic matter supply. Th e cr ops will be less in danger in periods of d ry 
weather when the organic matter content of the soil is increased. The type is 
acid in r eaction 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 valu e and tests of acid phosphate are recommended. 
Acid phosphate is undoubtedly prefer able for ll Se on th is soil because of the low 
organic matter content. 

LINDLEY STL'l' LOAJ\I (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 to"·nships along the Shellrock River. 'l'here 
are no large individual areas of the type. Small scattered areas are foun d 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 clay 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 occm 
at the lower depths. Iron stains are fr equently found. In the lower subsoil the 
material is a firm, sticky, gritty clay containing some sand. In th e 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 th e typical. 

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

l\fost of the type is under cultivation, general farm crops being grown. Corn 
yields from 38 to 40 bushels per acr e, oa ts 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
pli cations of manure, lime, and a phosphate fertilizer. The soil is particularly 
in need of organic matter and liberal applications of form 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 r e­
action and lime would be of value for the best growth of leguminons crops. 
Th e applic.a.tion 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 so il than rock phosphate. 

PIERCE SANDY LOAM ( 191 ) 

Th e 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 ronnd, 
knob-like formations , rising 15 to 30 feet above the surrounding surface. Th e 
type .i s mapped along Elk Creek, along Beaver Creek ,vest of F ertile, and in a 
few isolated bodies in the western and north central parts of th e 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 surface soil varies somewhat, ranging from a loamy sand to a sand. 

This type is of practically no value for cultivated crops. The only utilizatior:_ 
is for pasture land and it supports only a very poor growth of wild grasses. The 
chi ef 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 ar eas. 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 lo\\-er subsoil to 36 inches is a yellowish-brown to yellow sanely 
loam to sanely clay or clayey sand. In some. places where the topography is 
more rolling, the surface soil conta ins less organic matter and is a brown or 
grayish-brown in color. 

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

'rhe type is all under cultivation and general farm crops are grown. Tl1 e 
yields, however , are lower than those secured on the adjacent upland soils of 
th e Carrington series. 

Th e so il is in need of organic matter to be made more productive. Libel'al 
a pplic:1t-iom; of farm manure and t he turning und er of lcguminons el'ops w-; 

green manure would be of large valu e. Th e type is acid and the addition of 
lime " ·ould aid in securing the best gro,vth of leguminous crops. Th e use of 
a phosphate fertili zer is desirable on the soil and tests of acid phosphate arc 

r ecommended. 

WEBS'l'EH. CLAY LOA:\f. (56) 

The Vv ebster clay loam is a minor type, covering only 0.3 percent of the total 
area. It is found in a number of small areas, chi efl y in the central western 
townships. Small ar eas are found, however , in other parts of the county. 

Th e surface soil of the \Vebster clay loam is a very dark grayish-brown h) 
black clay loam, extending to a depth of 15 to 18 inches. 'rhe subsoi l is a clra b 
or gray clay loam stained with iron , grading at about 24- in ches into a gray and 
brown or yellow mottled clay containing lim e in sufficien t quantities to effe r­

vesce with acid. 
In topography the W ebster cla? loam is fla t to depressed and the nat ural 

drainage is poor. Tiling is necessary if th e land is to be cultivated. ·when well­
clrained, this soil is productive and satisfactory yields of general farm crops will 
be secured. 'l'he yields are much the same in drained areas as those secured on 
the W ebster 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 crops will be very good. Small appli cations 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. Th e 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 fr esh horse manure or with green 
manure. By these t reatments the excess of alkali salt may be r eadily r emoved 

from the soil. 
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DODGEVILLE SlL'l' J,OAJ\l (~ 04 ) 

T.hc Dodgeville s ilt loam is a minor 1:· pc, covcriu g only 0.3 perccn t of Hie tot a I 
area. It is developed only along the Shellrock River in the south central town­
ship, the largest developments of the type being along the r iver a1td north of 
Kensett, southeast of Kensett, and almost ou the county line south and cast of 
l\Ianly. 

'l'h c surface soil of the Dodgeville silt 1011111 is a very dark brown silt loam, 
extending to a depth of 10 to 14 inches. Tl1c upper subsoil to 24 inches is a 
h.l'Ownish silt loam somewhat heavier than the surface soil but still a silt loam 
in texture. Th e lower subsoil is a yellowish-br own s ilt loam to heavy silt loan1 ot· 
silty clay. Limestone bedrock is encoun tered at depths varying from 20 in cl1 es 
to 8 or 9 feet. rrhere is generally a la:·e1· of soil material an inch or two in thick­
ness immediately aboYe the bedrnck and t 11 is is a heavy ·waxy clay slightl y mot­
tled brown in color. 

In topography the Dodgeville silt loam is gellfl y rolling and natural dr a inage 
is good. 

In the areas where the bedrock does not occur close to the surface, the soil 
is used for general farm crops. rrhe yields are ve ry m uch the same as those 
secured on the .Carrington silt loam . In the ar eas 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 \\·onld also 
increase the productivity. The type is acid in r eaction and additions of lim e 
would aid in securing the best growth of legumes. 'l'hc use of a phosphate fer ­
Jjli zer is r ecommended aucl t es ts of acid phosphate and rnck 11hosphate sl10ukl be 
carried out on this soil. 

TERRACE SOILS 

Ther e are five terrace types in this coun(y classifi ed m th e O'Neill, Benoit ; 
Bremer and , Vaukesha series and t l1 e;,c witl1 tlie deep phase of the O'Neill loam 
make six separate soil areas. 

0 'NEILL LO .-\ \[ (108 ) 

'J'hc O'Neill loam is the second largest terrace soil, being somewl1 at lc:,s ex­
t ensively developed than the deep phase of tlie same type. Togetl1 er th e ( wo 
make up 7.5 percent of the total area. It occurs on the terraces along most of 
til e st.r eams of the county. The largest d?1·clopmen1·s of the type are found along 
the Shellrock River, Elk and Beaver Creeks. In the vicinity of Northwood there 
is a lar ge individual area surrounding the city and extending south on the ter­
races along the Shellrock River to the juuction of that river with Elk Creek. 

The surface soil of the O'Neill loam is a dark brown friable loam to a cleptl1 
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 fl at, sloping or gently undulating. It lies 
10 to 20 feet above present overflow. Natural drainage is good to excessive. 
Crops are in need of moistur e 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 a re Yery much lower. 

'l'his soil is particularly in need of addition; of organic matter in order to 
be made more satisfactorily productive. Liberal applications of farm manure 
should be made, and leguminous crops should be turned nuder as gr een manures 
in order to build up the supply of organic matter and make the soil more 
r esistant to drought. 'l'he type is acid in reaction and will r espond to additions 
of lime especially for the best gTo,dh of legumes. 'l'he application of a phos­
phate fer tili zer would undoubtedly be of value on this soil and tests of acid 
phosphate and rock phosphate are r ecommended. Probably acid phosphate 
would be of more value at the present t ime because of the low organic matter 
content of the soil. The use of a complete fer tilizer would probably be of less 
value than the application of acid phosphate owing to the greater cost of the 
complete material. 

0 'NE [LL LOA)[ (DEEP PHASE ) ( ~00 ) 

The deep phase of O'Neill loam is so mew hat more extensively develo peel than 
the typical soil. Together with the typical O'Neill loam, it covers 7.5 percent 
of the total area. It is t li e most extensive terrace soil in the county, being 
developed principally along the larger cr eeks and along the Shellrock River. 
The most extensive developments of the type ar e found sou th 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 ver y 
dark brown, mellow, friable loam 12 inches or 13 inches in depth. 'l'he 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. Below that point, ther e is a 
coarse sand or fine gravel subsoil. rrhere is some variation in the soil in two 
c,reas, one in Section 29 of Deer Cr eek 'l'ownship and the other comprising parts 
of Sections 13 and 24 of Lincoln To1rnship and 18 and 19 of Union 'l'ownship . 
In these ar eas th e 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 5 to 20 feet above overflow. Drainage is good and in places excessive. 

Most of the type is cultivated and yields of general farm crops ar e quite satis­
factory in favorab le seasons. Corn yields 35 to 55 bushels per acr e, oats 35 to 
50 bushels, ,and clover 1 to 2 tons per acre. 

'l'his soil will respond to the same treatments which have been recommended 
for the typical O'Neill loam. Liberal a pplications of farm manure are of large 
value on the soil. The turning 1.1nder 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 gr owth of legumes. 'l'he use of a phosphate fertilizer 
should be recommended and tests of rock phosphate and acid phosphate should 
be carried out under individual farm conditions. P r obably 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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BENOI'l' Sl:L'l' LOA:d (~01) 

The Benoit silt loam is th e second lar gest terrace soi l , covering 1.5 percent of 
the total area. It occurs on the terr aces along the Shellrock River chiefly in 
the vicinity of Northwood, the largest areas of the type being east of Northwood 
and southeast of th e city. Small areas of the type ar e found in other parts of 
th e county limited, however, to the north central townships. 

'l'he surface soil of the Benoit sil t loam is a black or nearly black silt loam 10 
to J 5 inches in depth. 'fhe upper subsoil to a depth of 24 to 26 inches is a gray 
or drab silty clay to clay. 'l'he 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 belo"w. In places the sur face soil con tains an excess of so-called "alkali" 
salts. As a rule the subsoil does not contain sufficient lime to effervesce with 
acid . E xcep tions to this are found in th e ar ea two miles northeast of North­
wood and in H artland and K ensett Townships where the subsurface layer as 
we 11 as the subsoil is high in lime. 

In topogrnphy th e Benoit silt loam is flat. Natural drainage is poor in spite 
of the sandy character of the lower subsoil, and tiling is gener ally necessary to 
sec ure the best crop yields. 

P art of the type is under cultivation, a cons id erable 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 soi l will respond to liberal applications of manure. ·wh en it is acid in 
r eaction , the use of lime is desirable in order to insure the best crop of legumes. 
'l'he addition of a phosphate fe rtili zer would be of value and tests of acid phos­
phate and rock phosphate are r ecommended. Drainage is necessary as the first 
treatment in order to make this soil most satisfactorily productive. Where 
alkali spots occur in the type, the drainage of the areas and the incorporation 
of fresh horse manure are th e most desirabl e treatments in order to r eclaim 
th e areas. 

B11E:tvrnn SJ L'l' LOAM (88 ) 

The Bremer silt loam is the third largest terr ace type, covering· 1.4 per cent of 
th e total area. It occurs in a number of areas in various parts of the county, be­
ing developed chi efl y along the Shellrock River, Deer Cr eek and som e of th e 
tributary str eams. 'fhe lar gest areas of th e type are found on the terraces near 
the junction of Elk Creek with Shellrock River , so utheast of Northwood. east of 
the Shcllrock River, and along Deer Creek in the extreme eastern part of the 
county. 

'T'he surface soil of the Bremer silt loam is a dark brown or nearly black smooth 
silt loam, extending to a depth of 15 inches. Th e 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 ar e many variations from the typical soil. In some areas, sand occurs 
below depths of 33 to 35 inch es. Such areas ar e found in parts of Sections 35 and 
36 of Deer Creek Township , and in parts of Sections 14 and 15 of K ensett Town­
ship. In tl1 e west half of Section 31 of Danville Township, the surface soil is 

WOR'l'H COUNTY SOILS 63 

calcareous and somewhat ligh ter in color U1a11 the typ ical surface soil, and this 
chalk like layer of calcar eous material appears at about 35 inches. 'l'he surface 
here has numerous hummocks and 1·li e area lies ;t higher elevations than the sm·­
ronnding bottomlands. An ar ea occurring in the west half of Section 13 of 
Lincoln Township varies from the typica l in that the subsoil is mottled brown 
and yellow below a gray uppe1· subsoil. In the west half of Section 1 and the 
northeast quarter of Section 2 of Barton 'l' ownship , the type has a grayish silt 
loam surface soil with a mottled ashy gray ot· grayish-brown and gray subsoil 
of stiff waxy clay. 

The topography of th e Bremer sil t loam is flat or sloping. 'fhe natural drain­
age is deficient to fai r . l\iost of th e type is under cultivation and general farm 
crops are grown. Corn yields 40 t o 60 bushels per acr e, oats 45 to 60 bushels, 
clover hay 1½ to 2~1.z tons. 

The first need of this soil is the in stallation of tile. --wh en this is accomplished, 
small applications of farm manure wonlcl be of value to stimulate the production 
of available plant food. Farm manure should uot be applied to this soil, how­
ever, in large amounts nor shoulcl it be added just preceding the growing of a 
small gr ain crop as it may cause the grain to lodge. 'l'h e type is acid in reaction 
and will respond to additions of lime for the lJest growth of legumes. The use of 
a phosphate fertilizer would be Yaluable on the soil and tests of rock phosphate 
and acid phosphate are r ecommended. 

'vVAUKESHA STL'l' LOAM ( 7,3) 

The W aukesha 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 Cr eek, Deer Creek and Beaver Creek. 'J'hc largest development of the type 
is along Elk Creek just north and west of Kensett. Further considerabl e devel­
opments of the type are found sonth of ='-iorthwood along Shellrock River and 
north of Northwood extending to th e county line. 

The surface soil of the ,Vankesha silt loam is a dark brown to very dark brown 
smooth silt loam to a depth of 12 1o 14 inches. 'l'he upper subsoil is a br own 
smooth silt loam to a depth of about 20 inches. 'l'be 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 'l'ownship the surface soil is a loam. Th e area in Sec­
t ion 12 of Lincoln Township is a loam in the sm face soil. 'l'he subsoil is a 
brownish loam. 

In topography the vVaukesba silt loam is ft at or sloping·. 'l'h e drainage is good. 
It occurs on terr,aces 5 to 20 feet above overflo,v. 

'fhe type is used for the production of general farm cr ops and quite satis­
factory crop yields are secm:ed. Corn y ields 30 to 60 bushels per acre, oats 35 
to 55 bushels per acr e, and clover hay 1 to 2½ tons per acre. 

'l'his soil wi ll respond profitably 1"o applications of farm man nre in ord er to 
make it more productive, and liberal amounts of this material should be applied. 
The turning under of leguminons crops as green manur es would be of value. 
The soil is acid and additions of lime would improYe the fertility conditions. 
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Tbe application of a phosphate fe rtilizer would b1·i11g sati sfactory r esults and 
tests of rock phosphate and acid phosphate a re 1·ec01mnended. 

0 'i's EH,L SANDY L01UI ( l~li ) 

Tli e O'Neill sa11 ly loam is a mill or tenace type, covering only 0.4 per cent of the 
total area. It occurs in a numbPr of' small a reas on the terraces alono· the Shell ­
rock River and BeaYer Cr eek. Th ere is no lal'ge deYelopmen t of the (ype. J\Iost 
of th e areas arc found along BcaYcr Ureek, cast of l◄' c rtile . 

The surface soil of the O'Neill sand y loam is a brown to dark brown sandy 
loam 12 inches in depth. Below 1Lis, the subso il is a brown sandy loam to loamy 
sand to a depth of about 20 inches, at that point g rading into a yellowish-brown 
to ye~lo_w sand. In some places th e surface soil i,, a brown rather sandy loam, 
contammg patches of a loamy sand. 

In topography the O 'Neill sandy loam is fl a t ot· gently undulating. Natural 
drainage is good to excess ive. Crops suffer for moisture in dry seasons. 

General farm crops are grown on the so il , corn y ielding 15 to 30 bushels per 
acre, oats about th e sam e, and hay v~ to 1 ion . In dry seasons the y ields are 
very poor. 

This soil wm r espond to add itiorn, of fe r t ilizing materials supplying orga11 ic 
matter: rrl1 e building up of 01·gau ic ma tter is Ycry necessary if satisfacto ry 
crop yields are to be seclll'cd. Libcrnl a pplications of farm manure should be 
made and legumionus crops should be turned under as green manures in order 
to secure better crop yield. on tl1i s ty pe. It is acid in r eaction and additions of 
lime would be of value in order to sec ure th e best yi elds of legume crops . Th e 
application of a phosphate fert ili zer ,vo11 kl undoubtedly be profitable on th is 
soil an l t ests of acid phosphate arc r ecommended. The acid plwspliate ·would 
undoubted ly be more preferabl e tl1 an rock phosph ate because of th e low organi c 
matter content of the soil. 

SW AMP AND BOTTOMLAND SOILS 

There are three swamp and bo ttomlaml soil ty pes in the county classifi ed in 
the Wabash , Lamoure and Cass series. 'l'li esc with th e areas of muck and peat 
make a total of five bottomland areas. 

MUCK (~la ) 

Muck is the most extensive bottomlaud type, coverin g 2.8 percent of th e total 
area. It occurs in many areas, chi efly i11 th e ,Yestern part of th e county, wes t 
of the Shellrock RiYer. rrh ese arc<1 s are fo un d in depress ions or intcrmittPnt 
drainageways or along the streams. Ratli cr extensive areas occ 11 r wes t of th e 
Shellrock River, along Elk Creek in the so11thwestern part of !'li e countv nort Ii 
of Hanlontown, and in th e northwestern corner of the county. • 

Muck is derived from pea,t r epresenting t!te same material in a furtli er stage 
of decomposition. It is b lack in color, smootl1 in texture, being light and fiuffy, 
containing no evidence of the orig inal fo rm of the plants from ,d1ich it wa ,; 
derived . It varies from 8 1o 10 incl1 es to 4 01· S feet in depth. J\Iost of it how­
ever, will come within a range of 18 to 26 incl1 es in clept-h. 'l'h c nndcl'lyi~g ma ­
terial is generally a black . ilty clay which may extend for a considerabl e depth 
or may change into a gray or yellowish or mottled gray, bro wn and yellow clay 
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loam or cla y. In topograph.'· areas of muck ar e nearly 
not smootl1. l10wever , and may be hummocky like peat. 
drained and under water in wet . easons of ti1e year. 
ti led and in such cases drainage is " ·ell establi shed. 
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always flat. 'l'hey are 
Much of it is poorly 

Many areas have been 

Proper drainage is the first r rq uirement for the, r eclamation of muck areas. 
\ \Th en this has been accomplished. it is usuall y best to seed down to timothy 
and <1lsikc clon r befor e attempting t-o grow general farm crops. Corn and oats 
do not clo well on newly drained areas. Vegetable crops, however, such as on ions, 
potatoes, tomatoes and sugar beets a l'e grom1 Yery well on drained areas of 
muck. The use of certain complete fertili zers may be desirable on these areas 
where truck crops are to be grown. 'l'h e appli cation of acid phosphate and mur­
iate of potash, which is som etim es r ecommended. may be of considerable value 
in increasing th e production of these tr11 ck cr ops. 

WABARH RlT/ l' L O AM (26) 

The \Vabash silt loam is th e second larges t bottomland soil covermg 2.2 per­
cent of the total area. It occurs in many areM; in various parts of th e county 
along the streams, creeks, and intermittent dra inageways in narrow ribbon-like 
areas. Th er e a.re no large m·eas of t he typP. bnt 1l1 e largest development in the 
county is found along Deer Cr eek <1ncl along the S hellrock River in the vicinity 
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 stain s 
and sometimes mottlings of gra~r, bro,Yn and yellow. Occasionally the subsoil 
contains small quantities of fine sand. In pla,ces the lower subsoil is as heavy 
as a clay. In some areas th e surface soil is a. silty clay loam in texture, but 
this vari a tion was not developed cxtensinl.'· enough to warrant a separate map­
ping. Such areas occur in Section 34 of Danville '11 0,vnship, Section 35 of 
Brookfield Township, and along the ditch running thru Sections 29 , 30 and 31 of 
Deer Creek Township. 'fh e Wabash silt loam mapped along Deer Cr eek in Sec­
tion 1 of Barton 'fownship is Yariahle, ranging in surface t exture from a loam 
to a silt loam. In the south east qnm·ter of Section 31 of Danville 'fownship, the 
oil is a dark brown loam with no change thruout the entire three foot ection. 

In topography the ·w abash silt loam is generally ftat to very gently sloping. 
Most of th e type is subj ect to flooding. Tl1c areas, which are less frequently 
overflowed, are u tilized for the production of general farm crops. Corn yields 
30 to 60 bushels p er 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 ar eas of this type, it 
would be desirable to apply farm manure, to add lime to r emedy the acid con­
dition of the soil, and to apply a phosphate fertiliz er. 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. 

P EA'l' (21 ) 

There is a rather consider able area of peat covering 2.2 percent of the total 
area. It is found in numerous ar eas of varying size in t he western townships. 
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The largest developments of peat arc fo und in what was originally Rice Lake, 
in large ar eas in the southwestern part of the county west of Hanlontown, and 
in areas west of the Shcllrock 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 r etained the original form 
of the plant from which it was derived, at least in part. It ranges in color from 
rcddish-brmrn to clerp chocohitc bro,rn. It is somewhat variable, but usuall y 
extends to a depth of 18 to 20 inches where it is nnderlaid by a black, smooth 
mucky material which may contain considerable amounts of mineral soil par­
ticles. 'l' he raw surface peat rnries in depth from 8 to 10 inches to 5 or 6 feet. 
The undrr lying materials arc also variable, ranging from sand to clay in texture 
and from a gray to yellow in color. 

In topography, peat is rough to hummocky . It supports a luxuriant growth 
of wild gTasses and many kinds of weeds. The nnreclaimed ar eas are used as 
pasture land. 

Drainage is the first trea tment necessary in order to reclaim areas of peat. 
vVben this has been accomplished. thoro cultivation and the seeding of the 
areas to timothy and alsike clov er and uti lizing them for pasture for several 
years is the most desirable treatment . I t is unsatisfactory to seed corn and small 
grains on n ewly drained peat. Th e yields will be very unsatisfactory. Vege­
table crops may sometimes be gro,Yn on partially decomposed peat areas. Such 
crops as tomatoes, potatoes, sngar beets, onions, and celery will grow well. A 
general statement r egarding the r eclamation of peat and treatments needed, has 
been given earl ier in this r eport . 

Li\J\I:OURE RILT LOAM ( 1.53 ) 

'l'he Lamourc silt loam is a minor t~·pe, covering only 1.6 percent of the total 
ar ea. It is deYelopcd chiefl y in the western part of the county in a number of 
small areas in the bottomlancls and along intermittent drainage channels in as­
sociation with the calca r eous upland soils. 

The surface soil of the Lamoure silt loam is a very dark brown to nearly black 
silt loam 15 in ches in depth . The subsoil is a gr ay or mottled gray and brown 
calcareous silty clay to cla.y . Th ere is a high lime content in the subsoil usually 
extending thru the surface soil. 

The type occurs on the first bottoms along th e 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 cnltivated areas, th e yields are much the same as those 
secured on the W abash silt loam. 

The treatments r ecommended for that type will also apply in this case. Ap­
plications of farm manure would be of value on n ewly drained areas and the 
use of a phosphate ferti li zer is r ecommended. 

CASS SILT LOAM (106) 

'11he 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 ar ea is mapped 
about one mile northwest of K ensett along Elk Creek. 
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The surface soil of th e Cass sil t loam is a Yery 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 J:rclow 24 inches into a brown or 
yellowish-brown incoherent sand. 

In topography the Cass silt loam is flat, sloping slightly toward the str eams. 
It occurs on the first bottoms and is subj ect to overflow. It is used almost ex­
clusively for pasture or wild hay land. 'rhe areas not subj ect to overflow would 
be suitable for the growth of cultivated crops. If cultivated the soil would r e­
spond to applications of farm manure and the turning under of leg uminous 
crops as green manures. The use of lime wo uld be of value to remedy acidity. 
Th e applica tion of a phosphate fe rtilizer ,l'Onlcl undoub tedly prove profitable. 

RESIDUAL SOIL 

There is one r esidual soil in the county, the Sogn silt loam, poorly drained 
phase. It covers only 0.7 percen t of th e total ar ea. 

SOGN SILT LOAJ\I ( POORLY DRAINED PHASE ) (202 ) 

The Sogn silt loam ocurs in small ar eas along the Shellrock River and Beaver 
Creek. Most of the areas are long and narrow and not very extensive. 'rhe 
largest development of the type is found south of Nor thwood. 

'l'he 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 sanely 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 th e Shellrock River , are subject to flooding and are 
undoubtedly made up in part of alluvial material. 

Th e type is not important agr iculturally. 'l' he areas along the river banks 
are unsuitable for cultivation. They ar e 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 SUR VEY OF IOWA 
What soils need to make them highly productive and to keep them so, and how their needs 

may be supplied, are problems "-hich are met constant])'. on the far1:1 . today. 
To enable every farm er t o solve th ese problems for his local conditions, a ~omplete s~rvey 

and study of the soils of th e state has be_en undertaken,. the results of winch_ will be published 
in a series of county reports. This work rncludes a d~tailed survey of the soils of each county, 
following which all the soil types, streams, roads, '.mlroad~, etc_:, are _accur~.tely located on a 
soil map. This p ortion of the work is b eing c~rncd on rn coop eration with the Bureau of 
Soils of the United States Dep artment of Agnculture. . . . 

Samples of soils are taken an cl exam ine~! mechanically and _chemicall_y to determrne their 
charact er and composit ion an d t o learn t hou needs. Pot experiments with t~e~e samples are 
conduct ed in the greenhouse t o ascertain t he value of the use of ma.nu.re, fertilizers, lime and 
other ma terials on t he var ious so ils. 'l.' hcse p ot tests are followed rn many cases by field 
experiments to check the results secured in the g reenh ouse. Th~ meagerness of the funds 
available for such work has limited t he extent of these fi eld studies and t ests have not been 
possible in each county snrvcyed . F ~i rly complete results have been secured, however, on the 
main types in th e l:uge soil areas. . . 

Following th e survey, systems of so il ma nagement wh ich should be adopted m the var~ous 
counties and on th e different soil s are worked out, old methods of treatment are emphasized 
as necessary or their d iscontinu ance advised, and new meth ods of proven value are suggested. 

Vi g. 7. J.1:ip of loll'a s l1 oll'i11 g l1 1c co unt ies surveyed. 
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PLANT FOOD I N SOILS 

:E'ifteen different chemical elements a re essentia l for plant food, but many of these occur 
so extensively in soils and are used in such small quantities tha t there is practically no danger 
of their ever running out. Such, for example, is the case with iron and aluminum, past 
experiente showing that the am ount of these elements in the soil remains practically constant. 

:E'urthermore, there can never be n shor tage in the elements which come primarily from the 
air, such as carbon and oxygen, for t he supply of these in the atmosph ere 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 
mm1y crops are unable to secure nitrogen from the air and a re forced to draw on the soil 
supply, it is possible by the proper and frequent growing of well -inocula ted 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 th en a fer t ilizing method carrying th e necessary element must 
be used. Phosphorus is the element most likely t o be deficient in all soils. This is especially 
true of Iowa soils. Potassium frequ ently is lacking in peats and swampy soils, but normal 
soils in Iowa and elsewhere are usually well supplied with this element. Calcium may be low 
in soils which have borne a heavy growth of a legume, especia lly alfalfa; but a shortage of 
this element is very unlikely. It seems poss ible from recent tests that sulfur may be lacking 
in many soils, for applications of surfur f ertilizers have proved of value in som e cases. How­
ever, little is known as yet rega rding t he r ela tion of this element to soil fertility. If later 
studies show its _importance for plant growth and its defi ciency in soils, surfur fertilizers may 
come to be considered of much value. 

AVAILABLE AN D UNAVAILABLE PLANT FOOD 

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

'l.'he explanation of this p eculiar state of affairs lies in the fact tha t all the plant food 
shown by analysis to be present in soils is not in a usable form; it is said to be unavailable. 
P lants cannot take up food unless it is in solution; hence avai lable plant food is that which 
is in solution. Analyses show not only this solution or available p ortion but a lso the very 
much larger insoluble or unavailable part. The t ot al amount of plant fo~d in the soil may, 
therefore, be abunda nt for numerous crops, but if it is not made ava ilable rapidly enough 
plants will suffer for proper food. ' 

Bacteria and molds are the agents which bring about t he change of insoluble, unavailable 
material into available form. If conditions in the soil a re satisfact ory for their vigorous 
growth and sufficient total plant food is present, th ese 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 r esult of removal by crops, altho the-re 
is often some loss by leaching also. A study of the amounts of nitrogen, phosphorus, and 
potassium removed by some of th e common f arm crops will show how rapidly these elements 
are used up under average farming conditions. 

The amomits of these elements in various farm crops are given in table I. The amount of 
calcium and surfur in the crops is not included, as it is only recently tha t the removal of these 
elements has been considered important enough to warrant anruyses. 

The figures in the table show also the value of the three elements contained in the different 
cr ops, calculated from the market value of f ertilizers containing them. Thus the value of 
nitrogen is figured at 16 cents per pound, th e cost of the element in nitrate of soda; phos ­
phorus at 12 cents, the cost in acid phosphate, and potass ium 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 sh or tage of plant food in the 
soil. The nitrogen supply is drawn oi, the most heavily by all the crops, but in the case of 
alfalfa and clover only a smaJl 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 fr om 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 greea 
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TABLE I. PLAN'r FOOD IN CROPS AND VALUE 
Cakulatiug Nitrogen (N ) at 16c (Sodium Nitra te (NaNOS) ), PhoRphorus (P) at 12c 

( Atid Phosphate) , and Potassium (K ) at 6c (Potn.ssium Chloride (KC!)). 

Plant Food, Lbs. Value of Plant Food Total 
Value 

of. 
Crop Yield Phos- Potas - Nitro- Phos- Potas- Plant 

Nitrogen phorus sium gen phorus sinm Food 

Corn, grain 75 bu. 75 12.75 l4 
I 

$12.00 $1.52 $0.84 $14.37 
Corn, stover 2.25 ·r. 36 4.5 39 5.76 0.54 2.34 8.64 
Corn, crop 111 17.25 53 17.76 2.07 3.18 23 .01 . . ... . 

0.86 0.46 8.13 Wheat. grain 30 bu. 42.G 7.2 7.8 6.81 
Wheat, straw 1.5 T. 15 2.4 27 2.40 0.28 1.62 4.30 
Wheat, crop 57.6 9.6 34.8 9.21 1.14 2.08 12.43 . .. . .. 

0.66 0.48 6.42 Oats, gr:iin 50 bu. 33 5.5 8 5.28 
Oats, strn,w 1.25 T. 15.5 2.5 26 2.48 0.30 1.56 8.28 
Oats, crop 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 
Bnrlcy, straw 0.75 T . 9.5 1 13 1.52 0.12 0.78 2.42 
Barley, crop . ' .... 32.5 G 18.5 5.20 0.72 1.11 7.03 
Rye, grain 30 bu. 29.4 6 7.8 4.70 0.72 0.46 5.88 
Rye, straw 1.5 T. 12 3 21 1.92 0.36 1.26 3.54 
Rye, crop ...... 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 6 T. 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 
C!o..-e r, hay 3 T. 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 
fe rtilizers. 

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 f ertility, and if the entire crop is removed and no return 
made, tho 'ioss 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 consti tuents which must be replaced 
at t he present time. 

Of course if the crops procured arc fed on the farm and the manure carefully preserved 
and used, a '1arge part of the valuable matter in the crops will be return~d to the soil . . This 
is the case in livestock and dairy farm ing where the products sold conta.m 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 suppl;i: plan~ foo_d de­
ficiencies in the soil. It should be mentioned that the proper use of crop residues rn th 1.11 lat­
ter system of f arming reduces considerably plant f ood loss. 

REMOVAL FROM row A SOILS 

It has been conservatively estimated that the plant food taken fr om Iowa soils and shipped 
out of tho state in grain amounts to about $30,000,000 annually. This calculation is based 0 11 

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 dist ribu ted over the state, varying as farm ers do more or 
less linistock and dairy farming or grain f arming. In grain farming, where no manure is 
produced and the entire grain crop is sold, the soil may very quickly become deficient In CtM' · 

tain necessary plant foods. Eventually, however, all soils are depleted in essential food 
materials, whatever system of farming is followed. 

PERMANENT F'ERTILITY IN IOWA SOILS 

The preliminary study of Iowa soils, already r eport ed, revealed the fact that there is not 
an inexhaustible supply of nitrogen, phosphorus and potassium in the soils of._ the stn.te. 
Potassium was found in much larger amounts than t he other two elements, and 1t was con­
cluded therefore that attention should be centered a t t he present time on nitrogen and phos­
phoru;. In spit; of the fact that Iowa soils are still comparatively fert~le an~ crops are st\ll 
large there is abundant evidence at hand to prove that the best possible yields of rerta.U1 
crops are not being obtained in many cases because of the lack of necessary plant foods or 
because of tho lack of proper conditions in the soil for the growth of plants and the produc­
tion, by bacteria, of available plant food. 
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Proper systems of farming will insure the production of satisfactory crops and the maiu 
tenance of _pernianeut f ertility a nd the adoption of such systems should not be delayed until 
the crop yields are much lower, for t hen it will involve a Jono- tedious and very expensive 
fig~t t o brin g t!1e soil back t o a f ertile condition. If proper m"; thods are put into operation 
win!~ comparatively large a mounts of certain plant foods are still present i.t1 the soil, it is 
relatively easy to keep them abundant and attention may be centered ou other elements likely 
to be limiting f actors in crop prorlu ction. 

S?i ls rnay be kept pe rmanent ly f ertile by adopting certain practices which will be st11 11 -
manzed here. 

CULTIVATION AKD DRAINAGE 

Cultirntion and drainage are t\1·0 of th o most in1portant farm operations in keeping the 
soi l in a favorable condition for crop production, largely because they help control the 
moisture in the soil. 

The moisture in soi ls is one of the most important fa ctors governing crop production. If 
the soi l is too dry, plants sull'cr for lack of wa ter necessary to bring them their food and also 
for lack of available plant fo od. Bacteri a l activities are so restr icted in dry soils that the 
production of available plan fo od practi cally ceases. If t oo much moisture is present, plants 
likewise refuse to grow properly because of the exclusio n of air from the soil and th e absenre 
of availnble food. Decay is checked in th e absence of air, all beneficial bacterial action is 
limited and humus, or org:mic 11 1n t ter, containing pla nt food constituents in an unavailab le 
form, accumulates. The infertility of low-lying, swa mpy soils is a good iJlustration of the 
action of excessive moisture in r estricting plant growth by stopping aeration and limiting 
benefieial decay processes. 

1-Vhile the amount of moisture in th e soil depends very largely on the rainfall any excess of 
water may be removed from the soil by drainage an d the amount of water pr~ent in the soil 
may be conserved during the periods of drouth by thorn cultivation or the maintaining of a 
good mulch. The need for drainage is determined par tly by th e nature of the soil, but more 
particularly_ by the subsoil. If t_he su~soil i a heavy, t ight clay, a surface clay loam will be 
rather readtly affected by excessn·c rarnfall. On the other hand, if the surface soil is sanuy, 
a heavy subsoil will be of advantage in preventing th e rapid drying out of t he soil and also 
in checking losses of valu able matter by leaching. 

TUE ROTATION OF CROPS 

Experience has shown many t imes that t he continuous growth of one crop t akes the fertility 
out of a soil much more ra.picl ly than a r ot:i tion of crops. On e of the most important farm 
practices, therefore, from the st::mdpoint of soil fe rtility, is th e rotation of crops of a basis 
suited to the soil, climatic, farm a nd mnrkct condi t ions. 'l'h e choice of crops is so large that 
no difficulty should be experienced in selecting t hose suitable fo r a ll conditions. 

There is a third explanation of the val ue of r otations. It is claimed that crops in their 
growth produce certain substai1ccs call ed ''toxic '' which are injurious t o the some crop, hut 
have no effect on certain oth er crops. In proper rotat ion the t im e between two di!Ierrut 
crops of the same plant is long enongh to all ow t he "toxic " substance t o be disposed of in 
the so il or made harmless. This th eory has not bee n co mmonly accepted, chi efly because of 
the lack of confirmatory evidence. It seems extremely doubtful if tho amounts of t hese 
''toxic'' substances could be lai·ge enough to bring about the eficcts evidenced in co nti..r1uous 
cropping. 

But, whatever the reason for th e bad affects of co ntinuous cropping, it is evident tha t for 
a ll good systems of f arming som e definite ro tati on sh ould be ad opted, a nd that rot,it i""" 
should a lways contain a legum e, bcc:iuse of the value of such crops to the soil. Jn no c,1 li e r 
way can the humus and nitrogen co ntent of soils be kept up so cheaply and satisfactorily as 
by the use of legumes, either as regulnr or '' cat ch' ' crops in th e rotation. 

MAN URING 

Th ere must always be enough humus, or organic matter, and nitrogen in the soiJ if satis­
factory crops arc to be secured. Humus not only keeps the soil in the bes t physical condition 
for crop growth, but it supplies a considerable por tio n of nitrogen. An abundance of humus 
may always be considered a reliable indica t ion of the presence of much nitrogen. 'fh is 
nitrogen does not occur in a form avail able fo r plants, but with proper physical conditions in 
the soil, t he nonusable nitrigen in th e aninrnl ancl vegetable matt er which makes up the humus, 
is made usable by num erous ba cteria and changed in to solubl e and a va ilable nitrates. 

The humus, or organic ma tter, a lso encourages the activi ties of many oth er bacteria whitl1 
produce carbon dioxide and various acids which dissolve and make available the insoluble phos ­
phorus and potassium in the soil. 

'l'hree mater ials may be used to supply the organic mat ter and nitrogen of soils. These are 
farm manure, crop residu es and green manure, the :firs t t wo being much more common. 

By using a.JI the crop r esidues, a ll 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 hun,us and nitrogen content of soils need be resorted to. 

TRE USE OF PHOSPHORUS 

Iowa soils are not abundantly supplied with phosphorus. Moreover, it is possible by the 
use of nianures, green rnnnures, crop residues, straw, stover, etc., to return to the soil the 
entire :1111ou11t of that element r emovet1 by crops. Crop residues, stover and straw merely 
ruturn a portion of th e phosphorus removed, and whil e their use is important in checking the 
luss of the element, th ey cannot stop it. Green manuring adds no phosphorus that was not 
uset1 in the growth of green manure crop. F :um manure returns part of the phosphorus 
removed by crops which are fed on th e farm, but not all of it. While, therefore, immediate 
scnrrity of phosphorus in Iowa soils cannot be positively shown, analyses and result sof 
experi11Jonts show thnt in the more or less distant future, phosphorus must be applied or crops 
will suffer for a lal'k of thjs element. Furthermore, there are indications that its use at 
present would prove profitabl e in some instances. 

P l,osphorus may be applied to soils i11 th ree commercia.l forms, bone meal, acid phosphate 
and rock phosphate. Bone meal cannot be used generally, because of its extremely limited 
production, so the choice rests betll' ecn rock phosphnte a nd acid phosphate. Experiments are 
now under way to show which is mol'e economi ca l for f arm ers in the etate. Many tests must 
be eonducted on a large variety of soil types, under wid ely differing conditions, and thru a 
rnthcr Jong period of years. lt is at pl'ese nt impossible to make these experiments as complete 
as desirabl e, owing to small appropriations for such work, but the results secured from the 
tests now in progress will be published from tim e 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 rork phosphate and acid phosphate on their own 
farms. In this way they can determine at fir st band the r eh,tive value of the two materials. 
Information and suggestions regarding tho ca rrying out of such tests may be secured upon 
application to the Soils Section. 

LIMING 

Practically all crops grow bettor on a soil whi ch contains limo, 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 arc 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 th e absence of lim e. Th erefor e, the addition of lime to soils in which it is 
lacking is an important principle in penminent soil f ertility. All soils gradually become acid 
because of the losses of lim e and other basic n,atcriaJs thrn leaching and the production of 
acids in the decomposition processes consta ntly occurring in soils. Iowa soils are no exception 
to the general rule, as was shown by th e tests of many representative soils reported in Bulletin 
No. 151 of this station. Particularly arc th e soi ls in the Iowan drift, Mississippi loess and 
Southern Iowa loess areas likely to be acid. 

All Iowa soils should therefore be tested for acidity before the crop is seeded, particularly 
when legumes, such ne alfalfa or red clover, are to be grown. Any farmer may test hls own 
soil and determine its need of lime, according to simple diJ·ections in bulletin No. 151, roferred 
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 th e surface soil and th en 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 Iowan drift, the Missouri 
loess, the Mississippi locss and the Southern Iowa loess. 'rhese five divisions of the l!IOils of 
the state are bMcd on the geological forces which brought about the formation of the various 
soil :1rcas. 'l' hc various :ncas n.re shown in the 111 :ip, fig-. 8. 

With the exception of the north eaatern part of the state, the whole surface of Iowa was in 
ages past overrun by great co11tiJ1ental ice sheets. Th ese grent masses of ice moved slowly 
over the land, crushing aJl(l grinding the rocks beneath and carrying along with them the 
material which t hey accumulated in their progress. Five ice sheeta 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 molts 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 as large boulders of '' nigger heads.'' Two o.t 
these drift areM occur in Iowa today, the Wisconsin drift and the Iowan 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 Wia-
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cousin drift soil, having undergone considerable leaching in the time which has elapsed since 
its formation. 

The drift deposits in th e remainder of the state have been covered by so-called loess soils 
vast a~cunn:lations of d_ust-l_ike ma~e.rials which settl: d out of the air during a period of 
geological time when climatic cond1t10ns were very different than at present. These loess 
soils are very porous in spite of tho fine texture and they rarely contain large pebbles or 
stones. Th~y present a strong contrast to the drift soils, which are somewhat heavy in texture 
and fill ed with pebbles and stone. The three locss areas in the state the Missouri the Missis­
sippi and the ~outhern _Iowa, are distin~shed by differences in te~ture and app~arance, and 
the_Y v?-1"y corunderably m value fo: fanmng pu~poses. In some sections the loess is very deep, 
whil_e_ m other plac~s the und~rlymg leached till or drift is very close to the surface. The 
fertil1t_Y of these soils and t~eu 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 sruls 
because o! difl'ere~ces in period of formation, characteristics and general composition. More 
accurate 111formation demands, however, that furth er divisions be made. The different drift 
and loess soils contain largo numbers of soil types which vary among themselves and each of 
these should receive special attention. ' 

THE SOIL SURVEY BY COUNTIES 

. It is ap_Parent_ t_hat a ge~eral survey _of th~ soils of the state can give only a very general 
idea of soil cond1t10ns.. So1Js vary so w1d~ly rn character and composition, depending on many 
other factors than their source, that defimte knowledge concerning their needs can be secured 
only by thoro and ·and complete study of th em 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. 

~his_~ what ~ accomplished by the soil survey of the state by counties, and hence the needs 
of n_1d1v1dual soils and proper systems of management may be worked out in much greater 
detail and be much more complete than would be possible by merely consMering the large areas 
sepamt~d on the bas~s of t_hoir geological ~rigin. ~n other ';Ords, while the unit in the general 
survey 1s the geological lnstory of the soil area, 1n the soil survey by counties or any other 
small area, the unit is the soil type. 

GENERAL SOIL CHARACTERISTICS 

Soil typee 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 distinct and it is a simple matter to locate the 

SOIL AREAS Of IOWA 

Fig. 8. Map showing principal soil areas in Iowa. 
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type bouudaries. In some cases, however, t here is a graduation from one type to another and 
then the bounclaries may be fixed only with great difficulty. 'I'he error introduced into eoil 
survey "·ork from this source is very small and need cause little concern. 

The f actors which mnst b e taken into account in establ ishing soil types have been well 
enumerated by the Illinois Experiment Station in its Soil Report No. 1. 'I'hey are: 

1. Th e geological origin of the soil, IYhether residual, glacial, loessial, a lluvial, colluvial 
or cumulose. 

2. The topography or lay of t he Janel. 
3. The structure or depth and chanteter of the surface, subsurf ace and subsoil. 

4. T he physical and mechanical composit ion of different strata composing the soil, as the 
percentages of gravel, sand, silt, clay and organic ma1ter which they con tain. 

5. 'l'he textme or porosity, granulation, friability, plasticity, etc. 
6. The color of the strata. 
7. Th e natural drainage. 
8. The agricultural value b ased upon its natmal productiveness. 
9. Native vegetation. 

10. The ultimate chemical composition and reaction. 
T he common soil constituents may be given as follows : t 

Organic matter 

Ino rganic matter 

J All partially destroyed or decomposed 
( vegetable and a nim al material. 

[ 
Stones-over 32 mm.* 
Gravel-32-2.0 mm . 
Very coarse sanil.-2.0-1.0 mm . 
Con rsc sa ud- 1.0-0.5 mm. 

1 l\Icclium sand-0.5-0.25 mm. 
Fine sand- 0.25-0.10 mm. 

I Very fine sand-0.10-0.05 mm. 
S il t-0.05-0.00 mm. 

SOILS GROUPED BY T YPES 

The general groups of soi ls by types a re indicated thus by the Bureau of So ils . . 
Peats-Consisting of 35 percent or more of organi c matter, sometimes mixed with more or 

less sand or soil. 
Peaty L oams- 15 to 35 percent organic matter mixed with much sand and silt and a little 

clay. 
Muclcs-25 to 35 percent of partly decomposed organic m:itte r 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 ClC1y L oams-20 to 30 percent clay and more than 50 percent silt. 
Clay L oams-20 to 30 percent clay and less than 50 per cent silt and some sand. 
Silt Loams-20 percent clay and more than 50 percent silt mixed with some sand. 
L oams-Less than 20 percent clay and less than 50 p ercent silt and from 30 to 50 percent 

sand. 
Sandy Clays-20 percent silt and small a mounts of cln,y up to 30 percent. 
Fine Sandy L oams-More th a n 50 p ercent fine sand and very fin e 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 p ercent. 

Sandy Loams-More than 25 percent very coarse, coarse and medium sand; sil t and clay 
20 to 50 percent. 

Very Fine Sand-More th an 50 percent fine sand and less than 25 percent very coarse, coarse 
and medium sand, less than 20 p ercent 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 si lt and clay. 

Sand-More than 25 percent very coarse, coarse and medium sand, less than 50 percent fi ne 
sand, less than 20 percent silt and clay. 

Coarse Sand-More than 25 percent very coarse, coarse and medium sand, less t han 50 per-
cent of other grade~, 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 f ollowed in the field in 
surveying the soils. 

*25mm equals 1 in . tilureau of Soil• Il ook . 
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As ha.s been indicated the completed map is intended to show the accurate locat ion and 
boundaries, not only of all soil types but a lso of the streams, roads, railr oads, etc. 

The first step, therefore, is the choice of an accurate l>ase map and any official map of the 
co_unty may be chosen for this p1:rpose. Such maps are always checked to correspond correctly 
with the land survey. The locat10n of every stream, road an d ra ilroad on the map is l ikewise 
ca refully verified and corrections are f requent ly necessary. When an accurate base map is not 
available the field party must fir st prepare one. 
. The section is the u~t area by which each county is surveyed and mapped. The distances 
m !he :oads a re ~etermmed by an od~meter attached to the vehicle, and in t he field by pacing, 
w~1ch IS done with accuracy. The directions of the streams, roads, railroads, etc., are deter­
mllled ?Y t~e use of _the compass and the plane ta J:>le. The char acter of the soil t ypes is 
as~ertamed m the_ section by the ~se of the auger, an mstrument for sampling b oth the surface 
soil ~nd. the subsoil. The b oundaries of each type a re then ascertained accurat ely in the section 
and mdica_ted on the ~ap. Many samplings ar e f requently necessary, and individual sections 
may_ contam sever?-1 soil types and require much time fo r mapping. In other cases, t he entire 
section may contam only one soil type, which fact is r eadily ascertained and in that case the 
mapping may proceed rapidly. ' 

When one section is complet ed, the party p asses t o the next section and the location of a ll 
soil t;rPes, streams, etc., in that section is then checked with their locat ion in the adj oining 
area Just mapped. Careful attention is paid t o the t opographic featu res of the area, or the 
' ' lay of the land,'' for the character of the soils is f ound to correspond very closely to the 
conditions under which t hey occur. 

The fi eld party is composed of two men, a nd all observations measurements and soil type 
b oundaries are co mpared and checked by each man. ' 
. The determinations of soil types are verifi ed a lso by inspection a nd by consultation with those 
m charge of t_he work a t_ the Bureau of Soils and a t the I owa Agricultural Experiment Station. 
Wh_en _the entire coi:nty 1s complete~, all t he sect ion maps of fie ld sheets are assembled and any 
variat10ns or questionable b oundaries ar e ver ifi ed by f urther obser vations of the p ar t icular 
area . 

The completed map, therefore, shows as accurately as possible a ll soils and soil boun daries, 
a nd it constitutes also an exact map of t he county. 




