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Fig. 1. Typical Farmstead in O'Brien County. 
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O'BRIEN COUNTY SOILS* 
BY W. H. STEYE~so::- .\.~D P. E. BRow~ ,nTn THE \SSIST-\N"CE OF H. R. 1fF.LDRUM, 

L. w. FORMAN AND W. G. BAKER 

0 'Brien County is located in north,Yestern Io,,a in the second tier of counties 
east of the South Dakota state line and in the second tier south of the !11inne
sota state line. It lies partly in the \\Tisconsin drift soil area and partly in the 

Fig. :2. 

ilissouri loess area. The soils of the county 
are mainly of loe...,sial origin but a consider
able area, particularly in the eastern part of 
the county, is of glacial origin. 

The total area of the county is 569 square 
miles or 364,160 acres. Of this area 352,940 
arres or 96.9 percent is in farm land. The 
total number of far1ns is 1,91b and the aver
a2c size of the farms i-.. 184 acres. The farms .\ map sho,ving the location 

of O'Brien County. 
arc operated by 725 owners, 352 relative 

renter.s, 741 renters, 93 both o"·ning and renting and 7 uurlassified. The fol
low·in~ figures from the lo\Ya Yearbook of .A .. griculture for 1923 show the utiliza
tion of the farm land in the county. 

Acreage in general fann crops . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260,959 
.\.creagc in farn1 buildings, public highways and feed lots. . . . . . . 19,191 
Acreage in pasture ................................. . .......... 70,7fl3 
A.creage in "·astc land not utilized for any purpose. . . . . . . . . . . . 533 
.c\.crt>age in farrn woodlots used for timber only. . . . . . . . . . . . . . . . 104 
,\.~reage in orchards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
A.crcage in crops not otherwise listed. . . . . . . . . . . . . . . . . . . . . . . . . . 324 

THE TYPE OF .. .:\.GRIC"C"LTURE IX O'BRIEN COUXTY 

At present the type of agriculture pra<.!til'ed in the county consists mainly of 
a ~ystem of general farming, including the gro,,·ing of corn, oats;; and hay, and 
the raising and fattening- of hogs and beef cattle. Dairying- and f-;hecp raising 
are of minor signifieanc·e. The income on the farms of the county is derived, 
in general, from the sale of corn and oats and the marketing of hogs and beef 
rattle. Probahly about half of the corn crop is sold and a large part of the oats 
crop i.;; similarly disposed of. l\Iost of the hay and forage crop-, are utilized for 
feed on the farm. In individual cac;;ec:;, sornr of the minor rrops gro,vn serve to 
increase the farm income, and in many in..,tances the salr of dairy produ(•ts, 
of sheep and of poultry proclu(•ts adds considerably to the u~ual farm income. 

The area in ,vaste land in the county is rather large and a conc:;iderable pro
portion of this total area might be reclain1ed and made productive thru the 
adoption of proper methods of soil treatment. The <'anses of the infertility of 
these areas are so variable that it is impossible to make general recom1nendations 
regarding treatment. In a later section of this report, methods of handling 
waste land ,vill be su~gested ,vhi('h "'ill be desirable for u~e on unproductive 
areas of some of the individual soil types in the county. 

* Seo Soil Survey of O'Brien County, Iowa, by J. A. Elwell o{ tho U. S. Department 0£ Agriculture 
and H. R. Meldrum of the Iowa Agriculturnl Exporimcnt Station. Field Operations of the Durenu of 
Soils, 1921. 
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TABLE I. AVERAGE YIELD AND VALUE OF CROPS GROWX IX O'BRIEN 
COUNTY, row A* 

Percent 
p 

of total Bu. or Total A Yer- Total 
Crop Acreage farm tons per bushels age value 

land of acre or tons price of crop 
county 

Corn .............. 133,290 37.76 45.0 5,998,050 $0.62 $3,718,791 
Oats . . . . . . ........ 90,107 25.53 44.0 3,964,708 0.37 1,466,941 
Winter wheat .... 180 0.05 18.0 3,240 0.89 2,883 
Spring wheat . . . .. 56 0.01 14.0 784 0.87 682 
Barley . . . . . . . ..... 7,292 2.06 33.0 240,636 0.52 125,130 
Rye .............. 40 0.01 15.0 600 0.66 396 
Potatoes •••••••• ♦ • 956 0.27 83.0 79,348 0.77 61,097 
Tame hay . . . . . ... 20,424 5.78 1.5 30,636 12.50 382,9.50 
Wild hay ......... 6,169 1.74 1.4 8,636 10.50 90,678 
Alfalfa ........... 2,445 0.69 3.6 8,802 16.25 143,032 
Pasture ........... 70,793 20.05 . . . . . . . ..... . . . . . . . . ...... 

*Iowa Yearbook of .Agriculture, 1923. 

Often these treatments may be used on the infertile areas, with very beneficial 
r esults. Advice regarding the treatment of soils in special cases where the condi
tions seem to be more or less abnormal, may be secured from the Soils Section of 
the I owa Agricultural Experiment Station, upon request. 

CROPS GROWN IN O'BRIEN COUNTY 

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

Corn occupies the largest area in the county, covering 37.76 per cent of the 
total farm land. Average yields of corn amount to 45 bushels per acre. In 
many cases where the conditions are more favorable, larger yields than this are 
frequently secured. The most popular \7 ariety grown is a yellow dent, known • 
locally as the Armstrong Yello,v Dent. White dent varieties are g-rown to some 
extent, Silver King being the most common. Probably about half of the c-orn 
grown in the county is utilized on the farms for feeding purposes. Some of it 
is used for silage. There were 163 silos in the county in 1923 and 15.270 tons 
of silage were produced. Corn is the leading cash crop, supplying a large part 
of the farm income in the countv. It is sold thru the local elevators and djs-• 
posed of mainly on the Chicago markets. 

The second crop in acreage and value in the county is oats. This crop was 
grown, in 1923, on 25.53 per cent of the total farm land. Average JTields in that 
year amounted to 44 bushels per acre. Under very favorable conditions the 
yields are higher. 1\1ixed varieties seem to be grown the most commonly, the 
early and midseason varieties being about equally popular. Of the early Yarie
ties the Kherson and the I o,va 103, Io,va 105, Io,var and the Early Champion are 
the most popular. The leading midseason Yariety is the Green Russian. The 
greater part of the oats crop is used for feeding purposes but considerable quan
tities of oats are marketed, being sold on the Chicago markets. 

The hay crop is the third in acreage and value in the county. The tame hay 
consisting chiefly of timothy and clo-ver mixed, covers 5.78 per cent of the 
total farm land of the county. Wild hay is grown on 1.74 per cent of the county. 
Average yields of the tame hay amount to 1.5 tons per acre while the yields of 
the v.ild hay are slightly lo,--rer. Some timothy is grown alone in the county and 
some clover is grown alone. Both of thc-,e rrops are utilized to some extent for 
seed, there being a production of 2.080 bushels of timothy seed from 484 acres 
in 1923 and a production of 371 bu. hels of cloYer seed from 2:33 atres in the 
same year. The "'ild hay consists principally of wild prairie grasses and its 
value, from the feeding standpoint, is much less than that of the tame hay. The 
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g-reater part of the hay crop in the county is used for feed . Occasionally, ho\\·
e1:er. some surplus is sold on the local markets . Frequently it is necessary to 
ship hay in to meet the local demands . 

..ilfalfa is grown to ome extent in the county and the erop is receiving- in
cr eased attention a more is learned r egarding its value and the methods ,vhich 
should be followed in securin g a good stand. In 1923, it was grown on 2,445 
acres in the county . AYerage yields amount to 3.6 tons per acre. The value 
of the crop is considerable and undoubtedly larger areai:; could be devoted to it 
"·ith profit. 

}._ considerable area in the county is devoted to barley. In 1923, this crop \\'as 
grown on over 2 per cent of the farm land and with average yields amounting 
to 33 bushels per aer e, the value of the crop was con. iclerable. It is gro,Yn usu
ally as a substitute for oats in the rotation. Barley i-; used mainly as feed for 
young stock but in many case. it erves as a cash crop. Potatoes are grown on 
practically all farms chiefly, however, for home consumption. In a few cases 
some of the surplus of this crop is sold on the local market. In general the pro
duction of potatoes in the county is quite inadequate to supply the local demand. 

Wheat is a minor crop in the county, being gro,vn on relatively a very small 
acr eage. The winter wheat is grown more than the spring wheat. Average 
yields of winter \\'heat amount to 1 bushels per acre " ·hile the spring varieties 
yield at the r ate of 14 bushels per acre. The entire ,vheat crop is marketed 
locally. The value of the "·heat gro,vn in the county is not large. 

Other minor crops gro,Yn in the county include rye, buckwheat, flax, emmer 
and ~orghum. Some mammoth red clover, alsike and s,Yeet c-loYer are grO\\'ll on 
small acreages for forage crop . Some millet, rape ancl soybeans are also gro,vn in 
the county in a small way. 

Orchards are maintained on many farm and apples are the principal f ruit 
gro,Yn. 'fhe Duchess and W ealthy are the most comn1on Yarieties. There is 
generally an insufficient production of apples to nieet the home demand. Small 
fruits including str awberr ies, raspberries and blackberries are gr o,vn on small 
areas. .S,Yeet corn and popcorn are planted in small areas on a few farms. 
Garden crops are produced quite generally on the incliYidual farms for home 
eonsumption and occa<.:ionally small quantities arr sold on the local market. 

0 'BRIE~ COUKTY 'S LIVE8TOCI{ JKDl'~TRY 

The livestock industries of the county include hog raising, cattle raising and 
feeding, dairying-, sheep raising and the raising of horses and mules. The fol
lowing figures taken fr om the Iowa Yearbook of 1\..g-ricultnre for 1923, sbo,Y the 
extent of the liYestock industry in the county: 

Horses, all ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,452 
Mules, all ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507 
S,vin c on the farms July 1, 1923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152,753 
8winc on the farn1s .January 1, 1924 . . . . . . . . . . . . . . . . . . . . . . . . 115,741 
Cattle, cows and heifers kept for milk. . . . . . . . . . . . . . . . . . . . . . . 13,228 
Cattle, other cattle not kept £or milk........................ 33,749 
Cattle, total all ages, .January 1, 1924. . . . . . . . . . . . . . . . . . . . . . . . 46,977 
8hcep, all ages, .January 1, 1924.. ........................... 3,293 
Sheep, shipped in for feeding )923..................... . ..... 1,454 
Rheep, total pounds of wool clipped.. . . . . . . . . . . . . . . . . . . . . . . . . 12,555 
Poultry, total, all Yarieties, January J, 1924.... . ............. 273,796 
Poultry, number dozen eggs received 1923 .................... 1,160,493 

I-log raisin~ is the n1ost in1portant livestock indu-..try in the county. ,Jan. 1, 
1924, there ,Yere ll j,741 hogs on the farms. Most of the herds are of mixed 
breeds but in many ea ·es purebreds are receiYing speeial attention. The Duroe 
,J er<,,ey and big type Poland China are no,v the most popular hrrrds. Chest Pr 
'\Vhites arc raised in consicl<'rahlC' numbers. The brrecling of I-Iampsi1ir<' hogs 
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has been increased considerably in recent years. The hogs are shipped mainly 
to Chicago and Sioux City. 

Thetraising of beef cattle is the second livestock industry of importance in the 
county. Jan. 1, 1924, there were 46,977 cattle on the farms. Of this number 
33,749 were beef cattle, probably about 10 per cent of these being feeders, the 
rest home raised. At the present time cattle of mixed breeds predominate but 
purebreds are gaining in favor. The Shorthorn and H ereford breeds are equally 
popular and there are some herds of Angus. The beef cattle are marketed 
chiefly in Chicago and Sioux City and some are shipped to St. Paul. 

Dairying is practiced to some extent in the county but the industry is only 
of local significance. In 1923, there were 13,228 head of dairy cattle on the 
farms. Four local creameries are supplied with cream mainly from the farms 
in the county. The dairy industry might be extended profitably in many cases 
throughout the county. 

Sheep raising is practiced to a small extent in the county and some sheep are 
shipped in for feeding. 1\1ost of the sheep are kept mainly for wool production. 
The Shropshire breed is the most popular. The sheep industry as a whole is 
of minor significance in the county. 

Some horses and mules are raised in the county, chiefly to provide work stock 
for the farms. Among the horses the P ercheron, Belgian, Shire and Clyde 
breeds are the most common, the Percheron being the most popular. 

Flock~ of poultry are maintained on practically all farms in the county and 
the value of the poultry products is considerable, practically all being sold to 
the county marketing agencies. More attention to the poultry industry would 
undoubtedly lead to a larger farm income from this sour ce. 

THE FERTILITY SITUATIO~ IN O'BRIEX COUNTY 

The yields of general farm crops grown in O'Brien County are usually quite 
satisfactory, but proper methods of soil treatment will effect profitable increases 
in many cases. The particular needs of the individual soil types mapped in the 
county are given in detail in a later section of this r eport. Attention may be 
called, however, to certain general r ecommendations which may be given re
garding the needs of the soils of O 'Brien County. 

The drainage conditions in the county are not entirely adequate in all cases 
altho in general the soils are fairly well drained. In some areas, however, the 
conditions would be improved considerably for cr op growth by the installation 
of tile. On many areas in the county where the land is too wet, tiling will prove 
of profit. 

While many of the soils of the county are very v,rell supplied with organic 
matter and dark in color, many experiments and much experience have shown 
that additions of fertilizing materials supplying organic matter will be of large 
value on the ·various types. l\Iany of the upland soils, particularly the Marshall 
silt loam, will respond yery profitably to applications of farm manure. Lib
eral amounts of this material should be employed. In many instances, legumi
nous crops may profitably be used as green manures, particularly 1"'here the 
supply of farm manure is limited. All the crop residues produced on the farm 
should be thoroly utilized to aid in keeping up the supply of organic matter. 

1'Iany of the individual soil types in the county are acid and in need of lime. 
In some cases the soils are well supplied with lime and in such instances liming 
is unnecessary. I t is important, how·ever, that the soils be tested r egularly for 
reaction or lime requirement, in order that they may be kept in the best con
dition for the gro,vth of general farm crops and particularly for the best growth 
of leguminous crops. The only way to learn ,vhether or not the soil is acid and 
in need of lime is to haYe it tested. It is recommended, therefore, that the soils 

l 
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in O 'Brien County be tested regularly for lime requirement in order that they 
may be kept well supplied ,vith this constituent. 

The soils of the county are generally rather low in phosphorus and additions 
of a phosphate fertilizer would undoubtedly be of value in many cases. The 
experiments which have been carried out with rock phosphate and aeid phos
phate have indicated large return from the use of these fertilizers in many 
instances on some of the soil types found in this county. In many cases, acid 
phosphate ha.c:; proven of considerable ,Talue. In some other instances, rock 
phosphate has shown up very well. Definite recommendations r egarding the 
use of acid phosphate or rock phosphate cannot be given at the present time 
inasmuch as the two materials seem to prove of different value under differing 
conditions. It is recommended, therefore, that both phosphates be tested on 
individual farms in order to determine which material will prove the most prof
itable under the particular conditions. 

Complete commercial fertilizers are not recommended for general use in 
0 'Brien county at the present time inasmuch as it is believed that acid phos
phate will prove of quite as large value and it is much Jess expensive. Tests 
of complete fertilizers may be carried out, however, on individual farms and if 
profitable returns are secured from their use, then there i no objection to their 
application. Commercial nitrogenou fertilizers are not needed in the county 
because leguminous ~rops u ed as green manures proYe a cheaper and better 
source of nitrogen for the soils deficient in this element. In order to keep up 
the upply of nitrogen the thoro utilization of farm manure, some turning under 
of legumes as green manure and the use of all crop r esidues, will prove suf
ficient. 

Erosion occurs to some extent in the county and whereYer this injurious action 
takes place, it is desirable that some method be adopted to preYenl the :further 
washing away of the surface soils and the formation of gullies or to recla11n the 
land which has already been injured in these ways. Suggestions are offered later 
in this report for the control and prevention of erosion and from the e sugge. -
tions some method may be chosen which will be suitable for any particular con
ditions. 

THE GEOLOGY OF O'BRIEN COUNTY 
The geological hi. tory of O'Brien County is signifieant only insofar as it 

involves the glacial age and the . ucceeding loessial period. Inasmurh as the bed
rock material underlying the pre ent soils of the county is so deeply buried by 
the subsequent deposits of glacial drift and loessial material in later ages, there 
is no effect of these rock materials on the soils of the county. 

At least twice during the glacier age, a great glacier s,vept over the county 
and upon its retreat left behind vast masses of debris or glacial till. In many 
cases the earlier glacial depo its ,vere carried a"·ay to a large extent by the later 
glaciers and the earlier topographic features of the county, ,vhich "·ere e. tab
lished preceding the first glacier and following the first glaciation, were largely 
obliterated by the succeeding action of the later glaciers. 

The first ice sheet, kno" n as the Kansan, left behind a deposit of a drift mate
rial consisting chiefly of a blue rlay containing numerous pebbles, boulders and 
fragments of shale and frequently much sand and gravel. ']'he depth of this 
Kansan drift sheet was extremely variable. ranging from 10 to 50 feet, the 
deeper areas occurring ,vhere preYiously there had been valleys or depressions in 
the uplands. After ,,eathering, the Kan-;an drift changed in color to a bro,vn 
or yellow and "Tith the addition of organic matter became darker. The influence 
of this early glaciation upon the soils of the county is of very minor significanre. 
Only in the case of the Dickin on fine sandy loam is there any evidence of the 
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Ka ll'ian 1na terial <',·en in the subsoil. rrhere i-:,, (_'Yen -.ome 4. UP!--t ion regarding 
the origin of the snh~oil material in the Dickinson ,eries but it is as<:;umed to be 
of Kansan origin. 

At a later date. a ~c('ond g-laeier s,,ept clo,,n fron1 the north and upon it':i 
retreat ~oYerecl thP <'Ount~· "·ith a thick layer of drift. This deposit is known 
a-.. the \\'i c·onsin drift. In its un"·eatherecl l'Ondition. it is a hlui-..h-drab to 
hlui~h-gray in c·o1or hrco1ning yrllo" or buff to gray \\·hen !-llightly "·eatherecl. 
It c•onsistecl of a n1as:-, of <·lay. !--and and _graYel and probably " ·as originally ,ery 
highl~y ealearC'ons. It eontain1-, 1nore pebbles and boulder, than the earlier 
Kan-.an till and i, -.,on1e\\·hat darker in C'Olor. Rine·<' its clrpo-,ition. the drift 
material has been larg<'l~· 1noclifiecl hy ,veathering, hy th<' aceumulation of or
ganic matter and also hy the leac·hing out of li1ne "·hic·h ha..., taken place to a 
Yery large extent in n1any areas;. The soils in a narro"· !-trip along the eastern 
houn<lary of the rounty ha,e been drri,ed from thi..., \\Tis<·onsin glaciation. The 
types di tingui hed in this area include the Clarion . ilt loam, thr Carrington 
silt loam, the W eb1-,ter ,iltr <·lay loam, the steep phase of the Clarion loam and 
probably a part of thr Dickinson fine sandy loan1. The terrace and bottomland 
soils on the ea tPrn rdgc of the <'Ount~· are also undoubtedly partly formed f r om 
glacial material. 

.... \.t a later date "·hen cli1nat ie eonditions " ·ere ,er~· cliff Prent than at present 
there " ·as laid do,,n oyc•r thr \Visc•onsin drift, in the ,Ye'>tc>rn part of the <.:ounty. 
extending to "·ithin 7 1uile, of the ea,tern boundary, a la~·er of ),,ilty material 
kno""Il as loess. Thi:-. c·on~i..,t-. naturally of a yello,Yish or grayi:-.h-yello"· silty 
material quite uniforn1 in trxture and ('Omposition and originally <'Ontaining a 
high percenta{!e of (•aleareon:-. 1uaterial. Thf' thi<·knp-.-. of this loe..,-., deposit i..., 
rxtremely ,ariabl<'. It ,ya..., probably laid do,Yn <1uite unifor1nly oYer the sur
faee of thr land. But in n1any areas <·onsiclerahle "·a-.hing ha~ taken place and 
the surface 1-,oil j..., thinnrr "·here it oc<·urs on thr to1)s of for1ner knoll::- and 
ridges. Then, too. thrre has brrn a filling up of the lower l~·i11!! areas ,nth the 
lor<;s " ·ashed do,Yn from ahoYr. In grneral the loe .... ,ial coYering " ·ill vary fro1n 
a fe"· fret in depth to 10 to ~O feet on thr c1eeprr area-:. 

During the pro('es;-.e, of ,rPathrring to ,vhi<·h the lo<'"'- has been ...,ubjeeted. 
thrrr has been a " ·ashing out of th<' c·alC'areou. n1aterial until no,Y it is generally 
la('king in lirnc. at lPast thrnout the three foot '>eetion. .d.C(•tunulations of or
ganie matter haYe oc·cu1-rc>cl fron1 thr gro"·th of Yeg-etation ancl the surface soil 
of the loe1-,-. has bP<>n darkened and it is no"· charat·t<'l'istieallr a dark bro,vn 
to bla<'k in son1e area'-. The ::\Iarshall :,,ilt loa1n, thP 1nos;t exten,ive upland t~l)e 
in the <'Onnty and the> fiat pha-.r of the sanH' t~·pe, ar(' t1eriYt•d fron1 this loes-.ial 
dPpo:-,it, Togeth<'r th<'y 1·OYC'r aln10:-,t thre(•-fourth-. of the total area of the 
(•O llll ty . 

• 

:.\Inch of the 1naterial cons;titnting the terrat·e::. and hotto1ulancl 1-,oils in the 
loe1-,sial :-,cction of thr C'ountv. are also unclouhtedl,· of loessial origin. This i..., 
parti<'u1arly true in thr <'a:-,d of the ,Judson loam oi1 the terrae<':-,. It is derived 
almost Pntirrl)· fro111 tht> lors,ial 1naterial c·arried clo,rn fro1n the ~Iarshall silt 
loan1 on thr upland. In fa<·t, it 1na)· he stat<'rl rather <lPtinitrly that the terrae<' 
and botton1lancl soi}:-, in the• l'OU11ty arr 1naclc> up Yer)· largely fro1n loes::.ial mate
rial , there heinft in so111p <·a"e" s;o1nc> admixture> ,rith drift 111att>rial £ron1 the 
undrrl)·i11g drift <lPJ)O<sit..... [n the eastern part of the eonnt~·. the mixtnrc of 
drift 1nat1•rials ha, h<•<•n ,rasht>tl do\\·n into the bottoin..., fron1 th<.> uplands ,rhieh 
,ire derived fro1u glaeial matrrial. 

Plll ~IOGR.\PIIY AKD DR .\IX.\(;E 

The pre,·ailin~ topog-raphy of 1he count~· js leYrl to undulating-. This is the 
<·hara l't rri,t i<• topographie <'OlHlition of the l<H'"!-- l'OYl'rrd uplands \\ hieh oel'Ur 
OYer thr n1ajor portion of th<• <·onnty. 'l'he nndulatin~ topograph,v is eh».ral'ter-
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j..,tic in nll part..., of th<' loPssi.tl upland in the eonnty. pxcept in the north,Y<'-..tern 
quart1'r of Baker To\\n-..lup. 1n thP. northc•rn part of Dale To\\·nship. in 1he "·est
ern part of I~incoln nnll Ilartll·~ rro,Ynship-.., and in I?lo~·cl Tcn\'11ship 11ear R1ttl'r. 
Intl c -..outhern tier of to\\·n-.h1ps the topo!!raphy is 1nndl--ratPly rolling. parti<'u
larly alon!? tlH' l<"'loyd l{i,er in l<,r,tnklin To\\n-.hip and in }1'loycl 'l'o,,·n~hip aud 
in th1• northern pa1 t of ('arroll and ~u1un1itt To,vn-.;hip-.. ~\lona thr \\.P ... t hank 
of \\ .. at(•1--iuan ·reel-. and 1ts 1nain tributaries to th<' \\e-.;t narro,Y strips of land 
or ·ur "·hich are rolling to hilly in topo~raph~ In th<' ,onthern part of Traut 
ancl \\ .. ater1uan To\\·n,hips the ar<>a"- of rough1r land alon~ the <

1

r1•,ks are -..01nc-
"·hat \\'icler and the -..lopPs to tht• <•rt.•cks are ... t,•t•per. 

Tn !!eneral the rollin:r to hilly land o<•cur-.. 111 tlH• c•ounty only alon!! 1he 1nain 
1lrai1HH?{'\Vav::-. Th<' va11t,,·s of the f..,ittl<' • 1onx Ilivrr and the lower courses 

• • of hoth \\"atern1an and ~fill ( r<'f'k are narro" ahno ... t !!Orgl'-like in plac·cs. The 
upland ri-..":-. fro1n the dePpcr vallPy!-. "·ith sh•ep ahrupt slop<', and thl'rc are 
onl~· narrO\\' ::--trip<'"- of <'Olln,·ial and alluvial n1aterial at tl1e base of th<' -.lopes . 
..\lent!! thP -..n1al1P1· strl'an1s thruout thC' county and Psp1•cially along tht• n1inor 
tr1hntarit•s. tht.• slopl'" to t hi" st rcau1!-. arc gradnc1l and 1nake the upland appear 
~f'ntly undulating in topo!!raphy. 

In the t'X.trc111c ea,tcrn part of the ,·ounty, 1•a-.r of \Yatcnnan 'reek, tbt.•rt :-.. 
an area of an aln1ost level drift plain bordered h~ \Y.cltern1an 'reek on the \\t•-..t 

ancl on the north b,· the draiuage"·ays "hi1·h fio\\ into ( 'la\' ( 'ountv. 'rhi ... n1or<' .. .. . . 
or le::- lt>vel plain 1,on-..ist!-. 1nainly of th<' \\ .. C'bster silty l'la~· loa1u, an important 

drift type in the ,·onnty. 
'l'hc lantl elc,·ation in the t ounty is the highest ,1long the divide ,vhic·h ·xt,•nd, 

fro1n t'a,tern I~'ranklin 'l'o\\nship 1n a "outhPast1 rly clirPction as far a..., c:aza 
Fro111 tins divide the land slop<'.., gc•ntly to the \\'(",t. sontlu•ast a11cl northC'ast. 
ti1•n<•raL~ the gr1•atest slope 1s from thl' di,·i<lc at (}a;,;a ..,ontlu•ast thru Wat1•r
man 'l'ow11 hip to the t•orner of th!' tounty. 

'l'hc <lrainage of the county is hro1t~ht about hy the• Litt le ~ionx Ri,·er, the 
Och1•,·edan River. :i\1ill 'reek. 1◄,lovd and Litth· }'loY<l I~i,, rs an1l their 1rihn-. . . 
tarics. The IJittlP ~ioux HiYt'l' i~ the largest strea111 flcl\vi11!! thru the ,·onuty but 
011lv fi,'1

1 
n1ilcs of its {'our-..e ,.., 1n the ronntv in the Pxtrerne soutl1<•astrrn corlH'r . . 

of \Yat1•rni:1n To,Yu,hip. It-. 1 l1iPf tributary i-.. \Y,1t1•rn1an --.rerl ... , ,,h1<b \\·ith 
it, trihub1rie-... )lurraY Cre~k. ,Jordan ('rll'k . l{,nT\ l rt'l'k, and l1ittle \\·,1tPr-

• • 
n1an r,rPek. dra111, the four l'astern to\\nsh1p-.. and part::- of Lincoln and 'Poter 
To,, nship. 'l'he le,<•l plain pa-;t of \\·at<'rn1,1n ('rPek in On11•!.!a ancl Grant 'l'o,vn
ship::. hns practi<'all~' 1111 natur,il dra111ag1•. 111 the northern t O\\ nships t ra, 1•r-..l'd 
l,y this ::-.trean •. thf• drai11al,!1' is very poorly d<'YclnpP<l Hn<l the upper I onrsl'S 
of ,v atPru1a11 (' reek a re 1nuch like a sl ngf.?i"h pra irit -.lo ugh. 'l'he Ocheyedan 
l{iY<'r ,·nts a,·ross the northr.ast 1·orner of the l'O\lnt~. draini11g a \'Cl',\' ~mall 
,1rl'a. 'J'lu•re 1s little 1lc,Plopn1cnt of tributary stren1us aucl \'cry lit1l<' natural 
drainage fron1 the adja1·Pni uplands to this riYcr. 

Th• C'P nlral, -..outh central and soutb,Ye!-.tern part, nf 1h1· 1·01111t~· arl' 1lrai11ed 
h, .:'lill 're1•k. The 1·hi1·£ trihntar1t·s of this ,·reek arc \\.illo\\· C'rrek. ~cl on 
< ;ref'k. Ory llu11 and i\lucl ( 'rr.ek,. .\ part of thl' ,1rca t ra, 1•1-... .. cl hy ~Jill < 'r<'Pl ... 
,111<1 its trihnt,1ri11s is fairly \\'<•ll draint•d hnt in 1,.il-..<'1' a11cl Su1n1nitt To\\·11sh1p-.; 
a11cl at the hPa1l of the c•rt'l'k it,c•lf in 11•11tPr '\'o\\ n~hip. t Ill clra inaµ:e i-.. Yt'r~ 
in1perf1•ctly dc>v1•lope1\. ln {rnion To\\ nship. ~[ill l 'rct>k tio\\::.. thru :i valh·~· l'llt 

a5 1 o r;o r 1•1•1 into th" u pla ncl. .. \ lon:r the n pp<'r 1·our-..e of the <'reek, J10\\·evcr, 
1h1• -.trP,1111 is very shallo\\·, the Yallry is uarro\\· a111l 1hc riYPr app<'ars li1tle 

1111,r1• than a prairie !->lOul:?h. 
'l'h1• l•'loycl and I,ittl1• .Floyd Jliv1•rs pro,·icl l' tl11• drai11aµ-l' fol' the nortlnv1•st 

and north <:1•ntral part~ of th<' c·ounty. In F1loyd '1'0,r11:..hip. tht' riv(•r is -z:; to 
:\O feet lu•l )\\ the uplands. 'J'o,Yarcl the cast tht> vall1•y :,?racluall~· l1t•ron1cs nar
ro\\' l'I' a11d shallo\\·t•r until. in };in"oln 'ro\\·nship, th" ri\'1•1· i-.. littl1• 1no1·e than a 
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slough. There is very little development of tributary streams to the Floyd and 
Little Floyd Rivers and the natural drainage of much of the area adjacent to 
these streams is very poorly developed. 

The stream valleys along the Little Sioux River and Waterman Creek in 
Grant and Waterman Townships are 150 feet below the uplands in some cases. 
Towards the north the valley of Waterman Creek becomes narrower a~d shal
lower. The valley of the Ocheyedan River in Hartley Township is about 35 to 
50 feet below the uplanos. 

The natural drainage system of the county is indicated in the accompanying 
map. It is apparent that while the drainage is quite adequate in parts of the 
area, considerable areas need artificial drainage. The level areas of drift upland 
in the eastern part of the county particularly need artificial drainage. In many 
areas in the central and particularly the north central part of the county drain
age is quite imperfectly developed and the installation of tile there would be 
of very large value. 

There are several areas of swamp and bottomland soils in the county and a 
number of areas of terrace soils. These are usually found in narro,v areas along 
the r ivers and tributary streams thruout the county. The Fargo silty clay loam 

Fig. 3. Map of natural drainnge system of O'Brien rnnnty. 



0 'BRIEN COUNTY SOILS 11 
I 

is found mainly, ho1vever, in depressed areas in the upland at the heads of 
drainageways or on low fl.at divides. Some areas of the type also occur on gentle 
slopes to the uplands and in a few cases they are found on real terraces. The 
bottomland soils of the county are subject to overflow and are in general poorly 
drained. The terrace soils are fairly well drained with the exception of the 
Fargo silty clay loam. This type is particularly in need of drainage and in 
many cases the adjacent areas of much land are likewise in need of drainage. 
The bottomland soils must be protected from overflo"r before drainage would 
have any particular value. 

In general it may be said that the need for drainage in this county is defin
itely evidenced in the fl.at phase Marshall silt loam, the Webster silty clay loam, 
the Fargo silty clay loam on the terraces and the Lamoure silty clay loam, the 
Lamoure loam, the Wabash loam and the Wabash silt loam on the bottoms. 

THE SOILS OF O'BRIEN COUNTY 
The soils of O'Brien County are grouped into four classes according to their 

origin and location. These are drift soils, loess soils, terrace soils and swamp 
and bottomland soils. Drift soils are formed from the material carried by gla
ciers and deposited on the surface of the land when the glacier retreated. They 
are variable in composition and contain pebbles and frequently boulders. Loess 
soils are fine dust-like deposits made by the wind at some time when climatic 
conditions were very different than at present. Terrace soils are old bottomlands 
which have been raised above overflow by a decrease in the volume of the streams 
which deposited them or by a depression of the river channel. Swamp and 
bottomland soils are those occurring in low, poorly drained areas or along 
streams and they are subject to more or less frequent overflow. The extent and 
occurrence of these groups of soils in O'Brien County are sho,vn in table II. 

By far the largest portion of the county, almost three-fourths of the total area, 
is covered by the loess soils. The actual per cent of the county covered by the 
Marshall silt loam and the flat phase of this type amounts to 72.8 per cent. 
The drift soils are minor in area, covering 16.7 per cent of the total area of 
the county. The terrace types are the smallest of all the soils of the county, 
covering only 3.2 per cent of the total area. The bottomland soils occur more 
extensively, being found on 7.3 per cent of the county. They are found occur
ring along practically all of the streams of the county in narrow irregular shaped 
areas. 

There are 15 individual soil types in the county and these with the fl.at phase 
of the Marshall silt loam make a total of 16 soil areas. There are five drift 
soils, two loess soils including the flat phase of the Marshall silt loam, five ter
race soils and four areas of swamp and bottomland. The various soil types in 
these groups are distinguished on the basis of certain definite characteristics 
which are described in the appendix to this report and the names indicate cer
tain definite group characteristics. The areas covered by the various soil types 
in the county are given in table III. 

The Marshall silt loam is the most extensive individual soil type in the county. 
With the fiat phase which is very minor in extent, it covers 72.8 per cent of the 
county. It is the only loess type mapped in the area. The Clarion silt loam is 
the second most extensive soil type in the county and the largest drift soil. It 
covers 7.8 per cent of the total area. The Carrington silt loam is the second 
most extensive drift soil in the county and the fourth type in area. It covers 
3.3 per cent of the county. The Webster silty clay loam is the third drift type 
and the fifth in area in the county, covering 3.2 per cent of the area. The 
Clarion loam steep phase is the fourth largest drift soil and the sixth type in 
extent, covering 2.3 per cent of the county. The Dickinson fine sandy loam, 
the remaining drift soil, is of very minor occurrence, covering only one-tenth 
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TABLE II. AREAS OF DlFFERE:N"T GROUPS OF SOILR IX O'BRIEN COU:N"TY 

Soil Group 

Drift soils ......................................... . 
Loess soils ........................................ . 
Tcrrn<'C soil;; ....................................... . 
S,vamp and bottomlnnd soils ....................... . 

Total ...................................... • 1 

.\cres 

60,92 
26-1,960 

l 1,32 
26,9-1-1 

364,160 

Pcn·ent 

16.7 
72. 

3.2 
7.3 

of a prr <·ent of the total area of the county. The Fargo silty clay loam is the 
most extensiYe terrace typ<' and the seventh largest soil area, coYering 1.7 per 
cent of the county. The \\Taukesha silt loam, the O 'Xeill loam, the ,Judson 
loam and the , ioux: loa1n are all minor 1y-pcs in the county, each coYering less 
than one p er <'ent of the total area. The La1nourc ~ilty clay loam is the most 
extrnsive botto111lancl soil in the cotu1ty and the third largest soil type. It 
<·o, rrs -!.6 per cent of th<> total area. The La1noure loa1n is the sel'ond large. t 
botto111Jancl soil. I t eove1, 1.3 per cent of the county. The "\\Taba.,h loam i 
third in area, covering 1.1 per cent of the county. The "\\T abash silt loam i 
minor in area, covering only 0.3 per cent of the total arra of the l'ounty. 

I n topography, the upland soils of the county vary <·onsiderably, ranging 
fro1n the areas ,,hich are mapped as steep phase Clarion loam, ,Yhi<'h as the 
na1ne indieates are rugged to rough and abrupt in topog-raphy. to 1 hr level 
st retche!) of the \\~ ehster silty clay loan1 in the eastern part of the l'Ounty and 
the almost level areas of the flat phase ~Iarshall silt loam in the we-;tern part of 
the county. 'l1he typical 1'1arshall silt loa1n is gently rolling to undulating ,,bile 
the Clarjon silt loam and Carrington ilt loa1u are more strongly Tolling thruout 
most of the areas of the1-.e t~·pes. The Dick.in ·on fine sancl~· loa1n is even more 
rolling iu topography than the Carrington ancl Clarion :-.oils. On the terracec;:; 
and botton1s the topographic fpatures arc not definitely deY<>loped and 1nost of 

TABLE llJ. .\RE.\S OF DIFFEREXT SOIL TYPES IX O 'BRIE~ COU-XT'Y 

Soil 
No. 

169 
83 

107 
151 
l 7!i 

9 
74 -

10!) 
75 

~08 
190 
76 

L 1 l 
]l!.? 

4!l 
26 

Soil Type 

DRIFT SOILS 

Clarion silt loan1 .......................... . 
Carrin~ton silt loam ....................... . 
\Vcl>ster siltv elay loam .................... . 
Clarion loam· (stc~'P phase) ................. . 
Di!-kinson fine• sandy lonm ................. . 

LOESS SOILS 

TERR.\CE SOILS 

Pargo silty 1•lay loam ..................... . 
\VaukPsha silt loam ...................... . 
0 •~ cill loam .... . .. . .... . ................ . 
.T udson loan1 ............................. . 

.\.<•res 

28,544 
12,033 
11,6-1 

,44 
256 

6,33G 
~,176 
1,344 

060 
- 1 •l ,) -

P •rn•nt of 
total area ot 

('OU!l ty 

7.8 
3.3 
3 ., ..... 
2.3 
0.1 

1.7 
0.6 
0.4 
0.3 
0 •) ·-8iou'- loam • • • • • • ♦ • • • • • • • • • • • • • • • • • • • ••••• 

__ _;_ ______ ...:.._ _____ _ 
Lamourc ~ilt (•lay loam ................... . 
Lamourc loam ........................... . 
\\'ah:uih loam ....... . ... . ....... • .......... . 
\Vabash silt lo:un . . . . .... . ... . ... . ........ . 

'l'ot al ..... . .......................... -I 

l li,KH!.? 
-t ,~li l 
4,03~ 
l,~ Hl 

a64,lfi0 

-1.6 
1.3 
1.1 
0.3 _ ...;.,_ _____ _ 
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the areas are leYel to fl.at in topography, the terraces occasionally showing a 
slight slope to the streams or to the bottom.lands. 

THE FERTILITY IN O'BRIEN COUNTY SOILS 

Samples ,vere taken for analysis from each of the soil areas in the county 
except the steep phase Clarion loam. This type "'as not sampled because of its 
small extent, its little importance agriculturally and because its variable char
acter of material " 'ould make an analysis of little value. 

The more extensiYe soil types ,Yere sampled in triplicate but only one sample 
was taken from each of the minor types. The samplings ,vere made with the 
greatest care in order that the samples should be representative of the particular 
soil type and that any variations due to preYious treatment might be eliminated. 
The samples were taken at three depths, 0-6 2/ 3 inches, 6 2/ 3 to 20 inches, and 
20 to 40 incheR, representing the surface soil, the subsurface soil and the sub
soil, respectively. 

The samples were all analyzed for total phosphorus, total nitrogen, total or
ganic carbon, total inorganic carbon, and limestone requirement. The official 
methods were followed in the determination of the phosphorus, nitrogen and 
carbon and the Truog qualitative test ,Yas used in determining the limestone 
require1nent. The figures given in the tables are the averages of the results 
of duplicate determinations on all samples of each type and they represent, there
fore, the averages of 4 or 12 determinations. 

THE SURFACE SOILS 

The results of the analyses of the surface soils are giYen in table 1\.... They are 
c·alculated on the hasis of 2,000,000 pounds 0£ surface soil per acre. 

The phosphorus content in the various soil types is somewhat variable, rang
ing from 983 pounds in the Dickinson fine sandy loam on the drift upland up to 
1,912 pounds in the Wabash silt loam on the bottoms. No very definite evi
dence exists of any relationship bet,veen the phosphorus content of these soils 
and the various soil groups, altho it does seem that the terrace soils and the 
swamp and bottomland types are somewhat better supplied than the upland 
drift and loess soils. This may be due to the fact that the alluvial soils have 
been eropped less and hence have lost less phosphorus. No noticeable difference 
is evidenced bet"·een the phosphorus content of the drift soils and of the loess 
types. The relationships among the individual soil types are, however, much 
more definitely indicated. 

Some comparisons may be made among the various soil series ,,,hich are rep
resented in the county. Thus it is evident that the Webster silty clay loam on 
the drift uplands is richer in phosphorus than the types of the Clarion, Carring
ton and Dickinson series. Furthermore, the Clarion and Carrington soils are 
better supplied than the Dickinson types. On the terraces the O'Neill and J ..1d
son soils are richer in phosphorus than the other terrace types. The F argo is 
better supplied than the Waukesha and Siou.~ soils. The differences here are 
rather interesting inasmuch as the Fargo soils are usually much better supplied 
than the other terrace types, and in this case the soil is surpassed by the O 'Neill 
and Judson soils. Probably there is some peculiarity of the particular sample 
of Fargo ,vhich was analyzed in this " 'ork. The results for the O 'Neill and Jud
son soils, ho,vever, seem to be a little high and perhaps these types are a little 
higher than would be usual. On the bottoms, the Wabash soils seem to be richer 
in phosphorus than the Lamoure types altho the difference is not great except 
in the case of the Lamoure loam. 

In general the indications from previous observations along this line are borne 
out by the results given in the table. It would seem that the variations in phos
phorus content, reflect certain characteristics \vhich are used as the basis for 
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Soil 
No. 

169 
83 

107 
175 

SOIL SURVEY OF row A 

TABLE IV. PLANT FOOD IN O'BRIEN COUNTY, IOWA, SOILS 
Pounds Per Acre of 2 Million Pounds of Surface Soil (0-6 2/3") 

Total Total Total Total 
Soil Type phos- nitrogen organic inorganic 

phorus carbon carbon 

DRIFT SOILS 
Clarion silt loam . .......... 1,144 6,640 77,662 .... 
Carrington silt loam ........ 1,198 6,120 68,670 .... 
Webster silty clay loam ..... 1,347 7,780 84,175 3,025 
Dickinson fine sandy loam .. 983 2,260 26,160 .... 

LOESS SOILS 
9 I Marshall silt loam ......... · \ 1,171 \ 5,740 

74 Marshall silt loam (fl.at phase) 1,158 6,200 
65,672 
74,937 

TERRACE SOILS 
109 Fargo silty clay loam ....... 1,562 8,160 90,197 . . . . 

75 Waukesha silt loam ......... 1,320 5,380 66,762 .... 
108 0 'Neill loam . . . . . . . . . ..... 1,885 5,740 63,220 . ... 
190 Judson loam ............ .. . 1,885 3,820 52,865 . ... 

76 Sioux loam ................ 1,306 3,820 47,528 18,417 

SW AMP AND BOTTOMLAND SOILS 
111 Lamoore silty clay loam .... 1,751 11,100 134,450 26,325 
112 Lamoore loam ............. 1,347 4,240 52,!)7 4 7,521 

49 Wabash loam ....... .... ... 1,818 5,420 68,942 . ... 
26 Wabash silt loam .......... 1,912 5,520 72,485 . ... 

Lime-
stone re-

quirement 

4,000 
8,000 
.... 

1,000 

2,500 
2,000 

.... 
4,000 
3,000 
2,000 
. ... 

.... 

. ... 
1,000 
1,000 

distinguishing the various soil series. The relation may probably be traced to 
a number of characteristics, among which may be mentioned topography, color, 
and subsoil character. Thus the soils which are more level to flat in topography, 
blacker in color and have heavier subsoils will tend in general to be richer in 
phosphorus than the types which are lighter in color, more rolling in topography 
and have less impervious subsoils. As has been noted, there is an exception to 
this general statement in the case of the O'Neill soils on the terrace of this 
county, as ordinarily they would be expected to contain less phosphorus than the 
soils having heavier subsoils. In general, however, the relationship between the 
soil series and the phosphorus content is rather definitely indicated. 

The relationship between phosphorus content and texture is very much more 
distinct, however, in all the previous comparisons which have been made. Un
fortunately in this county the uplands and terrace types are all of different 
series, hence it is not possible to make any comparisons of the effect of soil 
texture within ser ies. On the bottomlands the Lamoure silty clay loam is richer 
in phosphorus than the Lamoure loam. The Wabash silt loam is better supplied 
than the Wabash loam. The evidence secured from these analysis bears out, 
therefore, previous observations along this line, in indicating that fine textured 
types are generally better suppli~d with phosphorus than coar se textured soils. 
Thus silty clay loams are better supplied with phosphorus than silt loams, loams 
and sandy types. Silt loams are usually richer in phosphorus than sandy or 
fine sandy types of the same series. Apparently the texture of the soil may be 
of large significan<'e in determining the content of phosphorus, and cer tainly 
the textural r elatinnship is quite as important as the relationship ,evidenced on 
the basis of the characteristics which serve to distinguish the various soil series. 

From the analyses of all of these soils, it is quite evident that phosphorus is de
ficient in the soils of O'Brien County. The supply is certainly not large enough to 
meet the needs of crops for Yery many years and in fact it -would seem that phos
phorus fertilizers would undoubtedly prove of value on many of these soils at 
the present time. When the supply of phosphorus in the soil goes below 1,200 
pounds per acre, as is the case ·with practically all of the upland types in this 
county, it is quite certain that there is an insufficient supply of available phos-
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phorus to meet the needs of plants. The evidence secured from greenhouse 
experiments and certain field tests on the same types in other counties has indi
cated very definite profits from the use of phosphorus fertilizers on the soils of 
this county. 

The nitrogen content of the soils of the county varies quite as ,videly or even 
more than the phosphorus. The range in nitrogen content is from 2,260 pounds 
in the Dickinson fine sandy loam up to 11,100 pounds in the Lamoure silty clay 
loam. Again no very definite evidence exists of a relationship bet\veen the ni
trogen content of the soil and the various soil groups. The terrace and bottom
land types seem to be a little better supplied on the average than the upland 
soils but the differences are not very distinct. The drift soils and loess soils are · 
about equal in nitrogen content. The alluvial soils might be expected to be a 
little higher in nitrogen because of the lack of plant gro\vth and the poorer 
drainage conditions, both of which have tended to maintain the supply of ni
trogen. The relationships, ho"'ever, bet\veen nitrogen content and the various 
soil types are more definitely indicated and no conclusions can be dra,vn regard-
ing the relationship to the soil groups. 

Considering the various series of soils which are represented in the county, 
it is interesting to note that there is a rather definite relationship between the 
characteristics of the soil series and the content of nitrogen in the various types. 
Thus the Webster silty clay loam is richer in nitrogen than the other drift soils 
on the uplands. The Clarion and Carrington soils are better supplied than 
the Dickinson. On the terraces the Fargo silty clay loam is richer in nitrogen 
than the other terrace types. The Waukesha and O ' Teill are better supplied 
than the Judson and Sioux. On the bottoms the Lamoure soils are richer in 
nitrogen than the Wabash types. 

There is apparently some relationship between the n itrogen content of a soil 
and the various characters which serve to determine the soil series. Those series 
which are darker in color in the surface soil, more level in topography and have 
heavier textured subsoils seem to be better supplied ,vith nitrogen than the 
lighter colored soils which are more rolling in topography and have lighter tex
tured subsoils. The comparison is very obvious in the case of the Webster on 
the drift uplands as this is black in color, level in topography, and has a heavy 
textured subsoil. Similar comparisons can be made on the terraces as the FarO'o 
types are blacker in color, more depressed in topography and heavy in subs;il 
character. The \Vaukesha is similarly in contrast with the 0'1 eill as the latter 
type has a sandy to gravelly subsoil. 

The relationship to texture is also shown quite distinctly in the case of nitro
gen. The \Vebster silty clay loam on the uplands is richer in this constituent 
than the other types while the silt loams are very much better supplied than the 
sandy types. On the terraces the Fargo silty clay loam is much higher in nitrogen 
than the silt loam and loams of other series. 'fhe Waukesha silt loam is higher 
than the loams except for the O'Neill loam which is some,vhat better supplied 
than the Waukesha. The differences here are not very great. In all these com
parisons it is important to remember that these soils are all of different series 
and hence there a re effects which are not due entirely to differences in texture. 
The characteristics which serve to differentiate the soils into series may affect 
the nitrogen content. Only on the bottoms is it possible to dra,v a comparison 
between the effects of the soil texture on the nitrogen content ,vithin a certain 
series. Here the Lamoure silty clay loam is much higher in nitrogen than the 
Lamoure loam. The Wabash silt loam is somewhat better supplied than the 
W abash loam. These differences may be attributed in very large part to the 
differences in texture inasmuch as the soils are of the same series. I t "·ould seem 
from these few comparisons that the conclusions previously reached in this r e
spect are very largely confirmed since fine-textured types appear to be richer 
in nitrogen than coarse textured soils. Thus silty clay loams are r icher in nitro-
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gen than silt loa1ns. -,ilt loau1~ are better supplied than loams, and loams are 
usually big-her in nitrogen than .... and~· types. 

While the'>e anal~·se-., show· a rather eonsiclerable c·ontent of nitrogen in 1nost 
of the soils of the c:ountr, thi-., Plc0 1nent <·annot be disregarded ,,hen systems of 
permanent fertility are plannt>cl for the cou11ty. The supply of nitrog('n must 
be kept up in thesr soil" and in a fe,Y c·a. e:-., as in th(' Ditkinson fine -;andy 
loam. it is i1nportant that ...,omr n1ethod bP fo11o,ved at thP pr('srnt time to in
crease the supply of nitro~en. 

Farn1 manure is a Y('r~· in1portant nitrogenou-, fertilizer and if nsecl liberally 
,,ill aid materially in kerping up the nitrogen ,upply in the soil. Crop r esidues 
will also supply con-,iderahle nitrog-rn. '!'he u-,e of lrguminou-.; crops a-; ~reen 
n1anures is, ho,YeYer. tbP 1nost i1nportant farn1 pra<'ti<·e from the ... tandpoint of 
inereasing nitrogen in thr -.;oil. Turning under "·ell-inoeulated legu1nes as green 
manure"" i the c·heapc>-,t ancl hPst n1ethod of building up and maintainintr the 
nitrogen content of the "oil. The"e natural fertilizing material .... -..uppl~· <·on
...,iderable amounts of organic· 1natter as "·ell a-, nitrogen and he11c(' theY haYP a 
double Yalue in kc>eping- :,,oils produl·tive. · 

1'hr relation-..hip bet,,een the nitrogen c·ontcnt in ~oils and the a1nount of or
gaHic n1atter or organie tarbon inclieate" the rapidity \\·ith \\·hi<'h the plant food 
<'Oll'>titu('nts in the soil are h<·ing <·hangc>d into au aYailable form. In many of 
the soil-.; in O 'l~rien Count~. thPre are C'Yidenl'e-., that the ch•c-omposition proee--se-
are not proceding entirPly sati-,faC'torily and there is undouhtcclly a ,ery slo,, 
prodnetion of aYailable plant food in 111any <'3'-f''i. 'fhis eonclition i-, noted par
ticularly in the ( 'arrington silt loa111 and the "\V eb-,tPr -,ilty clay loam on the 
uplands and in 1nany of the> typp-, on th<" terraces and hotto111-,. In ~uch cases 
the application of far1n n1anur<' is of particularly large Yalne inasmuch as thi-, 
1naterial proYides larg<' nun1ber-, of mitroorganis111-.; "·hieh bring about a rapid 
decompo...,ition of thl' plant food c:on,-,tituents in the "oil and lead to a greater 
-..upply of plant food heing 1natle aYailablc> to the ('l'Op . 

The organi(· earbon c-ont('nt in the () 'Brien <'ount~- '-Oil..., varie<; quite "idely 
-fro1u ~(i.160 ponncl, i11 the• I)ic:kinson fine and~· loa.1n up to 1:34.-130 pound..., in 
the Lamoure silty cla~- loa1n. l'bese ar<' the san1e type · "·bich "ho,Yecl the loweo;;r 
and hig-he-,t conti>nt of nitrogPn, rPspeetiv<'ly. In general the relati<,nship'- be
tWP<'ll the Yariou-, soil-.; ancl their ortrani,· earbon c:ontent are very 111uch the sa1ne 
as thosf' noted in the c:a--e of nitrogen. Thus the Vlebster silty clay loam on the 
drift uplands is richer in organic· 1natter than th(' Clarion, Carrington and 
Dic·kin-,on soil, and th<' ( 'lar1on antl Carrington type-, are hettrr supplied thall 
the J)1rkinso11. On th(' terraees th(' l◄'argo soils are richer than the other terrace 
type<,, the \\' aukc-,ha soil" <·01nr ~econd and these are follo\\·ed by the O 'Xeill. 
the ,Judson and the ~ionx t~·pC'-.;. On the botto111s one of the La1noure soils 1s 
richer in organic· 1uatter than the \\.,.abash types but the other is not so well 
supplied. 'fhc effret of di!ferent·e:-. in tcxtnre is important in thi-, <•onnection . 

. A.s "as noted in tlH' case of nitrogen, fe,Y eon1pari~on-.. based on t<'xtural dif
ferenee':i can he 1nacle. The Lan1oure -,ilty clay loam i-; nnu·h better supplied 
than the loan1 of thr -,au1e -,erie-.; and the "\Yaba-,h silt loa1n i-. richer in organic· 
111atti>r than thl' \Yaba-,h loan1. On the uplands anll the' terraces the soil-, are 
all of different trrH·s ancl h<'TH:l' in making c:01npari--ons in org-anie 1uatter eon
tcnt. the efl'L'l't of sPries 1·harac-tPristi<·'- mnst be takrn into eon-..ideration, along 
,,ith textural differences. 

Apparently the soil c·lu1rac·teristil·s \\hieh :,,erYe to distingni~h series and type-
are \'c'r) close!) rPlat<'cl to th<• organic carbon c·ontent. just as \Ya~ noted in the 
ca-..e of nitrogen. 'l'ho-,e soils "hieh are fine in texture, dark in 1•olor, leYel in 
topograph) and poorl> clraiucd "·ith hraYy subsoils apparl'ntly are mueh higher 
in organi<· carbon as "Pll a-.. in nitrogen. On the other hand, coar,,c textured 
t) pe-.; "bieh are Jight colorecl. roll111g in topographr, :ind ha Ye light textnr<'cl 
subsoils are almost ('Crta1n to hP poorly supplied in till!'-<' c·onstituents. 
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Fig. •t. Hur:11 s«·hool, 0 'Rril'll ('ou11ty. 

"\Yhilc• thP "oil, of () 'l{rien ( 'ount.,· in gl'll1•ra l an• fair!.,· \\'I'll ,uppl ied "·ith 
or!!ani1· 1nattrr. n1Pthocls of ..,oil treatn1t'nt need to hf' adopted ,rhieh "·ill proYi<le 
for the r<•gnlar addition of fertiliziug n1aterial, ,npplying thi, 1·onstiturnt. In 
0111• or t\\·o t"a,1•s tlif' 'illpply of organi1· n1HttPr j.., l<nY ancl in suc·h i11stan1·Ps larg1• 
additious of 111at1•rial" ,n1)JllYin<r or11a11i1· matter an· YPl'Y 111•1·('..,,arY. The liht•ral • r, t:"'" .. .. 

use of farn1 n1anurP 1:,,, of parti1·nlarly lari.?:<· Yalu,. to bnild up ancl 1naintain 
the supply of organi1· 1natter. 'l1l11· propc>r u"" of <·rop r<'silln1•-... "·ill aicl in thi" 
c•onnpc•tion and th,:, turni11g- nnder of leg-un1inon" c·rops a" gT<'<'ll 1nannre, i-... al-...o 
Ye1":'· dc>'iirahlr. "\\Tith tliP proprr usP of farn1 1na1111r<', c·rop rrsiclnc'" a1Hl h•gu1ni
nous gT<'<'ll 1nannrr,. thrr<> is no nee>d of the soil-... of this 1·onnty 1'\'l'l' he1·on1i11g 
deficient in org-anic· n1attc>r. 

Four of the ,oils t~•pps in thr connty sho" i11or!.!Hnie 1·arho11 in th<· surfac·e 
soils. Thes<' arP th<• ,,r ebster silty- clay loan1 on the drift upland, the Sioux 
loam. a terraer type, and tht• JJa1nour<> types on the bottou1s. Thrse . oils arc 
high in contrnt of lin1e, and he11<·e sh<n, no li1nP rPqllil'<'llll'nt hy thP a1·iclity tPs1. 
'l'he other "oil typP" in the eonnt~· all "11<1\\· c1n ac·id rPa<·tion nncl no inorgani<· c·ar
bou, henc·r tb('y are generally in need of lin1e. In onP or t" o 1·ases th<' nnllPr
lying ~oil layrrs arl' high in lime and in thr c·a"r of 11H· Farg-o -...ilty ('lay loa1n on 
the trrraee, the suh,urfa<·t> soil is high in linH', IH•n<·<• t Ii is typP " ~oulcl not llf'c•cl 
adc1itions of limt> at prPsent. 

'fhe content of inorganic carbon in the "oil i-... rPlatC'd din•<·lly to the• e·hara<·
teristics "'hieh dt•terrninc> the soil ~eries. thus it is t., pi<·al of thP \Y.t>hst<'r :-;oils. 
the Sioux soils, the• b1 argo .<soils and tlH• I.,amoun• 1~ pc•, to sho\\ a eontent of 
inorganic carbon or lin1e in the subsoil. Frequ~ntly the surfae1· soil of these 
types is also high in linH'. Linu• o<·c·nrs al..,o ju ma11y c·a .... es in th<' suh~oil" of tht• 
('larion silt loa1n on thP drift 1.1pla11<l" and in thP :\Iarshall silt loam and 1111• 
fiat phai:.e of tht> '}larshall "-Ilt loam on thr Jops-...ial uplands. fn !!<>llt>ntl, ho\\ 
ever, \Yhere thr surfa<·<• soil ~ho"·s an acidity, lirur i, 1H•<'cl<'d to secure thP lJp...,t 
g-ro,vth of farm l'rops, parti<•u]ar]y of legumP.... IIen1·<' il 1nay h<' said that the 
soils of the county, ,rith tlH• ('XC'eption of the• \\'ehst<'r, th(' Sioux, th<' }i'ar!!o antl 
the I1amoure type .... should be trsted for ac•i1lit.' or li111<> rPltllire1n1•nt reg-ularly 
and the amount of lime sho,vn to hP n<•c·cssar.'· aec•orcling to thP t <'St shonlcl lH· 
applied. 

Th<> arnonni of lime> nrPlK><1 b.'· the· variou" soil" or thP 1·011111y " ·hi1·h arc• ,H·itl 
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in reaction in the surface soil is indicated in the table. These figures should be 
considered merely to indicate roughly the needs of the soil. The lime require
ment of soils varies widely even within the same type and tests of soil from a 
particular field are necessary if the limestone requirement is to be determined 
accurately. 

THE SUBSURFACE SOILS AND SUBSOILS 

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

I t is hardly necessary to discuss the results of these analyses in detail inasmuch 
as the amount of plant food in the lower soil layers has very little influence upon 
the fertility of the soil, as indicated by the analysis of the surface layers, unless 
there is a very large amount of some constituent present or a striking deficiency 
of an element. I n O 'Brien County the lower soil layers are not particularly 
high in any plant food nor is there any large deficiency. I t would seem, there
fore, that the analyses of the surface soils have indicated quite accurately the 
plant food content of the soils as a whole and in general the crop producing 
power. The results of the analyses of the lower soil layers may be considered, 
therefore, merely to confirm the results secured in the analyses of the surface 
soil. 

It is apparent that the phosphorus content of the soils of the county is low 
and additions of phosphorus fertilizers will certainly be necessary in the future. 
The indications are that they might prove of value in many cases at the present 
time. The content of organic matter and nitrogen in most of the soils is quite 
adequate at present but the supply must be maintained if the soils are to con
tinue productive. This may be accomplished thru the proper use of farm man
ure, crop residues and leguminous green manures, the latter being especially 
valuable for keeping up the nitrogen content as well as the organic matter 
supply. 

TABLE V. PLANT FOOD IN O'BRIEN COUNTY, IOWA, SOILS 
Pounds Per Aere of 4 Million Pounds of Subsurface Soil (6 2/3"-20") 

Soil 
Total Total 

Soil Type phos-
No. nitrogen phorus 

DRIFT SOILS 

169 Clarion silt loam ........... 1,426 8,640 
83 Carrington silt loam ........ 1,480 5,480 

107 Webster silty clay loam ..... 2,342 7,320 
175 Dickinson fine sandy loam ... 1,534 2,560 

LOESS SOILS 

9 I Marshall silt loam ......... · 1 2,060 
74 Marshall silt loam (flat phase) 1,508 

7,420 
8,200 

TERRACE SOILS 

109 Fargo silty clay loa1n ....... 2,208 6,640 
75 Waukesha silt loan1 ......... 2,208 6,760 

108 0 'Neill loam . . . . . . . . . ..... 2,046 3,720 
190 Judson loam •••••••••• ♦ •••• 3,150 6,120 

76 Sioux loam . . . . . . . . . . . . . . . . 2,100 5,200 

Total 
organic 
carbon 

90,028 
56,680 
76,055 
36,515 

84,202 
99,244 

72,049 
78,480 
44,690 
77,935 
60,492 

SW AMP AND BOTTOMLAND SOILS 

111 Lamoure silty clay loam .... 2,908 12,600 161,265 
112 Lamoure loam ............. 2,316 3,880 48,995 
49 Wabash loam . . . . . . . . . . . . .. 2,532 9,040 108,755 
26 Wabash silt loam ........... 3,448 9,720 J.12,208 

Total 
inorganic 

carbon 

.... 

.... 
1,880 
.... 

7,521 
.... 
. ... 
. ... 

37,608 

42,515 
33,847 

. ... 

.... 

Lime-
stone re-

4uirement 

2,000 
2,000 
.... 

1,000 

2,500 
1,000 

.... 
4,000 
3,000 
2,000 
. ... 

. 

.... 

. ... 
1,000 
1.000 



Soil 
No. 

169 
83 

107 
175 

109 
75 

108 
190 

76 

111 
112 

49 
26 
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TABLE VI. PLANT FOOD IN O'BRIEN COUNTY, IOWA, SOILS 
Pounds Per Acre of 6 Million Pounds of Subsoil (20" -40") 

Total Total Total Total 
Soil Type phos- organic inorganic 

19 

Lime-
Atone re-

phorus nitrogen carbon carbon quirement 

Clarion silt loam ........... 
Carrington silt loam ......... 
Webster silty clay loam ..... 
Dickinson fine sandy loam ... 

DRIFT SOILS 

2,625 2,880 
2,220 3,240 
3,312 5,280 
1,899 2,260 

LOESS SOILS 

2,625 
1,899 

4,440 
4,200 

TERRACE SOILS 
Fargo silty clay loam ....... 3,354 4,440 
Waukesha silt loam ......... 2,667 4,440 
O'Neill loam . . . . . . . . . . . ... 2,343 2,280 
Judson loam . . . . . . . . . . . . . . . 4,485 6,120 
Sioux loam . . . . . . . . . . . . . . . . 3,312 5,520 

41,076 22,689 
35,970 . . .. 
61,672 13,53 
34,335 . . . . 

49,291 I 41,01-1 
77 ,091 L 58,614 

49,743 19,744 
47,415 .... 
43,372 . ... 

122,625 . . . . 
64,129 53,591 

SW AMP AND BOTTOMLAND SOILS 
Lamoure silty clay loam ..... 2,787 6,120 95,246 11,846 
Lamoure loam . . . . . . . . . . . . . 3,354 5,520 67,537 57,540 
Wabash loam . . . . . . . . . . .... 4,281 12,480 155,472 . ... 
Wabash silt loam . . . . . . . ... 5,253 7,800 94,012 . ... 

I .... 
2,000 
. . . . 

1,000 

.... 
4,000 
1,500 
2,000 
.... 

.... 

. ... 
1,600 
1,000 

In one or two instances some lime occurs in the lower soil layers where the 
surf ace soil is acid but in general the amount present would not change the con
clusions drawn regarding the needs of the surface soil. Lime does not move up 
in the soil to any considerable extent and the content of the lower soil layers 
has little effect on the requirement of the surface soil. It would seem, therefore, 
that on all the types in the county except the Webster, Sioux, Fargo and La
moure soils, the surf~ce soils may be acid and in need of lime. They should be 
tested for acidity or lime requirement, therefore, and the amount of lime which 
the test shows to be necessary should be applied if the best growth of general 
farm crops and particularly of legumes is to be secured. 

GREENHOUSE EXPERIMENTS 

T,vo greenhouse experiments were earried out on soils from O'Brien County 
in order to secure some information regarding their fertilizer needs and regard
ing the value of the application of certain fertilizing materials. These tests 
were carried out on the 1\ilarshall silt loam and the "\Vebster silty clay loam, two 
of the most extensive soil types in the county. Experiments arc also included 
on the 1\ilarsball silt loam from Woodbury County, on the l\farshall 1,ilt loam 
from 1\ifontgomery County, on the Webster silty clay loam from Buena Vista 
County and on the Carrington silt loam from Clay County. These soils are the 
same as those occurring in O'Brien County and the results secured may be con
sidered, therefore, to indicate quite definitely the effcets of the same fertilizer 
treatment on the soils of O'Brien County. 

The fertilizer treatments employed ,vere the same in all the experiments and 
they included the application of manure, lime, rock phosphate, acid pho~phate 
and a complete commercial fertilizer. These materials all were added in the 
same amounts in ,Yhich they are applied in the field and henee the results may 
serve to indicate just ,vhat the fertilizer effects may be on the farm. :Thianure 
was added at the rate of 8 tons per acre, lime ""as applied in amounts sufficient 
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TABLE YJT. GREENHOlJSE EXPERll\fENT, J\I.-\.RSIIALL SILT LOAM, 
0 'BRIEN COU .l TY 

\\' t>igh t of \Vcignt of 
TreatmC'nt wheat grain clover in 

in grams grams 

Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 4.70 
I 

5.5 
l\1anure 5.60 36.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Manure+lirne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. <i.20 38.8 
J\Ianure+ lime+roe k phosphate . . . . . . . . . . . . . . . . 6.15 44. 
l\Ianure+lime+acid phosphate' . . . . . . . . . . . . . . . . 6.-10 46.-1 
l\lanure+lime+cou1plete commen·ial fertilizer .. 1 G. 0 44.2 

to neutralize the acidity of the soil and add 2 tons additional, rock phosphate 
wa-; applied at the rate of 2,000 pounds per acre, aeid phosphate at the rate of 
200 pounds per acre and a standard 2-8-2 co1nplete commercial fertilizer at the 
rate of 300 pounds per acre. Wheat and clover "·ere gro"11 in all the experi
ments, the clover being seeded about one month after the "·ht>at ,yas up. 

RE8'GLT8 OX THE :MARSHALL SILT LO_\:\I 

'l'he result of the experiment on the 1\Iar.shall silt loa1n from O'Brien County 
are given in table VII. The figures are the averages of the "·eight of the ,vheat 
grain and of the clover crop on the duplicate pots. 

The application of manure brought about con iderable effe<•t:-; on this ..,oil both 
,vith wheat and ,Yith clover. With the latter cr op there was a very large in
crease in the yield. The clover crop on the check pots in this series ,yas very 
small. While the influence of manure on the various farm crops on this type i. 
always large, it is undoubtedly greater in this particular ca e than w·ould ordi
narily be expected. The addition of lime ,vith the manure "·as likewise of value 
on both crops. The beneficial effect of this material on clover is commonly ex
pected but ordinarily beneficial effects on -n·heat are not secured from the use 
of li1ne. In 1nany instances, ho"·ever, the lime seems to benefit the grain c·rop~ 
in the rotation. 'l'he addition of rock phosphate ,vith the manure and lime had 
no effect on the "·heat but brought about a considerable increase in the clover. 
Acid phosphate "-ith the n1anurc and lin1e gave a distinct increase in the wheat 

Fig. :i. f'l o\' er on l\Iarshall silt loam, 0 'Brien County. 
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and a larger increa e on the clover than was true of the r ock phosphate. The 
complete commercial fertilizer showed up better than either of the phosphates 
in the case of the wheat but had lesser effect on the clover. 

I t would seem, therefore, from these results that this soil will respond very 
largely to applications of manure, lime and a phosphorus fertilizer. Particu
larly beneficial effects "·ere noted upon the application of manure. Lime in 
addition brought about appreciable increases in crop yields and the addition of 
a pho~phate fertilizer proved of value. Acid phosphate seemed to be preferable 
to rock phosphate for both the wheat and the clover in this test, but the results 
are not very widely different, hence definite conclusions regarding the merits of 
these t\\'O fertilizers can hardly be drawn from the data available. The complete 
commercial fertilizer showed up better on the wheat than did the phosphates 
but had a smaller effect on the clover. I t would not seem, therefore, that this 
material would be of as large value as the phosphate carriers. 

RESULTS ON WEBSTER SILTY OLA. Y LOAM 

The results secured on the Webster silty clay loam from O'Brien County are 
given in table VIII. The beneficial effect of manure on this soil is very definitely 
shown by the data given in the table. There was a very large increase in the 
yield of wheat and the yield of clover was increased enormously. In fact in this 
experiment the manure brought about a very much larger increase in the clover 
crop than would ordinarily be expected. Apparently the yield on the check plot 
was abnormally low in this particular case. Lime in addition to manure in
creased the yield of wheat and brought about a pronounced increase in the case 
of the clover. The particular sample of Webster silty clay loam used in the 
greenhouse experiments was acid in reaction and hence the effect of lime \Yas 
noted in these results. In many cases this type is basic in reaction and doe::, not 
need an addition of lime. 

The use of rock phosphate ,,ith manure and lime inc-reasecl the wheat yield to 
some extent and brought about a very appreciable inerease on the clover. Acid 
phosphate sho,Yed up very much better on the ,,hrat than the rock phosphate 
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CloYer on \Ycbster silt~· clay loam, 0 'Bri<:n County. 

but had about the same effect on the cloYer. The to111plete connner<'ial fertilizer 
had less influence on the wheat than the pho phates and les ' also on the cloYer. 

On this soil, it would seem that additions of manure "·ill be of considerable 
value even tho the type is high in organic matter and black in eolor. ..;\.pparently 
the addition of manure -;timulates the production of aYailahle plant food to an 
extent "·hich increases the crop yields. "\Vhen the type is ac:id in reaction, addi
tions of lime are certainly Yer,· de-.;irable. and inc·rea~es in the Yield of both . . . 
grains and leguminous crops 1nay he secured. The use of a phosphate fertilizer 
seems to be of considerable Yalue on the soil. "\\Thether atid phosphate or rock 
phosphate should be used cannot be detern1ined definitely fron1 the data gi...-en . 

... . ,..,,,.... ... 
L .__ 

.. 
C 
R 

.. 
C 

er 

Fig. 8. Whc>at and cloY<"r un " -cbs tcr silty cla y loam, 0 'Brieu County. 
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TABLE VIII. GREENHOUSE EXPERIMENT, WEBSTER SILTY CL AY LOAM, 
0 'BRIEN COUNTY 

Pot 
\Veight of \Veight of 

No. 
T reatment wheat grains clover in 

in grams grams 
1 Check • • • • • • • • ••••••• ♦ • • • • • • • • • • • • • • • • • • • • • • • 7.9 6.6 
2 Manure . . . . . . . . . . .................. . ......... 10.2 24.9 
3 Manure+lime . . . . . . . . . . . . . . . ................. 11.8 30.2 
4 1-I anure+lime+rock phosphate ••• ♦ • • • • • • • • • • • • 12.6 33.2 
5 Manure+lime+ acid phosphate . . . . . . . . . . . . . . .. 13.8 33.0 
6 Manure+ lime+ complete commercial fertilizer ... 12.1 31.7 
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however , inasmuch as the differences are not definite enough. I t would seem that 
acid phosphate is a little better for use in the case of a crop like wheat but, with 
other crop , r ock phosphate might p rove quite as valuable. The complete com
mercial fertilizer showed up in a smaller way than did the phosphate fertilizer 
hence this material would not seem as desirable for use as the phosphor us car-. 
ners. 

RESULTS ON MARSHALL SILT LOAM FROM WOODBURY COUNTY 

The results secured on the Marshall silt loam from Woodbury County are 
given in table IX. Manure brought about a distinct increase in the yields of 
wheat and clover on this soil. Lime with manure gave a pronounced increase 
in the yield of wheat but showed no effect on the clover. This is contrary to 
the usual results, as lime ordinarily has a considerable effect on legume crops 
grown on the Marshall silt loam. This is especially true if the type is distinctly 
acid in reaction. Apparently the particular sample used in this experiment was 
only slightly acid in reaction and the effects of the lime was not evidenced. 

The addition of r ock phosphate or acid phosphate with the manure and lime 
brought about di tinct increases in the yield of wheat and the acid phosphate 
showed a very pronounced gain in the yield of clover. Rock phosphate had little 
effect on the latter crop but showed up to a small extent on the wheat, less, how
ever, than was true of the acid phosphate. The complete commercial fertilizer 
showed up better than the phosphates on the wheat but had a smaller effect 
than the acid phosphate in the case of clover . 

The results of this experiment confir m those secured on the same type from 
0 'Brien County. They indicate the large value of the application of manure, 
lime and a phosphate f ert ilizer on this soil. 1\1:anure has a very pronounced 
iff ect on the gro,vth of general farm crops on this type. When the type is acid 
in r eaetion, additions of lime are very desirable and increases in crop yields are 
generally quite pronounced. Ordinarily leguminous crops are expected to show 
the effect of lime in a larger ""ay than is true of non-legumes, but in some 
cases non-leguminous crops may be very strikingly benefited. Phosphorus fer
tilizers are of large value and it " 'ould seem that acid phosphate is somewhat 
preferable to rock pho phate. Ho~·ever, the data from these experiments should 
not be considered conelusive and tests of phosphorus fertilizers on individual 
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TABLE IX. GREE .. HOUSE E XP ERIMENT. M1-\RSH A.LL SILT LOA1'1, 

WOODBURY COUNTY 

Treatn1ent 
"\Vt. wheat ~Vt. clover 
in grams in grams 

Check • • • • • • • • • • • • • • • ♦ • • • • • • • • • • • • • • • • • • • • ••• 7.051 35.0 
Manure 

,.. 
50 39.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I • 

Manure+lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .946 3:i.0 
Manure+lin1e+rock phospha te . . . . . . . . . . . . . . . . 9.023 39.0 
Manure+lime+acid phosphate . . . . . . . . . . . . . . .. 9.24 7 4 .5 
Manure+lime+complete con1mereial fertilizer ... I 10.216 -!!i.O 



Fig. 9. Clover pot culture on ?l!arshall silt loam, }.fontgomer:v County, indicated the Yalue 
of manure. 

farms are very desirable. The complete commercial fertilizer can hardly be 
recommended for use over acid phosphate inasmuch as it does not always give 
larger returns. The crop increases from this material must be sufficiently 
greater to ,,·arrant the actditional cost before it can be recommended for general 
use. 

RESULTS ON 1fARSHALL SILT LOA11 FROM }.!OXTGOhlERY COU~TY 

Results secured on the 1\Iarshall silt loam from 1\1ontgomery County in 1919 
are given in table X. In this experiment the yields on the pots receiving the 
complete commercial fertilizer are not given as the crops ,vere injured. Again 
the beneficial effect of manure on the wheat and clover in the test is evidenced 
by the data. A very large effect was noted on the clover. Lime with the manure 
increased the yield of the "·heat but sho"·cd very little effect on the clover, due 
undoubtedly to the fact that the particular sample ,vas only slightly acid in 
reaction and the need of lime ,vas not very evident. Rock phosphate showed up 
a little better on the "·beat but the acid phosphate was Yery much better in 
the case of the clover. 

These results w·oulcl serve to confirm the data secured in the experiments pre
viously discussed as they indicate very large value from the application of 
manure, lime and a phosphorus fertilizer to this type. ::\Ianure seems to be of 
particularly large value as has been noted in the other experiments. Lime may 
prove of value ,~hen the type is acid. The effect may not be large when there is 
only a slight acidity present, but in many cases considerable beneficial effects 
from the addition of lime to the type when it is acid have been noted. The use 
of a phosphate fertilizer is certainly very desirable as large increases in crop 
yields are secured from the use of one of the two important phosphorus carriers. 
Whether rock phosphate or acid phosphate should be used cannot be definitely 
stated as in some ea~es the rock phosphate seems to be quite as satisfactory 
while in other instances acid pho1,phate is much n1ore effectiYe. 

Pot 
No. 

l 

4 

T~\BLE X. GREEXHOl:SE EXPERL.\IEXT-11.\.RSI{.\.LL SILT LOAM, 
1IOXTGOhlERY COUXTY, 1919 

--

Treatment 

Check .... . . ........ ... ....... ......... ... . 
l\Ianure ................................ • .. . 
Manure+lime .. . .... _ ..................... . 
l\1anure+lime+rork phosph:itr ............. . 

\Veight of 
wheat in 

grams 
1- .)
.).-0 

13.73 
16.00 
1 ~.50 
17.00 

Weight of 
clover in 

grams 
l:>3.9 
90.7 
8~.4 
97 .5 

104.3 l\Ianure+lime+a<'i<l phosphatP ............. . _______ !,.._ _____ _,..: _____ _ 
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RESULTS OX THE WEBSTER SILTY CLAY LO.A.11 FROM BUENA ·vrSTA COUNTY 

The results secured on the Webster silty clay loam fron1 Buena "\Tista County 
are giYen in table XI. The beneficial effect of manure on the "\Vebster silty clay 
loam is sho"rn very definitely in this experiment. Yields of wheat '"ere in
creased considerably and a pronounced effect on the clover was evideneed. The 
addition of lime with the manure brought about a further increase in the yields 
of both crops. The effect was particularly eYidenced in the case of the clover. 
Thi~ sau1ple of Web ter silty clay loam was acid in reaction in the surface soil 
and the addition of lime brought about a beneficial effect. The application of 
rock phosphate had no effect on the wheat but sho,Yed a beneficial effect on the 
cloYer. -'1..cid phosphate brought about a considerable increase in the yield of 
wheat and had a Yery pronouneed influence on the clover. The complete com
merc:ial fertilizer had less effect than the acid phosphate on the ,vheat but "·as 
slightly better on the cloYer. 

Results secured in this test confirm those obtained on the same soil type 
from O'Brien county, indicating the large value from the application of manure, 
lime and a phosphorus fertilizer to this particular soil. If the type is not acid 
lime should not be used but when it is arid, applications of lime are necessary. 
The application of manure is of large value in spite of the fact that the type is 
high in organic matter and black in color, probably due to the introduction of 
bacteria and other micro-organisms ,vhich bring about an increase in the pro
duction of available plant food. 

The use of a phosphorus fertilizer is of very considerable value on this soil 
and it would seem that acid phosphate would be preferable for use. Ilowever, 
the te~ts are not very definite and in many cases perhaps rock phosphate might 
pro, e quite as useful. The complete commercial fertilizer seems to be less 
effcctiYe than the phosphorus carriers in this particular experiment but tests on 
individual farms may be carried out if desired. 

RESULTS ON THE CARRINGTON SILT LOA~I FROM CLAY COUNTY 

The results secured on the Carrington silt loam from Clay County are given 
in table XII. The beneficial effects of applications of manure to this soil are 
very definitely shown by the increased yields of wheat and clover, obtained in 
this e:speriment. A very large increase in wheat was secured and there was a 
pronounced gain in the clover crop. Lime with manure had little effect on the 
wheat but brought about a slight increase in the clover. Rock phosphate with 
the manure and lime showed no effect on the wheat and little or no effect on the 
clover. 1'he acid phosphate with the manure and lime gave a slight increase on 
the wheat and brought about a very large gain in the clover. The complete 
commercial fertilizer ,vith the manure and lime gave an increase in the wheat 
yields and an increase also in the clover. In fact the complete commercial fer
tilizer sho"·ed a larger effect on both the wheat and clover than did the acid 
phosphate. 

TA.BLE XI. GREENHOUSE EXPERIMEXT. \VEBSTER SILTY CLA.Y LOAM
BUENA YTST.A COUNTY 

Pot 
No. Treatment 

I 
\Veight 
wheat 

graiu in grams 
1 I Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.56 
9 Manure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 A6 
3 I 1Ianure+lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.71 
4 }.fanure+lime+rock phosphate . . . . . . . . . . . . . . . . ~8.9:i 
!i 1\fanure+ lime, acid phosphate ............... · l 35. 0 
6 1'Ianure+lime+con1pletc commercial fertilizer.. 31.13 

\Veight 
clover 

in grams 
~9." 
36.0 
44.0 
46.0 
45.0 
4G.O 

• 
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TABLE Xll. GREENHOUSE EXPERIMENTS. CARRIXGTOX SILT LOAM, 
CLAY COUNTY 

Treatment 

Oheck ....................................... . 
Manure .................................. • . • • 
Manure+Iime ............................... . 
Manure+lime+rock phosphate ............... . 
Manure+lime+acid phosphate ............... . 
Manure+lime+complete .commercial fertilizer .. . 

Weight 
wheat 

grain in grams 
19.54 
23.40 
23.55 
23.16 
23.60 
24.27 

\Veight 
clover 

in grams 
25.5 
41.5 
42.5 
40.5 
52.0 
56.5 

On this soil type applications of manure are undoubtedly of very large value, 
as the yields in this experiment have indicated large effects on wheat and clover 
and much practical experience has shown similar large effects on general farm 
crops. Lime with manure is very desirable for use as the soil is acid in reaction 
and general farm crops as well as legumes may show a response to additions of 
lime. The use of a phosphate fertilizer seems very desirable. Acid phosphate 
showed up better than rock phosphate in this particular test but definite con
clusions should not be drawn from a single experiment. The complete commer
cial fertilizer seemed a little better than acid phosphate in this experiment but 
the difference was not great enough to warrant the greater cost of the complete 
fertilizer and it is probably true that in general acid phosphate would prove 
quite as beneficial on crop yields and it is less expensive. 

FIELD EXPERIMENTS 

One field experiment has been laid out in O'Brien County but the experiment 
has not been under way long enough for the results to be of significance. A 
number of experiments are located, however, in adjacent counties on soil types 
which occur extensively in O 'Brien County and some of these field experiments 
will be described here inasmuch as they indicate quite definitely the results 
which may be secured on the same soils in this county. Experiments are in
cluded here on the l\Iarshall silt loam on the Avoca field in Pottawattamie 
County, on the Waukesha silt loam on the Clarinda field in Page County, on the 
Webster silty clay loam on the Everly field in Clay County, on the Webster silty 
clay loam on the Newell field in Buena ... Vista County, on the Carrington silt 
loam on the Osage field in :l\fitchell County, on the 1\1arshall silt loam on the Red 
Oak field in 11ontgomery County, on the Webster silty clay loam on the Storm 
Lake field in Buena \Tista County and on the J\Iarshall silt loam on the \.,.illisca 
field in l\'.lontgomery County. The average results secured on the 1Iarshall silt 
loam on all the fields on that type in the state are also included. 

These field experiments are all planned to determine the -value of various 
fertilizing materials "·hen applied to tbe soil and the experiments are laid out 
on land ,vhich is representative of the particular soil type,. The fields all in
clude 13 plots, each 153' 7" by 2 ', or one-tenth of an acre in size. They are 
pennanently located by the installation of corner stakes and all precautions are 
taken in the application of fertilizers and in the har,·esting oi the crops to in
sure accurate results. 

The fields include tests under the livestock system of farming and uucler the 
grain system. In the former, manure is applied ,vhile in the latter crop re-..idues 
are employed. The other fertilizing materials tested include limestone, rock 
phosphate, acid phosphate and a eomplete commercial fertilizer. )Iannre is 
applied at the rate of S tons per acre once in a four-year rotation. The crop 
residues treatment consist, of the plo"·ing under of the cornstalks "hich have 
been cut with a disk or stalk-cutter, the turning wider of the stra,Y from the 
small grain, ancl the plowing under of at least the ,econd crop of clover. Some-
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times the fir t crop of clo,-er is cut and allo"·ed to remain on the land to be 
plo,ved under with the second crop. Lime is applied in sufficient amount to 
neutralize the acidity of the oil and supply 2 tons additional. Rock phosphate 
is added at the rate of 2,000 pounds per acre once in a four-year rotation. Acid 
pho phate is employed at the rate of 200 pounds per acre annually. Until 1923 
the old standard 2-8-2 complete commercial fertilizer was used at the rate of 300 
pound per acre annually. The new standard 2-12-2 brand is now being applied 
at the rate of 267 pounds per acre, thus applying the same amount of phos
phoru:5 as that contained in the 200 pounds of acid pho phate. 

THE .A. VOCA FIBLD 

The re ults secured on the i\1arshall silt loam on the .A:,oca field in Poita"·at
tamie County are given in table XIII. The application of manure to this soil 
brought about an increase in crop yields in most case . The influence of the 
manure ,,as particularly evidenced on the clover in 1921 and on the biennial 
sweet clover in 1924. The oats in 1920 and again in 1923 were very largely 
increased by the addition of the manure. Lime was not applied until the fall 
of 1920. The application of lime with the manure increased the crop yields in 
mo~t cases, the effect being particularly evidenced on the biennial s,veet clover 
in 1924. Increases were also secured on the corn in 1922 but no effect was 
evidenced on the clover in 1921 and the oats in 1923. 

The addition of rock phosphate or acid phosphate ,,ith manure and lime 
brought about pronounced increases in crop yields in some cases. The corn in 
1919 showed gains from the use of both phosphates, the acid pho phate showing 
up some,,hat better than the rock phosphate. In 1922 similar increases were 
secured on the corn and again, in 1923, the oats were increa. ed in a large way 
by the application of the phosphatr-R. 'T'he clover, both the r ed clover and the 
biennial sweet clover, showed little effect from the phosphate addition. The ap
plication of a complete commercial fertilizer with manure and lime had about 

TABLE XIII. FIELD EXPERIMENT-MARSHALL SILT LOAM-POTTAWATTAMIB 
COUNTY. A. VOC .. A. FIELD. 

A< Plot ... 
Treatment 0 ... ~o. 0 Q) 

p.. 
0-, • 
,-; ::, 
m.D 
~ 

1 Check . . . . . . . . . . . . . . . . . . . . . . 72.9 
2 1Ianure . . . . . . . . . . . . . . . . . . . . . 72.1 
3 Manure+ lime . . . . . . . . . . . . . . . 7 4.0 
4 Manure+lime+rock phosphate 77.8 
5 lrfanure+lime+acid phosphate 79.3 
6 Manure+1ime+complete 

commercial fertilizer . . . . . . 77.5 
7 Check . . . . . . . . . . . . . . . . . . . . . . 71.5 
8 Crop residues . . . . . . . . . . . . . . . 78.9 
9 Crop residues+lime . . . . . . . . . 80.7 

10 Crop residues+lime+rock 
phosphate . . . . . . . . . . . . . . . . . 78.5 

11 Crop residues+Ii1ne+acid 
phosphate . . . . . . . . . . . . . . . . . 81.1 

12 Crop residues+lime+com-
plete commercial fertilizer.. 80.4 

13 Check . . . . . . . . . . . . . . . . . . . . . . 80.0 

1Field slopes toward Plot 13. 

<I)< ..., 
~ ... 

0 (I) 
p.. .. 

0 . 
C'l ::, 
0) ,D ,..... 

62.2 
69.0 
72.3 
58.8 
69.0 

61.2 
56.8 
63.9 
68.1 

68.6 

75.1 

68.6 
6'!.6 

2Not limed until Oct-0ber 1, 1920. Three tons per acre. 
'Field pastured until .Tune 1. 
•corn injured by hail in August and by rainy spring. 

... . 
C) < 
I> ... 
0 Cl) 

5 p.. 
O'} 

~ i::: 
C'l 0 
C: ...... -

2.0 
2.7 
2.6 
2.7 
2.5 

2.8 
2.0 
2.0 
2.1 

2.8 

2.2 

2.9 
99 .... ~ 

=< ... 
0 ... 

0 C) 
p.. .. 

G\l • 
C'l ::, 
C),J:2 -
58.1 
53.6 
53.9 
55.5 
56.5 

57.5 
44.8 
44.8 
50.0 

54.8 

54.l 

52.0 
46.3 

"'~ ..., 
<:l ... 

0~ 
M 
C'l ::, 
m.D -
48.7 
56.7 
53.2 
60.0 
60.0 

66.8 
47.6 
49.8 
56.7 

59.0 

64.5 

52.1 
ri0.9 

... 
"; C) 

•""1 > . 
Ao< 
§6 ... 

.... Q) 

~..., p.. 
C) 

""" C) O'} G\l~§ 
0, if.}..., 
!""' 

0.36 
0.63 
1.82 
1.52 
1.68 

1.92 
0.85 
0.90 
1.92 

1.83 

1.50 

1 .44 
1.12 
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the same effect as the phosphates in the case of the corn crop but was very much 
more beneficial on the oats and the clover crop, showing up particularly well 
on the biennial sweet clover in 1924. 

The crop residues treatment bad little effect on the crop yields except in one 
or two cases. The addition of lime with the crop residues brought about in
creased crop yields in several instances. The effect of the lime was particularly 
evidenced again on the biennial sweet clover in 1924, when a large increase 
was brought about. The corn in 1922 and the oats in 1923 were both increased, 
however, by the addition of lime. 

The application of rock phosphate or acid phosphate with the crop residues 
and lime had beneficial effects on many of the crops grown. The acid phos
phate showed up particularly well on the oats in 1920 and again on the same 
crop in 1923. The rock phosphate showed up a little better than the acid 
phosphate on the cloYer in 1921 and also on the corn in 1922. In general, 
however, the differences were not very definite. The complete commercial 
fertilizer had less effect than the acid phosphate on the oats in 1923 and on 
the oats in 1920 but it showed up better than the acid phosphate on the 
clover in 1921. In other cases the complete fertilizer was very much the same 
in effect as the acid phosphate. 

In general it appears from the results that the niarshall silt loam will re
spond in a very large way to applications of farm manure and liberal 
amounts of this fertilizing material are very desirable for use. When the type 
is acid, as is usually the case, additions of lime are very necessary in order 
to secure the best crops of legumes and in many cases considerable increases are 
secured in the yields of general farm crops. The application of a phosphate fer
tilizer to this type will undoubtedly prove of large value. Increases in crop 
yields have been secured from the use of acid phosphate and from the applica
tion of rock phosphate. In many cases acid phosphate seems to be somewhat 
preferable but the differences are not sufficiently definite to warrant a recom
mendation for the use of acid phosphate on the type in all cases. Farmers 
may test the two materials on their own soils and determine for their particular 
conditions which should be employed. The complete commercial fertilizer shows 
up about as well as the acid phosphate or even a little better in some cases. 
The differences, however, are not sufficiently greater to warrant the use of the 
more expensive complete fertilizer. 

THE CLARINDA FIELD 

The results secured on the Waukesha silt loam on the Clarinda field in Page 
County are given in table XIV. The beneficial effects of the manure were evi
denced on the clover in 1917 and on the corn in 1922 and 1923, in particularly 
large increases. Beneficial effects were also shown on other crops grown on this 
field. Lime with manure proved of value on this type, the beneficial effects be
ing particularly noticeable on the clover in 1917. Large increases in yields 
were also seeured from the use of lime on the oats in various seasons and on 
some of the corn crops. Ordinarily lime would not be expected to bring about 
large effects on the corn and small grain crops but the beneficial effect would 
be evidenced particularly on the legume crop grown in the rotation. It would 
seem, ho,vever, that the lime is of value on this soil because of increases brought 
about in all general farm crops. 

~\.pplications of rock phosphate or acid phosphate with the manure and lime 
brought about increases in crop yields in most cases. The beneficial effect of 
both the phosphates "·as evidenced particularly on the clover in 1917. The acid 
phosphate brought about a ,cry large increase in the yielcl of clover, showing up 
much better than the rock phosphate. Considerable increases in crops "·ere also 
secured in the case of corn in 1916 and in 1919, the acid phosphate again show-
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TABLE XIV. FIELD EXPERIMENT-WAUK ESHA SILT LOAM- PAGE COUNTY. 
CLARINDA FIE LD-SERIES 100 

=< Plot '"" Treatment 0 ,.. 

No. 0 Q) 
p., 

~ 

IO • 
r-4 ::, 
0) ..0 
rl 

1 I Check . . . . . . . . . . . 51.2 
2 Manure . . . . . . . ... 49.9 
3 Manure+lime . . . . 50.6 
4 )Janure+lime+ 

rock phosphate. 4 .2 
5 Manure+lime+ 

acid phosphate .. 54.8 
6 }.f anure+lime+ 

romplete com-
mercial fertil-
1zer . . . . . . . . . . . 49.7 

7 Check . . . . . ...... 48.0 
8 Crop residues . . .. 45.2 
9 Cros residues+ 

lime . . . . . ...... 51.4 
10 Crop residues+ 

lime+rock 
phosphate . . . . . 51.6 

1] Cros residues+ 
lime+acid 
phosphate . . ... 53.4 

12 Cros residues+ 
lime+con1plete 
commercial 
fertilizer . . . . . . ;30.3 

13 Check . . . . . . . . . . . 50.5 
1Wet season. 
2Hot wind July 18, ruined crop. 
1Dry season reduced yields. 
4Plot 18 lo,v poorly drained. 
'Wet weather necessitated replanting. 

I 

,,, 
i:: ,.. < d 

0 A< i=l< 2~ 
Cl) • ,,, < ~ '"" ..o< ,.. 

'"" ..., 0 Q) 0 '"" 0 '"" ~ '"" >, ... ~ ... 
0~ - P.. 0 Q) 0 Q) 0 Q) 0 Q) 0 p.. p.. p.. rn P.. ,n .. .. ~ 

co • t- ::: 00 • 0) • 0 . l""i • 
l""i ::, rl 0 rl ::, rl ::, Cl ;:I Cl ::, C}..0 0) ..., C'l..0 0) ..0 C'l ..0 C> .0 
l""i - - ...... - -
61.1 1.19 .... I 55.1 51.0 23.5 
54.4 1.36 . . .. 58.7 52.3 25.3 
63.3 1.56 . . . . 62.6 61.8 25.2 

50.0 2.89 . . . . 69.3 63.6 I 24.2 

52.2 3.40 . . . ~ 70.9 60.4 24.3 

50.0 2.55 ♦ • • ' 59.7 73.5 23.3 
47.7 1.36 • ♦ •• 56.3 41.8 24.0 
41.1 1.53 . . . . 56.5 55.7 23.0 

43.3 2.21 .... 58.2 58.7 25.8 

47.7 2.71 .... 66.7 61.1 25.8 

54.4 2.89 .... 69.8 60.4 24.8 

I 

47.7 2.72 .... 65.3 62.4 24.8 
47.7 1.36 ... . 57.2 42.5 22.5 

A< i:l < ,,, < 
'"" ..., 

'"" '"" 0 ,.. ~ ... 00 0 Q) 0 Q) 0 p.. p.. p.. .. 
Cl • C") ":I' 
Cl ::, Cl ;:I Cl ;:I 
0>.0 0).,0 a, ..0 
rl - -
79.4 65.9 55.6 
87.4 73.7 53.4 
89.6 73.6 61.3 

87.9 82.1 53.7 

88.3 78.0 56.7 

I 

90.8 76.7 66.0 
82.4 64.6 46.5 
71.8 53.8 , 61.4 

81.2 48.6 49.0 

85.2 54.5 52.7 

87.5 57.2 54.1 

I 

90.6 70.1 58.8 
88.7 71.8 43.9 

ing up much better than the rock phosphate. The complete commercial fer
t ilizers with the manure and lime had no great er effect than the acid phosphate 
except on the oats in 1920, on the corn in 1922 and on the oats in 1924. I n most 
cases the acid phosphate gave even larger r esults than the complete commercial 
fertilizer. 

The use of crop r esidues had little effect on any of the crops grown, except in 
a few cases. Lime, with the crop r esidues, brought about pronounced increase 
in crop yields in practically all instances. The beneficial effects of the lime 
were evidenced par ticularly on the clover in 1917. The soybeans in 1921 were 
also increased. A large effect was sbo,vn on the corn crop in some seasons, 
notably in 1915 and in 1922. Again the application of lime increased consid
erably the yields of general far m crops as well as of the legumes. 

The application of r ock phosphate or acid phosphate with the crop r esidues 
and lime showed beneficial effects on practically all of the crops grown. The 
increases were noted particularly on the clover in 1917, on the oats in 1916 on 
the corn in 1919 and on the corn in 1922. I n general the acid phosphate ga~e a 
greater effect than the rock phosphate, in some cases showing very much larger 
increases in yields than those brought about by the rock phosphate. The com
plete commercial fe~tilizer had less ~ffect than the ac~d phosphate in several 
cases. On the oat s 1n 1920, the corn 1n 1922, the cor n 1n 1923, and the oats in 
1924 however, increases for the complete commercial fertilizer were greater 
than' those brought about by the acid phosphate. 
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The r esults on the Waukesha silt loam indicate that ther e may be large bene
ficial effects secured from the application of manure, lime and a phosphate fer
tilizer. The addition of farm manure brings about large increases in the yields 
of all farm crops and liberal amounts of this material should be applied to the 
type. The application of lime is very desirable, particularly to bring about the 
profitable growth of leeuminous crops. Very large increases in the yields of 
general farm crops may, however, be secured from the application of lime. 
The use of a phosphate fertilizer would seem to be profitable on this soil and, in 
many cases, very large increases in crop yields have been secured from the 
use of acid phosphate. In other instances, rock phosphate has proven almost 
as satisfactory for use and hence definite recommendations r egarding the use 
of one or the other of these fertilizing materials cannot at present be made. 
Tests on individual farms of both acid phosphate and rock phosphate are very 
desirable. I t would not seem from the data available that a complete commer
cial fertilizer will not prove as desirable for use as the application of acid phos
phate because the complete fertilizer will not bring about any sufficiently larger 
increases in crop yields to warrant the greater expense of the application. 

THE EVERLY FIELD-SERIES II 

The results secured on the Lamoure silty clay loam on the Everly field, Series 
II, in Clay County, are given in table X:V. The beneficial effects of manure on 
this type is shown by the data given in the table. A very large increase in crop 
yield was secured with the oats in 1922 and the corn in 1924. The clover in 
i923 also showed a pronounced benefit from the application. Even tho this 
type is high in organic matter and black in color, the application of manure 
seems to be of very large value, probably due to the stimulation in the produc
tion of available plant food. This soil was basic and no lime was applied. The 
addition of rock phosphate or acid phosphate with the manur e brought about 
beneficial effects on crop yields in many cases. The acid phosphate showed up 
better than the rock phosphate on the clover in 1919 and also on the oats in 
1922. The rock phosphate seemed a little better on the corn in 1920 and again 
in 1921. 'l'he complete commercial fertilizer ",ith the manure was not superior 
to the acid phosphate in any case and in fact in some instances showed less 
effect than the rock phosphate. 

The crop re idues showed some effect on the crop yields in the Yarious sea-
sons in a few cases but the differ ences were not very large in any instance. The 
use of rock phosphate or acid phosphate with the crop residues brought about 
pronounced increases in crop yields in seYeral seasons. The beneficial effect 
was particularly evidenced on the corn in 1920. The acid phosphate showed up 
better than the rock phosphate in most cases, bringing about a considerable 
increase in the yield of the cloYer in 1923 ,vhile the rock phosphate had little 
or no effect. Again on the oats, in 1922, the acid phosphate brought about a 
pronounced increa e in yield while the rock phosphate had a much smaller ef
fect. The complete commercial fertilizer had a larger effect on the clover in 
1919, on the corn in 1921, on the oats in 1922 and on the clover in 1923 than 
did the acid phosphate. In some of these cases, ho""ever, the differences ,vere 
not very large. 

It would seem from this data that altho the Lamoure silty clay loam is high 
in organic matter and black in color, applications of farm manure in mall 
amounts may be Yery desirable to increase crop yields. I t should be emphasized 
that manure should not be applied in large amounts to this type and it should 
not be used just preceding the small grain crop in the rotation because of the 
danger of causing the crop to lodge. Small amounts, however, applied at 
other places in the rotation, stimulate bacterial activities and speed the produc
tion of available plant food the effect of ,vhich is to cause considerable in
creases in crop yields. 
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TABLE XV. FIELD EXPERIMENT-LA.MOURE SILTY CLAY LOAM-CLAY 
COUNTY. EVERLY FIELD-SERIES II. 

Plot 
No. 

1 

3 
4 
5 
6 

7 
8 
9 

10 

11 

12 

13 

Treatment 

Check ..................... . 
Manure .................... . 
11anure .................... . 
l\tanure+rock phosphate .... . 
Manure+acid phosphate .... . 
Manure+complete commer-

cial fertilizer ............ . 
Check ..................... . 
Crop residues .............. . 
Crop residues .............. . 
Crop residues+rock phos-

phate .................... • 
Crop residues+acid phos-

phate .................... . 
Crop residues+complete 

comercial fertilizer ....... . 
Che<' k ..................... . 

1.45 
1.45 
1.60 
1.67 
2.03 

1.79 
1.68 
1.56 
1.56 

1.68 

1.56 

2.03 
1.68 

74.6 

83.2 
83.2 
80.8 

80.8 
66.9 

70.4 

73.6 

83.4 

77.8 
61.2 

65.8 
75.3 
75.8 
70.0 
68.1 

63.2 
54.5 
54.7 
61.9 

60.4 

60.8 

64.7 
54.0 

10Iover killed out in spots. 
2Soil basic nnd no lime applied. Coro on plots 2 and 8 not husked. 
sFirst cutting only. 

...... 
35.6 
54.1 
70.4 
64.1 
70.2 

68.4 
58.3 
52.8 
61.1 

57.7 

62.8 

78.4 
48.5 

0.57 
0.71 
1.83 
1.25 
1.75 

1.26 
0.77 
0.87 
1.47 

1.14 

1.59 

1.73 
0.83 

31.8 
58.2 
69.4 
61.7 
67.2 

60.8 
43.2 
39.6 
56.5 

61.2 

57.7 

56.4 
35.7 

31 

The use of a phosphate fertilizer may be very profitable on this type in many 
cases. In general acid phosphate seems to show up a little better thRn rock 
phosphate but the differences are not very definite and conclusions regarding 
the relatiYe merits of these two fertilizers should be based on tests carried out 
on individual farms. The complete commercial fertilizer is no more effective 
than acid phosphate in many cases. In some years larger increases in crop 
yields were secured from the use of the complete fertilizer but in general the 
differences were not sufficient to warrant the greater cost of the complete fer
tilizer over the acid phosphate. 

THE NEWELL FIELD 

The results secured on the Newell field on the \Vebster silty clay loam in 
Buena Vista County are given in table X"\'I. The application of manure to 
this type brought about a beneficial effect on the crops grown in many seasons. 
In fact rather definite increases were secured in all cases. The corn in 1919, 
the oats in J 920 and the corn in 1923, showed particular evidence of value from -the use of manure. While this type is high in organic matter and black in color, 
applications of manure apparently are of value in stimulating the production 
of available plant food. Limestone was applied to this field in the fall of 1920. 
In the years succeeding the application, there ,vere slight beneficial effects from 
the use of lime, particularly on the cloYer in 1921 and on the corn in 1923. 
When this type is acid in reaction lime must be added for the best crop growth. 

The application of rock phosphate or acid phosphate ,vith manure and lime 
brought about very pronounced increases in crop yields in all seasons. The acid 
phosphate showed up better than the rock phosphate in many cases but not in 
all instances. The rock phosphate gave slightly larger effects than the acid 
phosphate in the case of the corn in 1918 and again on the corn in 1923, but in 
all other cases the acid phosphate proved preferable. The effect of the acid 
phosphate was evidenced particularly on the clover in 1921, on the oats in 1920 
and on the corn in 1923. The complete commercial fertilizer with the manure 
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and lime showed up some~·hat better than the acid phosphate in several cases, 
notably on the corn in 1919, on the corn in 1923, and on the oats in 1924. 

The beneficial effects of the crop r esidues treatment were evident in the case 
of one or two crops grown on this field but in general very slight beneficial ef
fects were exerted by the use of the crop r esidues. The addition of lime with 
the cr op residues sho,ved slight effect on the crops grown succeeding the applica
tion, being evidenced particularly on the corn in 1923 and the oats in 1924. 
The use of rock phosphate or acid phosphate with the crop residues and lime 
showed beneficial effects in many cases. Increases in crop yields were particu
larly noticeable on the clover in 1921, on the oats in 1920, and on the corn in 
1923. The acid phosphate usually showed up better than the rock phosphate. 
This was particularly true in the case of the oats in 1920 where the acid phos
phate showed a considerable gain in the crop yields while the rock phosphate 
showed practically no effect. Clover in 1921, was increased very much more by 
the acid phosphate than by the rock phosphate. The complete commercial fer
tilizer had no greater effect than the acid phosphate except in one or two cases 
where the differences were very slight. 

These results show that the Webster silty clay loam will r espond profitably to 
applications of farm manure, lime and a phosphate fertilizer. 'l'he use of a 
small amount of farm manure on this type is of large value in increasing the 
yields of general farm crops. However, farm manure should not be applied to 
this type just preceding the small grain crop of the rotation, owing to the dan
ger of causing the crop to lodge. Small amounts, however, applied at other 
points in the rotation will prove very _benefic~al. When the type is acid, addi
tions of lime should be made to the soil to bring about the best growth of gen
er al farm cr ops. Beneficial effects vt:ill be noted particularly on the legume of 
the rotation. The addition of a phosphate fertilizer will undoubtedly proYe 

TABLE XVI. FIELD EXPERIMENT-WEBSTER STLTY CLAY LOA?il- BUEXA 
VISTA COUNTY. NEWELL FIELD. 

a, -<i < < 
Plot 

d ::: ...., 
Treatment ... .... .... ... C':l ... 

0 (lJ 0 C) 0 t ~o. u c.. C.) c.. 
00 • C, • 0. 
,...-1 ::: .-4 ;:::: -~1 -c:....= C ..::, c-• ..::, ..... ..... -

1 Check . . . . . . . . . . . . . . 69.0 44.8 56.7 

2 :hlanurC' . . . . . . . . . . . . 70.9 49.1 64.l 

3 11auurc+lime ...... 71.4 54.4 63.5 

4 ).Ianurc + limc+rock 
phosphate ........ 74.1 61.4 69.7 

5 }.fanurc+lime+acid 
phosphate . . . . . ... 66.9 65.1 76.3 

6 ).!anurc+ lime+ com-
plete commercial 
fc•rt ilizer . . . . . . ... 66.4 70.9 68.9 

7 Check 60.H 62.4 59.4 . . . . . . . . . . . . . . 
s Crop residues ....... 62.9 56.1 59.4 

9 Crop residues+ lin1e 64.6 -9 C') 61.4 . v ,.., 

10 Crop resi<lues+lime + 
rock phosphate ... 63.4 60.8 56.7 

11 Crop residues t-lime+ 
acid phosphate ... 62.4 68.5 72.0 

12 Crop residuPs+lime+ 
complete commer- l rial fertilizer .... 61.3 63.3 71.3 

13 Ch<•<'k ..... . . . . .. 59.4 65.3 I 60.1 

1Liro('stooe applied October 11, U)20, 3 •~ tons. Onts dowo . 
2Second cutting only. 
•some plots do" n. 
•Onts hnrvc•tccl before field mun urri,cd on Plots 1, 2, 13, 14. 

.... . . e>< - < ::: < "'~ ;., ... ..... 
0 ... 0 .... ... .... :: s... 

- C) u C) 
0 0 C) 

~ p.. c.. 0~ i::.. 
N ,r. -- ~i • r. 

I 
-..j< - .; 1 ~ Cl ~ ~l::: C') 0 

c-, ..... =--; C, .::) C, .c. - .... .... -
0.52 68.7 59.2 

I 
.... 

0.60 70.5 65.6 .... 

I 
0.70 69.9 6b.3 59. 

0.70 74.1 69.3 63.5 

I I 

I 
1.12 0.0 63.4 I 65.5 

I 1.20 74.4 67.7 7~.2 
0.57 66.9 55.0 6•) 3 J,, 

0.50 63.6 56.4 66,;; 
0.42 64.2 59.5 71. 

0.52 67.3 65.9 66.9 

0.90 67.3 64.1 69.3 

0.92 67.0 65.8 I . ... 
0.57 66.2 60.9 . ... 
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profitable on this soil. \Vhether acid phosphate or rock phosphate should be 
used cannot be definitely determined from the data given, inasmuch as the acid 
phosphate sometimes proves of greater value while in other cases the rock phos
phate seems preferable. Tests on individual farms of these t"·o materials ar e 
, ery desirable. The use of a complete -commercial fertilizer does not seem to 
be any more effective than the use of acid phosphate, hence complete fertilizers 
cannot be r ecommended £or general use on this type. They certainly should not 
be employed until tests haYe been carried out in comparison -nith acid phosphate. 

THE OSAGE FIE LD 

The results secured on the Carrington silt loan1 on the O age field, Ser ies I, 
in 11itchell County are given in table XVII . The Yery large beneficial effects 
of manure on this type are evidenced by the data giYen in the table. Large in
creases in crop yields were secured in practically all cases, the greatest effect 
being evidenced from the use of manure on the oats in 1920, on the clover in 
1921, and on the corn in 1922. Considerable incr ea.;;es were also secured on the 
corn in 1918, in 1919, and in 1923. Apparently this soil -nrill respond in a ver y 
large way to application of farm manure. The application of lime along with 
manure proved of value on many of the crops gro,vn. The increase was par 
ticularly noted in the case of the clover. Considerable gains were also evi
denced, however, on the corn in 1918 and in 1923 and on the oats in 1924. 

The use of rock phosphate or acid phosphate with the manure and lime proved 
of value on this soil in practically all seasons. P articularly large beneficial ef
fects fr om the use of one or the other of these phosphorus carriers was evi
denced on the corn in 1919, on the corn in 1922, and on the oats in 1924. The 
acid phosphate gave larger returns on the corn in 1919, on the corn in 1922, and 
very much larger effects on the oats in 1924. In other cases, the rock phosphate 
seemed to be quite as effective as the acid phosphate. rrhe complete commercial 
fer tilizer with manure and lime increased the yields more than the acid phos
phate in one or two cases, particularly on the oats in 1920 and on the same crop 
in 1924. I n other cases the complete commercial fertilizer, however, did not 
seem to be any more effective than acid phosphate. 

The application of crop residues to this soil had little effect on the erop yields 
except in one or two cases. The use of lime with the crop residues brought 
about large increases in crop yields in several instances, pa11icularly on the 
corn in 1919, in 1922, in 1923 and the oats in 1924. The beneficial effects of the 
lime were not apparent in this particular case on the clover gro,\rn on this soil 
but this is contrary to the usual experience as lime ordinarily shows a particu
lar ly large effect on the legume grown in the rotation. 

The use of r ock phosphate or acid phosphate with the crop residues and lime 
proved of large value on this type. In several cases the acid phosphate seemed 
to give better r esults than the rock phosphate but not in all instances and in 
one or two cases the rock phosphate showed up better than the acid phosphate. 
The complete commercial fertilizer with the crop r esidues and lime gave some
what better results than the acid phosphate in practically all cases. I n one or 
two instances very much larger increases in crop yields ,vere secured. 

The Carrington silt loam will evidently respond in a Yery large ,vay to ap
plications of farm manure, lime and a phosphate fertilizer. 'l'he beneficial effect 
of manure is very largely evidenced on all general farm crops gro"rn on this 
soil and liberal amounts of farm manure should certainly be applied in order 
to insure the best crop production on this type. The type is acid in rcfction 
and additions of lime ha"e very large effects not only on the legume crop 
grown in the rotation but also on the other general farm crops. Ordinarily 
the legume crop shows the greater effect from the lime but in 1nany cases corn 
and oats also are very largely increased by the use of the lime. The application. 
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of a phosphate fertilizer seems to be of large value on this soil. In many cases 
acid phosphate gives larger effects than the rock phosphate but in some in
stances rock phosphate is quite as beneficial and may indeed be somewhat larger 
in effect in some ca es. Definite conclusions regarding the relatiYe merits of the 
two phosphate carriers cannot be drawn at present and it is recommended 
that tests of the t,Yo materials be carried out on indiYidual farms. While the 
complete commercial fertilizer sho,Yed up somewhat better than acid phosphate 
in some cases on this :-,oil, the differences 1\'ere not ordinarily sufficiently large 
to warrant the greater cost of the complete fertilizer and it would seem that in 
general acid phosphate w·ould be more profitable for use on this . oil. 

THE RED OAK FIELD 

The results secured on the :\Iar. hall silt loam on the Red Oak field in 1\Iont
gomery County, are giYcn in table X\7 III. The addition of manure to the 
Marshall ">ilt loam always brings about large increa es in crop yields. The 
data given in the table bear out this statement. Particularly large effects "ere 
noted on the wheat gro-n-n in 191 and on the oats in 1921. The use of lime 
,vas Yery effectiYe in some ca es. The lime ,vas applied to thi field in the spring 
of 1919 and in the year succeeding the application, increa es in crop yields 
were secured in eYery <!ase. The beneficial effect ,vas evidenced on the corn, 
oats and ,vheat as ,Yell as on the legume crop. 

The use of rock phosphate or acid phosphate "ith the manure and lime 
proved of yalue in most instances on this soil. , ... ery large increases "ere secured 
on the winter "heat in 1922. In some case the acid phosphate seemed to give 
some,vhat larger effects than the rock phosphate but in some years the reYerse 
was true. The <!Omplete commercial fertilizer ,Yas not any more effective than 
the acid phosphate in most in tances. In one or two ca es it gaYe sli~htly larger 
effects but in general the differences were too small to be significant. 

The application of crop residues to this soil had Yery little effect on the crop 

TABLE XVII. FIELD EXPERIME~T-CARRINGTO:N" SILT LOAM-MITCHELL 
COUNTY. OSAGE FIELD-SERIES I . 

. ... < 
Plot 

i:: < =< "'< 
CJ c< i:: < Ol < ... ► ... 

Treatment 0 ... 
..., 0 <:J 

... ... ..., 

No. 
... ... ~ ... 0 ... 0 .. d ,._, 

CJ C> 0 C) 0 C) .: p, c) C) c) C> 0 C, 

I'.:-< CJ p. p, p. A p. 

00 . N " Ol • .. 0 

0) • 0 . ,-! i:: C\1 C') '<I' • .... ::, ,..., ::, C-1 ::, C\1 0 (N ::, C\1 ::, C\1 ;:I 
o,,t:J 0, ,t:J 0) ,.!l 0) ..... 0, ,t:J a, ,t:J 0) ,t:J 
,-! .... .... ,....; ..... .... ,-! 

1 Check . . . . . . . . . . . . . . . . . . .......... 46.5 55.8 34.6 1.09 58.8 42.3 72.4 

2 l\fanure . . . . . . . . . . . . . . . . . . . . . . . .... 52.8 60.0 60.3 1.56 68.0 50.8 71.0 

3 Manure+lime . . . . . . ............... 52.8 70.0 56.3 1.98 68.0 64.1 82.8 

4 1Ianure+lime+rock phosphate •• ♦ • 54.8 72.0 61.2 1.94 74.3 70.7 86.5 

5 11anure+lime+acid phosphate ..... 56.4 77.0 61.2 1.82 76.0 70.7 98.0 

6 Manure+ lime +complete commer-
cial fertilizer . . . . . . . . . . .......... 44.5 79.0 67.3 1.63 72.3 70.2 102.9 

7 Check . . . . . . . . . . . . . . . . . . . . . ....... 38.8 67.0 59.8 1.48 50.0 53.7 74.3 

8 Crop residues . . . . . . . . . . . . . . . ...... 37.7 65.0 55.0 1.56 51.4 52.0 71.8 

9 Crop residucs+lime • • • • • • • • •• ♦ •••• 39.4 74.0 50.3 1.56 5 .3 65.2 81.6 

10 Crop rcsidues+lime+rock phosphate 47.4 75.0 61.8 1.56 57.7 64.4 90.3 

11 Crop residues+ lime+acid phosphate. 44.2 73.0 59.8 1.44 62.3 64.9 78.4 

12 Crop residues+lime+complete com· 
mercial fertilizer ................. I 48. 7 .0 67.3 1.79 65.5 69.9 I 87.1 

13 Ch eek ............................. 39.7 67.0 53.1 I 1.60 52.3 53.2 75.6 

1Four t-0ns lime applied. 
2Plot 1 low yield-oat~ down bodly; four tons lime applied Sept. 
'Clover postured heavily in spring. 
•Corn down badly on checks and crop residue plots. 
'Dry weather reduced yield. 
•oats lodged. Gophers injured crop on plot 11. 
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I 
TABLE XVIII. FIELD EXPERIMENT-MARSHALL SILT LOA1\:[-MONTG0}.1ERY 

COUNTY. RED OAK FIELD 

Plot Treatment 
No. 

1 Check ............................. 
2 Manure • • • • • ♦ • • • • • • • • • • • • • • • ♦ • • • • • 

3 Manure+lime . . . . . . . . . . . . . . . . . . . . . 
4 Manure+lime+rock phosphate . . . . . 
5 Manure+lime+acid phosphate ..... 
6 Manure+lime+complete commer-

cial fertilizer . . . . . . . . . . . . . . . . ... 
7 Check • • • • • • • • •• ♦ • • • • • • • •••• ♦ • • • • • 

8 Crop residues • • • ♦ • • • • • • • • • • • • • • ••• 

9 Crop residues+lime . . . . . . . . . . ..... 
10 Crop residues+lime+ rock phosphate 
11 Crop residues+lime+acid phosphate 
12 Crop residues+lime+complete com-

mercial fertilizer . . . . . . .......... 
13 Check • • • • • • • • • • • ♦ • • • • • • • • • • • • • ••• 

1Clover killed and plowed up. Yield plot 7 error. 
23 ½ tons lime applied May 15. 
•2 ½ tons lime applied in Sept. 
'Dry weather killed out clover. 

.... 
ell 
<I> 
.::: . 
::::~ . = ~ A< ... 

'1-< 0"" ~"" ~Cl) 
c:,; (!) 

~ 
(.) Cl) p. p.. .. .. 

00 • c:, • 0 . 
l""'I ;::s I""\ ;:l OJ ::, 
c:, ..0 c:, .0 c:,..O 
l""'I l""'I ,-< 

13.6 52.0 56.0 
34.1 57.2 61.6 
31.8 59.2 66.0 
27.7 60.0 63.0 
31.8 58.5 62.7 

29.5 56.2 64.2 
. ... 54.2 56.6 
29.5 I 51.0 54.1 
25.0 53.7 60.2 
18.1 57.7 59.2 
27.2 53.7 61.6 

26.1 57.0 57.3 
13.6 48.2 51.4 

~ 
al 00 
Cl) = .cl· < (': . 

IX)< ~ < Cl) < 
= ..0 

~ "" "" ~ ... 
~ ... . "" 

~~ 0 Cl) 0 Q) 
0 Q; <:.) p., IX) p.. 
~ 

r, .. ,... . OJ • Cf) • ~ . 
OJ ::, OJ ;:I OJ ;:l OJ ;:I 
0>..0 0, ..0 c:, ..0 0) ..0 
,.., ,-< l""'I l""'I 

28.2 13.2 54.5 11.2 
36.9 15.5 57.8 12.4 
37.8 18.6 64.7 14.2 
35.6 28.6 64.6 13.7 
39.4 30.7 62.9 13.1 

36.4 25.4 61.3 14.6 
31.8 17.4 50.6 10.5 
31.3 16.4 52.9 9.9 
31.2 1 19.5 55.0 13.2 
35.0 23.8 55.7 12.3 
36.9 22.3 52.7 12.1 

37.8 22.2 56.8 14.0 
29.0 15.2 52.0 8.9 

yields. Lime with the crop residues brought about considerable increases in 
yields in several instances. the effect being evidenced on the corn, oats and 
wheat as well as on the soybeans. Apparently this soil responds to applications 
of lime in the case of general farm crops as well as for legumes. The use of 
r ock phosphate or acid phosphate with the crop residues and lime proved of 
value in most cases, the beneficial effect again being particularly evidenced on 
the winter wheat in 1922. The data indicates little difference in the effect of the 
two phosphates. I n some cases acid phosphate seemed slightly superior but in 
other instances the rock phosphate was quite as satisfactory. The complete com
mercial fertilizer with the crop residues and lime ,vas no more effective than 
the acid phosphate except in one or two cases where the differences were rather 
slight. 

The data given in this table confirms the conclusions dra'Wll from previous 
field experiments on the l\1arshall silt loam indicating the very large value of 
applications of farm manure, lime and a phosphorus fertilizer to this type. The 
soil will respond in a very large way to applications of farm manure and. liberal 
amounts of this material should be used. The type is generally acid in reaction 
in the surface soil and the use of lime is very necessary in order to provide 
for the best growth of farm crops. Legumes are benefited to a very large extent 
by the use of lime. The application of a phosphate fertilizer seems to be of 
particularly large value on this soil, the beneficial effects being very pronounced 
in the case of many farm crops. Acid phosphate sometimes proves of larger 
value than rock phosphate but not in all cases. It would seem, therefor e, that 
tests of acid phosphate and rock phosphate are very desirable on this soil before 
definite conclusions regarding the relative merits of the t,vo fertilizers can be 
drawn. The complete commercial fertilizer used in this experiment did not 
seem to be any more preferable for use than acid phosphate inasmuch as in 
general it did not give any larger crop increases. When it did bring about 
slightly greater effects, the differences were not sufficiently large to ,van·ant the 
use of the material because of its greater cost. 
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THE STORM LAKE FIELD 

The results secured on the Webster silty clay loam on the Storm Lake field in 
Buena Vista County are given in table XIX. The application of manure to 
this soil type proved of large value as is evidenced by the results given in this 
table. Incr eases in crop yields were very pronounced in practically all seasons. 
The corn in 1920 and the clover in 1922 were increased particularly by the addi
tion of manure. Considerable increases were noted in other seasons. A.ltho 
the type is very high in organic matter and black in color, it apparently will 
respond to applications of farm manure ,vhen properly made. This soil was 
basic in reaction and no lime was applied, hence plots 2 and 3 are duplicates. 

The addition of rock phosphate or acid phosphate with the manure proved of 
considerable value in many cases. The beneficial effects of the two phosphate 
carriers were very much the same in some seasons. I n other cases, however, the 
acid phosphate showed up better than the rock phosphate. This greater effect 
of acid phosphate was evidenced particularly on the corn in 1920 and on the 
clover in 1922. The oats in 1921 and the corn in 1919 also were increased more 
by the acid phosphate than by the rock phosphate. In 1918. however, the rock 
phosphate gave a greater effect than the acid phosphate. It would seem that in 
general the acid phosphate brings about slightly larger increases in crop yields 
than the rock phosphate. The complete commercial fertilizer with the manure 
had a greater effect than the acid phosphate in several cases. Only in one or 
two instances, however, were the differences very significant. In a few cases the 
complete fertilizer showed less beneficial effects than the acid phosphate. 

The crop residues treatment on this soil had little effect in any of the seasons. 
No lime was applied so the yields on plots 8 and 9 may be considered as dupli
cates. The application of rock phosphate or acid phosphate with the crop resi
dues brought about increases in crop yields in several cases. In general there 
was not a very large difference in the effects of the two phosphate fertilizers. 
In one or two cases the acid phosphate seemed to give larger effects and in other 
cases the rock phosphate was just as good or even slightly better. The differ
ences were not large enough in any case to be of any considerable significance. 

TABLE XIX. FIELD EXPERIMENT-WEBSTER SILTY CLAY LOAM-BUENA 
VISTA COUNTY. STORM LAKE FIELD 

"'< < ::::<11 <11 .... :::: "' Plot c;$ .. .. .. .. .. ...., .. 
No. Treatment 0 Q) 0 Q) 0 Q) c;$ Q) 

p.. c., p.. c., p.. 0 p.. -00 • 0) • 0 . .... . 
..-➔::, .... ::, OJ ::, 01 ::, 
o,,O o,.C 0) .c C>.0 
rl .... rl .... 

1 I Check . . . . . . . . . . . . . . . . . . . . . . ....... 73.0 54.7 48.2 45.1 
2 I Manure . . . . . . . . . . . . . . . . . . . . . . . . ... 73.0 54.l 57.3 42.2 
3 Manure . . . . . . . . . . . . . . . . . . . . ....... 73.0 57.6 58.1 36.3 
4 Manure+roek phosphate .......... 80.6 61.1 64.2 43.8 
5 Manure+acid phosphate . . . . . . . . ... 74.5 66.4 76.5 

I 
51.8 

6 11:anure+complete commercial 
fertilizer • • • • • • • • • • • • • •••••••• ♦ • 82.0 61.1 80.0 43.8 

7 Check . . . . . . . . . . . . . . . . . . . . . ....... 70.0 71.5 66.6 40.9 
8 Crop residues • • • • • • • • • • • • • • • • •• ♦ •• 85.1 75.7 67.6 49.1 
9 Crop residues . . . . . . . . . . . . . . . . . .... 76.0 70.1 67.2 41.1 

10 Crop residues+rock phosphate . . ... 79.0 70.4 76.2 41.6 
11 Crop residues+acid phosphate • ♦ • • • 73.0 64.0 76.2 45.5 
12 Crop residues+complete commer-

cial f ertilizer . . . . . . . . . . . . . . . . . .. 85.1 67.5 76.2 43.8 
13 Check . . . . . . . . . . . . . . . . . . . . ........ 79.0 67.5 67.7 39.7 

1Soil bnsic; no manure applied; oats badly lodged. 
1Acid phosphate and potassiure npplied to 3 and 9 in 1922. First crop only. 
1 Hoirs in corn damaged yield. 

.. . 
Q) <11 ::::< -< > .. :::: .. 0 Q) ..... 
.:; p.. 0 C) .. C) 

c., p.. g p.. 
N "' .. c.:i:::: (I') • ~ . 
01 0 01 ::, 01 ::, en..., 0),0 o,.C 
rl .... .... 
0.75 51.0 22.7 
1.01 60.7 27.5 
1.29 65.1 29.2 
1.26 66.4 31.0 
1.42 68.5 31.8 

1.43 66.8 33.9 
1.10 55.8 34.0 
1.08 63.3 37.3 
1.25 70.7 35.7 
1.20 63.2 27.4 
1.23 63.1 31.1 

1.13 61.3 27.2 
0.86 51.9 23.1 
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I 
The complete commercial fertilizer gave greater effects than the acid phosphate 
in one or two instances but in several cases showed less effect. 

The results secured on the Webster silty clay loam in other fields are confirmed 
by the data given in this table. The beneficial effects of manure is evidenced 
on the type in spite of its high organic matter content. It would seem that 
small applications of manure might be made to this soil with very large effects 
on crop yields. Large amounts of manure should not be applied to the type 
and neither should the applications be made preceding the small grain crop of 
the rotation, owing to the danger of causing the crop to lodge. The application 
of a phosphate fertilizer to this type may be of very large value in most cases. 
The data given indicate that acid phosphate may be somewhat preferable to 
rock phosphate but definite conclusioru; cannot be reached regarding the relative 
merits of the two materials. It is recommended, therefore, that both phosphorus 
carriers be tested on this type in the field before any definite conclusions are 
reached. The application of a complete commercial fertilizer to this type does 
not seem to be any more effective than the use of acid phosphate. In general 
the results are quite as satisfactory with the use of the latter material. Be
cause of its greater cost, Yery much larger increases in crop yields must be 
secured from the complete fertilizer if the material is to prove as profitable. 

THE VILLISCA FIELD 

The results secured on the Marshall silt loam on the Villisca field in Mont
gomery County are given in table XX. The beneficial effects of manure on this 
soil are evidenced by the data given in this table. The clover in 1918 and the 
corn in 1922 showed the most pronounced gain from the application of the 
manure. Increases were secured on all the other crops grown, however. The 
application of lime alone with manure increased crop yields further in prac
tically all instances. The clover in 1918 showed a substantial gain and the same 
crop in 1921 was increased appreciably. The effect of the lime was not limited, 
however, to the clover but showed up on the corn and oats crop. 

The addition of rock phosphate or acid phosphate with the manure and lime 
increased crop yields still more in most cases. Both materials increased the 
yields of clover in 1918. In 1921. the rock phosphate gave a gain in the clover 
but the acid phosphate had no effect. In 1920, the acid phosphate brought 
about a very large increase in the yield of oats but the rock phosphate had very 
little influence. In 1921, 1922, and 1923 the two phosphates brought about 
almost the same increases in crop yields. The complete commercial fertilizer 
with the manure and lime had a greater effect on the crops grown in some 
instances, showing up particularly well on the clover in 1918 and 1921, giving 
a greater effect than the acid phosphate in those years. In 1919, and 1920, how
ever, lesser effects were evidenced by the complete commercial fertilizer than 
were secured by the use of a phosphorus carrier. In 1922 and 1923 there was 
very little difference in the effect of the two materials. 

The crop residues had little or no effect on the yields of the various crops 
grown on this field. The lime applied with the crop residues brought about 
increased crop yie~ds in several cases. The gains were not very large, however, 
altho they were evident on the oats and corn as well as on the clover crop. The 
rock phosphate or acid phosphate with the crop residues and lime gave increased 
crop yields in most instances. The greatest effect was evidenced from the acid 
phosphate on the corn in 1919, on the oats in 1920, and on the com in 1922 and 
1923. In the case of the clover in 1918 the rock phosphate seemed a little more 
effective. In general, however, the acid phosphate seemed to give greater re
sults. The complete commercial fertilizer with crop residues and lime had a 
greater effect than the acid _phosphate in sev~ral cases but did not show up 
quite as well in some other instances. The differences were not large in any 
case, however. 
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TABLE XX. FIELD EXPERIMENT-MARSHALL SILT LOAM-MONTGOMERY 
COUNTY, VILLISCA FIELD 

Plot 
No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 

12 

13 

~-< < ... < 
;;, ... < <:) 

Treatment 
C: '1) > ... 

0 C, ... ... .... ... 0 c., 
~~ 0 c:.> d a> ~~ 

CJ ~ op.. C) 

~ '1) .. u:, 
00 ::I C) • 0 . rl ::I 
rl 0 rl ;:I C'I ;:I C'I 0 
C).;j C) .0 c,.O C) .... 

rl ...... rl rl 

Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 49.3 46.2 0. 73 
Manure . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.20 51.0 52.1 0.88 
Manure+lime . . . . . . . . . . . . . . . . . . . . . 1.30 50.3 52.7 0.99 
Manure+lime+rock phosphate .. . . . 1.50 52.0 54.7 1.12 
1.1anure+lime+acid phosphate . . . . . 1.40 49.0 72.7 0.80 
Manure+lime+complete commer-

cial fertilizer .................. . 
Check ........................... . 
Crop residues .................... . 
Crop residues+lime ............... . 
Crop residues+lime+rock phos-

phate .......................... . 
Crop residues+lime+acid phos-

phate .................... • .. • • • • 
Crop residues+Iime+complete com-

mercial fertilizer .............. . 
Check ........................... . 

1.60 48.7 58.1 1.04 
1.65 52.0 49.3 0.93 
1.60 49.3 47.9 0.91 
1.50 48.7 51.3 0.98 

1.65 48.3 I 52.4 0.60 

1.55 53.0 59.7 0. 3 

1.45 51.7 62.8 0.91 
1.55 55.7 51.4 0.70 

1Clover stand not uniform. 
2Limestone added for first time Sept. 25, 3 ½ tons. 
1Hogs damaged corn on some of the plots. 
•crop failure. 

. 
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64.1 37.7 
73.9 38.8 
76.6 43.2 
81.1 44.1 
80.3 45.3 

82.4 45.8 
63.3 38.0 
63.3 37.9 
65.7 39.1 

66.8 41.9 

67 .3 42.3 

73.1 43.1 
64.9 36.6 
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rl 
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The results secured on the l\1arshall silt loam on the \'illisca field bear out the 
results secured on the other fields on the same type, indicating a very large value 
from applications of manure, lime and a phosphorus fertilizer. The increases 
in crops from the application of manure ar e very large. The soil is usually 
acid in reaction at least at the surface soil, and additions of lime will prove of 
large effect. The appli~ation of a phosphate fertilizer is very desirable on this 
soil. .. A.cid phosphate eems to be somewhat pr eferable to rock phosphate in 
general, but in some cases rock phosphate gives quite as satisfactory results and 
definite conclusions regarding the merits of the two material cannot yet be 
dr awn. The data would indicate that the complete commercial fertilizer will 
have less beneficial effect on this type than acid phosphate. 

AVERAGE RESULTS ON THE MARSHALL SILT LOAM 

The average results secured on the l\farshall silt loam on all the field, on 
this type in the state are given in table X XI. These figures show the average 
crop yields and the increase secured from the variou fertilizer t reatments ap
plied on this soil. The value of manure on the corn, oats, clover and wheat on 
this type is very definitely shown, the effects being the greatest on the corn and 
the oats. Lime increased the yields of all the crops but showed up particularly 
well on the clover and wheat. The phosphates with manure and lime brought 
about distinct increases in all cases. The acid phosphate proved somewhat 
superior to the rock phosphate in every case. The difference was the greate. t 
in the case of the clover crop. The complete commercial fertilizer had le s 
effect than the phosphates on the corn, clover and ,,heat but gave somewhat 
greater effect on the oats, not enough, however, to make its use profitable. 

The crop residues showed little effect on any of the crops grown. Lime ,Yith 
the residues brought about pronounced increases. The pho phates with the 
lime and crop residues both showed beneficial effects, the acid phosphate proY
ing more effective than the rork phosphate. The greate'-t differPUC'I:' was noted in 
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t he case of the oat crop. The complete commercial fertilizer had less effect 
than the acid phosphate in most cases. Only with the oats did it prove better 
than the rock phosphate. 

I t is evident from these figtu'es that the Marshall silt loam may be profitably 
fertilized "'ith manure, lime and phosphorus. The data secured on the individ11al 
fields on this type are thus confirmed by the average results given here. I t 
appears that acid phosphate may be somewhat better than rock phosphate under 
both systems of farming, but the results along this line are not entirely definite 
and it is urged that tests of both fertilizers be carried out on individual farms 
in order that the farmer may use that material " 'hich ,vill giYe him the best 
results. The complete corruuercial fertilizer had less effect than acid phosphate 
in practically all cases and hence it cannot be considered as desirable for use 
on this soil. Lime is eYidently of Yalue on this ~oil when it is acid and it i im
portant, therefore, that the soil be tested for acidity and that lime be applied as 
needed. 

THE NEEDS OF O'BRIEN COUNTY SOILS AS INDICATED 
BY LABORATORY, GREENHOUSE AND FIELD TESTS 
From the discussion of the laboratory, greenhouse and field experiments 

which has been giYen in previous pages, some general recommendations which 
are applicable to the soils of the county as a whole may be giYen. While the 
field experiments reported here have been carried out in other counties, the 
soil types are the same as those occurring in O 'Brien County, and so it is be
lieved that the results indicate quite definitely the results ,vhich will be secured 
from the same fertilizer treatments in this county. The recommendations 
which are given here are based on these experiments but they also reflect the 
general experience of many farmers. No suggestions are offered except those 
which haYe been proYen to be of value by considerable practical experience. 
The recommendations made are such as may be put into effect on any farm. 

In several cases it bas been suggested that tests should be carried out on 

TABLE XXI. MARSHALL SILT LOA1f. AVERAGE CROP YIELDS AND INCREASE 
DUE TO FERTILIZER TREATMENT, IOWA EXPERilvfENT FIELDS 

Corn* 

Q) ,., • Q) 
c:.> ..., ,., 
d d c:.> 

C1) c'd 
• ,., ,., 

..., r-. 
Q) 
p. ... <li 

Treatment 0 P< 
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Q) .0 
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Q) .0 
b.O "' ~ ,i:I d...., 
......... C.I i:: 
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Check ....................... . ...... I "58.4 
Manure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.4 5.0 
Manure+lime . . . . . . . . . . . . . . . . . . . . . . . 65.7 7.3 
Manure+lime+rock phosphate . . . . . . 70.2 11.8 
Manure+lime+acid phosphate . . . . . . . 71.6 13.2 
Manure+lime+complete commer cial 

fertilizer . . . . . . . . . . . . . . . . . . . . . . . . . . 69.4 11.0 
Crop residues . . . . . . . . . . . . . . . . . . . . . . . 59.3 0.9 
Crop residues+lime . . . . . . . . . . . . . . . . . 63.0 4.6 
Crop residues+lime+rock phosphate . 67.2 8.8 
Crop residues+lime+acid phosphate 67.5 9.1 
Cr op residues+lime+complete com- I 

mer cial fertilizer . . . . . . . . . . . . . . . . . . 64.9 6.5 

Oats* Clover* 
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42.3 
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48.8 

52.0 
43.5 
43.8 
47.8 
52.0 

50.8 
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1.33 

6.5 1.40 
8.6 1.60 

10.0 2.80 
13.0 3.40 

16.2 2.60 
7.7 1.50 
8.0 2.20 

12.0 2. 70 
16.2 2.80 

15.0 I 2.70 

Cl.> . ,., 
..., C.J 
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0.07 
0.27 
1.47 
2.07 

1.27 
0.17 
0.87 
1.37 
1.47 

l.37 

Winter 
wheat* 
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Cl.> Cl.> 
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I 15.3 
15.5 
18.6 
28.6 
30.7 

25.4 
16.4 
19.5 
23.~ 
22.3 

22.2 

• Cl) ..., ,., 
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Q) ('$ ... ..., ... 
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::, 
C1) .0 
Q) ~...., 
C) i:: 
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c:.> s:l 
i:: -

0.2 
3.3 

13.3 
15.4 

10.1 
1.1 
4.2 
8.5 
7.0 

6.9 

*Corn yields averaged from four years' results on four fields; oats from four years' results on four 
fields ; clover from one year's results on one field and winter wheat from one year's results on one field. 
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individual farms. l\fany farmers are already carrying out simple tests with fer
tilizing materials, securing data of much value to themselves and to other farm
ers who are located on the same soils. Such tests ean be carried out quite read
ily. The Soils Section of the Io,va .Agricultural Experiment Station is ready 
to aid any farmer "·ho may be interested in carrying out fer tilizer tests on their 
own soils. 

LIMING 

nfost of the soils in O'Brien County are acid in reaction and, therefore, in 
need of lime. The Webster silty clay loam on the glacial uplands is basic in 
reaction in the surface soil and thruout the soil section. The Siou..--.;: loam on the 
terrace is basic in reaction in the surface soil and the Lamoure siltv clav loam . . 
and the Lamoure loam on the bottoms are both basic in reaction . These types 
are not in need of lime and in fact they are \"ery well supplied with lime at the 
present time. The Fargo silty clay loam on the terraces is basic in reaction 
in the subsurface soil and in many cases lime occurs at the surface of this type. 
The Clarion silt loam contains lime in the subsoil and the l\Iarshall silt loam 
and the flat phase of the niarshall silt loam both show lime in the subsoil in 
some samples. The particular samples tested in this work contained lime in the 
subsoil. In many ca. es, ho,vever , the :i\far hall silt loam is acid thruout the 
three-foot section. 

The needs of the surface soil must be considered to sho,v most accurately the • 
lime requirement of the particular soil type. Lime rarely moves upward in 
the soil but, on the other hand, the tendency is for it to be removed quite rap
idly thru leaching in the drainage water and thru utilization by crops. The 
presence of lime in the subsoil does not mean, therefore, ihat it "·ill not be de
sirable to apply lime if the surface soil is acid because the best early gro,Yth 
of some leguminous crops "·ill not be secured in an acid surface soil. Except for 
the Webster silty clay loam on the uplands, the Fargo silty clay loam and Sioux 
loam on the terr aces, and the Lamoure silty clay loam and Lamoure loam on 
the bottoms, the soils of O 'Brien County may be acid in reaction and they should 
be tested especially before legumes are to be gro-\vn, if the best yields are to be 
secured. 1Y11en the types are acid additions of lime should certainly be made. 

The figures giYen in the tables show the average lime requirements of these 
various soil types but they should be considered merely indicative of the needs 
of the particular soils. Soils vary widely in acidity and lime requirement and 
even different ::.amples of the same soil type may sho,v- a differing acidity. I t is 
very important, therefore, that the soil in any field be tested for lime need~ 
before an addition is made. In this way the proper application of lime may be 
made and the best results secured. Farmers may test their own soils for lime 
needs but it "·ill usually be more satisfactory for them to send a small sample 
to the Soils Section of the Io"'a Agricultural Experiment 'tation "here it ,vill 
be tested free of charge and recommendations n1ade regarding treatment. 

'l'he greenhouse and field experiments ,vhich have been described earlier in 
this report, have indicated some rather striking crop increases from the appli
cation of lime to the various soils testf'd. The evidence of beneficial effects of 
lime has been sho,vn on the Carrington silt loam, on the :Thlarshall silt loam and 
on the "\\'' aukesha silt loam. Beneficial effects have also been indicated on the 
\Ve bster silty clay loam in a case where this particular type was acid in the 
surface soil. The beneficial effect of lime has been indicated also bv much farm 
experience with the u:se of this material on acid soils. I t is quite e~·idcnt there
fore, that the acid soils in O'Brien County will respond in a very large 'way to 
applications of lime. Increases ,vill be secured not only "·ith leguminous c~ops 
but also with general farm crops altho ordinarily the largest effec-ts from the 
use of lime are evidenced on the legume crops of the rotation. Further inf or
mation regarding the use of lime on soils, losses by leaching and other points 



0 'BRIEN COUNTY SOILS 41 

connected with liming, are given in Extension Bulletin 105 of the Iowa Agri
cultural Experiment Station. A list of companies prepared to furnish this 
material is also giYen in this bulletin. 

MANURING 

Many of the soil types in O'Brien County are apparently very well supplied 
with organic matter. Only the Dickinson fine sandy loam on the glacial uplands 
shows any noticeable deficiency in organic matter. Even the :TYiarshall silt loam 
on the loessial uplands is apparently fairly well supplied with this constituent. 
It would seem, however, from the experimental data reported earlier, that many 
of these soil types will respond in a very large way to the application of fertiliz
ing materials suppl:ying organic matter. Considerable increases in crop yields 
are quite generally secured from the application of farm manure. This is true, 
not only in the case of those soil types ,vhich are not so rich in organic matter, 
but also with those soils where the supply of organic matter is high and the color 
of the soils is black. Even the Webster silty clay loam on the glacial uplands 
and ~he _Lam.oure silty clay loa~ on the bottomlands will respond to the proper 
application of farm manure m small amounts. On these heavier textured 
darker colored soils, the application of manure should not be made precedin; 
the small grain crop in the rotation owing to the danger of causing the cro; 
to lodge. The amount of manure used in such cases may also be reduced con
siderably. 

It is important, therefore, to utilize the farm manure produced on every farm 
in order to insure the largest crop yields on the various soils. Not only does 
the farm manure increase the returns from the various crops gro,vn but it aids 
in a very large way in maintaining the supply of organic matter and other 
plant, food constituents in the soil. Even those types \vhich are well supplied 
with organic matter will gradually lose their content and become deficient and 
it is very important that some means be taken to keep up the supply of organic 
matter in all soils. Farm manure is obviously the material which can be used 
to the best advantage in such cases. 

The usual application of manure to soils is about 8 to 10 tons per acre once 
in a four-year rotation. It is rarely desirable to make larger applications than 
this except in the case of very light textured soils or where special crops are 
to be grown. For general farm crops the largest increases in crop yields per 
ton of manure are secured with the 8 to 10 ton application. 

Green manuring may be a very important farm practice on many of the farms 
in O'Brien County. On grain farms, where farm manure is not produced, the 
use of leguminous crops as green manures is very important. On many livestock 
farms it may also be necessary because often insufficient manure is produced to 
supply all of the soils regularly. In order to s~cure the best crop yields, and to 
maintain the supply of organic matter, legulli.lnous green manure crops should 
be grown as a supplement to farm manure or as a substitute for that material. 
Leguminous crops used as green manures ha:7e the further value that they 
take nitroO'en from the atmosphere when well moculated and hence when they 
are turned under in the soils they increase the supply of this constituent. The 
practice of green manuring with le~uminous crops, _therefore, has a double value 
in keepinO" up the supply of organic matter and nitrogen. The practice \YOuld 
undoubtedly prove of considerable value on many of the soils of O'Brien County. 
Care should always be taken, however, in following the practice, as undesirable 
results may occur if conditions _in the soil are not satisfactory for the hest de
composition of the green materials. 

Crop residues should always be returned to the land as they contain con
siderable amounts of plant food and much organic matter and hence they ~erve 
in a very large way to maintain the supply of plant food constituentc:; and or-
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ganic matter. If the residues are burned or otherwise destroyed there is an 
actual de truction of valuable fertilizing constituents. On the livestock farm, 
the residues may be used for feed or bedding and returned to the land with 
the manure. On the grain farm, they may be stored and allowed to decompose 
partially before being applied or they may be applied directly to the land. 

THE USE OF COMMEROIAL FERTILIZERS 

The phosphorus content of the soils of O'Brien County is quite generally low 
and it eems evident that phosphorus fertilizers will be needed on these soils in 
the very near future. The data given earlier in this report, however, show that 
they will respond in a very large way to the application of a phosphorus f ertili
zer at the present time. The results secured in the greenhouse and field ex
periments and on the soils in adjacent counties where the soil types are the 
same have indicated very large increases in the yields of general farm crops 
from the use both of acid phosphate and of rock phosphate. In many cases the 
acid phosphate has been of superior value to the rock phosphate but in other 
cases the rock phosphate has apparently given quite as large an effect. 

Acid phosphate provides the element phosphorus in a form ,-vhich is imme
diately available. Rock phosphate, on the other hand, contains the phosphate 
in a form whi~h must be changed in the soil to be available. This process goes 
on rather slowly under some soil conditions. .Acid phosphate is more expensive 
than the rock phosphate but the application of the material is smaller. Acid 
phosphate is usually applied at the rate of 150 to 200 pounds per acre annually 
while rock phosphate is added at the rate of one ton per acre once in a four
year rotation. To determine the relative value of the two materials. therefore, 
comparative tests should be conducted over at least a four-year period and the 
total cost of the applications of the two materials taken into account. 

From the data given in this report, it is impossible to draw definite conclu
sions regarding the relati\·e value of the two phosphate fertilizers on the soils of 
this county. It is urged, therefore, that farmers test both phosphate fertilizers 
on their o"·n soils and thus determine for their own conditions which material 
will prove the more profitable. Simple tests can be carried out qwte readily 
on any farm. Directions which may be followed in conducting such tests are 
given in Circular 82 of the Iowa Agricultural Experiment Station. 

The supply of nitrogen in the soils of O'Brien County is generally quite 
large but in a few cases there is apparently a deficiency in this element. In 
all of the soils, however, care must be taken that some fertilizing material sup
plying nitrogen be added to the soils regularly if the supply is to be kept up. 
In no case is the content sufficient that nitrogen may be ignored in planning 
systems of permanent fertility for the soils of the county. 

The most important nitrogenous fertilizer is farm manure. On the livestock 
farm the proper preservation and application of the manure will aid materially 
in maintaining the nitrogen supply. On the grain farm some other nitrogenous 
fertilizer must be employed and in many cases additional means must be used 
on the liYestock farm to insure the maintenance of an adequate supply of nitro
gen. In both these cases the use of leguminous crops as green manures is a Yery 
desirable practice. 

Wben a legume crop is inoculated, as it always should be, a large part of the 
nitrogen in the crop is taken from the atmosphere and when the crop is turned 
under in the soil as a green manure there will be a corresponding increase in 
the nitrogen content in the soil. Undoubtedly in many cases in O'Brien County 
turning under legumes as green manures would be of value in increasing the 
supply of nitrogen in the soil as well as in building up and maintaining the 
content of organic matter. The proper utilization of crop residues also aids 
considerably in maintaining the supply of nitrogen in the soils. 
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Commercial nitrogenous fertilizers can hardly be recommended for general 
use on the soils of O'Brien County at present. While no striking deficiency in 
nitrogen exists, materials containing nitrogen should be regularly used on these 
soils to prevent any deficiency from occurring. The proper use of farm manure, 
leg~nous crops as green manures, and crop residues, ,Yill provide the nitrogen 
that is needed on these soils and permit of the maintenance of the supply in
definitely. 

The potassium present in the soils of O'Brien county is very large and the 
supply of this element is sufficient to keep crops supplied for many years to 
come. It seems unlikely that potassium fertilizers will be of any particular 
value on these soils. .A.11 that is needed to insure proper conditions for the 
transformation of the potassium in the soils into an available form are proper 
drainage and cultivation, the application of lime and the supplying of liberal 
amounts of organic matter. Enough potassium is pre ent in these soils to supI,ly 
the needs of crops for many years to come if the material is changed into an 
available form sufficiently rapidly. Potassium fertilizers cannot be recom
mended, therefore, for general use in this county, and only when applied in 
small amounts as top dressings doe it seem possible that they might prove of 
profit. 

From the test conducted on the soils of O'Brien County, it would not seem 
that complete commercial fertilizers would be superior to acid phosphate for 
use on these soils. In many ca es the acid phosphate seemed to g:iYe quite as 
large increases in crop yields and in no instance did the complete commercial 
fertilizer bring about a suffic-ientl~T larger increase to warrant the greater cost 
of the material. itrogen may be supplied to the soils of the county more 
cheaply thru the use of legumes as green manures and by the application of 
farm manure and the utilization of crop residues. Potassium is not likely to be 
deficient, hence the chief value of the complete commerc~al fertilizer lies in 
the phosphorus content. It \\°Ould seem, therefore, that acid phosphate should 
prove quite as desirable for use. Tests may be carried out with these materials. 
however, in compari on with acid phosphate by any farmers who are interested 
and if they secure profitable returns from the application of the complete fer
tilizers, there is no objection to their use. 

Fig. 10. A corn harvesting scene, 0 'Brien County. 
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DRAINAGE 

The drainage conditions over a large part of O 'Brien County are quite ade
quate but in many areas the natural drainage system is very poorly developed 
and large areas of soil are not adequately drained. On the level area east of 
Waterman Creek there is practically no natural drainage and the need of arti
ficial drainage is very definitely shown here. In many other areas in the county, 
drainage conditions are not entirely satisfactory and the installaton of tile or 
the location of a drainage ditch is very necessary in order to bring about the 
best conditions for crop growth . 

Usually a rather definite relationship exists between the need for drainage 
and the particular soil type. Thus the \Vebster silty clay loam is very poorly 
drained. On the terraces, the Fargo silty clay loam shows a need for drainage 
and on the bottoms the Lamoure types are in need of drainage. In some areas 
in the flat phase of the 1\Iarshall silt loam, drainage is not entirely satisfactory 
but usually the Marshall is fairly well drained. 

When the soil is too ,vet good crop yields eannot be secured. The first treat
ment needed on such land is to insure thoro drainage either by the installation 
of tile or if necessary by the location of a drainage ditch. In many parts of 
0 'Brien County cr op yields are not entirely satisfactory at present because of 
the lack of thoro drainage. Tiling may be an expensive operation but the re
sults secured always warrant the outlay. The farmers in this county should see 
that their land is thoroly drained if they ,vish to secure the best returns. No 
fertilizing treatment will haYe any value on land which is too ,vet and fertilizers 
may be wasted if they are applied to poorly drained areas. An abundance of 
experimental data is available ,vhich shows the benefits from tiling out land 
which is not properly drained and in many cases it may mean the difference 
between no crop at all and a very satisfactory crop yield. 

THE ROTATION OF CROPS 

It is well known now that the continuous growing of any one crop will 
quickly reduce the fertility of the soil. In spite of this general knowledge, how
ever, farmers still continue to grow one crop continuously on land due to the 
£act that the particular crop may be the money crop. Experimental evidence 
and much experience has sbo,vn quite clearly, however, that the economic re
turn from land will be very much greater if a rotation is practiced. Even if 
other crops are included in the rotation which are of less money value, the 
actual profits from the crops grown over a period of years ,vill be greater un
der the rotation. This is due to the fact that there is a very rapid reduction in 
the yields of crops if grown continuously on the same land. Furthermore for 
the permanent fertility of the soil the rotation of crops is absolutely essential. 

No special rotation experiments have been carried out in O'Brien County, but 
numerous rotations been followed successfully in various parts of the state and 
from among these one may be chosen which will fit in with almost any average 
farm conditions. No one rotation can be r ecommended for all conditions and, 
indeed, almost any rotation '\vi.11 prove satisfactory provided it contains a le
gume crop and a money crop. The following examples of rotations which are 
in common use thruout the state may serve as a basis on which rotations suit
able for O'Brien County may be worked out. 

1. SIX-YEAR ROTATION 
First year -Corn. 
Second year-Corn. 
Third year -Wheat or oats (with clover, or clover and grass). 
Fourth year-Clover, or clover and g rass. 
Fifth year -Wheat (with clover), or grass and clover . 
Sixth year -Clover, or clover and grass. 

This rotation may be reduced to a five -year rotation by cutting out either the second 
or sixth year and to a four-year rotation by omitting the fifth and sixth years. 
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Second year-Corn. 

0 'BRIEN COUNTY SOILS 
f 

~- FOUR OR FIVE-YEAR ROTATION 

45 

Third year -Wheat or oats (with clover or with <'lOYer and timothy). 
Fourth year-~lover (I£ timothy was seeded with the clover the preceding year, the rota

tion may be extended to five years. The last crop ,vill consist principally 
of timothy) . 

3. FOUR-YEAR ROTATION WITH ALFALFA 
First year -Corn. 
Second year-Oats. 
Third year -Clover. 
Fourth year-Wheat. 
Fifth year -Alfalfa (The crop may remain on the land five years. This field should then 

be used for the four-year rotation outlined above and the alfalfa shifted to 
one of the fields which previously was in the four-year system). 

4. FOUR-YEAR ROT.ATIONS 
First year -Wheat (with clover) . 
Second year-Corn. 
Third year -Oats (with clover). 
Fourth year-Clover. 

First year -Corn. 
Second year-Wheat or oats (with clover). 
Third year -Clover. 
Fourth year-Wheat (with clover ). 

First year -Wheat (with clover) . 
Second year-Clover. 
Third year -Corn. 
Fourth year-Oats (with clover). 

5. THREE-YEAR ROTATIONS 
First year -Corn. 
Second year-Oats or wheat (with clover seeded in the grain). 
Third year -Clover (In grain farming, only the grain and clover seed should be sold; 

most of the crop residues sueh as corn stover and straw should be plowed 
under. The clover may be clipped and left on the land to be returned to 
the soil and only the seed taken from the second crop). 

First year -Corn. 
Second year-Oats or w·heat (with clover) . 
Third year -Clover. 

F irst year -Wheat (with clover). 
Seco~d yeai·-Corn. 
Third year -Cowpeas or soybeans. 

THE PREVENTION OF EROSION 

Erosion is the carrying away of soil thru the free movement of water over 
the surface of the land. I f all the rain falling on the ground ,vere absorbed, 
erosion could not occur, hence it is evident that the amount and distribution of 
rainfall, the character of the soil, the topography or the '' lay of the land,'' and 
the cropping of the soil are the factors which determine the occurrence of this 
injurious action. 

Ther e are two types of erosion, sheet washing and gullying. The former may 
occur over a rather large area and the surface soil may be removed to such a 
large extent that the subsoil may be exposed and crop growth prevented. Gully
ing is more striking in appearance but it is less harmful and it is usually more 
easily controlled. If, howeYer, a rapidly widening gully is allowed to gro"' 
unchecked an entire field may soon be made useless for farming purposcc::. 

Erosion occurs to a considerable extent in some of the types in O'Brien 
County. It is particularly eYidenced on the steep phase of the Clarion loam 
and on certain areas of the l\Iarshall silt loam, the Clarion silt loam and the 
Carrington silt loam. Some washing also occurs in the case of the Dickinson 
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fine sandy loam. Serious ,,ashing away of the surface soil often occurs and 
gullying is rather common, and where these effects of erosion are noted, some 
means of prevention or control of this destructive action hould be adopted. 

The means which may be employed to prevent or control erosion in I o,,a may 
be considered under five heading-s as applic·able to '' dead furrows,·· to small 
gullies, to large gullies, to bottom~ and to hillside ero. ion. 

EROSIOX DUE TO DEAD FURROWS 

Dead furro'11·s or back furrows, when running with the slope or at a consider
able angle with it, frequently re ults in the formation of gullies. 

"Ploicing l n."-I t is quite customary to "plow in" the .mall gullies that 
result from these dead furro"·s and in level areas this process may be quite ef
fective. In the 1nore rolling areas, bo"·ever, it ic; best to supplement the '' plo,,
ing- in'' with a series of '' staked in,'' dams or earth dams. 

"Staking I n. "-The method of '' staking in'' is better a it require less ,,ork 
and there is le. s danger of "·a hing out. The proces consists in driving in sev
eral serie of stakes across the gully and up the entire hillside at inter '\"als of 
from 15 to 50 yards, according to the slope. The stakes in each serie!'o should 
be placed three or four inches apart. It is then usually advi. able to ,,eave some 
brush about the stakes, allo\\ing the tops of the brush to point upstream. ,4-\.ddi
tional brush may also be placed above the stakes, with the top pointing up
stream, permitting the water to filter thru, but holding the fine soil. 

Earth Dams.- Earth dams consist of mounds of soil placed at inter-rals along 
the slope. There ar<' some objection to the use of earth dams, but in many 
cases they may be quite effectiYe in pre-renting erosion in "dead furrows.'' 

SMALL GULLIES 

Gullies result from the enlargement of surface drainage,,ays and they may 
occur in cultivated land, on steep hillside in grass or other vegetation. in the 
bottomlands, or at any place "·here "·ater r uns oYer the surface of the land. 
Small gullies may be filled in a number of ways but it is not practicable to :fill 
them by dumping soil into them; that takes much "·ork and is not lasting. 

Check1'ng Overfalls.-The formation of small gullies or ditches is practically 
always the result of overfalls. An easy method of checking the overfalls is to 
put in an obstruction of straw and bru h and stake down with a post. One or 
more posts should be set firmly in the ground in the bottom of the gully. Brush 
is intertv...-ined between the posts, stra,\' is well tramped down behind them and 
the straw and brush are held in place by cross pieces nailed to the posts. 

"Staking I n. " - The simplest method of controlling small or moderate sized 
gullies and the one that gives the most general satisfaction is the staking in 
operation recommended for the control of dead furrow gullie . . 

The Strat() Darn.-...:\ simple method of preventing erosion in s1nall gullies is 
to fill them " ·ith stra"·· This may be done at threshing time ,v-ith some saving 
of time and labor. The stra"· is usually piled near the lower part of the gull>·· 
but if the gully is rather long or branching. it should be placed near the middle 
or belo"· the jlmction of the branches or more than one dam should be used. 

The Ea, th Dan1.-Thr u...,e of an earth dam or mound of earth a<'ross a gully 
may be a satisfa<'tory 1nethod of controlling erosion under some contlitions. In 
general it n1ay he said that "hen not provided ,vith a suitable outlrt under the 
dam for surpluc;; ,, at<> r· the ea1ih da1n eannot be reC'ommended. , 1{hen such an 
outlet is provided the clam is call<>d a ''Christopher'' or '' Diekey'' dam. 

The "Chri.'itopher" or "Dickey" Drnn.- This modifi<'ation of the earth dam 
-consists merely in laying a line of tile clo"·n the gull~· and beneath the dam. 
An elbow or a "T," called the surface inlet, ru;ually extends two or three feet 
above the hot tom of the gully. ...\. large sizrd tile should be used in order to 
provide for flood " ·aters ancl the darn should he proYided "·ith a C'e1nent or 
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board spillway or runoff to prevent any cutting back by the water flowing from 
the tile. The earth dam should be made somewhat higher and wider than the 
gully and higher in the center than at the sides to reduce the danger of ,vash
ing. I t is advisable to gro,v some crop upon it, such as sorghum, or even oats 
or rye, and later seed it to grass. 

The .. A.d-luns Da,n.- This dam is practically the same as the Christopher or 
Dickey Dam. In fact the principle of construction is identical. In some sec
tions the name " Adams Dam" has been applied and hence it is mentioned sepa-
rately. 

The Stone or Rubble Dant.-Where stones abound they are frequently used 
in constructing dams for the control of erosion. 

The Rubbish Dani.- The use of rubbish in controlling erosion is a method 
sometimes follo"·ed and a g-:reat variety of materials may be employed. The 
results are in the main rather unsatisfactory and it is a very unsightly method. 

The Woven Wire Dan1.- The use of Vi'Oven-wire, especially in connection with 
brush or rubbish. has sometimes proven satisfactory for the preYention of 
erosion in small gullies. 

Sod Strips.-The use of narrow strips of sod along natural surface drainage-
ways may often prevent these channels from "·ashing into gullies, as the sod 
serves to hold the soil in place. Bluegrass is the best crop to use for the sod, 
but timothy, redtop, clover or alfalfa may serve quite as ,veil and for quick 
results sorghum may be employed if it is planted thickly. 

The Concrete Darn.-One of the more effective means of controlling erosion 
is by the concrete dam, provided the Dickey system is used in connection with 
it. They are, however, rather expensive. O"·ing to their high cost and the 
difficulty involved in securing a correct design and construction, such dams 
cannot be considered as adapted to general use on the farm. 

Drainage.- The ready removal of excess ,Yater may be accomplished by a 
system of tile drainage properly installed. This removal of water to a depth 
of the tile increases the water absorbing po,ver of the soil, and thus decreases 
the tendency toward erosion. 

LARGE GULLIES 

The erosion in large gullies ,vhich are often called ravines may in general be 
controlled by the same methods as for small gullies. The Dickey dam is the 
only method that can be recommended for controlling and filling large gullies 
and it seems to be giving very satisfactory results at the present time. 

BOTTOMLANDS 

Erosion frequently occurs in bottomlands and especially where such lowlying 
areas are crossed by small streams the land may be very badly cut up and ren
dered almost entirely valueless for farming purposes. 

Straightening and Tiling.-The straightening of the larger streams in bot
tomland areas may be accomplished by any community and "·hile the cost is 
considerable, large areas of land may thus be reclaimed. 

Trees.-Erosion is sometimes controlled by ro,vs of such trees as willows which 
extend up the drainage channels. V."hile the method has some good features it 
is not generally desirable. 

HILLSIDE EROSION 

H illside erosion may be eontrollecl by certain n1ethods of soil treatment "'hich 
are of value, not onl~· in preventing; the injurious ,rashing of soils, but in aid
ing materially in '::iecuring satisfactory crop gro,-vth. 

Use of Organic Jlaitcr.-Or~anie matter or hun1us is the most effective means 
of increa<;ing the absorbing po,Yer of the soil and hrncc it proves very effective 
in preventing erosion. Farin manure may be used for this purpose or areen 
manures may he employecl if farn1 n1anure is not a Yailable in sufficient am~1nts. 
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Crop residues such as stra,v and corn stalks mav also be turned under in soils 
to increase their organic matter content. · 

Groiving Crops.-The growing of crops, such as alfalfa, that remain on the 
l~nd_ continuo1._1sly for a period of two o: more years is often ad ,ri able on steep 
h1lls1des. Alsike clover, s,Yeet clover, timothy and redtop are also quite desir
able for use in such locations. 

Contour Discing.-Discing around a hill instead of up and do,vn the slope 
or at an angle to it is frequently Yery effective in preventing erosion. This 
practice is called "contour discing" and it has proYen quite satisfacto1"V' in 
many cases in Iowa. · 

Sod Strips.-The use of narrow stripe;; of sod is Yery desirable for preventing 
gully formation. The sod protects the field from the fio"~ of water during rains 
and prevents the washing away of the surface soil. 

Deep Ploivh1g.-Deep plowing increases the absorptive power of the soil and 
hence decreases erosion. It is especial1y advantageous if it is done in the fall 
as the soil is then put in condition to absorb and hold the largest possible amount 
of the late fall and early spring rains. 

INDIVIDUAL SOIL TYPES IN O'BRIEN COUNTY* ** 
There are 15 soil types in O'Brien County and these with the fl.at phase of 

the Marshall silt loam make 16 separate soil areas in the county. They are di
vided into four groups on the basis of their origin and location, known as drift 
soils, loess soils, terrace soils and swamp and bottomland soils. 

DRIFT SOILS 

There are five drift soils in the county classified in the Clarion, Carrington, 
Webster and Dickinson series. Together they cover 72.8 percent of the total 
area of the county. 

CLARIO:N' SILT L OA1f (169) 

The Clarion silt loam is the most extensive drift soil in the county and the 
second largest soil type. I t covers 7.8 percent of the total area. The type is 
extensively developed in the eastern part of the county in Hartley and Omega 
Townships. Considerable areas are also found in Grant To,vnship. The larg
est development of the type is in the northeast corner of the county across Hart
ley Township. Other large areas occur southeast of H artley and thru the cen
fer of Omega Township along Waterman Creek. Small areas of the type are 
also found along l\lill Creek and some of its eastern tributaries in the central 
part of the county and very small areas of the type occur along the Floyd and 
Little Floyd RiYers. 

The surface soil of the Clarion silt loam is a dark bro,vn to black silt loam, 
extending to a depth of 12 to 14 inches. Belo,v this point, there is a layer of 4 
to 6 inches of a dark bro,Yn heavy silt loam to silty clay loam which passes at 
a depth of 16 to 20 inches into a light brown to yellowish or grayish-brown silty 
clay. Rusty bro,rn, gray and yello,v stains and lime concretions occur in the 
subsoil. Sand and graYel occur in general thruout the subsoil and boulders are 
occasionally found on the surface soil and ihruout the three foot 5ection. Small 
areas of the ::\Iarshall silt loam and the Carrington silt loam are included ,T"ith 
the Clarion silt loam al> they are too small to separate on the map. In spots 

*"O'Brien County adjoins Cloy County on the east and Sioux County on the west. In certain cases 
the maps o{ these counties do not appear to agree along the boundnrie:,. This is mainly due to changes 
in correlation resulting from a fuller knowledge of the soils of the st::1te. Some o{ the nreas formerly 
mapped with the Carrington series are now mapped with the Clarion soils and the Shelby with the new 
Dickinson series. The Lnmoure soils uro more accurntely defined and their areas now include areas 
formerly classed with the Wabash serics."-Bureau o{ Soils Report. 

**The description of individual soil types given in this report very closely follow those in the Bureau 
of Soils Report. 
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too small to map. the subsoil consists of loose graYel. -{reas of the type which 
occur adjacent to the Webster silty clay loam are a heavy silt loam in the sur
face soil and have a more plastic and compact subsoil, in places approaching the 
subsoil of the Webster. Boundary lines bet"·cen the"e typt>s are established in 
some cases rather arbitrarily. In the areas along the lO'w·er course of l\Iill Creek 
in Union Township, the surface soil frequently contains consicleraLle propor-
tions of fine sand. 

In topography the Clarion silt loam is gently rolling, oecurring in very much 
the same topographic position as the Carrington silt loam. Where the t,Yo types 
are adjacent, ho,YeYer, as ii:; true in the eastern part of Grant To,yn,;hip, the 
Clarion silt loam occurs on the slope position bet,Yeen the higher lying Carring
ton silt loam and the hottornlands. In Section 10 and 11 of the same town-.;hip, 
the Clarion silt loam occurs in an intermediate position between the level "\Veb
ster silty clay loam and the high Carrington silt loam. The type also occurs 
on isolated elevations on the Wel1';ter silty clay loam level area in section 23 . . 
of Omega Township. It is sometimes folmd also in intrrmediate poc:;itions be-
tween the steep phac:;e of the Clarion loam and the bottornlancls along the creeks 
in Waterman and Grant Townships. The drainage of the type is well estab
lished except on the nearly lrvel areas '"'here in a fe,Y cases the drainage is in
adequate. In the areas along- some of the larger streams the slopes are occa
sionally rather steep and erosion has occurred to some extent. 

The Clarion silt loam is all in cultivation. Corn, oats and hay are the chief 
crops grown. Corn yields 40 to 45 bushels per acre ; oats, 35 to 40 bushels; 
barley, 25 to 30 bushels; winter "·heat. 15 to 20 bushels; clover and timothy 
hay, 2 to 2½ tons per acre; alfalfa, 3 to 4 tons per acre; timothy alone, 1 to 11/:! 
tons per acre; and wild hay, about the same. 

Yields of general farm crops on the Clarion silt loam are generally quite satis
factory but in many cases very large increases in crops may be secured thru 
the application of proper fertilizers and thru proper treatment. The applica
fion of manure is of very large value and liberal amounts of this material should 
be used wherever possible. While the type is acid in reaction at the surface 
soil, it is quite evidently in need of lime for the best growth of crops and par 
ticularly of legumes. It contains some lime in the subsoil but this is not suf
ficient to change the needs of the surface soil and it is very important that the 
soil be tested for lime needs and the amount required be applied before legumes 
are to be grown. I ncreases in the yields of general farm crops are also secured 
from the application of lime to this type in many cases. 

The beneficial effects of a phosphate fertilizer on the soil are shown very def
initely by experiments and some farm experience. The results with acid 
phosphate and rock phosphate are very similar ancl it is impossible from the 
data thus far available to determine ,vhich phosphate fertilizer "-'Ould prove 
the more profitable. It is recommended, therefore, that farmers test both acid 
phosphate and rock phosphate on their own farms and thus determine for their 
conditions ,vhich fertilizer is the more satisfactory. The use of a complete com
mercial fertilizer on the type cannot be recommended as it would seem that 
acid phosphate would probably be quite as satisfactory. Where the type is not 
entirely adequately drained the installation of t ilc is very desirable and on 
those steeper slopes where erosion has occurred to a considerable extent, some 
means should be taken to prevent the serious washing a,Yay of the surface soil. 

CARRINGTO~ SILT LO.AM (83) 

The Carrington silt loam is the second largest drift soil in the county and 
the fourth soil in area. It covers 3.3 percent of the county. It occur~ 1nainly 
in the eastern and southeastern parts of the county separating the le, cl areas 
of the Webster siltv clav loam from the drainage to \\T aterman Creek on the 
west. rrhe largest developments of the type are found southeast of Ilartley in 
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Omega Township and along the ea t side of Waterman Creek in the center of 
Grant Township. 1\.reas also extend down to the county line thru Waterman 
Township. Small areas of the type are present in other parts of the county, 
notably in Waterman Township west of the creek and near Primghar, Paullina 
and Calumet. 

The surface soil of the Carrington silt loam is a dark brown to black mellow 
silt loam 10 to 12 inches in depth. The subsoil is a br own to dark brown friable 
clay loam grading at 18 to 20 inches into a light yellowish-brown or light brown
ish-yellow more compact heavy clay loam to silty clay loam, containing vary
ing quantities of sand and graYel. In places the lower subsoil is stained with 
rusty brown, yellow and gray. Boulders are rather numerous thruout the oil 
section and frequently on the surface. In places the texture of the surface soil 
varies from a heavy loam to a heavy silt loam or loam. The lighter textured 
soil is usually underlaid by a more friable subsoil containing more sand and 
gravel. Where these coarser materials occur in sufficient quantities, the subsoil 
is a coarse sandy clay to sandy clay loam with a structure approaching the Dick
inson subsoil. The heavier surface soil variations are underlaid by a more uni
form textured and heaYier subsoil which is less friable and rather compact. In 
topography, the Carrington ilt loam is gently rolling to rolling. The natural 
drainage of the type is very well established. Erosion occurs to some extent on 
the steeper are~ of the soil. 

All of the type is in cultivation, corn and oats being the principal crops 
grown. Barley and wheat are grown in a small way on the soil. The yields of 
general farm crops are very much the same as those secur ed on the Clarion silt 
loam. The soil will respond in a very large way to applications of farm ma
nure just as was noted \vith the Clarion silt loam. The experiments given earlier 
in this report show very definitely the very large effects of applications of farm 
manure to this soil in increasing the yields of general farm crops. The type is 
acid in reaction and applications of lime are ver y desirable. Large gains in 
the yields of leguminous crops result from the addition of proper amounts of 
lime. 

The application of a phosphorus fertilizer will prove of pro.fit on the soil as 
has been indicated by the experiments r eported and by some experience. 
Whether acid phosphate or rock phosphate should be applied cannot no,v be 
definitely stated as the results secured for the t11·0 materials seemed to be 
variable, depending on the particular conditions under 11•hich the test has been 
carried out. I t is recommended, therefore, that farmers test both acid phos
phate and rock phosphate for their O\vn particular conditions to determine 
which ,vill be the more profitable for general use. 

WEBSTER SILTY CLAY LOAM (107) 

The W ebster silty clay loam is the third largest drift soil in the county and 
the fifth type in area. I t covers 3.2 percent of the county. I t occurs mainly in 
the extreme eastern part of the county in Omega and Grant Tow·nships. The 
largest area covers a large part of Omega To,vnship extending to the county 
line and over the to,vnship line into Grant Township and do,vn thru that town
ship in the eastern section to the northeast section of Waterman Township. 
Small areas of the type also occur in the north central sections of Hartley Town
ship and in the vicinity of Sanborn and along the north county line directly 
north of Sanborn. 

The ~urfa<'e soil of the "\Vebster silty clay loam is an almost black silty clay 
loam. extending to a depth of 10 inches. The subsurface layer j.., a dark gray
ish-bro"·n to black heavy silty C'lay loam to silty clay loam, changing at 20 
inches into a silty clay somewhat mottled and more plastic. rrhe subsoil belo"' 
20 inches is a yello"·ish-bro,Yn plastic silty clay heavily mottled "'ith gray and 
rusty bro,n1 and containing lime concretions and calcareous material. Sand 

• 
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I 
and gravel occur in the subsoil and a £e,Y boulder -; are found on the surface 
and tbru the soil section. I n the areas ,,here the \\..,. eb-;ter silty clav loam is 
closely a sociated with the Clarion an<l Carrington silt loan1s, the s~1bsurface 
laver con ists of a well oxidized vello"-ish-bro"n :,;iltv l'lav loa1n. S1nall areas 
o{ the Clarion and Carrington silt ·1oan1s ,,hieh are too· sn1ali to sho,Y on the map, 
are included with the "'\\T eb'>ter silty clay loam. I n son1r places the surface soil 
contains a Yery large amount of coar.;;e sand and approachc~ a clay loam or a 
heaYy coarse loam in texture. 

The W ebster silty clay loam has an nndulatin!! to leYel topograph~-. in the 
large areas in the eastern part of the county. The sn1aller areas in the north 
and north central parts of the county occur in depre~ ed areas in the :\Iarshall 
silt loam uplands. Xatural drainage is poor due to the level to fiat topography 
of the type and to the heaYy characteristics of the subsoil. 

~"-11 of the type i:::. under cultivation or utilized for pasture and hay land. 
Corn is grown most extensively on the cultivated area~ and the most important 
hay crops con. i. t of timothy and clover mixed, timoth~- alone. clovrr and alfalfa. 
Small grains are gro"'11 to a limited C'xtent. These (•on-.,i'>t 1nainly of oats, bar
ley and ,,heat. ,,ild hay is produced on the poorl) drained "'ater-logged 
pots. Blue!?rasc; gro"·s very well on the type. lllillet. ..... orghum, rape. rye and 

buckwheat are 01netimes gro,vn. On the "·ell drained arras c-orn yields 50 to 
60 bu hels per a ere; oats, 33 to 40 buc;;hels: timothy anc.l clo, er. ~ to 21 :! tons; 
timothy alone, 2 tons; cloYer alone, 21 2 ton..s; an<l alfalfa, 3 to 312 tons per acre. 

The chief need of the Y\r ebster silty clay loam to make it more satisfactorily 
productiYe is thoro drainage. The installation of tile is Yery necrssary in order 
to permit of the best growth of cultivated crops. "\\Then the type is well drained 
it mn t be carefully cultivated in order to prevent the establishment of poor 
physical conditions. If it is plo,ved "hen it is too "et, it is apt to clod. Fre
quent cultiYation is very de irable. Corn and hay crop~ are most successfully 
gro"·n as in some case the small grains are apt to locl~e. The type ,vi.11 respond 
to applications of farm manure as has been indicatecl by the experiments dis
cussed earlier in this report and by much farm experience. Small amountc:; of 
farm manure have a ver)~ large value on the type when it is ne,vly drained. 
1\1:anure should not be applied on the soil immediately preceding the gro,vth 
of small grain crops o"ing to the clanger of causing the1u to lodge. Even when 
uch crops are gro,vn. however, srnall amounts of 1nanure are of value if sup

plied at other places in the rotation. The soil is not usually acid in reaction 
and frequently is high in lime. "'\\7hen it is acid, ho,vever, applications of lime 
,~ill be of Yalue as has been indiC'ated in some of the experiments r eported ear
lier. ..1.pplications of a phosphate fertilizer ,vill bring about very profitable re
turns on the type and farmers are urged to test the Yalue of acid phosphate and 
rock phosphate uncler their o,vn conditions. It seems frorn the experiments re
ported earlier that ac.-id phosphate may be some"·hat preferable for uc:;e but def
inite conclusionc:; should not he clra,vn until tC''-ts ha, C' been carried ont on the 
particular area. 

CLARION LO.\M, STEEP PHASE (151 ) 

The ~teep phase of thC' Clarion loa1n ic; the fourth drift type in area in the 
county and the sixth soil in extent. It 0(•cnrs ehiefiJ on the slopes along the 
Little Sioux l{iYer and "'\"\T aterman Creek in Grant auc.l ,\ratt•r1nan To,rnships. 
There are no large indi\ idnal areas of 1 he type. It <><·<·nrs iu na1-ro"' irrc!?ular 
shaped areas bordering the streams n1entionecl. The largest indi, idual de,;elop
ment of the type is southeast of buthcrland along Dog Creek. 

The surface soil of the steep phase Clarion loam is a dark bro,Yn n1C'llo\\ loa1n 
to heaYy loam extending to a depth of 10 in<·hes. The subsoil is a light bro" n 
to dark bro,v11 hea,·y loa1n to clay loan1 heeon1ing lighter in c·olor and hea, icr in 
texture at the lo"-er depth<;. Belo\\ 18 to 20 inehcs it is a light to dark ) cll,nv
ish-brown, or gTayish-brown coarse clay loam to silty clay loa1n, c·ontaining eon-
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siderable amoun ts of sand and gravel. Lime concr etions occur in the lower part 
of the subsoil. There are many variations in the characteristics of the ~urface 
soil and even of the three-£ oot soil section, due to the occurrence of erosion and 
the washing which occurs on the type. In some cases the underlying glacial 
sand and gravels are exposed. The texture of the surface soil may range from 
a clay loam to a loam, the subsoil from a loose porous sand, gravel or rock frag
ments to a very compact friable silty clay. 

In topography the steep phase of the Clarion loam is abrupt to precipitous. 
Erosion is very active and very difficult to control. The topography of the soil 
is so rough that it is impossible to bring it under cultivation. Some areas are 
still forested with elm, bur oak, bass,vood, box elders, ash, hard maple, soft 
maple, wild plum, crab apple and ha'\\iborne. The type is used for pasture 
purposes only and this ronsists of native prairie gra. ses. Bluegrass stands are 
poor. The type is suitable only for pasture. 

DICKI:N"SO~ FINE SANDY LOAM (175) 

The Dickinson fine sandy loan1 is a minor type in the county, covering only 
0.1 percen t of the total area. It occurs in several small areas along the upland 
slopes to ~Iill Creek in Dale and Union TO\\'Ilships. Other areas ,vhich are too 
small to show on the map occur in similar position within areas of the Clarion 
loam, steep phase, along Waterman Creek and Little Sio1L""\: River. T,vo small 
areas occur in section 7, Union Town hip, and in section 23, Caledonia Town
ship, orcurring on lo,Y hill positions standing out prominently above the sur
rounding uplands. 

The Dickinson fine sandy loam has a surface soil of a dark brown, moderately 
loose fine sandy loam to light loam extending to a depth of 14 to 16 inches. The 
subsoil is a light yello,vish-bro"·n very light sandy clay to hea·vy sandy clay 
loam. Sand occurs occasionally in the lower subsoil at 30 to 36 inches. The 
subsoil is usually more porous and loose and lighter in texture at the lo,ver 
depths. In some places it approaches a sand or light sandy loam. In a few 
areas occurring in Union To"Llship and Caledonia rrown hip mentioned above, 
the subsoil consists mainly of coarse sand and gravel. 

The topography of the Dic:kinson fine sandy loam is r olling and drainage is 
entirely adequate. In fact in periods of low rainfall, crops are likely to suffer 
from drouth. The type is subject to considerable erosion. 

~lost of the Dickinson fine sandy loan1 is utilized for pasture or bay land. 
1.\ small part of it is under culliYation and corn and small grain crops are 
grown. Yields of cultivated crops are lower than those secured on the adjacent 
upland soils, and hay and pasture grass s frequently suffer in periods of low 
rainfall. 'fhe type " 'hen cultivated is particularly in need of organic matter 
to increase the content in the soil and to prevent the rapid drying out and the 
oc:c:urrence of drouth effects on the crops. The soil is acid and ,vould respond 
to applications of lime. It is low in phosphorus and additions of a phosphate 
fertilizer " 'ould undoubtedly prove of Yalue. 

LOESS SOILS 

1.'here are t"·o locss types in the county, thr i\Iarshall silt loam and the flat 
pha~r of th<> sarne type. Tog-ether they cover 72.8 percent of the county. 

).fARSIIALL SILT LOA}.f (9) 

The )Iarsball silt Joan1 i-; the most e\..tensiYe individual soil type in the county. 
Together "·ith the flat phase " ·bic:h i-; very mall in area, it covers almost three
fourths of the county. It oc·cln·s over the upland'> in broad areas thruout the 
couuty, heing th<' most iniportant, upland type except in the extreme eastern part 
of thr area. Large unbroken areas of the soil oc:c:ur in all parts of the county. 
'l'bruout the north <'entral part of the eolu1ty there are sn1all area-; of the Web-



,trr silt)· l·la~· loa1n and of the Far:ro silt~ l'la)· loa1n oc·cnrr1ng 111 thl' 1norc 
rolling ::\Iar-..;hall upland-..;. ~\s 1t approac·hrs tht• st rt•a1n'-. arl'a,., of l larion -..;1lt 
loan1 srparatl' it fro1n the hottou1 .... or tht• strPan1s thPtn..,t•l\l''i. In otlH~r plal'es 
it OC'l'Ur" i1un1<>cliately adjacPnt to the tl'rraee -,oils or thP hottonilantl soil, along 
the -,t r ea1n~ or thl' trihutar~ stream,. 

The surfat·e -..;oil of thr ".Jfar;.,hall silt loHnl is a c1ark bro" n to hlaC'k 1nello" 
._ilt loa1n. l'Xtcnd1n~ to a tlPpth of 1:2 to ]-1 111<'111'"· ' l'he snhso1l 1...., a clark yel 
lo"·ish-hro"n trun1hly h<•HY) ..... ilt loa1n to ela) loam. <'hanging at about :!O 1nc·h1•..., 
into a light > l'llo\\ t-,h-bro"·n or gra) 1"h-hro\\ n to hro\\ n1sh-yPllo" heaY~ p]a;.,t1<· 
-.ilt loa1n to li~ht .... ilt ,. 1·la, loa111 lu n1an, ;n•pa, thi>rl' 1 .... a l'On'-,1tlerable c·ontent . . . 
of limr in thr --ub--01I. ln the 1nore rolling area,, the ,nhso1l dot>:-. not l'Onta1n 
this eall'ar<>on, 1uaterial in apprt•(·1ahll' qnantitil''"' l!nttl 111u1·h lcnYC'l' clrpth,., are 
reac-hrd. In thrse rolling ar1'a-... th(' -...urfacl' -..;cnl i-... '-.OUH'\\·hat -,hallo\\er a111l 
lighter in eolor. 1·011tai11in~ h•,s cn·ga11i1• 1nattPr ThP sub .... urfaee -.oil c1nd :-.uh
'-.Oil arC' al:-.o .... 01n1•\\hat li~htrr in tolor and ordi,nartl) thrr1• 1 .... a sonlP\\hat hig:ht>r 
pert·rntage of Yer:v fine ,.and und finp "a111l in thP lo\\·pr ;.,ub,.,011. In son1P of 
th<' n1orP h·,·C'l arc•a" the> linll' 1·ontPnt of the> ;.,nh,cnl 1, lcn, and 1n plat·t'" PntirPl~ 
ah..,ent. In "P<'tion .i of '\Y atl'rn1an Ten, nshi p, the ...,nrfa<·l' ,oil 1, a dark hrcn, n 
to blac·k in color, th<' ,uh,0111s a ht>a,., ela~ loa111 to '>ilt., 1·la) loa1n, plast1<· ancl 
Yt>r~· l'O111patt. ,.,ho" 1ng ru .... ty hro\\ u to ~ <>lien,· 111ottluu..r, 111 thP lo\\ er part a1Hl 
eonta111ing no lin1e "hatrY<>r. . \nothrr PXt<•nsi, <' arra si1n1lar 1n topograph) 
and ,Yith a ,in1ilar ...,urfac-r ...,oil a1ul ...,uh,oil 1·ontl1tio11. ot·1·urs aclja1·c•nt to ~Iill,., 
l'rei>k in .... rc·tion, :1. 10 and 1,i, of l)ah• rro"n,h1p and anothrr in '>P<·tion ~(i of 
~u111n1itt To"·n...,hip. 

\ Tar~ ing: an1ount-, of fine .... ancl oc·1·ur thruout tht> .... urfat·P ,oil in tlH• n1or<> roll 
ing areas acljal'ent to the ]:?}oyd and L1ttle I◄'lo) cl J{l\ l'l's, and o, <>r th<· entir(• 
areas in \\T atern1an, l.J1hc>rty, East l Tnion an<l "('stPrn ll1g:hland 1'o,Yn...,hips ancl 
in Grant To,,nship \\e,t of \\Tater1uan ('rc<'k. ln si>t•tions 1 ancl :Z of Floycl 
To,Ynship the '>nrfac·r ... oil j..., a gTa) 1sh-bro"n to dark bro\\11 n1rllo,Y, hc•a,: 
loam to '>ilt loam. . .. \t 10 to 1~ inl'hC'> it eontains lar~rr amounts of fine and 
YPry fine ..,and inereas1ng- at tht• lo\\'Pr <lPplhs until, at ~O to 22 1nC'hrs. the 
. ubso1l bet·o1nl'S a light yello\\ i,h-bro" n Yl'l'Y t·o1npat•t friahlr fine to Yery finc• 
sandy elay to tlay loam. 1'he loess 1, the pure,t 1n the "estc•rn part of th<> 
county, bt•tonung less pure to" a rel '\\T aterman Creek in the 1nore rolling and 
,,ell drained areas in the ~outhern and pa tern parts of the eounlY. t,.suallv 
the underlying drift material is not rn!'ountered until depths of 5 to 10 fe~t 
are rrac-hecl. \\Ther<' the topograph: 1s undulating to deprr...,sed. the glaC'ial 
material is rrachecl. ho"eYer, fro1n :t~ to -10 inehes. Suc-h area'> oeeur in I.Jin 
c·oln, Xorth,re--tern and Center 'l'ownslups and in other plac-es in as-,ot·iation 
" ·ith the flat pha ·e of the ~Iarshall ...,ilt loan1 adjaC'ent to the• Clarion, Carrington 
and V..,.. eb<.,ter -,oils as in II art ley To" nship. 

I n topography, the ~lar hall '>ilt loa1n 1..., typically undulating to gently roll
ing, in a fe,\ pla(•es beeo1nin~ rolling. Xatural drainage of the type is very "·ell 
rstabli. heel altho, in th<> n1ore ~e11tly undulating areas, surfa<'e drainagr is slo,v. 
In the r olling area;.,, ,rhrre th<' ~ubsoil <'haraetrrist1es n1ake thr type more porous. 
drainage is apt to he e:i.(•ess1vf' and oc·casionall) <TOI)'> sufl'er frozn droutb. 

Practically all of thr 11ar'>hall silt loam is under c·ultivation. Thr ehief crop-, 
gro\\'ll are corn, oats, barley, ,vheat ancl hay. ...\.bout :35 percent of thr typc> 1,., 
utilized for <'Orn "·hi<·h vielcls fron1 2;j to 7;; husheh,. or an H\ rragP of ahont J;; 
bushels per acrP. Oats ·o<·cup~ an ac-rrage of 25 pertrnt of the t~ pl' and ~ JPld 
:25 to ;;5 bushel~ or an avPragc, of about 40 bushPI'> per aerr. l~arle~ ) H·lcl, ~;; 
to :30 bushels ancl sprn1g- "hPat, 1:-i to ~O ln1:-.hrls. \\rintrr ,rhrat "hit·h is gro\\ n 
to a limited extrnt, yields about the -,an1e as spring "hrat. rr imothy and l lovcr 
mixed proclu<'r 2 to 21 :! ton-, p<•r ac·r<'; timothy alone>, 1 to 11 :! tons; c-lovrr alonr, 
2L{, tons; and alfalfa, :~ to 4 ton~ per ac·rr. Ila)' c·rops arr gro,vn on about 10 
pe;cent of the area. .,_\bout 20 perecnt is utilized for pasture land " 'hic·h is 
chief!) in hlnPgra""· tinloth) and son1r natn•p pra1rif' gra...,srs. l\f inor <·rops 
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grown in the county include besides wheat and barley, rye, sorghum, millet, 
r ape, soybeans, buckwheat, flax and potatoes. 

Average crop yields on the Marshall silt loam are apparently quite satisfac
tory but very large increases in yields may be secured thru proper soil treat
ment. The type responds in a very large way to applications of farm manur e. 
The experiments discussed earlier in this report indicate quite definitely the 
large effect from the applications of this material. Increases in the yields of 
all gener al farm cr ops are pr actically always secured. I t is undoubtedly one 
of the most important fertilizing materials which can be used on the soil. The 
tur ning under of leguminous crops as green manures would be of very consid
erable value in many areas of this type. It is particularly important to utilize 
leguminous crops as gr een manures on grain farms or on farms where there is 
insufficient production of farm manure to keep all the land supplied regularly. 

While many areas of the Marshall silt loam show a lime content in the sub
~oil, the surface soil of the type is usually acid in reaction. E xperiments indi
cate that applications of lime to the surface soil ar e very desirable when the 
type is acid, if the best early growth of leguminous cr ops is to be secured. It 
would seem that the application is desir able even if there is a lime content in 
the lower soil layers. This is especially tr ue if clover, alfalfa or sweet clover 
are to be grown. 

The type is not very well supplied with the phosphorus and applications of a 
phosphate fertilizer would be of very large value. The experiments described 
earlier in this report indicate a very large effect from the application of a phos
phorus carrier. In many cases acid phosphate seems to be somewhat preferable 
for use over r ock phosphate but in a few instances, rock phosphate has shown 
up very well. I t would seem, therefore, that definite conclusions regarding the 
relative value of these two materials should not be drawn until experiments have 
been carried out on individual farms. It is urged, therefore, that farmers test 
the effect of acid phosphate and rock phosphate on their own soils and thus de
termine for their particular conditions ,vhich will prove the more profitable. 
Complete commercial fertilizers are not recommended for general use on the 
soil as it is thought that acid phosphate will probably prove more profitable. 
There is no objection to the use of complete fertilizers, however, if tests are 
carried out and they are found to be of more value than acid phosphate. 

MARSHALL SILT LOAM (FLAT PHASE) (74) 

The flat phase of the Marshall silt loam occurs chiefly in Hartley, Center 
and Lincoln Townships. The largest development of this type is east of 
Primghar in Center Township. Other small areas occur in other parts of the 
county. 

The surface soil of the flat phase of the 1\1arshall silt loam is a black heavy 
silt loam, extending to a depth of 8 to 10 inches. The subsoil is a dark gray to 
black heavy, plastic silty clay loam to a depth of 16 to 20 inches. Below that 
point, it becomes a grayish-yellow semiplastic to plastic silty clay loam. Below 
30 inches, the subsoil is faintly mottled with yellow, brown and rusty brown 
and usually contains lime concretions and calcareous material. Below 36 inches, 
there is frequently some coar se sand and gravel from the underlying drift. In 
many places the lime concretions and calcareous material do not occur within 
the three foot section. The phase differs from the typical 1\1:arshall silt loam 
in haYing a shallower surface soil and a somewhat heavier structure to the sur
face soil, and a more poorly oxidized and heavier subsoil. There are gradual 
changes from the phase into the typical Marshall silt loam, into the Fargo silty 
clay loam and into the Webster silty clay loam. In several cases the boundary 
lines between these types are rather arbitrarily drawn. 

In topography the fl.at phase of the 1\1:arshall silt loam is level to flat as the 
name indicates. Some of the areas occupy slight depressions while the larger 
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areas such as those in H artley To,vn hip occur on the level to -very gently slop
ing uplands. Drainage of the type is quite inadequate. 

All of the soil is in cultivation and general farm crops are gro,,,1, chiefly 
corn and hay. Some of the area is used for pasture and sn1all grains are gro"·n 
to some ex.tent. The yields of cultivated crops are some,,hat lo"·er than those 
secured on the typical 1\Iarshall silt loam, particularly in ,,et seasons. Hay 
yields are a little higher and pastures ar e very readily maintained. 

The chief need of the flat phase of the .:.\1arshall silt loam is for drainage. Til
ing should be practiced on these areas before the land is cultivated if satisfac
tory crop yields are to be secured. ..A..fter thoro drainage of the areas has been 
accompli hed -very 'atisfactory crop yields ,vill usually be secured. The phase 
will respond, ho,ve,er, to small applications of farm manure for the growth of 
corn and hay crops. The type is usually acid in reaction in the surface soil 
and applications of lime are -very necessary especially for the best gro,vth of 
legume . The content of phosphorus is low and additions of a phosphate fer
tilizer ,vould be very de irable on the soil. ..A.cid phosphate might be more pref
erable for use but in some cases rock phosphate ,vould probably do quite as "'ell. 
I t is recommended that tests of acid phosphate and rock phosphate be carried 
out on the soil to determine ,vhich ,vill be more profitable. 

TERRACE SOILS 

There are five terrace soils in the county classified in the Fargo, Waukesha, 
0 'l\ eill, Judson and Sioux series. 'l'ogether they cover 3.2 percent of the total 
area of the county. 

FARGO SILTY CLAY LOAM (109) 

The Fargo silty clay loam is the most ex.tensive terrace type in the county, 
covering 1.7 percent of the total area. It occurs in numerous areas thruout the 
central portion of the county. The largest development of the type is in Dale 
Township, but there are many small individual areas of the soil in practically 
all parts of the county. 

The surface soil of the Fargo silty clay loam is a black silty clay loam ex
tending to a depth of 14 inches. The subsoil is a light to dark grayish-brown, 
heavy, moderately plastic silty clay loam to silty clay. At 26 to 30 inches, there 
ar e mottlings of yellow, br own, gray and rusty brO'i\'n. The subsoil is high 
in lime content and frequently the lime extends thruout the soil section occur
ring also in the surf ace soil. 

In topography the Fargo silty clay loam is generally flat. In depressed areas 
it is gently sloping. It occurs in three distinct drainage positions; first, in de
pressed ar eas in the uplands at the heads of drainageways or as lovr fl.at divides 
between drainage-ways; second, on gentle slopes adjacent to the broader and shal
lo,ver upland drains; third, m real terrace positions, intermediate bet,veen the 
bottomlands and the uplands. The natural drainage of the type is quite inade
quate in all its areas due to the level to fl.at or depressed topographic position 
and also to the heavy texture of the soil and subsoil. 

About half of the Fargo silty clay loam is in pasture, the remainder being in 
cultivated hay, wild hay and grai_n crops. Wild prairie grass and bluegrass 
still grow on some of the areas ,vh1ch are permanently \Vet. Only a small por
tion of the type is in cultivated crops. On these are_as corn and oats are gro,vn. 
Corn yields from 25 to 60 bushels per acre, averaging about 40 bushels. Oats 
yield 20 to 45 bushels, averaging about 35 bushels per a~re. There is a tendency 
for the oats to make a rank gro,vth and lodge, particularly in wet seasons. 
Timothy and clover make up the leading hay crop and yields amount to 2¼ 
to 2½ tons per acre. The yield of timothy alone amounts to 2 tons per acre and 
wild hay yields 11/2 to 2 tons. Minor crops gro,vn on the type include millet, 
rape, sudan grass and sorghum. 
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When thoro drainage is proYidecl for this type, erop yields are quite satisfac
tory. The installation of tile is Ycry nece. sar)· on many area'). Proper cultiYa
tion is e ential as the soil tends to clod and bake if p1o"·ed or cultiYated "·hen 
too "·rt. Small applications of farn1 manure "·ould be of Yalue on this soil 
,Yhen it is ne·w·ly drained hut n1anure should not be applied preceding the 
gro,Yth of small grain crops. The type is usuall)-· basic in reaction and not in 
neec1 of lime. If the surface oil i acid, ho"·eyer, applications of lime might be 
ne<'e~sary for the best earl~· g-ro,,ih of legume<;. The c·ontent of phosphoru!-i i-, 
lo,y anct the application of a phosphate fertilizer ,Yonld undoubtedly proYe of 
Yalne. Tests of aeid phosphate and roc:k pho:-;phate on the soil are ret-ommended. 

"\',".-\.UI\':ESH.\ SILT L0.\11 (75) 

The \V"auke-ha -,ilt loa111 is the second Jar~est terrate typr in the> county, <·OY
c>ring 0.6 pereE>nt of the total area. It oecur. in 1nall areas on the t<>rrac<-':; 
along practically all of the main clrainage,Ya~·s of the county except the Ocheye
dan and the Little Sioux l{iYers. 'I'he largest area of thr type i-; found in "Cni0n 
To"·nship ,just east of Paullina. The remaining areas of the t~·pe are all sn1all 
in area and rather tu1importa11t. 

The surfaee soil of the \\.,.aukesha silt loa1n is. a dark hro,Yn to hlac·k .... ilt loa1n 
eontaining- small amounts of fine sand and Yer.,· fine sand. The subsoil at 1-! 
inc·hes is a lighter brown, yellowish-brown or pale yelloiT' C'lay loam to silty <'lay 
loam, containing so1ne1Yhat larger an1ount of fine sand than are prrsent in the 
surface . oil. At the lo"·er depths, the subsoil is more co1npaet and only 1nod
erately plastic. In some areas, the subsoil, at a depth of 32 to 3-1 inehes, 1s a 
loose structured <'oarse sand~- loam or graYelly loam. '\\.,.here this; Yariation <H.:
CW'!-i the soil is really an O ·~eill loan1, but in many plaC'es the areas ,Yere too 
small to separate out and the~· are included "·ith the \\.,.aukesha silt loam. I n 
these areas the surface r-;oil usuall~· approaches a hraYy loam. Tht'se Yariation-
in the typical soil are found deYeloped on the terraces along the upper course-; 
of Waterman Creek and Little \\"'aterman Creek. Inelucled with the \\Taukesha 
silt loa1n there are also "mall areas of F argo silt loa1n and silty clay loam which 
are too small to sho"· on the n1ap. These spots occur generally in the lo,Yest 
lying and most poorly drained terrac:es or in poorly drained areas at the foot 
of upland slopes. .A.long the lo"·rr course of \Yaterman Creek there is <·onsid
erahle Yariation in the charac-tcr of the surface soil material clue to ,Ya(;h from 
thr !-.lopl's aboYe. 

fn the deeper i;-alle~·s;, thl' \\'ankesha silt loa1n on the terrac•e-, lies 13 to 30 
feet aboYe the botto1ns. i\.long the sn1aller streallL,, ho,YPYcr, the soil is only •> 
to 10 fert ahoi;-e the first botto111s. In the large area near Paullina. the soil i, 
1:5 to 20 feet aboi;-e the aclja('ent stream. In topography, the type is leYel to 
gently undulating. ~atural drainage of the soil is usually quite adequate. In 
the areas where the subsoil rests on a loose g:ra,;-el substratum, the drainage of 
the soil is hctter. 

The \\Taukesha silt loa1n i, Yer~· laru-ely <"nltiYatetl. the ehief crops gro,Yn be-
in!! torn. oats and barley. There is a considerable ac:reage in hay "·hich con
,ists of timothy ancl red eloYer and s111all areas of alfalfa. 'ome of the ')Oil is 
nsed for pastu~·e purposes. Sn1all areal"> of the type adjacent to the bottomland 
are usually utilized in this "·aY. . . 

On the cultiYated areas, the ) ielcls of general fa1·n1 crops are Yery n1uC'h the 
same as those secured on the )Iarshall silt loan1 on the upland. The soil treat-
1nents "·hi<'h will bring- about inereasecl crop yields are Yery similar to those 
,u!!o-ested for the )Iarshall ,ilt loan1. Thr appli<·ation of farm n1anure is of Yery 
lar;e Yalue on the soil and ,Yill bring: about large inc·reases in crop yields. The 
type is acid in reaction and applications of lime are Y€'ry necessary for the be-,t 
gro"1:h of general farm C'rop-;, particularl:' of legumes. 'fbe application of a 
pho phate fertilizer ,Yonld unclouhtedly proYe of Yalue and tests of acid pho-.-



phate and rot·k phosphate arP rl'l'Onunended. Expl'rinll'nts reportPd earlier have 
sho,rn Yery larg-c effcl't-, of applit•ations of n1anur(~, lin1<> and phosphor us to thi" 
soil. 

0 'XEILL LO.\..1I (l0S) 

The O 'X eill loam i a minor terrace type in the count.' t·o, ering· onl.' 0.4 per
cent of the total area. I t occurs in several mall areas on the terrace~ along the 
Ol'heyedan Rivrr. tht> I~ittlc> ~ion). Rivrr ancl th<' lcnYer cours<'" of \Vatrr1nan 
and :\I ill ( 'rePks. ThP lar!.!'e~t area of thl' type is found along the OC' hc>r rclan 
R iver in Hartley reo,rnship in the llorthea...,t l'Orner of thr county. The othfr 
areas of the t,''J)P arc> vrry small in extent and relatively uni1nporta11t. 

The sur fal'e -;oil of the () ·xeill loa1u i8 a dark hro,,n i o blac·k hPavv loan1. PX

tending to a llcpth of 10 to 1 :2 inehes. The subsoil at a dc>pth of '.20 ·inches is .i 

yello,,i._h-bro,Yn ht>av.'· loa1n to t·lc1y loa1n, in placrs 1noderntrly compaet. Belo,Y 
this, thl' snb...,oil 1" a vello\\·i...,h-hro,Yn to bro" nish-, rllo,, sa11dv loa111 to eoarse . . . 
sandy loa1n or !.!.l'H\ elly loa111, "ith a loo,;;e poron..., strnctnre and layer.., of sand 
and gra, el In ,01ne areas the layer of hPaYirr material is thieker than 20 
inches but in 1nost l'a"e" the gra, elly ancl} subsoil is rPached at shallo,Yrr 
clepth-, and 1nay appear at 10 i11ehes belo\\ thr snrf~H'<' ln plaee..., the.' suh-,oil 
j..., a Yery loo...,e sancl and gr,n cl. 

'fhe <) 'Xe1ll loa111 O<Tnr..., 011 U·rrate-; usual I.' about ~.> feet above the botto111-.; 
There is ton..,idPrahle ,ar1atio11. ho\\eYer. Tn se<·tion ~-:I: of '\\Tater1nan tcn\'n
-..;hip, it oecnr, on the terrat·<· ->0 fel·t ahoYt' the ri, er bottoni. ,,·hilt> in :,;et:tion 
~9 of O1uega To,Ynship th<· typ<' i-, onl_'\ fiyr to right fPrt ahoYP the hotto1ns. 
In topo~raphy. 111<' soil is IC'Y<.'l. drainage i..., all<'quate ancl in dry sea...,ons c·rops 
arE:' apt to .... utIPr fron1 c.lronth. 

~\.bout half of the () 'Xe11l loa1n 1..., 111 pa-.tnr<' and ha.' land. thr ren1ainder be
ing- l'ulti, at ed. l 'orn 1s gTff\\ n to a laeg·c extent on the cnlti, a tcd areas, yield
ing 30 bn~heh, prr a<·l'<'. Oat-., yield 2~ to :30 bu-;lll'l-, and ti1nothy and t·lOYl"'l' 
ha~ 1 to 11 :! ton per ac.:r<·. Crop yiPldi:, are ex.trt>n1ely , ariable depending upon 
the s1'aso11cll t·onclitions. l n cl1·, Years the , ielc.ls are YerY lo-n· "bile in \\ rt sea-... ' ... .., 

"on..., or ...,ea...,011..., of nor111al rainfall, the yields 111ay be quite sati~fal'tory. 
This type i~ partit:ularl~ in need of organic 111atter in \Yhich it i..., lo,v and 

applieations of farm 1uanure arc , er) desirable. Turning nncler lt•gnn1inoru, 
l'rops as green manures "ould al-:;o be of tonsiclcrablc help. The liberal u e of 
or!rauie 1natter on tl11s t_\·pe ,Yill n'dne<' the clanger or injur) fron1 c.lrouth. The 
type is acid in real't1on an<l applil'atio11s oI li1ne are necessary e::,pecially hc·fore 
legnn1e" art' µTO\Yn . The phchpluirus l'Onte11t Js lo\\· a1Hl the use of a phosphat<> 
fert 11Izt•r "onlcl n1ulouhtPtll~ pro,c of YalLlC. 'l'e"ts of ac.-icl phosphate are 
l'l't:Olll llll'll l lt.'d. 

.JLDSO"'\ L0.\.1.J: (190 ) 

The .JndsoJl loan1 1" a 111iJ1or t., l><' 111 the eount~, l'0\c1111g only o.:3 perl'ent 
of the total art>,1. It <HTnrs 1n ..,r, (•ral -..;ruall area-. 1n (-:l-ranl and '\\'"atern1an 
'fu,, nslup...,, alon!.! tlie l_,ittll' ~1011" l{i, er and "\\' ater1na11 l'reek 'l'he largest 
area of the typ(' j.._ nlon~ the J~1ttle :Sioux l~l\er in the soulhea-.t tor11er of the 
t.:ounty. 

The ...,urfac:e :-,011 of thl' .J ntlson loa1u 1s a clark hnn, n to ahnost hlac·k 111pllo\\' 
loam to hea,, loau1. l'Xteulling- to a depth o[ 10 1nl·hc". l3elo,, t lu1l pon1t jt 
nTade-; into a· dark bro,, H to b la,·k n1a t eria 1 of t lll· -..;~llllL' tex. t nre, shg htly 111ore 
~ompal't than thl' -..;nrfac:e soil. .\t ~() in<·IH•s, the ,uhsoil is a tla1k bro\\ n, rnod
erately plastie loan1, eo11t,11ning a littll' 1nore fine.• sa1Hl than tl1<.' "urfaec 111a1 Prial. 
The type is rather Yariablc in eharal't<:r1st1c.-> tht> surfa~·{' soil rang-ing 'rou1 a 
fine sandY loa111 to a hea,) loan1, ancl 1-. ...,ub,1ec·t to ('Ons1tlL'ralil<' ehangl' in tex
ture clep~ndiug upon the ,, aslung- of the 1natL•r1al f~·o111 the nppL'r ...,Jope-.. 'rh111 
layers of loose· sand arc o<•(•as1011,llly Pll\·ountt•rptl 111 t lie snhso1l :--i1nnll arpas 
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of Sioux loam and O'Neill loam a re included with the type as they are too small 
to separate on the map. In a fe,v places small quantities of lime occur in the 
lower subsoil. 

The Judson loam is developed typically at the base of the steep upland areas 
bordering the valleys. Narro,v strips occur along the higher bluffs, and are 
more or less modified in characteristics by the material ,vashed down from above. 
In a few areas the type occurs in a typical terrace position. In topography, it 
is gently sloping to very gently sloping in slope-wash positions, while it is level 
to undulating in the terrace position. Drainage of the type is usually quite 
adequate. 

l\1ost of the Judson loam is cultiYated, corn being the chief crop grown. The 
yields of the crop amount to 50 to 60 bushels per acre. Small grains are gro,vn 
to some extent but they tend to lodge. Some of the type is in grass but very 
little of it is used for pasture. 

Crop yields on the Judson silt loam are very much the same as those secured 
on the Marshall silt loam on the upland, and the treatments needed to make the 
soil more productive are likev1ise very similar. I t will respond to applications 
of farm manure, it is acid in reaction and additions of lime are desirable and 
the use of a phosphate fertilizer will undoubtedly prove of value. Tests of the 
effect of acid phosphate on this soil are recommended. 

SIOUX LOAM (76) 

The Siou..~ loam is a minor type in the county, covering only 0.2 percent of 
the total area. It occurs in several small areas in Grant and Waterman Town
ships on the terraces adjacent to Waterman Creek and the Little Sioux River. 
There are no large areas of the type. 

The surface soil of the Sioux loam is a dark brown to black mellow loam to 
heavy loam. The subsoil at 10 to 12 inches is a light yellowish-brown or gray
ish-yellow loam to fine sandy loam or sandy loam, loose in structure and con
taining some lime. At 20 inches the sand becomes coarser and the subsoil has 
a loose porous structure, the texture varying from a fairly uniform fine sandy 
loam to a sandy or gravelly loam. Lime is generally present thruout the sub
surface soil and the subsoil. In topography, the Sioux loam is level and drain
age is adequate to excessive. The type is apt to prove drouthy in dry seasons. 
The soil occurs on terraces about the same distance above the bottoms as was 
noted in the case of the O'Neill loam. 

About three-£ ourths of the type is utilized for hay and pasture land, the re
mainder being cropped. The crops gro,vn and the yields are very much the 
same as those secured on the O'Neill loam. In favorable seasons, the yields of 
corn and small &"rains may be quite satisfactory but in dry seasons the yields 
are poor. 

The type needs chiefly the incorporation of organic matter in order to make 
it more retentive of moisture and less subject to injury by drouth. Liberal 
applications of farm manure are desirable and leguminous crops should be 
utilized as green manures in order to increase the content of organic matter . 
The type is high in lime content thruout the subsuTface and subsoil and prob
ably is rarely in need of lime. If the surface soil is acid, ho,vever, and legumes 
are to be grown, it might be desirable to make an application of lime to stimu
late the early growth of the crops. The content of phosphorus is low and ap
plications of a phosphate fertilizer ,vould undoubtedly prove of value for gen
eral farm crops. 

SWAMP AND BOTTOMLAND SOILS 

There are four s,vamp and bottomland soils in the county, classified in the 
LamoUTe and Wabash series. Together they cover 7 .3 percent of the total area 
of the county. 
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The Lamoure silty clay loam is the most extensive bottomland soil in the 
county and the third largest type, covering 4.6 percent of the total area. I t 
occurs in numerous areas along the various rivers and streams of the county. 
The largest development of the type is in H artley Township in the northeastern 
corner along the Ocheyedan River. Another extensive deYelopment of the type 
is in Floyd Township along the F loyd River. The remainder of the areas of the 
soil are small and relatively unimportant usually being narrow and irregular 
in shape, and occurring along the tributary streams and intermittent drainage
ways which extend thruout the upland in the central portion of the county. 

The surface soil of the Lamoure silty clay loam is an almost black moderately 
plastic to plastic silty clay loam to silty clay high in organic matter. At 16 
to 18 inches, the subsoil is a dark brown to black plastic silty clay. In the 
lower subsoil there are mottlings of yellow, brown and gray. The subsoil is 
highly calcareous, and the surface soil frequently shows a large content of 
lime. In some places at depths of 24 to 36 inches there is some coar se sand and 
gravel. This is true of much of the area along the Ocheyedan River and ,in 
those areas along the upper course of Waterman Creek in Lincoln Township. 
In these areas the sandy and gravelly material appears only in spots in the sub
soil, but occurs rather generally at depths of 5 to 10 feet. There is some varia
tion in the texture of the surface soil when the type occurs adjacent to other 
bottomlands or in narrow upland swales and the texture may approach a loam 
or a silty clay. The boundaries between the type and the Lamoure loam are 
frequently established rather arbitrar ily. 

In topography, the Lamoure silty clay loam is level to depressed. I n the 
larger occurrences, the surface is cut only by old stream channels. In the nar
row areas of the type, it occurs in narrow valleys and depressed upland swales 
or former pond areas. The natural drainage of the type is poor. The soil is 
subject to frequent overflow and, due to this fact and the heavy character of 
the subsoil as well as the surface soil, the type is almost continuously water 
logged. Along the Ocheyedan River valley, the stream channel has been dredged 
and straightened to prevent overflow and here crops are grown quite success
fully. In other areas crop yields are quite uncertain. 

About 65 to 70 percent of the type is in pasture land. Tame hay and wild 
hay occupy 20 to 25 percent and the remainder is in grain crops. Where the 
land has been drained and protected from overflow crop yields are quite satis
factory. Corn is grown to the greatest extent and yields 45 to 55 bushels per 
acre. Oats yield 25 to 35 bushels per acre; timothy and clover, 2¼ to 2½ tons; 
timothy alone, 2 tons per acre. W ild grasses yield about 1½ to 2 tons of hay 
per acre. Oats and small grain crops frequently prove unsatisfactory because 
of the tendency to lodge. 

The chief need of the Lamoure silty clay loam to make it more productive is 
the installation of adequate drainage and the protection from overflow. Tiling 
will be very desirable in many cases after the type has been protected from 
flood waters. When thoro drainage is accomplished, small amounts of farm 
manure would be of value in stimulating the production of available plant food. 
Large amounts of manure should not be app_lied and no manure should be ap
plied preceding the growth. of the small gi:ain c~o~ becaus~ of it" tend~nry to 
increase the danger of lodging. The type 1s basic 1n reaction and not 1n need 
of additions of lime. The content of phosphorus is not high and additions of a 
phosphate fertilizer would undoubtedly prove of value. Field experiments 
with this soil have indicated the effectiveness of small amounts of manure in 
increasinO' the yields of general farm crops and have shown also the value of 
applicati;ns of a phosphate fertilizer. Acid phosphate seems to be somewhat 
preferable for use but rock phosphate sometimes gives quite as desirable effects. 
Tests of both acid phosphate and rock phosphate are recommended on the soi l. 
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LA.MOURE LOA11 (112) 

The IJamoure loam is the se<'ond largest bottomland soil in the countv cover
ing- 1.3 percent, of the total area. It occurs in numerous narro,:v, i;;e(Yular
shaped areas chiefly along- \\"'aterman Creek, Willo,v Creek, Floyd Rive~ and 
LittlE> Floyd River. rrhere are sn1all areas of the type along 11ill Creek and 
so1ne of the other streams in the county. ~o large individual areas of the soil 
OCC'Ur. 

The surface soil of the Lamoure loam is a dark bro,vn to black light to heavy 
mello-w· loam, containing considerable fine sand. At 16 inches the subsoil is a 
dark grayish-bro"·n to bla<'k heavy loam to light silt loam. containil1g some . and. 
Calcareous material oc·c·ur<;; in abundance thruout the soil section. There are 
numerous Yariations in the C'baracter of this soil. In the vallev of Waterman 
Creek in Omega, Grant and \\.,..aterman To,-rnships the surface texture varies 
from a fine sandv loam to a heavv loam. Occasionally lavers of loose sand are 
found at varyin~ depths. The deeper !)Ubsoil mate;ial is sometimes a heavy 
plastic silt loam to silt~· elay loam. This is true in sections 25 to 36 of Union 
To,rnship and alon~ the lo"·er course of the Floyd River. Another variation 
of the typE' occurs " ·here there has been considerable " ·ash from the slope o·rer 
fhe bottomlands. This variation from the typical soil is evidenced particularly 
along " 7aterman Creek. In topography, the Lamoure loam is leYel and the type 
is fairly ,vell drained. It is . ubjeet to overflow, however, and if it is to be 
utilized for cultivated crops it must be protected from flood water . 

Included " ·ith the Lamoure loam are several small areas of the Lamoure silt 
loam which "·ere too small to sho"· on the map. In the e areas the surface soil 
is an almost black light to heavy ilt loam 14 to 16 inches in depth. The sub
soil i a dark brown to black heaYy clay loam, extending to a depth of 24 inches 
,Yhere it grades into a dark gra~·ish-brown to black heaYy plastic silty clay loam 
to silty clay, mottled ,nth yrllo,,, bro,,n and gray. The sub oil is highly 
calC'areous and the surface soil is usually high in lime also. This variation from 
the ty·pical soil is found developed in Grant To,vnship along the Jordan Creek 
and in Hartley To"·nship along Waterman Creek. There is also an area in 
section 20 of Union Tow·nship. 

The Lamoure loam is utilized chiefly for pasthre and bay lands, very little 
of the type being in cultivated crops. Corn is the principal crop grown on the 
cultivated areas. The crop yields are very much the <;;ame as those secured on 
the V{abash loam. 

The rhief need of the Lamoure loam is for protection fro1n overflo,, and for 
ade<1uate drainage. When these are accomplished, very atisfactory crop yields 
may be secured. In cultivated areas, applications of farm manure ,,ould be 
very desirable follo"'ing drainage in order to stimulate the production of avail
able plant food. 'mall amounts of manure may be used ,nth large value on 
general farm crops. Manure should not be applied, ho"·ever, preceding the 
gro,rth of a small grain crop owing to the danger of causing the crop to lodge. 
ThE> type is lo,v in pho phorus and applications of a phosphate fertilizer "·ould 
undoubtedly be of value. TE>sts of acid phosphate are recommended. 

\VABASH LOAM (49) 

The Wabash loam is a n1inor type in the county, covering only 1.1 percent 
of the total area. It is developed in narro"·, irregular strips of bottomland 
along Mill C'rc>ek to the fork of Dry Run in Dale Township, along the Little 
Sioux River and the lo,,·er course of \\r aterrnan Creek in Waterman To"'nship. 
It ocrurs also in s1nall arE>as along some of the tributary streams to ::\Iill Creek 
and in other areas along \\T aterman Creek. 

The surface soil of the \Vabash loam is a dark brown to black light to heavy 
mello,v loam, containing sonH• sand. Belo"' 14 in,·hes the n1aterial is omewhat 
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more compact and in place. some,,·hat heaYier in texture. ..A.t the lo,Yer depths 
the material is slightly lighter in color and the lo,Yer subsoil locally contains 
mottlings of yello-\vish-brown and rusty bro"'n. There are some Yariations f rom 
the typical . oil. Shallow layers of loose fine sand to sandy loam a re occasionally 
found thruout the soil . ection. The texture of the surface soil may yary from 
a light sandy loam to a heaYy loam. In the more extensiYe ar eas· the ;urface 
oil, in places, approaches a silt loam. The subsoil is heavier in texture, more 

compact in structure and sho,vs more mottling ,vith yello,Yish-bro,rn and rusty 
brown. Within the type are areas of Lamoure soils "·hich are too small to 
. how separately on the map. On the br oader bottomlai1d, the soil is mor e uni
form and typical ,-vhile the greatest Yariation occur in the narro"' Yalleys along 
the swifter str eams. 

In topography, the W abash loam is leYel. Natural drainage is good. The 
type. is subject to OYerflo"·, ho,vever, and if it is to be utilized for cultivated 
crops it must be protected f rom flood waters. 

The Wabash loam is chiefly utilized as pasture land. H igher areas along the 
I1ittle Siou_x River and Mill Creek are cropped, chiefl~· to corn. S1uall grain and 
tame hay are gro,Til to some extent. Corn yielc1s -4:3 to 60 bushels per acre; 
oats, 25 to 40 bushels; timothy alone, 11;2 to 2 ton~; and timothy and cloYer 
mixed, about 2 to- 21;2 tons of hay per acre. Bluegras..." is the chief permanent 
pasture grass. Prairie or slough gra ses make a good gro"ih and proYide both 
hay and pasturage. 

When the type has been protected f r om oYerflo"· ancl adequate drainage has 
been provided, general fa r1n cr ops may be very successfully gro,vn. rrhe chief 
needs of the oil after drainage and oYerflo," haYe been proYided, are for the in
corporation of ome organic matter, the application of li1ne if the type is acid, 
and the u e of a phosphate fertilizer. 

"\VA.BASH SILT LOA1f (26) 

The Wabash silt loam is a minor bottomlancl type in the county, covering only 
0.3 percent of the total area. I t is found in seYeral small narrow ir regular
shaped areas along the streams of the county. The chief development is along 
Ocheyedan River in the northeastern corner of the county and along the Little 
Sioux River in the southeastern corner. Other small areas of the type are 
found along "\Vaterman Creek and along some of the other streams of the county. 

The surface. oil of the W abash silt loam is a dark brO\\'n to almost black light 
to heavy silt loam, extending to a depth of 10 inches. Below that point it be
comes a dark grayish-bro""Il heavy loam to light silt loam containing consid
erable amounts of fine sand. Belo"' 16 to 18 inches the subsoil is a dark brown 
to black rather plastic heavy silt loam to light ilty clay loam. In the lower 
-;ubsoil faint mottlings of yellowish-brown and rusty brO\\'n occur. In the areas 
,vhere drainage has been poorest the lo,\'er subsoil i yello,Yish-brown, gray and 
rusty bro,"\'U and the texture is a silty clay loam to silty clay. This i-, the typ
ical subsoil character of the type along the Ocheyedan RiYer. There are vari
able amounts of . and present tbruout the soil in Yarious locations. "\Vhere the 
type is adjacent to the J udson silt loam, the surface soil has been modified by 
some slope ,-....ash material. The boundarie · bct\\·een the t\\'O types are estab
lished rather arbitrar ily. 

In topography, the Wabash silt loan1 is leYcl. ~atural drainage i::. fairly ,vell 
developed b11t artificial drainage is neces~ary for the best crop gro,Yth. The 
type is generally subject to overflo"T· 

Several small areas of "\"\Tubash silty <·lay loam are included "·ith the "\Vabash 
silt loam because of their srnall extent. In these arras the surface soil 1s an 
almost ·black silty clay loan1, extending· to a depth of J 6 to 18 inches. Belo"· 
that point, the subsoil i-; a heavy poorly oxidized silty C'lay loan1 to silty clay, 
dark brown to black in l'olor " ·ith stains of yello,Yish-hro\\·n, gray and rusty 
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brown. The chief areas of this modification of the type are in section 33 of 
Dale Township, sections 25 and 36 of H artley Township, in Omega Township 
along Little Waterman Creek and in Caledonia Township along Deep Creek. 
The topography is fl.at and depressed and natural drainage is poor. These areas 
are best suited for pasture. 

The greater part of the Wabash silt loam is utilized for pasture. On culti
vated areas, ho1'ever, crop yields are gener ally quite satisfactory. Corn yields 
50 to 55 bushels and oats, 25 to 35 bushels. Hay yields are very much the same 
as those secured on the Wabash loam. When the type is protected from over
flow and adequate drainage is assured, satisfactory crop yields are usually se
cured. The type is chiefly in need of lime for the best growth of legumes and 
small amounts of farm manure would be of value on newly drained areas to 
stimulate the production of available plant food and tests of a phosphate fer
tilizer are desirable. 
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APPENDIX 

THE SOIL SURVEY OF IOWA 
\\'hat soils need to make them highly productive and to keep them so, and ho,v their 

needs may be supplied, are problems ,,hich are met constantly on the farm ·today. 
To enable every farmer to solve these prob lems for his local conditions, a complete 

survey and study of the soils of the state has been undertaken, the re6ults of which will 
be published in a series of county reports. This ·work includes a detailed survey of the 
soils of each county, following which all the soil types, streams, roads, railroads, etc., 
are accurately located on a soil map. This portion of the work is being carried on in 
cooperation with the Bureau of Soils of the United States Department of Agriculture. 

Samples of soils are taken and examined mechanically and chemically to determine 
their character and composition and to learn their needs. Pot experiments with these 
samples ar e conducted in the greenhouse to ascertain the value of the use of manure, 
fertili zers, lime and other materials on the various soils. These pot tests are followed 
in many cases by field experiments to check the results secured in the greenhoUBe. The 
meagerness of the funds available for such ,vork bas limited the extent of these field 
studies and tests have not been possible in each county s urveyed. Fairly complete results 
have been secured, however, on the main types in the large soil areas. 

Following tbe survey, systems of soil management which should be adopted in the 
various coun ties and on the different soils are worked out, old methods of t reatment 

IOWA 

•• l . 
Fig. 11. Map of Iowa showing the counties surveyed. 
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are emphasized as necessary or their discontinuance advised, and new methods of proven 
value are suggested. 

PLANT FOOD IN SOILS 
Fifteen different chemical elements are essential for plant food, but many of these 

occur so extensively in soils and are used in such small quantities that there is prac
tically no danger of their ever running out. Such, for example, is the case with iron 
and aluminum, past experience showing that the amount of these elements in the soil 
r emains practically constant. 

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

THE '"SOIL DERIVED" ELEMENTS 

Phosphorus, potassium, calcium and sulfur, kno,vn as "soil derived'' elements. may 
frequ~ntly be lacking in soils, and then a fertilizing method carrying the necessary 
element must be used. Phosphorus is the element most likely to be deficient in all soils. 
This is especially true of Iowa soils. Potassium frequently is lacking in peats and 
swampy soils, but normal soils in Iowa and else,vhere are usually well supplied with 
this element. Calcium may be low in soils which have borne a heavy growth of a le• 
gume, especially alfalfa; but a shortage of this element is very unlikely. It seems possi
ble from recent tests that sulfur may be lacking in many soils, for applications of 
sulfur fertilizers have proved of value in some cases. However, little is known as yet 
regarding the relation of this element to soil fertility. If later studies show its im
portance for plant growth and its deficiency in soils. sulfur fertilizers may come to be 
considered of much value. 

AVAILABLE AND UNAVAILABLE PLANT FOOD 

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

The explanation of this peculiar state of affairs lies in the fact that all the plant food 
shown by analysis to be present in soils is not in a usable form; it is said to be un
available. Plants cannot take up food unleS6 it is in solution; hence available plant food 
is that which is in solution. Analyses show not only this soluble or available portion, 
but also the very much larger insoluble or unavailable part. T he total amount of plant 
food in the soil may, therefore, be abundant for numerous crops, but if it is not made 
available rapidly enough, plants will suffer for proper food. 

Bacteria and molds are the agents ,vhich bring about the change of insoluble, un
available material into available form. If conditions in the soil are satisfactory for 
their vigorous growth and sufficient total plant food is present, tbese organ1sms will 
bring about the production of enough soluble material to support good crop growth. 

REMOVAL OF PLANT FOOD BY CROPS 

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

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

The figures in the table show also the value of the three elements contained in the 
different crops, calculated from the market value of fertilizers containing them. Thus 
the value of nitrogen is figured at 16 cents per pound, the cost of the element in nitrate 
of soda; phosphorus at 12 cents, the cost in acid phosphate, and potassium at 6 cents. 
the cost in muriate of potash. 
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TABLE I. PLANT FOOD IN CROPS AND VALUE 
Calculating Nitrogen (N) at 16c (Sodium Nitrate (NaNQ3) ), phosphorus (P) at 12c 

(Acid Phosphate), and Potassium (!{) at 6c (Potassium Chloride (KCl). 

Plant Food, Lbs. Value of Plant Food Total 
Value 

Crop Yield 
of 

Phos- Pota,- Nitro- Phos- Potas- Plant 
Nitrogen phorus sium f'Pll phorus sium Food 

Corn, grain 7.5 bu. ,..- 12.75 14 $12.00 $1.52 $0. '-l $14.:~7 I ,) 

Corn, sto,·er •) '>5T 36 4.5 39 - "'6 0.:54 2.34- .ll4 -._. . .J. I 

Corn, (·rop 111 17 .,- 53 17.76 2.07 3.1 23.01 .... . . __ .) 

\\'heat, grnin 30 bu. 42.6 7.2 ~ G. 1 0. (j 0.46 8.13 I • < 

\\heat, straw 1.5 T. 15 2.4 27 2.40 0.28 l.62 4.30 

\,heat, _,.. 6 9.6 34.8 9.21 1.14 2.0 ]2.43 l'l'OJ) . . . . . . ,) I • 

Oats, grain 50 bu. 33 5.5 5 .28 0.66 0.48 6.42 

Oats, stra"· 1.2,5 T. 15.5 2.5 26 2.4-8 0.30 1.56 <) -~ 
Oats, crop ...... 4 , ;) 34 7.7fi 0.96 2.04 14-.70 
Bnrley, 30 bu. 23 5 - - 3.6" 0.60 0.33 4.61 grain .).,) 

Barle~-, stra " ' 0.75 T. 9.3 1 13 l -, 0.12 0.78 •) 4•> .. ):.. ~- ~ 

Barle~·, <'_rop 32.5 6 1 .,) - •>o 0.72 1.11 7.03 ...... .) •-' 

RYe 30 bu. 29.4 6 
,.. 

4.70 0.72 0.46 
. ' grain I • ;). 

RYe str.nY 1.5 T. 12 3 21 1.92 0.36 1.26 3.54 
. ' Rve ('TOP 41.4 9 1) 6.62 1.08 1.72 9.42 
. ' . . . . . . ~ 

Potatoes 300 bu. 63 12.7 90 l 0.0 1.25 5.40 17.00 

Alfalfa, hn~· 6 T. 300 27 144 4S.00 3.24 .64 39. 

'f i ,not h ~-, hay 3 T. 72 9 c- - 11.52 I.OH 3.95 16.53 ) I,;) 

Clo Yer. haY 3 T. ]20 L'> 90 l 9.20 1.80 :5.40 lo.40 

Tt is evident from the table that the continuous growth of any common farm crop 
\\'itbout returning these three important elements will lead finally to a shortage of 
plant food in the soil. The nitrogen supply is drawn on the most heavily by all the 
crops, but in the case or alfalfa and clover only a. small part should be taken from the 
soil. If these legumes are inoculated as they should be, they will take moot of their 
nitrogen from the atmosphere. The figures are therefore entirely too high for the ni
trogen taken from the soil by these t\VO crops, but the loss of nitrogen from the soil 
by removal in non-leguminous crops is considerable. 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 green manure crops, phosphorus and 
potassium must be supplied by the use of expensive commercial fertilizers. 

The cash value of the plant food removed from soils by the growth and sale of various 
crops is considerable. E ven where the grain alone is sold and the crop residues are 
returned to the soil, there is a large loss of fertility, and if the entire crop is removed 
and no return made, the loss is almost doubled. It is evident, therefore, that in calcu
lating the actual income from the sale of farm crops, the value of the plant food re
moved from the soil should be subtracted from the proceeds, at least in the case of con
stituents which must be replaced at the present time. 

Of course, if the crops procured a r e fed on the farm and the manure carefully pre
served and used, a large part of the valuable matter in the crops will be returned to 
the soil. This is the case in livestock and dairy farming where the products sold con
tain 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 de
pended upon to supply plant food deficiencies in the soil. It should be mentioned that 
the proper use of crop residues in this latter system of farming reduces considerably 
plant food loss. 

REMOVAL FROl\1 IOWA SOIL 
It has been consel'vatively estimated that the plant food taken from Iowa soils and 

shi,pped out of the state in grain amounts to about $30,000,000 annually. This calcula
tion is based on the estimate of the secretary of the Western Grain Dealers' Association 
that 20 percent of the corn and 35 to 40 percent of the oats produced in the state 1s 
shipped off the farms. 

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

The preliminary study of Iowa soils, already reported, revealed the fact that there 
ls not an inexhaustible supply of nitrogen, phosphorus and potassium in the soils of tbe 
state. Potassium was found in much larger amounts than the other two elements, and 
it was concluded , therefore, that attention should be centered at the present time on 
nitrogen and phosphorus. In spite of the fact that Iowa soils are still comparatively 
fertile and crops are still large ther e is abundant evidence at hand to prove that the 
best possible yields of certain crops are not being obtained in many cases because of 
the lack of necessary plant foods or because of tte lack of proper conditions in the soil 
for the growth of plants and the production, by bacteria, of available plant food. 

Proper systems of farming will insure the production of satisfactory crops and the 
maintenance of permanent fertility and the adoption of such systems should not be 
delayed until the crop yields a re much lower , for then it will involve a long, tedious and 
very expensive fight to bring the soil back to a fertile condition. If proper methods are 
put into oper ation while comparatively large amounts of certain plant foods are still 
present in the soil, it is relatively easy to keep them abundant and attention may be 
centered on other elements likely to be limiting factor s in crop production, 

Soils may be kept permanently fertile by adopting certain practices which will be 
summarized here. 

CULTIVATION AND DRAINAGE 

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

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

While the amount of moisture in the soil depends very largely on the rainfall, any 
excess of water may be removed from the soil by drainage and the amount of water 
oresent in the soil may be conserved during the periods of drouth by thoro cultivation 
or the maintaining of a good mulch. The need for drainage is determined partly by the 
nature of the soil, but more particularly bY' the subsoil. If the subsoil is a heavy, tight 
clay, a surface clay loam will be rather readily effected by excessive rainfall. On the 
other hand, if the surface soil is sandy, a heavy subsoil will be of advantage in preven t• 
· '1g the rapid drying out of the soil and also in checking losses of valuable matter by 
leaching. 

THE ROTATION OF CROPS 

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

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

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

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

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

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

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

THE USE OF PHOSPHORUS 

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

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

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

LIMING 

Practically all crops grow better on a soil which contains lime, or in other words, on 
one which is not acid. As soils become acid, crops grow smaller, bacterial activities are 
reduced and the soil becomes infertile. Crops are differently affected by acidity in the 
soil; some refuse to grow at all; others grow but poorly. Only in a very few instances 
can a satisfactory crop be secured in the absence of lime. Therefore, the addition of 
lime to soils in which it is lacking is an important principle in permanent soil fer
tility. All soils gradually become acid because of the losses of lime and other basic 
materials thru learhing ::i nd the production of acids in the decomposition processes con
stantly occuring in soils. Iowa soils are no exception to the general rule, as was 
shown by the tests of many representative soils reported in Bulletin No. 161 of this 
station. Particularly are the soils 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, par
ticularly when legumes, such as alfalfa or red clover, are to be grown. Any farmer 
may test his own soil and determine its need of lime, according to simple dir'-'ctions 
in bulletin No. 161, referred to above. 

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

• 
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SOIL AREAS IN IOWA 
There are five large soil areas in Iowa, the Wisconsin drift, the Iowan drift, the 

Missouri loess, the l\'.lississippi loess and the Southern Iowa loess. These five divisions 
of the soils of the state are based on the geological forces which brought about the 
formation of the various soil areas. The various areas are shown in the map, fig. 12. 

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

The deposit, or sheet, of earth debris left after the ice of such glaciers melts is called 
''glacial till" or "drift"' and is easily distinguished by the fact that it is usually a rather 
stiff clay containing pebbles of all sorts as well as large boulders of "nigger heads." 
Two of these drift areas 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 chemical 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 Wisconsin drift soil, having undergone considerable leach
ing in the time which has elapsed since its formation. 

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

It will be seen that the soils of the state may be roughly divided into two classes, 
drift soils and loess soils, and that further division may then be made into various 
drift and loess soils because of differences in period of formation, characteristics and 
general c:omposition. l\1ore accurate information demands, however, that further divi• 
sions be made. The different drift and loess soils contain large numbers of soil types 
which vary among themselves, and each or these should receive special attention . 

.SOIL AREAS Of IOWA 
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Fig. 12. :.\lap showing principal soil areas in Io,"a . 
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THE SOIL SURVEY BY COUNTIES 

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

This is what is accomplished by the soil survey of the state by counties, and hence 
needs of individual 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 consider ing 
the large areas separated on the basis of their geological origin. In other words, 
while the unit in the general survey is the geological history of the soil area, in the 
soil survey by coun ties or any other small area, the unit is of the soil type. 

GENERAL CHARACTERISTICS 

Soil types possess more or less definite characteristics which may be determined 
largely in the field, al tho some laboratory study is necessary for final disposition. Usu
ally the line of separation between adjoining soil types is quite distinct and it is a 
simple matter to locate the type boundaries. In some cases, however, there is a grada
tion from one type to another and then the boundaries may be fixed only ,vith great 
difficulty. The error introduced into soil survey work from this source is very small 
and need cause iittle concern. 

The factors which must be taken into account in establishing soil types have been 
well enumerated by the Illinois Experiment Station in its Soil Report No. 1. 
They are: 

1. The geological origin of the soil, whether residual, glacial, loessial, alluvial, col-
luvial or cumulose. 

2. The topography or lay of the land. 
3. The structure or depth and character of the surface, subsurface and subsoil. 
4. The physical and mechanical composition of different strata composing the soil 

as the percentages of gravel, sand, silt, clay and organic matter which they contain. 
fi. 'l'he textnre or porosity, grannlation, friability, plasticity, etc. 
6. The color of the strata. 
7. The natural drainage. 
8. The agricultural value based upon its natural productiveness. 
9. Native vegetation. 

10. The ultimate chemical composition and reaction. 
The common soil constituents m ay be given as follows: t 

{
All partially destroyed or undecomposed 

Organic matter vegetable and animal material. 

Inorganic matter 

Stones-over 32 mm.• 
Gravel-32-2.0 mm. 
Very coarse sand-2.0-1.0 mm. 
Coarse sand-1.0-0.5 mm. 
Medium sand-0.5-0.25 mm. 
Fine sand-0.25-0.10 mm. 
Very fine sand-0.10-0.05 mm. 
Silt-0.05-0.00 mm. 

SOILS GROUPED BY TYPES 

The general groups of soils by types are indicated thus by the Bureau of Soils. 
P eats-Consisting of 35 per cent or more of organic matter, sometimes mixed with 

more or less sand or soil. 
Peaty Loa1ns-l6 to 35 percent organic matter mixed with much sand and silt and a 

little clay. 
Mucks-25 to 35 percent of partly decomposed organic matter mixed with much clay 

and some silt. 
Clays-Soils with more than 30 percent clay, usually mixed ,vith much silt; always 

more than 50 percent silt and clay. 
Silty Olay Loams-20 to 30 percent clay and more than 50 percent silt. 
Clay Loams-20 to 30 percent clay and less than 50 percent silt and some sand. 
Silt Loams-20 percent clay and more than 50 percent silt mixed with some sand. 
Loams-Less than 20 percent clay and less than 50 percent silt and from 30 to 50 

percent sand. 

*26 mm. equals 1 in. !Bureau of Soils Field Book. :!:Loe. cit. 
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Sandy Clays-20 percent silt and small amounts of clay up to 30 percent. 
Fine Sandy Loams-~'.lore than 50 percent fine sand and very fine sand mixed with 

less than 25 percent very coarse sand, coarse sand and medium sand, much silt and a 
little clay; silt and clay 20 to 50 percent. 

Sandy Loams-::\1ore than 25 percent very coarse, coarse and medium sand; silt and 
clay 20 to 50 percent. 

Very Fine Sand-l\1ore than 50 percent fine sand and less than 25 percent very coarse, 
coarse and medium sand, less than 20 percent silt and clay. 

Fine Sand-1\fore than 50 percent fine sand and less than 25 percent very coarse, 
coarse and medium sand, less than 20 percent silt and clay. 

Sand-::\Iore than 25 percent very coarse, coarse anc! medium sand, less than 50 per
cent fine sand, less than 20 percent silt and clay. 

Coarse Sand-:\Iore than 25 percent very coarse, coarse and medium sand, less than 
50 percent of other grades, less than 20 percent silt and clay. 

Gravelly Loa1ns-25 to 50 percent very coarse sand and much sand and some silt. 
Grat•els- ~lore than 50 percent very coarse sand. 
Stony Loams-A large number of stones over one inch in diameter. 

::\1ETHODS USED IX THE SOIL SURVEY 

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

As has been indicated the completed map is intended to show the accurate location 
and boundaries, not only of all soil types but also of the streams, roads, railroads, etc. 

The first step, therefore, is the choice of an accurate base map and any official map or 
the county may be chosen for this purpose. Such maps are always checked to corre
spond correctly " ' ith the land survey. The location of every stream, road and railroad 
on the map is likewise carefully verified and corrections are frequently necessary. 
'\'hen an accurate base map is not available the field party must first prepare one. 

The section is the unit area by which each county is surveyed and mapped. The dis
tances in the roads are determined by an odometer attached to the vehicle, and in the 
field by pacing, which is done with accuracy. The directions of the streams, roads. rail
roads, etc .. are determined by the use of the compass and the plane table. The character 
of the soil types is ascertained in the section by the use of the auger, an instrument for 
sampling both toe surface soil and the subsoil. The boundaries of each type are then 
ascertained accurately in the section and indicated on the map. :\Iany samplings are 
frequently necessary, and individual sections may contain several soil types and re
quire much time for mapping. In other cases. the entire section may contain only one 
soil type, which fact is readily ascertained, and in that case the mapping may proceed 
rapidly. 

When one section is completed, the party passes to the next section and the location 
of all soil types , streams, etc., in that section is then checked with their location in the 
adjoining area just mapped. Careful attention is paid to the topographic features of 
the area, or the "lay of the land," for the character of the soils is found to correspond 
very closely to the conditions under which they occur. 

The field party is composed of two men, and all observations, measurements and soil 
type boundaries are compared and checked by each man. 

The determination of soil types are verified also by inspection and by consultation 
,vith those in charge of the \\'Ork at the Bureau of Soils and at the Iowa Agricultural 
Experiment Station. When the entire county is completed, all the section maps of field 
sheets are assembled and any variations or questionable boundaries are verified by fur
ther observations of the particular area. 

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




