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POLK COUNTY SOILS ¥ 
By \V. II. ~tt'Yt•n~on nnd P. E. Bro"'n, ,Yith tht' assi~tatH't' of I,, \V. 1-'ormnn, C:. E. Corson 

and C. J. }.[rister 

Polk countv i!:, lo<'ate<l in south rentral Io"·a, in the fourth t il'r of Pouuties • 

north of the l\Iissonri ~tate line, the i-.ixth l'Ounty east of the l\Ii:-.sonri ri\'Pl' a11tl 
the seventh county ,rest of the l\Iississippi river. It is partly in the southern 
Io,va loe:-;s and partly in the \\Tis<·onsin drift soil area and henre its upland "oils 
are made up of loess and drift, the drift types Ol·eurri11g to a very n1nrh larg·er 
extent than <lo the loess soils. 

The total area of the c•onnt~· is 5 ·2 square n1iles or ~72,480 acre:--. 0 r t Ii is area 
:{1fi,411 a<"res. or &4.9 perc-ent. is in farn1 land. The total 11u1uhcr ot' l'a nn" i-; 
2,b:50 and their average size, 119 acres. 

The follo"~ing fignres, taken fron1 the Io"·a Yearbook of ~\grieultnre for 1 ~20, 
sho"· the utilization of tbe farm land of the county: 

Acreage in general far1n crops .... . ................. .... . . . . 213,67!l 
Acreage in pasture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79,360 
_\<'reage in fartu buildings, feedlots a11<l public high" a):- .... . . 13,6,-1 
A.creage in waste land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,311 
A<'reage in crops not oth0rwise listed . . . . . . . . . . . . . . . . . . . . 1,60-1 

The type of agriculture prattited in I>olk C!ounty at the present time eonsh,ts 
mainly of general farming or a combination of grain far1nii1g and stotk rai!-;ing. 
Dairyin~ and the feeding of Leef eattle, ho,YeYer, are gradually beeo1ning n1ore 
popular. .\ large part of the grain produced in the county is feel on the far1n!-; 
and the li,·estock industry is gradually increasing. Polk county's agrienltural 
income is derived from the sale of liYestock, "·heat. the surplus corn and other 
general farm crops. I n the uortheas.tern part of the count} and in the Yic·inity 
of Grime~, shipping in livestock for feeding is qui1 e eommon. Near Des :\foinrs 
truck farming a11cl a <'ombination of trnck farming and frnit farn1ing are pra<·
ticed to some extent. H owever, general farm crops are gro,Yn 011 the 111ost of 1he 
farn1 land of the county. 

rrhere is a rather large area of "·aste land in the county ,vhi<'h in 111a11y (•a-.rs 
n1ay he reelaimed and made productive. The methods of bringing such la1Hl 
11nder cultivation are varied and depend upon the particular <·ondition which 
<·auses the infertility. To general recom1nendations can be given for the rcelan1n 
tion of these areas, but some method may be selected ,Yhich '\vill take care of the 
particular infertile condition. Special treatments "h ic·h ,yil) prove profitabl~ 
for indiYidual soil conditions " ' ill be giYen laier in this report. .. AdYiee regard
ing treatments most desirable in special <'a:-.es may be obtainP<l fron1 the Soils 
Rec·tion of the Iowa Agricultural E xperiment Station upon request. 

THE FAR:M CROPS GRO\V:N' J.N' POLK COUXTY 

rrhe general farm crops gro,Yn in Polk county in the order of their in1portanre 
are: Corn, oats, wheat, hay, potatoes. alfalfa, rye and barley. The averag·e 
yields and value of these c•rops grown in the eounty are given in table I. 

*See Soil Survey Report of Polk County, Iowa, by F:. H. Smies of the U. R T>cp:irtrnrnt of .\grieultun• 
and Geo. E. Corson and Cha~. ,T. hf Pister of the Iowa A"1"ic11lt11rul Exporiment Station . 
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TABLE I. AYERAGE YIELD AND VALUE OF CROPS GRO\VN IN POLK COUNTY, 
I OWA 

Percentage of 
Crop Acres total farm Bushels or Total Average Total value 

land of tons per bushels or price of crops 
county acre tons 

Uorn 117,500 I 37.10 50.0 5 875 000 $0.47 $2,760,250 
' ' Oats 48,500 15.30 39.0 1,891,500 0.36 680,940 

\Vinter wheat 15,700 4.90 23.0 361,100 1.41 509,151 
Spring wheat 10,000 I 3.10 13.0 130,000 1.35 175,500 
Barley 100 0.03 33.0 3,300 0.63 2,079 
Rye 820 I 0.22 15.0 I 12,300 1.17 I 14,391 
Hay (tame) 17,430 5.50 1.3 22,660 16.24 367,998 
Ray (wild) 2,490 0.78 1.2 2,988 12.69 37,907 
Alfalfa 600 0.1 2.3 1,380 19.23 26,537 
Potatoes 539 0.17 I 89.0 47,971 1.22 58,524 
Pasture 79,360 25.00 

Corn is the n1ost important crop iu the county, both in acreage and value. It 
is grown in all parts of the county and the average yield amounts to 50 bushels 
per acre. l\Iost of the corn produced is from hon1e grown seed and probably 70 
percent is Reid's Yellow Dent. Boone County White is grown quite extensively 
in the county. A large part of the corn produced, estimated at around 65 per
cent, is fed to livestock on the farms. About 15 percent is sold to other farms for 
feeding purposes, and 20 percent is disposed of at local markets or shipped to 
outside markets, generally Chicago. The corn yields of the county are in gen
eral quite satisfactory. The dark colored upland soils and the better drained 
heavy bottomland soils which are protected from overflolv frequently give very 
large yields. I t 1Yill be noted that the average ~·ie]d for the county is consid
erably higher than that for many Iowa counties. 

Oats is the second crop in the county in acreage and value and average yields 
of 39 bushels per acre are secured. About 60 percent of the oat crop is made 
up of Silvermine and Iowa 103. 1\pproxi1nately 10 percent is composed of 
I(herson and Io,va 105 and Green Russian, V-.'hite Russian and some other va
rieties are grown to some extent. About 65 percent of the oats produced is fed 
on farms to dairy cattle, calves and ,York stock. The remainder is sold to local 
markets and very little is shipped out of the county. 

Wheat is the third crop in acreage and value in the county, by far the larger 
portion of the wheat grown being "'inter "·heat. .A. verage yield of winter "'heat 
amount to 23 bushels per acre, ,Yhile spring wheat gives an aYerage yield of 1:{ 
bushels. Practically all of the "'inter "·heat gro"'ll is of the 'l'urkey variety, 
\Yhile the spring varieties used are l\1arq uis and Early Java. SJJring ,Yheat ba-, 
not been very largely gro,-vn in the county tmtil recent years, but its acreage has 
increased considerably recently. Practically all of the wheat produced is dis
posed of at local flour mills. 

The next crop in acreage and value is hay, most of it tan1e bay, with an aver
age yield of 1.3 tons per acre. '\Vild bay is produced mainly on the low-lying. 
poorly drained soils of the Wabash and Bremer series and consists largely of 
i:.lough grass. There are son1e arc~s of prairie grass and so1ne bluegrass. 'l'he 
average yield of wild hay is 1.2 tons per acre. A large portion of the ·wild hay 
is sold for pac·king purpos-es. 'l'he finer varieties, the prairie grass and bluegrass 
hay, are utilized for feed. OYer half of the tame hay produced consists of a 

l 
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nu':ture of re<l c·loYer and timothy; each of these crops is also grov, n alone on 

rather tonsiderable areas . 
...ilfalfa is gro"ITTJ. on a comparatively small area in the county, hut this crop 

i::. beeoming n1ore popular as its Yalue is being more generally recognized and 
n1ore is learued regarding the methods of securing good stands. Average yields 
of ~.3 tons per acre are secured. 1\Iore knowledge of the value of alfalfa for 
feeding purposes will certainly lead to a considerable increase in the acreage 
devoted to it, inasmuch as the crop will do ,vell on most of the soils of the county. 

Potatoes are gro,yn rather extensiYely in the rounty and aYerage yields of 89 
bushels per atre are secured. The most important ,,arieties are the Early Ohio, 
Irish Cobbler aud Rural Ke,v Yorker. Some rye 1s produced, with aYerage yields 
of 15 bnc;,hels per a<.:re. Barley is a minor crop and of comparatiYely small value 
in the l'ouuty. ~Iillet and Sudan grac:;s are grown on sn1a1l areas and utilized for 
hny. Rome sorglnuu is gro",1 and utilized for sirup produetion. 

S,Yt>et eorn is a rather important crop in the county, the principal Yarieties 
being BtcnYe]l 's E,ergreen and Country Gentleman. It is gro"·n particularly in 
tht> Yil'inity of Altoona, Grimes and south of 1Iax"·ell (in Story rounty). It is 
utilizrt1 by the c:anning factory in Altoona and at Grimes and sold locally u1 

Des :\foine~ markets. 
S" ect potatoe arc gro,n1 on a small acreage on some of the sandy types of 

soil and other ,·egetables are produced on these soils in the vicinity of Des 1\Ioines. 
"\\Tatcrlllc•lons and cantaloupes are grown very successfully on some of the upland 

typt>s and on the sandy terrace soils. 
Fruit gro"·ing is practired to some extent in the county and there are uumer

ou,;, small orchards, chiefly apple orchards. At present there are six commercial 
orchards in the eounty ranging from 10 to 40 acres in size. The principal va
rictiPs are the Jonathan, Grimes and Ben Davis. Other Yarieties grown to some 
extent arr. the "\Vinesap, Ralls, Blackt"·ig, Wealthy anc.1 Duchess. In 1920, 
according to the State Department of Agriculture, 93,759 bushels of apples were 
harYestPd in the c·ounty. The orchards ,vhich are carefully cared for, pruned 
and sprayed, as neeessary, giYe Yery satisfactory yields. Cherries are grown to 
a c:onsiderable extent but there are no c·ommercial cllerry orchards. Grapes are 
produeed rather extensively and there are five commercial vineyards ranging 
from one to seven acres in size. Some stra,YlH•rries, raspberries and blackberries 
are gro,Yn, but chiefly for home use. Pra('tica11,v all of the fruit produced 1n 
the countv is sold in the Des l\1oines markets. 

~ 

TTIE Ll'VES'l'OCK I'\Dl' STRY 

The Ii, ec:;toek industries of the county include the raising and feeding of hogs 
and beef eattle, dairying, the raising of horses, and the raising and feeding of 
sheep. Poultry production is also an industry of considerable importance. 

The follo"·ing figures taken from the Io"·a Yearbook of ..1.\gritulture for 1920 
sho\Y the charaf'ter and extent of the livestock industry of the county: 

IIorses, all agPs ............................. . .. . . . ... . .... . 
:'.\lulcs, all ages ........................... . . . .............. . 
8,vine (on farms .July 1, 1920) .............. . .. . .. . ......... . 
Rwine (on fanus Jan. 1, 1921) . . ............ . .............. . 
C'attle (cows and heifers kept for n1ilk ) . .... . . . .. . .. .. . .. . . . 
Cattle (other cattle not kept for n1ilk ) . ........... .. .... . ... . 

1() "''(' w,-•> ) 

l ,Ofl-! 
59,539 
-!.8,4-! 7 
10,:51-13 
17,:i-!7 
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Cattle (all ngl'8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,,132 
~hl'PP (al1 !'lg'l'S on fnrms .Tnnunry 1, l!l:!I J • • • • • • . • • • • • • • • • • • • • 5,756 
1--h(l'fl (shipped in for feeding, lfl'.?O) . . . . . . . . . . . . . . . . . . . . . . . . . :!,009 
:-.ht•t•p (total puun,ls of ,vool clipped) . . . . . . . . . . . . . . . . . . . . . . . . . 21,982 
Poultry (total numhl'r on farms ,Tnnunr~· 1, 1921) .............. 27:i,000 
J>oultry (n11111hcr of 1lozi>u eggs rf'ech·t•cl 1920) ................ 1,027,949 

The raising of purchred l1ogs is an important industry in the county, the most 
popular breeds heinz Poland China. Dnroc Jersey and Chester 'Wbite. Recently 
there has been s0mr, breeding of Ilampshire<.;. ~fa11y hogs are fattened, large 
numbers being shipped in for feedini:r. partirularly on farm-=; "·here cattle are 
fed. Practi,·ally a1I of the hogs sold go to the Des :\Ioines markets. 

Ilecf c•attlc are raised to so1ne extent in the <·ounty, only a fe,v of them, how
eYer. heing- pnrehrecl. There nre son1e purebred Shorthorn and ... \.berdeen ..1:\ngus 
herds, hut n1ost of the href cattle are grade Shorthorns. 11ost of the beef cattle 
arc raised lo<>ally, bnt sorn<> are shipped in for fattening, particularly in the 
11ortheast <·orncr of the <·ountv and near Gri1nes. PractiC'alh· a11 of the beef . . 
eattle sold in the <'OU11ty arc disposed of at the pa<·king houses in Des ::\Ioines. 

Dairying is he1·omi11g in1portant in the eounty. There are 1nany dairy fal'ms 
and in 111c1ny <·ases dairying is con1bined "·ith general farn1ing. The largest dairy 
farn1s ha Ye purebred stor·k, a11d in all there are about J 00 purebred here.ls in the 
cou11ty. 'rhc rnost popular breeds c1re the IIolstein and Bhorthorn, altho there 
arr. a 11n1nher of ,JPrs<'_,. uncl (;uernscy hel'cls. The <•ounty has a large number of 
silos and e11silag·e is nn in1portant feed. ::\Iost of the milk procluced is sold to 
the dist1·ih11ting- c·o111pa11ie<.; in De<; ::\Ioines. 

Hh1•<'p raisinf! is pra,·ti,•ed to so1ne extent and the fattening of sheep is becom
ing an i1nporta11t prac·ti<•c. partit"ularl;· near Orin1es, "·here ~eYeral earloads of 
\\ Pstern slH'Pp are ship])<'<l in each year. Xearly e, er~· farmer raises one or more 
eolts ancl 1 he• i1nportant hr<'cds arc the Per,·heron and Deli:rian. \ ery fe,'" draft 
horst's Hl'<' prorlucl'cl i11 <'X<·ess of the ho1ne <len1and, ho\\·e, er. and this industry 
has not bcP11 clt•YPlop«•<l to any l'Onsidcrahle extent. 

<, E'\'FR.\L ~OJL f'OXDITIO, S 

f'l'op ~·i1·lds in })olk c·o1111ty are in ~eneral V<'ry satisfaetory. but thC're are many 
i11sla111•ps \\'h<'re Jar~cr <·rnps c·onlcl hC' seenred ancl "-here the ft>rtility of the soil 
could he hctt Pr 1nain {ainl'cl if proper n1cthods of soil trcatruent \Yere follo,ved. 

In son1e i11..,tant'es draina 0 ·e eo11clitions are not entirely satisfactorv and the ~ . . 
installation of tile \\'oultl in<'reasc <>rop ~·i1•lds. The drainage ,,·stein of the county 
in grnPral is quite adequate a1Hl hcnC'e it is usually a question of laying- a small 
arnount of til<' to hri11g- about an entirely s,1tisfa<'tory clrainag-e condition. 

:::.\ia11y of 1 he so!ls of the eounty are aeicl and :-.hould have appli<"ations of lime 
for the besl g-ro\\·th of c•rops, part it 1tlarl~· of legu1nes. There arc nutny cases 
,vhcre li1ne is 11ot needed, bnt it is usually in1possible to determine this fact 
,vithout n1nki11g spe<>ial tests. It is ,ery clesirahle, therefore, that the soils of the 
county he tested for a<·idity, partil'ularly the upland types. 

The organic 111attcr eontai11ecl in ninny of the soils is 11ot suffic•ient to insure 
1hc best erop procln,·lion n11d appli<:ations of far1u 1na11ure or the use of ~reen 
mannre crops are ueede<l. I~Yen on the types ,vhil'h arc apparently better sup
plied ,vith organic 111atter, applit•ations of far1n u1annre have been found to be 
of Yaluc and shonlcl he used liberally. This is particularly true on the sandy 
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upland and terraee soils ,vhieh are ntilizecl for trucking purposes. In fact, 
"·here truc.:k crops are to be gro,v11, espe('ially liberal applications of farm manure 
are Yery desirable. In all rases where the production of farm manure is inade
quate to supply the ::.oils, legun1inous green manure crops may be used to ad
Yantagc. Crop re::.idues should al"·ays be retur11ed to the soil in order to aid in 
keeping up the organic matter supply. 

The amount of phosphorus in the -.;oils of the county is some,vhat Yariable but 
in n1ost instanl'cs it is rather lo"· and on some of the types, therefore, there is 
no question but that phosphorus f ertilizcrs ,, ill be needed in the Yery near fu
ture, eYen if they do not proYe of Yalne no,Y. On some of the types the supply 
is much larger and probably these soils "ill not respo11d to phosphorus at the 
prt•sent time. There is no method hy "·hich the need of phosphorus can be de
term'ncd except by applying it to ,;n1all areas and deter1nining the effcc·t on crop 
viel<ls. Field tests are no,Y under wav in the county to determine the need of . . . 
pho~pbor u-; on the more important soil types, but results from these tests are 
not yet a, ailablc. For the present. therefore. it l'an 111erely be suggested that 
farnH•rs make tests of phosphorns on their o\\·n c;oils to determine whether these 
fertilizing n1atcrial<; can he used ,Yith profit. They 1nay u:-e hoth ac•id phosphate 
and ro1·k phosphate in sueh te...,ts and tbus deter1ui11e not only the need of phos
phorus, hut also ,vhich material should be used. 

'01npletc commertial fertilizPrs may also be tested along \Yith the phosphorus 
earriers, hut their use is not reeommendrd for general farm crops at the present 
ti1.ue. If they prove of Yalue on small areas, then they 1nay be applied to large 
areas with the assurance of profit. There is no objection to the use of complete 
eomn1cr<·ial fertilizers if they prove profitable. These materials frequently do 
show a profit in truek farming and their use under truck farming conditions may 
he very desirable. 

In some cases erosion is actiYe in the county and demands some method of 
control. From the methods suggested in a later section of this report one may 
be c.:hosen ,Yhich will serYe under almost anv soil conditions . • 

THE GEOLOGY OF POLK COUNTY 

The geologieal history of Polk county prior to the inYasion of the rounty by the 
glaciers is of practically no significance in a consideration of its soil'>. The orig
inal bedrock material has been covered by Yarious glacial deposits to sul'h great 
depths that the soils of the county are not inflnenccd by the character of the 
underlying roc•k material. 

T,vo great glaciers inYaded Polk ecnu1ty. Eac·h left behind vast deposits of 
gJ..u·ial drift or till. The first of these, kno,vn as the I{anc;an, coYered the entire 
f.nrfa<·e of the cotu1ty and buried the nati,·e roek 1naterial nn<lPr a drep deposit. 
The I{ansan drift consists largely of a stiff blue clay containing numerous peb
bles and small boulders. Pockets of sand and graYel oernr in or above this layer 
of clay and ,vhere the drift has been expo~ecl to ,veathering, it has changed to 
a bro,"n or red color thru oxidatio11. This drift material is exposed at the sur
f ac·e in a few cases in the southern part of the county, where the subsequent 
drift dc>posit and the loess covering have been removed. The soils knovi'n as the 
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ShelLy Joam and the Lindley fine sandy loam are deriYed in ,vhole or in part 
from this Kansan till. These types are both of minor importance in the county 
and occur under rather rough topographic conditions. 

Following the Kan"-an glaciation, a second great glacier, kno"·n as the Wis
consin, coYered the northern four-filths of the county. The drift layer left by 
thi<, glacier i quite Yariable in thickne , ranging from 75 feet in the northern 
part of the area to a fe"· feet at its southern boundary. This drift material is 
made up of a mi.--rture of clay, silt and sand, with occasional beds of graycl. Two 
thick beds of graYel are found, one west of Crocker and the other east of Kelsey. 
Boulder and pebbles occur scattered thruout the drift material and many of 
the boulders are rather large. In its natural state the drift is bluish-gray to pale 
yellow in color and it originally contained considerable calcareous material. 
rrhru the process of weathering, ho"·ever, the carbonates haYe been Yery largely 
" ·ashed out in the drainage "·ater except where the soils ha,•e been developed 
under a level topographic condition. The soils deriYed from this Wisconsin 
drift material are cla sified in the Carrington and \\,.. eb ter series, the latter 
o<·c·nrring in the more level areas and characterized by a much higher content 
of organic matter, a blacker color and considerable amounts of carbonates. The 
Carring-ton soils are lighter in c-olor and haYe lost the greater portion or all of 
their <·arbonate content. 

~\bo, e the drift in the outhern part of the county there has been deposited 
a thin coYering of a si lty material kno,m as loess. This is supposed to haYe been 
deposited by the ,vind at some previous geological time "·hen climatic conditions 
,,ere Yery different than at present. About one-fifth of the county is coYered by 
the loess, extending fro1n the we tern boundary, where it is three and one-half 
1nile:-, in ,viclth, o,·l'r a gradually " ·idening area to the ea tern boundary. "·here 
it i-s about nine 1niles "·ide. It Yaries considerably in depth, averagiug from 10 
to 20 feet. I t is f'hara<·terized by a buff color and the absence of pebble and 
houlclers. A fe"· . mall pockets of sand are occasionally found, but these are of 
very minor oceurrrnf'e. OriginaJly this loe<ssial material "'as probably "'ell sup
plied ,,..ith lime nodules but at the pre. ent time these have all been remoYed by 
leac·hing an<l the soil-. are acid. Th e soil derived from this loessial material are 
c·la"-'>ed in the Tama and Clinton series. The Tama silt loam is the most im
portant loess type and oecupies a rather exten iYe acreage. The Clinton silt 
loam is of minor Of'f'Urrence. The former type is characterized by an undulating 
to gently rolling topography, ".,.hile in the case of the Clinton soils the topography 
i-. rolling to rough. The Tama silt loa1n has been produced from the -n·eathering 
and arc-un1nlation of organie matter in this loe s coYering under prairie condi
tions. I-Ienf'e it ic, rather dark in <'0101·. The C'linton "ilt loa1n, on the other hand, 
has been produced under forested c·onditions and the color is mueh lighter. 

The terrace and hottomland c;;oils of the county are derived from the re"·orked 
glacial and lorssial 1natcrial of the upland. The older antl higher terraces are 
found in the \\"iseonsin drift region and they lie l,> to 40 feet above the present 
flood plain of the larger ~trea1ns. 'l'hese oils are extreme]~, Yariable in texture 
and in . ome instanc·es arc chara(•terizc•d by layers of sand ancl gravel, "·bile in 
other l'ascs the lo" er layer" are heavy and 1nade up mainly of <·lay. These older 
terraee are grouped in the O'Neill, "Taukesha. Buekner and Chariton series. 
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The more recent terra<"es are 5 to 15 feet aboYe the pre!-.ent oYerflo\\· land and 
they are grouped mainly in the Bremer series. The bottomland types of the county 
are sandy in on1e ca es, particularly along the first bottoms of the Des ~Ioines 
riYer and its tributaries. ..A.Ion~ the Skunk riYer the texture is beavY. In the 
southern part of the eounty the soil are mainly silt loams. The h~ottomland 
soils are grouped in the Wabash, Sarpy and Lamoure series. 

PHYSIOGRAPHY _\ND DR.l.IN AGE 

Polk county is in general a rather level to gently rolling drift covered or loess 
covered plain. The drift uplands thruout the county are flat to gently undu
lating, while the loess uplands are distinctly rolling. In the northwestern part 
of the COU11ty in the drift area a few knolls ,vhich are low and of small extent 
occur on the level upland. The rolling topography of the loess area is found 
in the southern part of the county. Hence there are t,vo rather distinct topo
graphic divisions in the county, one in the drift covered region and one in the 
loess area. 

Except along the Des ~Ioines river, the slopes to the larger streams in the drift 
rovered r egion are very gradual. A.long the smaller drainage ,vays there is very 
little slope and the streams occupy shallow depressions in the upland. Along 
the Des l\,foines riYer the topographic condition has been modified somewhat by 
erosion. In the main the slopes are gradual but in some sections the gently 
undulating uplands extend very close to the present river flood plains and there 
is an abrupt drop from the upland. The areas betvreen the drainage ,vays thru
out the drift covered region are however quite level. In the loess covered area 
the slopes to the streams are relatively steep and the divides between the streams 
are narrow and more rolling in topography. 

The terraces of the c-ounty are usually nearly flat, altho in some of the older 
ones erosion has occurred to some extent and they appear slightly undulating. 
The bottomlands along the river courses are level and broken only by the old 
channels of the streams. 

The county is drained by the Des l\foines river ,vith its tributaries, and the 
Skunk river. The Des l\foines river has a channel varying from 300 to 600 feet 
in width. ..A.hove the mouth of the Raccoon river the valley is narrow and steep
sided, while below it is broad and has a "'ell developed flood plain. The flood 
plain of the river lies 120 to 140 feet below the general level of the upland and 
Yaries from one-fourth to one and one-half miles in ,vidth in its upper course, 
to three to four miles in the lower portion. 

The Raccoon river is one of the principal tributaries of tlie Des :\.foines. It 
enters the county near the southwest corner and with Walnut creek, its principal 
tributary, drains a large portion of the county. The channel of this river varies 
from 100 to 200 feet in "·iclth and the flood plain is about a mile ,vide. 

Beaver creek is an important tributary of the Des l\Ioines river to the ,vest 
and has a flood plain of about one-fourth of a mile in ,riclth. East of the Des 
) Ioines river there are several large tributaries, mostly flo,Ying in a direction 
parallel to the river itself. Big creek is found in the northwest portion of the 
county. Four :Thlile creek is a large tributary joining the river south of Des 
.:\Ioin<>s and extending: north almo ... t thru the center of the county. Saylor 

j 
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creek and Rock creek are minor tributaries west of Four ) I ile creek. 1Iud creek 
and Camp creek drain the southeastern portion of the county, the former join
ing the Des l\Ioines river at the edge of the county and the latter flowing into 
Jasper county. 

Skunk river crosses the county in the northeast corner. I t flows in a narrow 
channel and has a flood plain averaging nearly two miles in width. The ,alley 
slopes are gradual and the uplands are about 60 to 80 feet above the •flood plain. 
This river, ,rith its most important tributary, Indian creek, drains the northeast
ern portion of the county. 

The drainage of the county is " ·ell established in the vicinity of the Des Moines 
river and the Skunk river and also along Indian and Beaver creeks. The areas 
along the lower cour ses of F our :.\file creek, Rock creek and Saylor creek are like
wise ~vell drained but in considerable areas of the more level upland occurring 
bet,,een the Skunk river and the Des ) Ioines river in the central part of the 
county and in the western part of the county between Grimes and Walnut creek, 
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Fig. 1. l\Iap of natural drainage system of Polk county. 
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drainage is poorly deYeloped aud there are many farms that are still in need 
of tiling. l\Iuch of these areas just 1nentioned "·as originally in a marshy condi
tion and there are many meandering sloughs lvhich eventually empty into the 
larger streams. The fall, ho,vever, is slight and in most instances the natural 
drainage in these areas i~ very poor. ..\.long the steeper slope.:; of the Des l\Ioines 
river drainage is often excessive. There is very little of the county, ho'\\ever, 
in which this is true. 

The natural drainage system of the county is sho"·n in the accompanying 
drainage map. and the areas of poor drainage are very largely indicated, altho it 
would seem from the map that drainage should be more satisfactory in some 
areas than is actuallv the case. This is due to the fact that there is so little fall 

• 

in many of the intern1ittent drainage channels that the ,vater mo-ves down them 
at a Yery slow rate and con eqnently the land retains considerable amounts of 
moisture over long periods of time. 

THE SOILS OF POLK COUNTY 
The soils of P olk county are grouped into four classes according to their origin 

and location. These are loess soils, drift soils, terrace soils and s,Yamp and bot
ton1land soils. Loess soils are fine, du,;;t-like deposits n1acle by the ,vind at some 
time "·hen climatic conditions ,vere different that at present. Drift soils are 
deposits left by glaciers upon their retreat and they are 1nade up of material 
from various sources and contain sand. gravel and boulders. The terrace soils 
are old bottomlands "hich have been raised a hove overflow by a de<'rease in the 
volume of the stream "hich depo ited them or by a deepening of the river chan
nel. S,,amp and bottomland soils are those occurring in lo,v, poorly drained 
areas or along streams and they are subject to more or less frequent overflow. 
The extent and occurrence of the5e four groups of soils in Polk county are sho,vn 
in table I I . 

Over one-half of the total area of the county, 60.1 percent, is co, erecl by drift 
soils. The loess soils are ::.eeond in area, covering 14.5 percent of the county. 
Terrace soils are minor in extent, rovering 11.4 percent of the county, whi1e the 
S\Yan1p and bottomland soils are rather extensi, e, covering 14.0 percent of the 
total area of the county. 

There are 31 individual soil types in the county, and these with the shallow 
phase of the Carrington loam and the shallo,v phase of the Tama silt loam and 
the areas of river'\\ash and n1uck and peat, make a total of 35 separate soil 
areas. 

'l'here are six clrif t soils in the 
county, a11d a small area of the shal
lo"· phase of the Carrington loam, 
making a total of seYen drift soils. 
There are three loess types and an 
area of the shallow phase of the 
Tania, making four loe s soils. There 
are eleven terrace types and eleven 
swamp and bottomland typrs ,vhich, 
together with the areas of river,vash 

T \BL8 II. .\REAS OF DIFFERENT 
GROUPS OF SOILS IN POLK COUNTY 

Soil Group 

Drift soils ....... · 1 
Loess soils ....... . 
Terrncc soils ..... . 
Swamp and bottom 

land soils ...... . 
I 

Total ......... ' 

.\c·rcs 

223,232 
54,528 
4_2,368 

52,352 

Percent of 
total nrea 
of county 

GO.l 
14.5 
11.4 

14.0 

~72,480 
---------'------'---=------
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and muck and peat, make thirteen bottomland soils. These Yarious soil are dis
tinguished on the basis of certain characteristics which are described in the ap
pendix to this report and the names denote certain group characteristics. 

The areas of the Yarious soil types of the county are shown in table I II. The 
Carrington loam is by far the largest individual soil type as well as the largest 
drift soil. The "\Vebster clay loam is the second largest drift type and it is the 
second type in area in the county, covering 17.0 percent of the total area. The 
Tama silt loam is the largest loe s type and the third largest type in the county. 
The terrace types are all minor in area, the largest being the ,,T aul~e1-,ha loan1. 
which coYers 3.7 percent of the county. 

The swamp and bottomland soils in the county are likewise all small in area, 
the most e:xtensi-ve being the ,Va bash clay, which covers 4.1 percent of the county. 

The uplands of the county are covered by the drift and loess soils and in the 
case of the former types the topography is almost level to gently undulating. 
Where the loess soils occur, however, in the southern part of the county, the 

TABLE III. AREAS OF DIFFEREXT SOIL TYPES IX POLK COB'XTY, 10\VA 

Soil 
Xo. 

1 
142 
56 

107 
4 

136 
79 

120 
143 

0 
14.3 

GO 
43 

110 

--~ 
12 
4;') 
75 

7'2 
49 
!il 

111 
144 ., 

26 
!) 

33 
21 
62 

102 

Soil type 

DRIFT SOILS 
Carrington loam ........................ . 
Carrington loam (shallow phase) ........ . 
Webster clay loam ..................... . 
Webster silty clay loam ................ . 
Carrington fine sandy loam ............. . 
Lindley fine sandy loam ................ . 
Shelby loa1n ........................... -I 

LOESS SOILS 
Ta ma silt loa1n ......................... . 
Tama silt loam (shallo,v phase) .......... , 
Clinton silt loam ....................... -I 
Tania loamy fine sand .................. -I 

TERRACE SOILS 

A.cres 

118,656} 
3,584 

63,168 
16,256 

9,280 
6,976 
5,312 

37,056} 
4,60 

12,352 
512 

\Vaukesha loam ......................... I 13,696 
Bremer silty clay loam ................. -1 6,656 
0 'Neill fine sandy loam . . . . . . . . . . . . . . . . . 4,928 
Breiner silt loan1 . . . . . . . . . . . . . . . . . . . . . . . . 4,480 
Bremer loam .......................... -I 3,328 
Buckner fine sandy loan1 ...... ..... ..... , I 2,752 
Waukesha silt loam ..................... 1 2,560 
0 'X eill loam ........................... -I 2,048 
Bremer clay ........................... -I 1,088 
0 'Neill fine sand ....................... · 1 512 
Ch a ri ton silt loa1n . . . . . . . . . . . . . . . . . . . . . . . 320 

SW A11P A~D BOTTOMLAND SOILS 
Wabash clay ........................... I 15,168 
"\\'abash loa1n ........................... I 8,512 
Sarpy loam .......... ....... ........... -I 6,464 
Lamoure siltv clav loam . . . . . . . . . . . . . . . . . 5,184: 
8arpy silty clay loam . . . . . . . . . . . . . . . . . . . . 4,800 
Sarpy very fine sandy Joa m . . . . . . . . . . . . . . 3,328 
Wabash siltv clav loan1 . .... ........ .... I 2, 16 
Wabash silt. Joa~ ...................... -I 1,920 
8arpy silt loam .......................... I 1,2R() 
Riverwash .............................. j 896 
l\lu<'k and peat ......................... I S32 
"\Vabash fine sandy loam ................. -I 640 
Sarpy fine sandy loam ....... ........... -I 512 

I 
I 
I 
I 

I 
I 

Percent of total 
area of county 

32.9 

17.0 
4.4 
') ~ -.o 
1.9 
1.4 

11.1 

3.3 
0.1 

3.7 
1.8 
1.3 
1.2 
0.9 
0.7 
0.7 
0.6 
0.3 
0.1 
0.1 

4.1 
2.3 
1.7 
1.4 
1.3 
0.9 
0.1; 
0.5 
0.3 
0.2 
0.2 
0.2 
0.1 

• 
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topography is more rolling. H ence the Tama silt loam has a characteristic roll
ing topography and the Clinton silt loam is strongly rolling to r ough. The drift 
types of the Webster and Carrington series on the other hand yary from level 
to gently rolling. 

Along the streams of the county the topography is quite different than on the 
uplands "·hich separate the streams. Frequently the r iYers flo,v thru deep val
leys with sharply rising bluffs leading to the uplands. In some areas erosion 
has been very active and the loess covering and the more recent drift layer have 
been washed a,,ay, exposing the earlier drift formation. H ere the soils of the 
, 'helby and Lindley series are fom1d and these are characterized by a strongly 
rolling to steep or rough topography. 

The terraces and bottomlands are usually rather level. altho in some cases the 
terraces have been eroded to some extent and do not appear as level as would 
he expected. The bottomlands are very largely subject to overflow and in some 
instances are poorly drained. 

The need of drau1age is apparently very closely r elated to the topographic 
conditions of the soils in the countv. The more level drift soils and the bottom-• 

land soils are poorly drained in many instances, ,-rhile the rolling drift types 
and the loess soils are quite adequately drained. 

THE FERTILITY IN POLK COUNTY SOILS 

Samples were taken for analyses from each of the soil types in the county, 
except the shallow phase of the Carrington loam. The areas of muck and peat 
and river,vash were not sampled, berause the analyses of these materials "·ould 
be of very little significance. The more extensive types were sampled in t r ipli
cate, while one sample only was taken in the case of the minor types. 

All samplings were made with the greatest care that the soils should be repre
sentative and that variations due to local condit ions and special treatments 
should be eliminated. Samplings " ·ere made at three depths, 0 to 6 2/ 3 inches, 
6 2/ 3 to 20 inches and 20 to 40 inches, r epresenting the surface soil, the subsur
face soil and the subsoil, respectively. The samples ,vere analyzed for total phos
phorus, nitrogen, organic carbon, inorganic carbon and limestone require
ment. The official methods were employed for the phosphor us, nitrogen and 
carbon determination and the Veitch method was employed in determining the 
limestone requirement. The figures given in the tables are the averages from 
the r esults of duplicate determinations on all samples of each type and they 
represent, therefore, the aYerages of four or t"·elve determinations. 

TilE SURF.\CE SOILS 

The results of the analyses of the surface soil are given in table 1 ·t{. rrhey are 
calculated in pom1ds per acre on the basis of 2,000,000 pounds of sur face soil 
per acre. 

The phosphorus content of the soils of the county is quite variable, ranging 
from 1 ,04:3 pounds in the Tama loamy fine sand up to 3,3G0 in the Bremer clay. 
The latter amount, howeYer, is considerably higher than that found in 1nost of 
the types in the county. There see1ns to be practically no relation between the 
pho phorus supply and the soil group, altho the bottomland types on the aYerage 
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Soil I 
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56 
107 

4 
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143 
so 

145 

GO 
43 

110 
88 
12 
45 ~-10 

108 
44 

146 
105 
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TABLE IY. PLANT FOOD IX POLK COUNTY SOILS 

Pounds per acre of Two Million Pounds of Surface Soil (0"-6 2 /3") 

Soil Type 
I Total I Total 

phos- I nitro
phorus I gen 

DEIFT SOILS 
Carrington loam 1,436 ' 3,941 ••• ♦ • • • • • • • • • • • 

Webster clay loam . . . . . . . ...... 1,723 5,636 
Webster silty clay loan1 . . . . . ... 2,101 9,836 
Carrington fine sandy loam ...... 1,252 1,710 
Lindley fine sandy loam ......... 1,205 2,0i4 
Shelby loam •••••••• ♦ •••••••••• 2,175 2,858 

LOESS SOILS 
Tama silt loam . . . . . . . . . . . ...... 2,040 4,176 
Tama silt loam (shallow· phase) .. 1,151 2,396 
Clinton silt loam . . . . . . . ........ 1,764 I 3,278 
Tama loamy fine sand . . ........ 1,043 1 2,088 

TERRACE SOILS 
\Vaukesha loam ............... · 1 3,024 I 2,886 
Bremer silty clay loam ......... 2,889 I 4,624 
0 'Neill fine sandy loam ......... I 1,508 I 2,326 
Bremer silt loam • ♦ ••••••••••••• 2,161 I 4,554 
Bren1er loam . . . . . . ............. I 1,737 I 2,564 I 
Buckner fine sandy loam ....... -I 1,616 I 2,2 3 I \Vaukesha silt loam ............. I 1,953 I 3,978 

I 0 '~eill loam . . . . . . . . . ......... 1,899 I 3,516 
Bremer clay ................... 3,360 I 6,094 I 
0 'Neill fine sand . . . . . . . ........ 1,24.3 I 1,050 I 
Chariton silt loam ............. I 1,656 I 3,810 ; 

I Total ; Total Limestone 
I organic jinorganic require-
I carbon , carbon n1ent 

45,306 0 4,204 
68,086 1,360 Basic 

114,816 22,104 Basic 
19,960 0 5,005 
36,266 Trace Basic 
33,840 0 2,145 

48,260 0 4,290 
25,000 0 2,502 
35,460 0 1,430 
33,420 0 2,145 

34,140 0 4,290 
61.220 0 3,932 
28,880 0 3,932 
65,420 0 3,932 
32,940 0 715 
21,620 0 4,747 
47,640 0 3,575 
36,280 0 5,005 
81,390 I 1,070 Basic 

6,360 I 0 2,502 
45,540 0 5,005 

SW AMP AND BOTTOMLAND SOILS 

49 
91 

111 
144 

2~ 

1 Wabash rlay ................... 1 2,343 I 4,442 I 60,308 
Wabash loam . . . . . . . . . . . . . . . . . . 2,289 I 2,984 I 32, q46 
Sarpy loam . . . . . . . . . . . . . . . . . . . . 1,865 I 2,732 I 30,121 

532 
3,094 
9,039 

11,696 
11,646 
18,596 

Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 
4,747 
Basic 
Basic 
Ba Ric 

48 
26 
89 
62 

102 

Lamoure silty rlay loam ...... , . 2,330 I 7,888 I 89,044 
Sarpy silty clay loam ........ , . 1,501 I 2,900 I 33,494 
Sarpy very fine sandy loam. . . . . . 2,155 I 1,556 I 15,544 I 
Wabash silty clay loam ......... J 2,916 I 3,236 I 3'3,936 I 
Wabash silt loam ............. ·j 2,276 I 3,670 I 42,920 
Sarpy silt loam ............... , 1,865 I 2,844 28,500 
Wabash fine sandy loam ........ I 1,993 I 1,836 I 31,600 
Sarpy fine sandy loam ......... -1 1,495 I 1,304 14,944 

644 
0 

440 
4,540 

Trace 

are somewhat better supplied with this constituent than the terrace and upland 
soils. This condition would be expected, inasmuch as many of the bottomland 
soils have been uncultivated and nncropped and hence there has been Yery little 
removal of phogphorus. The drift soils on the average seem to be somewhat 
better supplied "'ith phosphorus than the loess soils, while the terrace types are 
extremely variable. There seems to be more of a relation between the soil tex
ture and the phosphorus supply than is true in the case of the soil groups. In a 
general "·ay the sandier types are lower in phosphorus, while the clay soils are 
much better supplied. The Carrington fine sandy loam is lower in phosphorus 
than the Carrington loam. The Tama loamy fine sand is very much lower than 
the Tama silt loam, containing the least amount of phosphorus of any type in 
the county. The O'Neill fine sand is lower in phosphorus than the fine sandy 
loam of the sa1ne series and this in turn is lower than the O'Neill loam. There 
is only one exception to this general rule and that is in the case of the Sarpy 
very fine sandy loam, "·hi<·h i" particularly high in phosphorus, higher even than 
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t he loam anJ ilt loa1n. T }11..,, ho"eYer 1.., an ahnorinal l'.OlH1ition and other fac
tor-, than tie soil texture are 111YolYed 111 the eu1npositio11 of this ... oil, "hi,·h 1.., 

a minor bottomlancl type. In the <'a',e of the other t) prs in this s(•rirs there 
see1us to be some relation to the soil texture. 'I'hu.., the ~arpy fine ,ancl:v loa1n 
contains less phosphorus than the ~Hl"Jl:' loa1n u11d al:::,o a ... 111aller a1nonnt than 
t he s1l t loa111. 

There seerns to be so1ne relatio11, too. bt>t,veen the phosphorus -...npply and the 
soil er ie . T he '\\"ebster soils of the npland are higher than the Carri11gto11 c;o1ls 
and the Lindley series is partH·ularl)· lo\\'. The 'l'an1a ..,011-.. of the loessial upland 
are better supplie(l than the Clinton arra<s. Tl'<" Breiner and \Yanke..,ha soil-, of 
the terraces are Yery mueh higher in pho-..pho1 ns than the O '\eill and l{uekner 
type-., and a111ong the botto1n type-.; the \ \rahash soils ,.t11Cl the I~an1onre soils are 
in general higher in phosphorus than the Sarpy serir . T h<'rc is nndonbtedly 
some r elation here between the particular 1·hara1·te1 is lie~ of the ~oi ls "hieh de
ter1nine the serie in "·hich they are plaeetl and the pho ... phorns supply. 

I t i quite e, hlent that tl·ere i5 110 large supply of pho:-phorus 111 any of the 
soils of the <:ounty, an<l phospho1 us f ertilizrrs ,vill 1111doubtedl: be needed in 
the near future if the soils arc to he kept -...atisfa1·torily prodnrtiY<' I t nla)· be 
that applications of phosphorus fertilizers " 'onlcl pro, e of 1·011 ... iclerablc Yalne 
at the pre ... ent tin1e in sou1<: instaH<·rs. I◄~, en alt ho t}H·1·e is ,111 al1unclt11H·e of 
pl osphorus 1nesent in a "-Otl, thPre n1ay 1,e a la(•k of thP cle1ncnt in an aYailahle 
for1n and ,,here this 1s true the application of a soluble fertilizer ,\·ould proYe 
of eon iderable ero110111ie Yalue. Thcrr i<:: no \YHY to deterrninc a<•1·11ratrlY the ' . 
arnount of aYailable pho,.,phorus i11 the s,Hl < xc·Ppt to apply a soluble pli< ..,phorus 
fertilizer and determine its t>ffeet on 1·rop yield-.... If it brings abont nn ,111·rease 
then the conelusion 111a) lie dra\\11 that ;1vait1ble pho ... phorus is la<·ki11g- in the 
-;011. '-,ueh trsts are stron!.d)· 11ru:Pd. ()11 thP inc1i, ic11u1l fnr1n tlH')' are of par
ticular , alue in sho" ing the neec1s of ind iviclual soils nnd they also per1nit of 
eon<·lu ions r1'!.!:arcling the relative , alue of the various phosphorus carriers, and 
partil'ularly. l'O(·k phosphate an<l a<·id phr,sphatc. 

The total nitrogen content of the soils of the c·ounty is quite Yariahlc, ranging 
from 1,030 pounds per acre in the O '.Neill fine sand up to 9, 36 pounds in the 
"\\T ebster ,.,iltv 1•lav loan1. T n so1n(• install<'es there secn1s to he an abn11dance of . . 
1utrogen, hnt in 1nost of the types the arnount present is sufficient to lrcep crops 

supplied for Ollly a short time. 
There is 110 apparent relation bet \\'een the nitrogen content a11cl the soil group. 

The bottornlancl soils, "hi1·lt are orc1inaril)' hettrr supplied " 'ith nitrogen than 
the other groups, sho"' aho11t the sa111e average arnoullt us the uplands. 'l'he 
sanie is true of the terraee typrs. rrhcre is sonic relation, ho" e, er, bet\\ ten the 
soil texture and the soil series and the nitrc,gen content. The \\'rhstcr soils ar e 
higher in nitrogen than thr Carri11~to11 sJils. 'l'he 'I'a1na soils arc highr.r than 
the C'hnton t)pes: the l~"rn1cr and the \Vanke~ha soils on thr tcrraees nre gen
erally higher than the O '?\c1ll srrics. The \\.,.abash ancl I1a1nonre -;oils of the 
bot tom.lands contain more nitrogen than the Sarpy soils. 'I'here are c;;o1ne excep
tions to these <·omparisons. ho" c, er. For exa1nple, the O ':t\eill loa1n 011 the ter
r are is higher t han the \\T ankesha ]oa1n and it is also higher than the T{remer 
loan1, hut in ge1H•ral the soils of th1-.; series ar r lo,\ er than the others 
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.\.s to :--.011 texture and nitrogl'n content, the heaYier textured soil,, contain 
inure nitrogen in mo:--t cases than the lighter textured types. Thu., the arring
ton fine sandy loam is lo"·rr than the Carrington loam. 'l'he Tama loan1y fine 
... and is lo"'er than thf' silt loam. The Breiner loan1 is lo\\·er than the silty <·Jay 

• • 
loam and the <·Jay. The \ \"auke,ha loain is low"er than the ilt loam. The 
0 ·x rill fine sand is lo"·er than the O ·x eill loam an<l among the bottou1 types 
the ,\'abash loan1 is lo"·er than the ilt loam, '>ilty clay loam and rlay. w·hil<> the 
'\"abash fine sandy loam <·ontain-, lrss nitrogen than the loan1. 

'l'he analyses of these soils a a iYhole sho,v that nitrogen mu;,t not be di ... re
gctrded i11 ,y-.,ten1s of pern1anent ,oil fertility in this county. \\"ith the exception 
of a Yery fc,, of the types, prr<'antion should be taken at on<·e to see that the 
nitrogen supply is built up. ,Vhere the nitrogen supply is inadequate, rrops 
i11ar be nu'>atisfac·tory for this reason. Farin manures and crop re,idue return 
to the soil "01ue nitrogen a11d aid n1aterially in keeping up the eontent of this 
elen1ent. They do not return all of the nitrogen removed hy c-rops, however, 
and even ,Yhen they are employed, the nitrogen supply in the oil gradually 
decrea~e.. Leguminous crops turned under as green n1anures are often nece sary 
in addition to farm manures and rrop residues to build np and maintain the 
nitrogen content of the oil. When the,e crop are ,Yell iuotulated they take 
from the atino phere a large part of the nitrogen ,Yhieh they eontain. W hen 
they are turned under, tbi nitrogen becomes available for the use of -.,ubsequent 
rrop. , providing a cheap and Yery desirable method of adding nitrogen to the 
oil. T his method should undoubtedly be followed to . oine extent in keeping up 

the nitrogen in P olk county soils. 

The organic carbon content of the soil· is ahvay very elo elJ related to the 
nitr ogen content and the supply of both bears a definite relation to the rolor of 
the soil. I f the soil is dark in color it i ,,ell supplied '"ith organic matter and 
usually also ,vith nitrogen. On the other hand, if it is light in eolor the organic 
matter content i low and nitrogen i probably defitient. The ratio of nitrogen 
to organic earbon in soils giYe son1e indication of the extent or rapidity of the 
decomposition proce ·es and hence of the rate of production of a,ailable plant 
food. If the deeomposition of the organic n1atter in . oil is too slo"· plant 
may suffer fron1 a lac·k of available plant food. If the amount of carbon in rela
tion to nitrogen falls hclo,Y a certain ratio, it maJ· be rather definitely concluded 
that the production of aYailahle plant food is not proeeeding . atisfaetorily. 

On most of the soil type::; in Polk county the relation bet,veen the nitrogen and 
organic carbon is such that it is quite certain that the deroniposition of the or
ganie matter is going on quite ..,atisfaetorily. There are a fe"· exl'eption to this. 
particularly in the case of some of the lighter textured tJ~pcs "here the total 
supply of organic n1atter is too lo,Y. 111 all the1-.e ea"e it is espet·ially neee sary 
that farm manure be nsc(l. This nu,trrial 1-,timulates the procln<'tion of aYailable 
plant food beside, adding org-anir n1attrr. \Vherc farn1 manure i, not aYailable 
in snffi<'ient amount'-, legun1iuons green manures should be used a:s supplements. 
Crop residues should he utilized in all C'ase . EYen on ,01ne of the types appar
ently better supplied with organic 1natter, the applieation of far1n inanure has 
ht>en found to he of Yalur, prohauly due to the fact that it stiiuulates the proclnc
t ion of a, ailahl<' plant f oocl. I3ut "·hatever the reaqon for it-, henefit'ial effect, 
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Fig. 2. Level Webster clay loan1 topography. 

it is certain that the use of this fertilizing 111aterial on 1nost of the soils of the 
county pays. 

I n handling practically all of the soils of Polk county, care needs to be taken 
to keep up the supp]y of organic matter. Too much emphasis cannot be placed 
upon the proper use of crop residues and the proper preservation and applica
tion of all the manure produced on the farm, and if these materials are inadequate, 
the use of leguminous crops as green manures. 

The upland soils of the county, "~th the exeeption of those in the Webster 
series. are generally acid and contain no inorganic carbon. The Lindley fine 
sandy loan1 does not appear to be acid in this particular test, but this is not 
generally true for this soil type. The Webster soils are usually not acid and 
contain at least sn1all amounts of lime. 'l'hey may need a small application of 
lime "·hen the surface soil is acid and this son1etin1es occ•1u·s. The subsoils of th<' 
typ(>s of this serie are never acid, but if the surface soil is acid, lin1e should be 
applied. The loess types are all acid and all but one of the terrace types are 
acid and in need of lime. Of the bottomland soils of the cotmty only one type 
sho"'s acidity aerording to the tests. Some others of the soils tested here do, 
ho"·eyer, show au acid reaction in other samples, especially the Wabash soils. 
It is apparent from the results that all of the upland types except those of the 
Webster series and all of the terrace types should be tested for acidity and the 
lime shown to be necessary by the tests should be applied if the crops gro-,vn 
are to be satisfactory. This is particularly true in the case of legumes. The bot
tomland types of the county apparently are not in need of lime at present except 
in a f e"' instances. 

The :figures giYen in the table showing the lime requirements of the soils are 
merelv indicative of the needs of the various types and should not be taken to • 

sho,v definitely how much lime these soils ,vill need. The lime requirement of 
soils is extremely variable, even under apparently identical conditions. IIence 
the soil from every field should be tested for lime requirement before a11y appli-
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cation is made. There is no question but that the best crop gro,,th, especially of 
legumes, cannot be se<.:ured on many of the soils in Polk county unless they are 
tested and lime is applied. In fact, ,,ith only one exception, there is not suf
ficient lime content in the upland soils or terrace types to keep this material 
from becoming deficient in the near future and in four of the bottomland types 
the lime supply is low and ,vill soon be lacking. 

TTIE SUBSURFA.CE i::.orLS AXD SUBSOILS 

The results of the analyses of the surface soils and subsoils are gi,en in tables 
V and VI. They are calculated on the basis of 4,000,000 pounds of subsurface 
soil and 6,000,000 pounds of subsoil. In general, the plant food content of the 
lower layers of soil has ,ery little influence on the fertility of the soil and on the 
treatments needed unless there are some large amounts of plant food constit
uents present. In the soils of Polk county the subsurface soils and subsoils are 
not any higher in any constituent than the surface soils and in most <.:a~es the 
content of plant food constituents is less. Hence it is unnecessary to consider 
these analyses in detail. 

Soil 
No. 

TABLE y·. PLANT FOOD IN POLK COU:XTY, 1O\VA, SOILS 
Pounds per acre of Four Million Pounds of Subsurface Soil (6 2-3"-20") 

Soil Type 
I Total I 1'otal Total I Total I Limestone 

organic inorganie
1 

require-I phos- I nitro
lphorus J gen I 

---'-------------;:D:--:::R~IFT SOILS 
carbon j carbon I ment 

1 
56 

107 
4 

136 
79 

l:.!0 
143 

~o 
145 

60 
43 

110 
88 
12 
45 
7;) 

108 
44 

1!6 
1 o;:; 

72 
49 
91 

111 
144 

28 
48 
26 
89 
62 

102 

Carrington loan1 . . . . . ........... I 2,541 4,950 50,507 0 4,528 
~Vebster clny loam . . . . . . . . . . ... 2,828 4,997 61,844 1,656 Basic 
"\Vebster silty clay loam . . . . . . . . 3,367 12,748 13'3,344 3b,l 76 Basie 
Carrington fine sandy loam ...... 2,397 3,084 37,560 0 9,495 
Lindley fine sandy loam . . . ..... 2,007 2,408 25,400 0 1,430 
Shelby loam . . . . ............... I 3,987 3,728 41,920 680 Basie 

LOESS SOILS 
Tama silt lo:nn . . . . . . . . . . . . . . . . 3,596 I 7,284 79,320 0 6,434 
Tama silt loam (shallow phase).. 2,037 3,392 29,600 0 5,004 
Clinton silt loa,n . . . . . . . . . . . . . . 2,411 I 3,140 27,240 0 5,720 
Tania loamy -fine sand . . . . . . . . . . 2,505 3,840 33,400 0 3,574 ~-....:.._ _ _;___..,__ ___ ,_____; __ _ 

TERRACE SOILS 
\Vaukesha loam ................ ! 3,82 
Bremer silty clay loam .......... 1 4,33 
0 'Neill fine sandy loam ......... I 2,46 
Bremer silt loan1 ............... 1 3,98 
Bremer lo:1111 ................... 1 2,49 
Bue-kncr fine snndy loam ....... · 1 2,35 
"\Vauk<>sha silt loam ............ I 4,12 
0':N"eill lon1n ................... 1 2,66 
Br<'mer clav ................... I 4,4 7 
0 'X eill fine RH nd ......... : ..... 1 3,o:; 
Chariton silt loam ............. • I 2,41 

5 5,520 62,360 
7 6,472 61,220 
5 4,652 50,080 
7 I 7,844 100,840 
1 
I 

9,136 141,756 
7 4,567 50,320 

~ I 5,548 61,640 
5,044 56,560 

2 I 5,716 91,264 
71 2,156 10,683 
] I 3,868 I 43,680 

S"\V A1fP .:\XD BOTTO1ILAXD SOILS 
Wabash clay ................. •I 3,3<'1 I 5,828 I 
"\\' 1 bn sh loam .................. I 4,499 I 5,912 I 
Rarpy loam .................... J 3,569 I 6,0S0 1 

L:nnoure silty clay loam ......... I 2,694 I 9,416 
Rnrpy 11ilty clay loan1 ........... I 3,461 I 6,416 
Rarpy \·ery fine san<l.y loam ...... I 4,2fi6 I 2,044 
"\V n bash silty clay loam ......... I 4,512 1 5,464 
Wabash silt loam .............. I 4,984 I 7,928 
Rnrpy silt loam . . . . . . . . . . . . . . . . 2,r~q2 I 4,ooq 
Wabash fine sandy loam . . . . . . . 4,916 I 5,352 I 
Sarp~• fine snndy loam ....... . .. 1 2,249 I 2,380 I 

71.520 I 
69,934 
56,516 I 
I\<) r.~Q 
~J-,,) ( .J 

72,984 I 
16,120 I 
65.360 I 
49,460 
38,2n2 I 
57,068 I 
27,34R I 

0 8,vt>0 
0 6,43-1 
0 5,720 
0 7,864 

724 Basic 
0 5,720 
0 5,004 
0 7,150 

1,256 Basie 
4~<> ,_ Bnsic 

0 7, 64 

960 Basic• 
4,216 Basic 

1-i,R-IA Basie 
6,1RS Bnsic 

17,736 Basic 
39,640 Bnsie 

0 3,574 
0 6,434 

5481 Basic 
5,292 Basie 

452 Basie 
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T.\.BLE YI. PL.\.NT FOOD IX POLI( COUNTY, 10\Y.I,, SOILt::i 

Pounds per acre of Six )Iillion Pounds of Subsoil (20"-40") 

Total Total Li1111•stone I Total \ Total 
Soil Soil Type I phos- nitro- organic inorganic n'qu1re-

_?-;_-o_.__:, _______________ .,a.:'phorus....:l_.c:.g_en_....:l_c_a_rb_o_1_1 ~l_ca_1_·L_o_n----','----1-n_e_n_t_ 

1 
56 

107 
4 

136 
79 

120 
143 

80 
145 

60 
43 

110 
S8 
12 
4!) 
75 

108 
44 

146 
105 

49 
91 

111 
]44 
28 
43 
26 
89 
62 

102 

DRIFT SOILS 
Carrington loam ............... . 
\Yebster clay loa n1 ........... -I 
\Yebstcr silty clay loam ....... , I 
Carrington fine sandy loam ..... , I 
Lindley fine sandy loa1n ....... -I 
Shelbv loam ................... I . ' 

3 5'"' I 4,190 3,\5:?0 0 4,747 ' --
3 ,0-14 I •) 77•> 4!),~67 10,620 Basic w, ... 
2,748 I 3,738 54,498 12,:?32 Basic 
2,990 , 2,436 98,760 0 9 6"'') , ' a ..... 
3,980 I 2,940 27,924 18,036 Basic 
5,192 I 2,310 19,920 37,080 Basic 

LOESS SOILS -----------------Tam a silt loam ................ , 4,647 j 5,211 
Tania silt loam (shallow phase).. 4,626 , 3,276 
Clinton silt loa1n . . . . . . . . . . . . . . . 5,233 I 3,612 
Taina loamy fine sand . . . . . . . . . . 2,444 ' 1,932 

TERR.\CE SOILS 
Waukesha loam ... . ........... -I 4,647 
Bremer silty clay loam ........ , I 5,212 
O'Xeill fine sandy loan1 ........ ,I 3,354 
Bremer silt loam . . . . . . . . . . . . . . . f.i,17:'5 
B 1 I 

') ,,_,,. 
remer oam . . . . . . . . . . . . . . . . . . . ,), H, 

Buckner fine sandy loam ....... , I 2,SS9 
\Vaukcsha silt loa1n ............ 1 6,344 

3,570 
5,29S 
4,416 
6,343 
3,fi 70 
I) -, -, ., -, ~ 

3,996 

46,500 
23,280 
30,600 
16 --0 

1iJ I~ 

43,9b0 
66,300 
50,940 
91,380 
i0,020 
2.3,740 
4,3,120 

*O'Neill loam .......... • • • • • • · · l 
Bren1l'r clav . . . . . . . . . . . . . . . . . . . 5,475 4,500 7.5,S 13 
0 'Xeill fin; sand ............. , I 5,354 1,890 8,172 
Chariton silt loam ............. -I 3,596 5,00-! 25,400 

SW A:MP A~D BOTTO1fLAND SOILS 
Wabash clay .................. ,I 5,77 
Wabash loam .................. I 6,4-15 
Rarpy loa1n ................... , I 4.20:l 
Lamoure siltv clav loam ........ 1 4,162 
Sarpy siltY clay ioarn .......... I 5,233 
8arpy Yery fine sandy loan1 ... , I 6,2S3 \ 
Wabash silty clay loam ........ , I 5, 79 

I Wabash silt loan1 ............... I q,546 I 
I Sarpy silt loam . . . . . . . . . . . . . . . . 4,46:'i I 
I Wabash fine sandy loam ....... 8,728 1 

I Rarpy fine sandy loau1 . . . . . . . . . . 3,435 I 
*Not analyzed. 

5,0813 
5,046 
6,68-! 
4,542 
9,3,10 
2,646 
4,962 
6,600 
3,696 
7,692 
2,142 

74,904: 
!)3,796 
70,002 
64,5,>4 

104,142 
19,092 
66,960 
9n,960 
31,868 
~1.324 
20,490 

0 
0 
0 

~2S 

0 
0 
0 
o I 

1,oso 
0 
0 

1,677 
763 

0 

1,356 
1,944 

26,71 q 
2,946 

()- C)18 _,;) ,..., 
62,388 

0 
0 

8,412 
7,936 
7,470 

' 

4,290 
14,242 

4,290 
Basic 

8,580 
9,633 
4,290 

11,796 
Basic 
3,517 
6 135 
' 

Basie' 
Basie 
9,652 

Basic 
Basic 
Basic 
Basie 
Basic 
Basie 
4,290 
5,362 
Basi~ 
Basic 
Basic 

The needs of the soils of the count~· ,vhich haYe been evidenced from the 
analyses of the surfarC' soi ls are apparently horne out by the analyses of the lower 
soil lavrrs. In several ta'-eS the lower soil layers are not acid "'here the surface . . 
soil is acid, but in only one of these cases, howeYer, is the actual amount of lime 
present suffi<•ient to influence to any extent the lime <·ontent of the surface soil. 
Lime rarely moves upward in the soil in any case and hen<·e it may be coneluded 
that the test of the snrfaC'e soils f--hows definitely the ncech; of the soils of this 
county. 

GREENHOUSE EXPERIMENTS 

T,Yo greenhouse experin1ents were carried out on soils from Polk con11ty to 
learn something of their fertilizer needs and of the value of applications of 
certain fertilizing materials. These experiments were carried ont on the Car
r ington loam and the V,..7 ebi:;ter clay loam, the two major soil types in the county. 
In addition, the results of an experiment on the Tama silt loa1n from 1\i arshall 
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TABLE YlI. GREE. HOUSE EXPERIME)lT, CARRINGTON LO.AM, POLK COUNTY 

Pot/ 
No. 
1 
2 
3 
4 
5 
13 

Treatment 
Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.50 
Manure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.50 

I Weight wheat grain I 
I in grams I 

.Manure+lime . . . . . . . . . . . . . . . . . . . . . . 11.50 
Afanure+lime+rock phosphate . . . . . . 13.00 
1-fanure+lime+acid phosphate . . . . . . 13.50 
:.\lanure+lime+con1plete commercial 

fertilizer ........................ -1 15.50 

,v eight clover 
in grams 

27.21 
40.82 
48.89 
52.16 
56.69 

56.69 

county are included in this report, inasmuch a this is a rather important type 
in the southern part of P olk county and the results should be applicable to Polk 
county conditions. 

The arrangement of all the experiments was the same and consi ted in the 
application of manure, lime, rock phosphate, acid phosphate and a complete 
commercial fertilizer. The amounts of these Yarious materials applied were the 
same as are used in the field experiments, and hence the results of these green
hou e tests may be considered to indicate quite definitely "·hat would be expected 
in the field. ~'.Ianure was applied at the rate of eight tons per acre. Lime was 
added in sufficient amormts to neutralize the acidity of the soil as indicated by 
the ,r eitch test and to supply two tons additional. Rock phosphate ,vas added 
at the rate of 2,000 pounds per acre, acid phosphate at the rate of 200 pounds 
per acre and a standard 2-8-2 brand of a complete commercial fertilizer at the 
rate of 300 pounds per acre. Wheat and cloYer were grown in all the experi
ments, the clover being seeded about one month after the wheat was up. The 
results of the experiment on the Carrington loam from Polk county are given in 
table VII, the figur es being the aYerages of the yields on the duplicate pots. 

The effect of the manure showed up very definitely on both the wheat and 
clover crops, as it has many times in farm experience and there is no question 

' ' 
\ I 

I 

I 

I \ 

Fig. 3 Greenhouse experiment, wheat and clover on Carrington loam, Polk County. 
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' I I 

I 

I 

-

Fig. 4 Clover on Carrington loam, Polk county. 

but that this material is of large Yalue on the Carrington loam in P olk county·. 
The application of lime along with manure had no effect on the "'heat crop, but 
it did bring about a distinct increase in the clover. I t is not ordinar ily expected 
that lime "'ill have any large influence on the gro"·th of small grains, but its use 
is well warranted by its influence on the legume in the rotation. The application 
of rock phosphate along with manure and lime increased the gr owth of both the 
,Yheat and the cloYer, the effect being particularly noticeable in the case of the 
latter crop. Acid phosphate gaye an increase very similar to the r ock phosphate 
in the case of the whe~t but brought about a larger effect on the clover. The 
complete commercial fertilizer, 011 the other hand, sho"'ed a larger effect on t he 
"·heat but the same influence on the clover as did the acid phosphate. 

I t is apparent f r om these results that manure is a particularly valuable fer
tilizer for the Carrington loa1n in this county; they confirm the results obtained 
011 the same soil type in many other counties. ~\s noted above, the results ar e 
also borne out by considerable field experience. 

The use of lime in addition to manure is neces. ary on the Car rington loam 
if the brst gro,"th of legumes is to be secured, and it should be noted that 
there is a seC'ondary effect of the lime on the grain crops in the rotation, a bene
fieial influence "·hic·b results from a greater clover or other legume growth. The 
need of testing this soil for acidity i8 evidenced and the importance of applying 
the amount of lime sho,,.n to be necessary is emphasized. There is r ather def
inite evidence of the value of phosphorus fer tilizers on this soil, both for wheat 
and for clover. It is not pos ible to determine the relatiYe Yalue of rock phos
phate and acid phosphate, ho,Yever, from these results, altho it might per haps 
see1n that acid phosphate has some,,hat more effect on the clover. The differ
ences are too small for definite conclusions. The complete commercial fertilizer 
seems to be some,,hat preferable for " ·heat but has no advantage on clover. 
Again, ho,Yever, the results are not definite enough to " 'arrant recommendations. 

The second greenhouse experiment " ·as on the Webster clay loam from Polk 
county. The results of the experi1ne11t are given in table ·,;;'III. 
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TABLE ·vrrr. GREE~HOUSE EXPERI)fEXT, "'EBSTER CL.AY LOAM, POLK 
COUXTY 

Pot/ 
No. 
1 
2 
3 
4 
5 
6 

Treatment 
('llc"k "-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1\1anure ........................... . 
i\1anure+lin1e ..................... . 
1\fanure+lio1c+rock phosphate ..... -1 
:Manure+lime+acid phosphate ..... -I 
~1~;1~:~:tel;m_c_~_1•_0_n .. ~J~~t·e· _c_o_1~~'.~~e.i~~ .. I 

Weig~t wheat grain I 
1n grams 

14.25 
'>O 9-~ __ ::, 

20.50 
21.00 
23.00 

20.50 

W?ight clover 
1n grams 

68.04 
81.64 
86.18 
90.72 
90.72 

90.72 

l\fanure apparently exerts a beneficial effect on the gro,vth of "·heat and cloYer 
on the "\Vebster clay loam, considerable increases in crop yields being obtained 
,vith both these crops. This effect of manure is rather surprising on this soil 
type, as it is apparently well supplied ,vith organic matter and it would not be 
expected that large effects would be evidenced by the u e of manure. It may be 
that in this case the manure stimulates the production of available plant food 
to such a large extent that crops are benefited. The use of lime in addition to 
manure had no effect on the ,vheat and a slight effect on the clover. This par
ticular soil type is usually not acid in the surface soil and not in need of lime. 
The sample used in this experiment ,:vas slightly acid and the addition of lime 
proved of value on the clover crop. The application of the phosphorus fer
tilizers gave slight increases in the ,vheat and also in the clover. The acid phos
phate seemed to be some"·hat more beneficial in the case of the wheat but all the 
materials used sho"·ed similar results in the ca. e of the clover. Complete com
mercial fertilizer showed less effect than the pho. phorus carriers in the case of the 

Fig. !5 \\'heat a nd cloYcr on "\\'ebster clay loam, Polk county greenhouse experiment. 
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T.ABLE IX. GREEXHOU, E EXPERI~IE~T, TA1IA SILT LOAl\I, 1I),.R81IALL 
COUXTY. 

Pot I I Weigh_t ,,heat grain I \\'pig ht cloY~r 
No. Treatment I lll grams I 111 gra 111s 
1 Check ............................. · 1 J D.73 I 45.36 
2 1\Ian ure ............................ 23.00 I -4-3.36 
3 l\Ianure+lin1e • ♦ • • • • • • • • • • • • • • • • • • • • 2:t:50 I 49.89 
4 hlanure+lime+rol'k phosphate . . . . . . 24.00 I 54.4:l 
5 l\Ianure+Iiine+arid phosphate ...... I 27.50 I 7~.6:3 
6 :;.\Janure+lime+l'o1nplctc ron1men·ial I I 

fertilizer . . . . . . . . . . . . . . . . . . . . . . . . .1 24.00 I 63.50 
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wheat and gave the same re. ults on the cloYer. These results indicate that ma
nure is a valuable material for u c on this soil and rnodcrate applications should 
be made in order to stimulate plant food produrtion and thns jnC'rease crop 
growth. L ime hould be applied to the soil "·hereYcr jt sbo"·s an acid reaction. 
Ther e is eYiclence of Yalue from the use of phosphorn<; fertilizers and tests should 
be carried out to dctern1ine the relatiYc valne of aeid phosphate and rock 
phosphate on the incliYiclual far111. The con1plete c·o1n1ncr<•ial fertilizer sho,vcd 
less effeC't than the phosphorn C'arriers aud it " ·ould scen1 that the latter ,Youlcl 
probably proYe of 111ore Yalue on this soil type than any <·omplete brands. 

The results from the greenhouse experi1nent on the Tama silt loa1u in 1\1ar
sball county are giYen in table IX. 

The application of n1anure to this soil proYed clistinl'tly beneficial to the "·heat 
crop but had apparently no effect on the l'loYer. 'l'he use of l i111e in addition 
to manure gaYe 110 influenee on the "·heat but brought ahout a distinet gain in 
the gro,Yth of cloYer. The addition of phosphate fertilizers proYed beneficial 
on both crops, the a<'icl phosphate sho,ving np Yery 1nnl·h better than the roek 
in both cases. The cloYPr erop ,Yas in<·rea-.ed to a Yery large e~tent by the use 
of this material. The eomplete eo1nn1ereial fertilizer had no advantage oYer 
rock phosphate in the ease of the "·heat but shoVi·ed up some\\·hat better on the 
clover. It had les<:. effect, ho,veYcr, on the cloYer than did the aeicl phosphate. 
It seems apparent from the e results that manure is a Yaluable fertilizing n1a
terial for use on this soil type and this n1aterial should be used \YhercYer avail
able for building up the fertility of the soil. I,i1ne <.;houlcl be applied to the soil 
in proper a1nounts, ,vhich may be determined by tests, if the best gro,vth of 
legumes is to be secured. .t\.pplications of phosphor us fertilizers are apparently 
of value and there is eYidenee of a larger effect fro1n the u:-;e of aeid phosphate 
than from the use of rock. 'rhese r esults should not be c·o11side1cd conclusive, 
ho,veYer, and field tests 1nust be carried out to detf'rmine definitely the relatiYe 
merits of these t"·o materials. Complete com1nereial fertilizers do not have any 
particular advantage oYer phosphorns carriers on this soil and indeed aetually 
giYe i-maller effects. llC'nc-e they cannot be rcco1un1<'11ded for use on this soil at 
the present time. 

FIELD EXPERIMENTS 

The field experin1ents ,vhich are under ,vay in Polk ronnty have not yet been 
carried on long enough to pern1it of couelui-ions fro1n the re~ults scl•urccl. IIo,v
ever, some experiments haYe been nnd<'r ,ray for i--cveral years on the ... \. gronon1y 
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Farm at ... \..mes in Story county on the Carrington loam, '"hich is the most ex
ten iYe soil type in Polk county. The re ults of these experiments are not en
tirely eonclusiYe as vet and it is intended that thev shall be carried on for a • • • 

much longer period before definite conclu ion. are dra"·n. There are indica-
tions from some of the experiment , ho,YeYer, of the value of Yarious fertilizing 
materials and hence the result of one of these experiments are given in this sec
tion of the report. 

One of the experiment· on the .... \.gronomy Farm at Ames on the Carrington 
loa1n is arranged in fh·e series of plots and on these plots there is practiced 
a fiYe-year rotation consisting of corn, oats, cloYer, wheat and five years of 
alfalfa, the four-year rotation of corn, oat , cloYer, "·heat being repeated five 
times and then the land left in alfalfa for five years on each ser ies of plots. 
These experiments \Yere tarted in 1915, but the yield that year and in 1916 are 
not included in the averages o,Ying to the fact that they were undoubtedly 
abnormal and the effect of t reatment did not sho,v up satisfactor ily until the 
third year of the experin1ent. The entire ser ie of plots in this five-year rotation 
experiment includes tests ,,·ith 1nanure and ,vith crop re idues, representing the 
liYe. tock system of farming and the grain ystem of farming. Only the manure 
plot ' are di cus ed here, a the crop residue plots haYe not yet given results of 
definite value. 'r he treatiuents on the e plots consi t of application of manure, 
lime, rock pho phate and acid phosphate. The application of manure is made 
at the rate of eight tons per acre onee in four year , rock phosphate at the rate 
of 2,000 potu1ds per acre once in four year and acid pho phate at the rate of 
200 pounds annually. Lime i used i11 sufficient amount to neutralize the acidity 
of the soil and supply t\\·o tons additional. 

The yields secured of the Yarious crop gr0\\'11 in this fiYe-year r otation during 
the years 1917, 19] , 1919, 1920 and 1921, are giYen in table X. During these 
fiYe years there ,Yere gro"·n on the fiye series of plots, five crops of cor n, sL~ of 
oats, three of " ·heat, fiye of alfalfa, three of elover, one of barley ancl t"·o of soy
bean~. rl'he soybean erop.., \\'ere u e<l \\·hen elo,·er failed and the barley was 
gro,Y11 "hen the wheat crop failed. The results giYen in the table are the aYer
ages of all the crops gro,,'11 during the :fh·e year , the checks being the average 
of duplicate cheeks in each series of plots. 

Exan1ining the result" g-iYen in thi. table, it "'ill be noted that the addition 
of n1anure in thi'> five-~ ear rotation increased to a large extent the yields of all 
the crops gro"·n in the rotation. 1'he effe1.:t of the manure \Yas particularly no
tit·c•able on the eorn and <·loYer of the rotation. ....\.pparently the Carrington loam 

r \.BLE X. Fll:LD EXl'ERL\IEXT, C.\RRIX(TTOX LO.-\::\J, ~TORY COl');TY, .\.:MES 
PIELD 

Tr Pa tuH•ut 

l ' h <'t k . ............. . . .. . . · I 
Afanuro .... . .... . ....... .. . \ 
11a11nrP+lin1c• ............ . 
1fanure t l imc+r o<'k phosphat e 
Manure+lim c-+- aeicl ph osphate 

Corn 
bu. pt'l' 

atre 5 
trops 
'33.5 
67. 
{17.7 -~') ~') 
I- •-

10.3 

, I I I Soy· 
Onts "'h,•at .\.lf11lfa Clo,·er Barley bean~ 

bu. per l,u. per tons per tons per bu. per tons per 
acre 6 I a,·re 3 :H·re 3 acre 3 acre 1 I acre 2 
t•rop~ ,·rops t.'rops l'rops trop trops 
-19.6 17.9 1.16 1.70 11.0 2.12 
56.-1 24.3 1.26 2.62 12.2 2.56 
59. 26.6 1.43 2. "l 17.1 2.26 
61.6 :?7.-1 1.,3<, 2.H.3 l !l.4 2 .. 3!1 
62.7 3:{.:{ 1.'iJ 3.-10 I 17.'- 2.50 
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in thi rotation will re pond Yery profitably to applications of farn1 manure 
and it is f'vidently a Yery important fertilizing material for use on this soil 
type. Farmers are urged to car efully preserve and apply all the 1nanure pro
duced on their farm and the>· 1nay thus increase their crop yields and aid in 
keeping their oils fertile. 

The use of lime in addition to manure brought about small increases in the 
oat and wheat crop but exerted a pronounced effect on the alfalfa and cloYer. 
The re ults obtained ,Yith the soybean "·ere evidently somc,vhat abnormal, but 
a the re ult are the aYerages of only two crops of soybean , the decrease noted 
in the table should not be considered of significance. It ,v-ould be expected that 
lime would show the greatest effect on the legumes of the rotation and this ex
pectation is borne out by the results secured. It is interesting to note, however, 
that the oats, wheat and barley were all increased to a considerable extent by 
this material. 

The application of phosphate fertilizers is apparently of some value on the 
Carrington loam, both the rock phosphate and the acid phosphate giving in
creases in yields, many of them being Yery considerable. There seems to be a 
considerable difference in the effect of these two materials on the different crops 
of the rotation. For example, the acid phosphate sho"·s up to Yery much better 
advantage on the wheat than does the rock phosphate and similarly in the case 
of the clover the effect of the acid pho phate i very much more pronounced. 
With the corn and oats, howeYer , there i very little difference be:ween the two 
material . With the alfalfa, acid pho phate seems to have a somewhat greater 
effect. It seems evident from these results that the application of phosphorus 
fertilizer may be of con iderable Yalue on the Carrington loam in Polk county 
at the pre ent time. Definite recommendations regarding the use of phosphorus 
or regarding which phosphate fertilizer should be employed cannot be given 
fro1n the data at pre eut aYailable. It seems safe to say, howe,·er, that phos
phorus f ertilizcr ,vill probably proYe of value and farmers are urged to test 
the use of both roek pho phate and acid phosphate in the effort to determine 
"·hi<·h ,Yill be of the most Yalne nuder their particular ~oil conditions. 

THE NEEDS OF POLK COUNTY SOILS AS INDI
CATED BY LABORATORY, GREENHOUSE 

AND FIELD TESTS 

Field e~periruents are uo,v under "ay in l_)olk county and in the cour e of the 
next fe,v years results ,vill be available to indicate the fertilizing materials which 
may be used ,vith profit in this count3-. For the present, the suggestions regard
ing- treatn1ents "hi<'h ,vill Le 1nade here arc based on the laboratory and green
house tests and on the field te..,ts in other counties. They are also based, how
CYer, on mu('h field expericnc·e. and no rero1n1nenclationc, are made ,vhich have 
not been proYen to be of Yalue by praC'ti<'al experience. \'{here definite data on 
the rffec·ts of Yarious 1naterials are not available, as in the case of phosphorus, 
recon1mendatio11s are n1ade that tests lJe carried out on indiYiclnal far1ns. When 
far1ners tc"t the use of these n1aterials under their o,Yn conditions, they may then 
secure fir-.,t hand kno,Yleclge of their value and until the field experiments 110,v 
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under way are completed, this is the only definite reC'ommendation which can 
be made regarding the use of phosphorus fertilizers. The suggestions made in 
the following pages should be understood to be of proven value and any of them 
may be put into operation under general farm conditions. 

MANURING 

The soil of Polk county are not strikingly deficient in organic matter content 
except in a feTv instances, but neither are they very ,,ell supplied and additions 
of farm manure would be of considerable value on practically all of the types 
in the county. Only in the case of the "\\T ebster silty clay loam is there any ex
tremely large amount of organic matter present, and even in this case the addi
tion of a small amount of manure to stimulate the production of available plant 
food ,vould be of value in increa. ing crop yields. The experiments reported in 
the prec>eding pages and the experienee of many farmers gives very definite
support to the statement that manure is a mo t valuable fertilizer for use on 
the soils of the county. It al\\·ays bring large increa e in crop yield and in 
most case the addition of other fertilizers \Yould not be of value unless manure 
\\'ere also applied. On sancl;r soils, and especially \\'here truc·k crops are gro,,n, 
the addition of manure is particularly valuable and in 01ne instances ab olntely 
neeessary for the best gro,Yth of crops. In all cases, ho"·ever, the value of the 
erop inr·reases secured by the use of manure is suffic·ient o that liberal applic>a
tions of this material should be strong-ly adYoeated. EYery farmer in the county 
should sec to it that the manure produc·ed on his farm is carefuJly presrrvecl 
and returned to the soil if he \Yould seeure the best crop yield!:> and keep hi soil. 
per1nanently fertile. 

l\Ianure exerts a benrfic-ial effeet on soils beeause of its chemiral, physieal and 
baeteriologital effects. It eontains eonsiderable amounts of plant food constitu
ents ,vhieh have been ren10Yed fron1 the . oil by the crops gro,Yn and by its use, 
therefore, the life of the soil is lenathenrd or in other words, the time is ex
tended before any plant food constituent become actually lacking. It improYes 
the physical condition both in heayy clay soils and in light sandy soils. It n1akes 
the latter more retentiYe of moisture, less open and porous and le s subject to 
losses of the valuable eonstituents by leaching. It opens up heavy soils and 
makes the1n better aerated, less impervious, and less retentive of moisture. This 
means that there ,rill be a greater production of aYailable plant food, as well 
as better general conditions for the gro\\·th of crops. Large numbers of baC'teria 
are C'Ontained in manure and these play an important part in making plant food 
available. The organic· n1atter \Yhich n1anure contains has an in1portant effeet, 
not only 011 the physical C'onditions of the soil but also upon the bacterial gro"ih 
aud actiYitics. The organic n1atter serves as food for bacteria and stimulate 
their devrlop1nent and thjs means a further increase in ayailaule plant food pro
duction. It is quite probable that the baC'tcrial effec·ts of 111anure are of especial 
s1gnific·a11c·e on heaY}', ne,vly-drainccl soils \Yhic·h are high in organic matter. 
Under suc·h c·o1Hlitions the sti1nnlatio11 of aYailahlc plaut food produf'tion is 
partic·nlarl.!" nec·rssary ancl the beneficial efl'e<'t of manure on ~uch types as the 
,, .... ehster clay loa1n, silty c·la~ loa,n a11d the Brcmc•r soils j._ unclouhteclly due 
mainly to i111pro,·ccl hac·terial c:onclition,. In general, howcyer, the beneficial 
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€ffect of 111anure may not be attributed to any one influence, bnt is probably due 
to physical. chemical, and bacterial effects combined. 

When compared with commercial fertilizers, it ,Yould seem that the applica
tion of manure is a Yery simple and inexpensiYe operation and the farmer who 
does not carefully preserYe and utilize all the manure pr oduced on his farm is 
wasting one of his most Yaluable natural as ets. I t is difficult to understand 
why greater care is not taken of this material in order to secure the largest pos
sible effects from it u e. In spite of all that has been said about the storage of 
manure, Yery frequently it is stored "·ithout any care whatever to prevent losses 
by leaching and weathering, perhaps on a hillside with a slope running down 
to a str eam and the soluble portion of the manure washing away from the farm 
in large amounts after eYery rain. Under such conditions the manure will lose 
70 to 90 percent of its value and the effect "·hen applied to the soils will be re
d uced to just the same extent. The farmer may consider manure a waste product 
to be disposed of with the lea t possible difficulty, but if he does not prevent 
losses of valuable portion before applying it to his soils his income from his crops 
will be r educed in proportion to the decreased value of the manure. 

There ar e many ways in whieh manure may be stored to prevent losses. ,,1:\. cov
ered yard or a pit may be provided. I t may be composted. o one method can 
be suggested to fit all conditions and in general it may be said that almost any 
method will b.e sati factory provided the manure is kept moist and compact and 
not exposed to the weather. I t may be possible in some instances to apply 
manure to the soil as p roduced and thus eliminate the necessity of storage. 
When this practice can be follo"·ed the largest possible effect of the manure is 
secured on the crop growth, but it is not al"·ays practicable to follow this method 
and in most cases it is necessary to store the manure. If proper care is taken 
in storing, quite as satisfactory results may be secured from its use as if it were 
applied directly. It has been estimated that 75 to O percent of the plant food 
removed from the soil by the crops grown may be returned to the land by the 
use of well preserved manure. If the farmer ,vill rare for an<l utilize manure 
to the best advantage, he may keep his soils in the best condition of fertility for 
a long period of years. 

The usual application of manure is 8 to 10 tons per arre once in a four-year 
rotation. In some cases larger applications are made to certain soils, particu
larly sandy types or for the growth of truck crops. It is not advisable, how
ever, to apply more than 16 to 20 tons per arre for general farm crops. Only 
for truc-k crops will larger amounts than this prove profitable. Unfortunately 
the production of manure on the average livestoC'.k farm is not sufficient to permit 
of large applications to all the soils of the farm and this means that son1e fields 
are left without additions of manure. I-Ience on many farms all the soils cannot 
be kept up in organic matter by the use of manure and some other n1aterial 
must be utilized. On the grain farm Yery little manure is produced and here 
some substitute for farn1 manure must be employed. 

Green manuring is a practice ,vhieh may be follo"·ed as a supplement or sub
stitute for manuring. Leguminons crops are <'onsidered the most desirable for 
use as green 111anurrs inasn1uch as thPy are able, "·hen " 'ell inoculated, to take 
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up nitrogen from the atmosphere and :fix it in the soil for the use of subsequent 
crops. They act, therefore, as a nitrogenous fertilizer while at the same time 
they keep up the supply of organic matter on both the grain farm and also on the 
livestock farm. Non-legumes are often used as green manures and in some 
cases may be of considerable value in that they add to the organic matter con
tent of the soil. They do not add nitrogen, however, and hence they have less 
Yalue than legumes. When the organic matter content of the soil is low, nitrogen 
is also low and hence in practically all cases leguminous crops are particularly 
desirable for use as green manures. 

1\1:any legumes are aYailable for use under a wide Yariety of conditions and 
it is possible to choose some one legume which will fit in with almost any rota
tion. Green manuring is a practice, therefore, which may be followed on some 
liYestock farms and must be practiced on grain farms if the supply of organic 
matter and nitrogen is to be kept up. On the lighter soils in P olk county, and 
particularly those which sho,v evidence of lack of organic matter by a light color, 
green manuring may be practiced with profit. It should not be practiced blindly 
or carelessly, however, for it may bring about undesirable effects if not carried 
out properly. Advice regarding green manuring under special soil conditions 
will be given by the Soils Section upon request. 

The utilization of cr op residues, such as straw and stover, is a third means 
by ,Yhich the organic matter content of the soil may be kept up. Too often these 
materials are burned or otherwise destroyed and there is a loss of much valuable 
organic matter . Such a practice means that the farmer is throwing away ma
terial which is of considerable aid in keeping his soils productive. Crop residues 
may be used for feed or bedding on the livestock farm and returned to the soil 
,vith the manure. On the grain farm they may be stor ed and permitted to de
compose partially before application or they may be applied directly. It is par
ticularly important on the grain farm that all residues be returned to the soil 
but they are also of importance under livestock farming conditions. Crop resi
dues are of value because of their organic matter content and because of their 
content of plant food constituents. 'l'hey often increase crop yields to a con
siderable extent and they constitute a valuable supplement to farm manure and 
green manures. 

THE USE OF COMMERCIAL FERTILIZERS 

The soils of Polk county, according to the analyses given earlier in this report, 
are not very ,vell supplied ,vith phosphorus and, in fact, with one or two excep
tions, the supply is rather lo"'· There is no question, therefore, but that phos
phorus fertilizers " 'ill be needed on the soils of this county in the near future. 
They "·ould probably ue of use, ho"·ever, in many cases at the present time. The 
greenhouse experiments " ·hich have been reported here and the field experiments 
in other c·ouuties indicate the possibility of Yalue from the application of phos
phorus to certain of the major soil types in the county. The field experiments 
,vhich are no,v under ,vay in this county ,vill permit of definite conclusions along 
this line after results have been secured oYer a period of years. For the present, 
the only recommendation ,vhic:h can be made is that phosphorus be tested under 
actual field conditions. Even tho the supply in the soil is sufficient to take care 
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of the needs of many crops, there is no assurance that the amount of available 
phosphoru<:: is sufficient for even oue crop. The :figures giYen iu the analytical 
tables in this report sho,v the total phosphorus content of the soils but do not 
give any indication of the amount ,vhich is available. There is no satisfactory • 

method of determining the occurrence of available phosphorus except by testing 
in the :field. It is ,Yell kno"-n, however, that where the total supply is as lo"' as 
it is in this county, there is danger of a deficiency in available phosphorus. A 11 
the phosphorus which is utilized by plants must be in a soluble available form 
and eYen if there is a large total supply, crops may suffer for a lack of phos
phorus if the production of the plant food in an aYailable form is too slo"·· 
It is quite probable, therefore, that phosphorus fertilizers might yield profitable 
returns on the soils of this county at the present time and particularly so if the 
phosphorus which they contain is not being made aYailable as rapidly as it 
should be. 

There are two important phosphorus fertilizers on the market and one of these 
must generally be selected for use on Io,va soils. The tn·o n1aterials are rock 
phosphate and acid phosphate. The former is insoluble and must be changed 
into au available form before it can be of use to plants. The latter is a soluble 
phosphate and the element is present in it in a form directly utilizable by crops. 
Acid phosphate, ho"·ever, costs considerably more than rock phosphate and it 
contains less phosphorus. It is impossible at the present time to say which of 
these materials should be used U11der the different soil conditions existing in 
Polk county. Field experiments now under " 'ay in the county are comparing 
the value of these two sources of phosphorus. At the present time it is urged 
that the t,vo materials be tested under actual farm conditio11s and their relative 
economic Yalue determined. The material which yields the largest influence at 
the lowest cost should be considered the most economic material for use. Farm
ers may test these materials on small areas with little difficulty. Directions for 
the carrying out of such tests are given in Circular 51 of the I owa Agricultural 
Experiment Station and adYice along this line may be secured from the Soils 
Section upon request. 

The nitrogen content of the soils of Polk county in some cases is very low 
,•thile in others the amount of this element is considerable. Only in few cases, 
ho"·ever, is there any extremely large supply. In practically all instances, the 
amount of nitrogen is insufficient to take care of the needs of crops for any 
extended period of years. I t is quite evident that this element must be consid
ered in any system of permanent fertility planned for the soils of the county. 
The application of farm manures and the return of all crop residues will aid 
considerably in keeping up the nitrogen content, but they are not sufficient, as 
has been indicated in a previous section of this report, and the supply of nitrogen 
will gradually decrease, due to utilization by crops and leaching, if some other 
means of supplying nitrogen to the soil are not employed. 

The utilization of well inoculated legumes as green manures is a most desir
able practice for adding nitrogen to soils. Such materials are the cheapest 
nitrogenous fertilizers which can be used and they have a double value in that 
they not only supply nitrogen but they also add large amounts of organic matter 
to the soil. Every rotation should contain a legume and it is very important 
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that the legume be thoroly inoculated, as only in this " ·ay can the nitrogen of 
the atmosphere be utilized. The handling of the legume is very important if 
the soil is to benefit to the largest extent from its gro"1:h. .A. large portion of 
the crop must be turned under in the soil if its nitrogen content i to be in
creased materially. If the entire legume crop is harve ted for hay, there will be 
practically no increase in nitrogen content in the soil. If only a part of the crop 
is harYested and removed and the remainder is turned under in the soil, there 
may be considerable nitrogen added. I f the seed crop only of the legume is 
removed and the remainder of the crop plowed under, a large amount of nitrogen 
may be supplied to the soil. The greatest effects, however, are of course secured 
when the entire legume crop is turned under. The amount of nitrogen added 
to the soil will depend in this case upon the size of the crop and the efficiency 
of the inoculation. By the proper growing and handling of legume crops in 
the rotation, therefore, the nitrogen content of the soils of this cotmty may be 
built up and kept up. Commercial nitrogenous fertilizers are very expensive 
and they will not be needed if legumes are utilized according to the plan sug
gested. Small applications of commercial materials may be u ed as top dressings 
to encourage the early growth of certain crops, particularly truck crops, but 
their use on the soils of this county for general farm crops cannot be recom
mended. I t is highly improbable that they would prove economically profitable. 
I f they are tested on small areas, however, and economic r eturns are secured, 
there is no objection to their use. 

Analyses made of many of the soils of the state have shown a large supply of 
potassium and it is very unlikely that this element will be needed on the soils 
of Polk county for many years to come. The total amount present is so large 
that there should be no difficulty in securing a proper amount of available potas
sium to keep crops supplied. If soils are well drained and cultivated and abun
dantly supplied with organic matter, the production of available potassium 
should be sufficient in most of the soils of this county for satisfactory crop yields. 
It is hardly likely, therefore, that potassium fertilizers would pro,;-e profitable 
for use in this county for general farm crops. Small applications as top dress
ings might be desirable in some cases in order to stimulate early growth. Such 
materials might be used economically in truck crop growing. There is no objec
tion to the use of potassium fertilizers if they prove profitable, however, and if 
they are tested on small areas and crop increases secured -n-'111 warrant their 
application, they may be applied without injuring the soil. 

The use of complete commercial fertilizers is not considered nece sary on the 
soils of this county at the present time. They may be used in truck crop grow
ing and on gardens and prove distinctly profitable, but for general farm crops 
it is believed that phosphorus fertilizers will prove more profitable. These rna
terials are being tested in the field experiments now under way in the county 
and the effect on crops from their use is being compared with the effect of various 
phosphorus fertilizers. Definite comparative data along this line will be avail
able in the future but the indications at present are that the complete brands 
are less desirable than the phosphorus carriers. If farmers are interested they 
may readily test any complete fertilizer on a small area on their 0"'11 farms and 
determine whether or not the material is profitable for use. It is urged, ho-n·-
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eYer, that such materials should al,,ays be tested in comparison with phosphate 
fertilizers in order to get an accurate idea of their value and to determine Vl'hether 
phosphorus fertilizers \Yould not proi:e quite as desirable. 'l'here is no objection 
to the use of complete commer cial fertilizers if they proi:e profitable and par
ticularly if they show greater returns than phosphorus carriers. 

LIMING 

l\,fany of the surface soils of Polk county are very well supplied with lime 
and are not in need of applications of this material at the present time. There 
are a number of types, however, that give an acid reaction and on these types 
lime should be applied. The Carrington and Shelby soils of the drift uplands 
and the Tama and Clinton soils of the loessial uplands are all acid. Practically 
all of the terrace types show acidity, but the bottomland soils are very largely 
high in lime content, and the Webster soils of the upland are well supplied at 
present. The lower soil layers are very little different in reaction than the sur
face soils. Those types which are basic at the surface are basic in the subsoil 
and the supply of inorganic carbon generally increases in the lower layers. In 
a fe,'"' cases ,Yhere the surface soils are acid, the subsurface and subsoils show a 
basic reaction but in none of these instances is the supply of inorganic carbon 
sufficient but that lime will need to be applied in the near future. II ence the 
indications of lime needs Vl'hich are given in the surface soils are borne out by 
the data on the lower soil layer . The figures in the tables given earlier in this 
report are merely indicative of the needs of these soil types and applications of 
lime should not be based upon them but upon actual tests on the individual soil. 
... .\ verage :figures, even if the c :figures are the result of many analyses, will not 
show the exact needs of a soil. 

The application of li1ne to acid soils exerts a beneficial effect on them due to 
a stimulation of bacterial action and an increase in available plant food produc
tion, as well as to the removal of injurious acidity antl to a supplying of plant 
food. H ence the use of lime may bring about increases in crops which are not 
ordinarily sensitive to acidity. Such increases may be due to the production of 
more available plant food. Furthermore, if the legume in the rotation is in
creased in growth by the use of lime, the succeeding crops ,vill be benefited indi
r ectly because of the greater amount of organic matter returned to the soil and 
because of the addition of nitrogen. This may be considered an indirect effect 
from the use of lime. It is generally conceded, ho,vever, that all crops make 
their best growth on soils which are not acid and hence it is very desirable that 
soil be te ted for acidity and that lime be applied as needed. It is a profitable 
practice eYen if only the legume crop of the rotation is considered but when the 
other crops are increa ed also, the value of lime is very great. 

The farmers of Polk county should test their soils and determine the lime 
needs. They may do this themselves or they may send samples to the Soils Sec
tion of the I owa Agricultural Experiment Station and have them tested free of 
charge. Furthermore, they should see to it that their soils are tested regularly 
at least once in a four-year rotation. One application of lime to a soil is not 
sufficient, as lime is removed from soils continually thru leaching and utili
zation by crops. The most desirable practice is to test the soil before the clover 



32 SOIL SURVEY OF IO'\VA 

crop or other legume of the rotation is seeded and apply the necessary lime pre
ceding that crop. The largest effect from the use of the material will be secured 
in this way and satisfactory growth will be secured. Further information re
gariling the use of lime and sources from which the material may be secured are 
given in Bulletin 151 and Circular 58 of the I owa .Agricultural Experiment 
Station. 

THE ROTATION OF CROPS 

The natural fertility of soils is gradually reduced thru the growth of crops 
but the reduction is much more rapid where any one crop is grown continuously. 
Not only is the fertility of the soil decreased, but the actual income from the 
land and the value of the land is reduced. It has often been believed that the 
grow·ing of a certain crop continuously ,vould provide a larger income from the 
land than the use of a rotation containing crops of less money value. This as
sumption is incorrect, however, even if the crop grown continuously has a higher 
market value than the other crops used in the rotation. The value of all the 
crops gro,vn over a period of years will be greater where a rotation is followed. 

No rotation experiments have been carried out in Polk county, but there are 
several rotations ,vhich have been followed in the county and in other parts of 
the state with satisfactory results. These rotations are suggested below and 
any of them may be used in this county. Variations in these rotations may be 
made as desirable and in fact almost any rotation may be employed provided it 
contains a legume and the most profitable crops. 

I. FOUR OR FIVE-YEAR ROTATION 
First Year -Corn (-with cowpeas, rape, or rye seeded in the standing corn at the last 

cul ti va tion). 
Second Year-Corn. 
Third Year -Oats (with clover or with clover and tin1othy). 
Fourth Y car-Clover. (If timothy ·was seeded with the c1o'l'er, the preceding year, the 

rotation may be extended to five years. The last crop will consist principally 
of timothy.) 

First Year -Corn. 
Second Year-Oats. 

IT. FOUR-YEAR ROTATION WITII ALFALFA 

Third Year -CloYer. 
Fourth Year-Wheat. 
Fifth Year -Alfalfa. (This crop may remain on the land five years. This field should 

then be used for the four-year rotation outlined above.) 

First Y ca1· -Corn. 
III. THREE-YEAR ROTATION 

Second Year-Oats or wheat (with clover seeded in the grain). . . . 
Third Y ca1· -Clover. (Only the grain and clover seed should be sold; 1n grain farnung 

1nost of the crop residues, such as corn stover and straw should be plowed 
under. The clover may be clipped nnd left on the land to be returned to 
the soil.) 

DRAINAGE 

The natural drainage system of Polk county is fairly adequate, but there are 
consideral.Jle areas in the central portion of the county between the Skunk river 
and the Des l\foines riYer "·here drainage is poor and the installation of tile is 
very necessary for the most satisfactory crop production. There are also small 
areas in the ,vestern part of the county near Grimes where tiling is very desir
able. These areas are mapped as Webster clay loam and Webster silty clay loam 
and it may be said that in general where these types occur, drainage is poor. 
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There are smaller areas of terrace and bottomland types ,Yhich are likewise 
poorly drained. The soi]s of the Bremer series of the Wabash and Lamoure 
series are all in need of drainage. In the case of the v,..r abash and Lamoure 
types, as they are on the bottoms, they are of course subject to o,crflo"· and 
are not only in need of drainage, but of protection from overflo,v. 

In general it may be said that the Webster and Bremer soils of the county are 
chiefly in need of drainage in order to make them satisfactorily productive. No 
other treatment will prove of Yalue on the e soil types until they are adequately 
tiled out and when this is done very satisfactory crop yields may be secured, as 
the soils are naturally highly productive. The installation of tile may be rather 
expensive, but the returns secured more than warrant the outlay. The experi
ence of many farmers con:fir1ns this C'OnclnRion and proYes that proper drainage 
may mean the difference between Yery satisfactory crops and no crop at all. 

THE PREVENTION OF EROSION 

Erosion is the carrying away of soil thru the free n1ovement of water over 
the surface of the land. If all the rain falling 011 the ground ,vere absorbed, 
erosion could not occur, hence it is evident that the an1ount and distribution of 
rainfall, the character of the soil. the topography or the '' lay of the land,'' and 
the cropping of the soil are factors "·hich determine the occurrence of this in
jurious action. 

Slowly falling rain may be Yery ]argely absorbed by the soil, proYided it is not 
already saturated with water, while the same amount of rain in one storm "·ill 
wash the soil badly. When the ~oil is thoroly wet, the rain fa1ling on it will of 
course wash oYer it and much of the soil may be carried a,,ay in this manner 
to the detriment of the land. 

Light, open soils which ab orb water readily are not likely to be subject to 
erosion, while heary soils such as loams, silt loams and clays may suffer much 
from heaYy or long-continued rains. Loess soils are very apt to be injured by 
erosion when the topogTaphy is hilly or rough and it is this group of soils which 
is affected to the greate t extent in Iowa. Flat land is, of course, little influ
enced by erosion. Cultivated fields or bare bluffs and hillsides are especially 
suited for erosion, while land in sod is not affected. The character of the crop
ping of the soil may therefore determine the occurrence of the injurious action. 

The careless management of land is quite generally the cause of the erosion 
in Iowa. In the first place, the direction of plowing should be such that the 
dead furro,vs run at right angles to the slope; or if that is impracticable, the 
dead furrows should be '' plo"·ed in'' or across in such a manner as to block them, 
Fall plowing is to be recommended whenever possible as a means of preventing 
erosion. Only "·hen the soil is clayey and absorption of water is very slow will 
spring plowing be advisable. The organic matter content of soils should be kept 
up by the addition of farm manure, green manures and crop residues if soil 
subject to erosion is to be properly protected. By the use of such materials the 
absorbing po,ver of the soil is increased and they also bind the soil particles to
gether and prevent their "'ashing away as rapidly as might otherwise be the 
case. By all these treatments the danger of erosion is considerably reduced and 
expensive methods of control may be rendered unnecessary. 
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There are t,vo 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 1nay be exposed and the crop growth prevented. 
Sheet "·ashing often occurs so slo"·ly that the farmer is not a,vare of the gradual 
removal of fertility from his soil until it has actually resulted in lower crop 
yields. Gullying is more striking in appearance, but it is les. harmful and 
is usually more easily controlled. I f, however, a rapidly widening gully is 
allo"·ed to gro"' unchecked, an entire :field may soon be made useless for farming 
purposes. }.,ields may be cut up into several portions and the farming of such 
tracts is more costly and inconvenient. • 

In Polk county erosion OCC'urs to a considerable extent in the areas of Lindley 
fine c:;andy loam, Shelby loam and Clinton silt loam. In some instance serious 
washing has occurred in some of the other soil types, particularly the Carrington 
loam and the Tama silt loam, and ,Yherever any removal of urface soil thru 
this destructive aetion OCl'urs, some means of control ·hould be adopted. 

The means " ·hich may be employed to control or prevent erosion in Iowa may 
be eonsidered uuder five headings as applicable to '' dead furro,vs,'' to small 
gullies, to large gullie-., to bottoms and to hillside erosion. 

EROSIOX n·eE TO DE.\D FURRo,v-s 

Dead furrows or ba('k fnrrO-\YS, when running ""'ith the slope or at a consider
able ang-1<> to it, frequfntly result in the forn1ation of gullies. 

"Plowing I n." I t is quite customary to "plow in" the srnall gullies that re
c;;nlt from these dead furro"·s and in leYel areas "·here the soil is deep, this "plow
ing in'' procc-,s may he quite etfeetive. In the more rolling area , howeYer, 
,-rhere the soil is rather shallow, the g-ullies formed fro1n dead furro,Ys may not 
be entirely fillrd up by '' plo,ring- in.'' 'l'hen it is be t to upplement the '' plow
ing in" "·ith a series of "staked in" dams or earth da1ns. 

• 'k tal, ing I n." The method of staking in is better, as it requires less work 
and there is less danger of ,rashing out. The proce. s eonsist in clriYing in sev
eral series of stakes arross the gullr and up the entire hill ide at interYals of 
f rom 15 to 50 yards, according to the slope. The stakes in each series should be 
plaeed three or four inches apart and the tops of the stakes should extend well 
above the surrounding land. I t is then usually advisable to ,Yeave some brush 
about the stakes, allo,ving the tops of the brush to point up- tream. Additional 
brush may also be placed above the stakes, with the tops pointing up-stream, 
permitting the "-ater to filter thru, but holding the fine soil. 

Earth Danis. Earth dams consist of mounds of soil placed at interYals along 
the slope. They are made some,,hat higher than the surrounding land and act 
in much the same way as the stakes in the '' staking in'' operation. Ther e are 
some objections to the use of earth dams, but in many cases they may be quite 
effective in preventing erosion in '' dead furrows.'' 

S~ALL GULLIES 

Gullies result from the enlargement of surface drainage"\\'ays and they may 
occur in cultivated land, on steep hillsides in grass or other vegetation, in the 
bottomlands, or at any place where water runs over the surface of the land. 
Small gullies may be filled in a number of ways, but it is not pract icable to fill 
them by dumping soil into them; that takes much work and is not lasting. 
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Checking Over/alls. The formation of small gullies or ditches is practically 
al"·ays the result of OYerfalls and one of the most important problems is, there
for e, the checking of the e OYerfalls and preventing then1 from working back 
and ex.tending the size of the gully. An easy method of checking the overfalls 
is to put an obstruction of straw and brush 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 intertwined between the posts, straw is ,vell tramped down behind them and 
the straw and brush both are held in place by cross pieces nailed to the posts. 
This method does not fill the existing ditch but does prove very satisfactory for 
preventing the over fall from ,Yorking back upstream. I t is an installation which 
is very desirable be£ ore any success can be had in filling small or large gullies. 

"Staking I n. JJ The simplest method of controlling small or moderate sized 
gullies and the one that gives the most general satisfacion is the "staking in" 
operation recommended for the control of dead furrow gullies. The stakes 
should vary in size with the size of the gully, as should also the size and quantity 
of brush woven about the stakes. A modification of the system of '' staking in'' 
which has been used with success in one case consists in using the brush without 
stakes. The brush is cut so that a heavy branch pointing do,vnward, is left near 
the top . This heavy branch is caught between a fork in the lower part of the 
brush-pile, or hooked over one of the main stems and dr iven well into the ground. 
Enough brush is placed in this manner to extend entir ely across the gully, with 
the tops pointed downstream instead of upstream, which keeps it fr om being 
washed away as readily by the action of a large volume of water. A ser ies of 
these brushpiles may be installed up the course of the gully and with the r egular 
repair of washouts or undercuttings may prove very effective. 

The modification of this system of staking in which is being used with suc
cess in some sections, consists in covering the bottom and sides of the ditch ,vith 
straw for a dis.tance of four to ten feet, depending upon the width of the ditch. 
Brush, ranging in size from fine at the bottom to coarse at the top, is laid on 
the straw with the butts headed up stream. The brush and stra,v are held in 
place by cross pieces spiked to posts previously set. The number of posts will 
depend of course upon the size of the gully. These posts should be set well into 
the ground and spaced about four feet apart, being arranged in a V-shape with 
the point down stream and lower in the center than at the sides of the ditch. 
This modification of the staking in method is proving very satisfactory. 

The Straw D arn. A simple method of preventing erosion in small gullies is 
to fill them with straw. This may be done at threshing time with some saving 
of time and labor. The straw is usually piled near the lower part of the gully, 
but if the gully is rather long or branching, it should be placed near the middle 
or below the junction of the branches or more than one dam should be used. 
The pile should be made so large that it will not wash out readily when it gets 
smaller thru decomposition and settling. One great objection to the use of straw 
is the loss of it as a feed, as a bedding material and as a fertilizer. Yet its use 
may be warranted on large farms which are operated on an extensive scale be
cause of the saving of time, labor and inspection. 

The Earth Darn. The use of an earth dam or mound of earth across a gully 
may be a satisfactory method of controlling erosion under some conditions. It 
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" 'ill prove neither efficjent nor permanent, ho"·ever, unless the soil above the 
dam js sufficiently open and porous to allo,v of a rather rapid removal of water 
by drainage thru the soil. Other,vise too large amounts of water may accumu
late above the dam and -n·ash it out. In general it may be said that when not 
provided with a suitable outlet under the dam for surplus water the earth dam 
cannot be recommended. When such au outlet is provided the dam is called a 
','Christopher'' or ''Dickey'' dam. 

The "Christopher" or "Dickey" Darn . This modification of the earth dam 
consists merely in laying a line of tile do,vu the gully and beneath the dam, an 
elbow or a '' T '' being inserted in the tile just above the dam. This '' T, '' called 
the surface inlet, usually extends two or three feet above the bottom of the gully. 
.A. large sized tile should be used in order to provide for flood waters, and the 
dam should be provided with a cement or board spillway or runoff to prevent 
any cutting back by the ,vater flowing from the tile. The earth dam should 
be made some,vhat higher and "·ider than the gully and higher in the center 
than at the sides to reduce the danger of washing. It is advisable to grow some 
crop upon it, such as sorghum, or even oats or rye, and later seed it to grass. 

The Adanis Dam. This dam is practically the same as the Christopher or 
Dickey Dam. In fact the principle of construction is identical. In some sec
t ions the name '' .A.dams dam'' has been applied and hence it is mentioned sepa
rately . This is one of the most satisfactory methods of :filling gullies and the 
dam may also serve as a bridge. The installation of a culvert is generally made 
-0f se,ver tile with tightly cemented joints and it is recommended that the inlet 
to the tile be protected from clogging by the installation of posts supporting 
woven wire. The concrete or plank spill platform is a very important feature 
of the .A.dams dam and it is also r ecommended that an up-stream concr ete guard 
be constructed so that the face of the dam is protected. Taking into account 
the cost, maintenance, permanence and efficiency, the .A.dams dam or the Chris
topher or Dickey dam may be considered as the most satisfactory for filling 
ditches and gullies, especially the larger gullies. 

The Stone or R ubble Dani. Where stones abound they are frequently used in 
constructing dams for the control of erosion. With proper care in making such 
<lams the results in small gullies may be quite satisfactory, especially when open
ings have been provided in the dam at various heights. The efficiency of the 
stone dam depends rather definitely upon the method of construction. If it is 
l aid up too closely, its efficiency is reduced and it may be washed out. Such 
dams can be used only very infrequently in I o"·a. 

The Rubbish Dani. The use of rubbish in controlling erosion is a method 
sometimes follo,ved and a great Yariety of materials may be employed. The 
~sults are in the main rather unsatisfactory and it is a very unsightly method. 
Little effect in preventing erosion results f rom the careless use of rubbish even 
if a sufficient amount is used to fill the cut. The rubbish dam may be used, 
howeYer, "·hen combined with the Dickey system, just as the earth dam or stone 
dam, provided it is made sufficiently compact to retain sediment and to ,vith
stand the washing effect of the water. 

The Woven Trire Dani. The use of woven-wire, especially in connection with 
hrusb or rubbish, has sometimes proven satisfactory for the prevention of 

• 



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

POLK COUNTY SOILS 37 

erosion in small gullies. The WOYen ,vire takes the place of the stakes, the prin
ciple of construction being otherwise the same as in the '' staking in'' system. 
It can only be recommended for shallow, flat ditches and in general other methods 
are some,vhat preferable. 

Sod Strips. The use of narro,-v 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. The amount of land lost from cultiYation in 
this way is relatively small, as the strips are usually only a rod or t"'o in ,vidth. 
Bluegrass is the best crop to use for the sod, but timothy, redtop, clover or 
alfalfa may serve quite as well and for quick results sorghum may be employed 
if it is planted thickly. This method of controlling erosion is in comn1on use 
in certain areas and it might be employed to advantage in many other cases. 

The Concrete Dani. One of the most effective means of controlling erosion is 
by the concrete dam, pr ovided the Dickey system is used in connection with it . 
They are, however, rather expensive. Then, too, they may overturn if not prop
erly designed and the services of an expert engineer are required to insure a 
correct design. Owing to their high cost and the difficulty involved in securing 
a cor rect design and construction, such dams cannot be considered as adapted 
to general use on the farm. 

Drainage. The ready removal of excess ,vater may be accomplished by a sys
tem of tile drainage properly installed. This removal of water to a depth of the 
tile increases the water-absorbing pov,er of the soil, and thus decreases the ten
dency toward erosion. Catch wells properly located over the surface and con
sisting of depressions or holes filled ,vith coarse gravel and connected ,vith the 
tile help to catch and carry a,Yay the excess water. I n some places tiling alone 
may be sufficient to control erosion, but generally other means are also required. 

LARGE GULLIES 

The erosion in large gullies, which are often called ravines, may in general be 
controlled by the same methods as in the case of small gullies. The Christopher 
or Adams dam, already described, is especially applicable in the case of large 
gullies. The precautions to be observed in the use of this method of control 
have already been described and emphasis need only be placed here upon the 
importance of carrying the tile some distance do,m the gully to protect it from 
,vashing. 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 lo,v-lying 
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 bottom- · 
land areas may be accomplished by any community and while the cost is con
siderable, large areas of land may thus be reclaimed. In the case of small 
streams, tiling may be the only method necessary for reclaiming useless bottom
land and it often proves very efficient. 
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T1·ees. Erosion is sometimes controlled by rows of such trees as willows which 
extend up the drainage channels. \\.,.hile the method has some good features, 
it is not generally de irable. The row of tree often extends much further into 
cultiYated areas than is nece sary and tillage operations are interfered with. 
Furthermore, the trees may seriously injure the crops in their immediate 
vicinity because of their shade and because of the water which thev remove ~ . 
from the soil. In general it may be said that in pastures, bottomlands and 
gulches the presence of trees may be quite effective in controlling erosion, but 
a row of trees across culti,ated land or even extending out into it, cannot be 
r ecommended. 

HILLSIDE EROSIO::N" 

Hillside ero ion may be controlled by certain methods of soil treatment which 
are of value, not only in preventing the injurious washing of soils, but in aiding 
materially in securing satisfactory crop growth. 

rJse of Organic nlatter. Organic matter or humus is the most effectiYe means 
of increasing the absorbing power of the soil and hence it proves very effective 
in preventing erosion. F arm manure may be used for this purpose or green 
manures may be employed if farm manure is not available in sufficient amounts. 
Crop residues such as straw and corn stalks may also be turned under in soils 
to increase their organic matter content. In general it may be said that all 
means which may be employed to increase the organic matter content of soils 
will have an important influence in preYenting erosion. 

Groiving Crops. The growing of crops, such as alfalfa, that remain on the 
land continuously for a period of two or more years is often advi able on steep 
hill ides. Alsike clover, sweet clover, timothy and red top are also quite desir
able for use in such locations. The root system of such crops as these holds the 
soil together and the -n~a hing action of rainfall is reduced to a marked extent. 

Contour Discing. Discing around a hill instead of up and down the slope 
or at an angle to it is frequently Yery effective in preventing erosion. This 
practice is called "contour discing" and it has proven quite satisfactory in 
many cases in Iowa. Contour discing is practiced to advantage on stalk ground 
in the spring, preparatory to seeding small grain, and also on fall plowed land 
that is to be planted to corn. It is advisable in contour discing to do the turning 
row along the fence, up the slope, first, as the hor es and disc when turning will 
pack and coYer the center mark of the disc, thus leaving no depression to form 
a water channel. 

Sod Strips. The use of narrow strips of sod is Yery desirable for preventing 
hillside erosion as well as for the preventing of gully formation. The sod pro
tects the field from the fl.ow of water during rains and prevents the washing 
away of the surface soil. 

Deep Plo-u.ting. Deep plowing increases the absorptive power of the soil and 
hence decreases erosion. It is especially ad--rantageous 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. It is not advisable, however, to change 
from shallow plo,ving to deep plowing at a single operation, as too much sub
soil may be mixed with the surface soil and the productive power of the soil 
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Fig. 6 A Polk county farnu,tead on Carrington loam. 

thereby reduc-ed. ..,:\ gradual clel'pening of the . nrf,H·r soil hy inrreasing the 
depth of plo"·ing ,,ill he of ,alue both in increasing the feeding zone of plant 
roots and in making the soil more absorpti,e and therefore le~ subjeet to 
erosion. 

INDIVIDUAL SOIL TYPES IN POLK COUNTY • 
There are 31 soil types in Polk county, a shallo,r phase of the Carrington 

loam, a shallo" phase of the Tan1a f'.ilt loa1n and areas of riYer"·ash and 1nu<"k 
and peat, making a total of 35 separate soil areas. ThP~· are diYided into four 
large group according to their origin and loeation and these groups are kno"·n 
as drift soils, loess soils, terrace soils and s"·a1np an<l bottomland soils. 

DRIFT SOILS 

There are six drift soils in the county belonging in the Carrington, Webster, 
Lindley and Shelby series an<l these, with the shallo,v phase of the Carrington 
loam, make seven soil areas. 'rhe area coYered by this group of soils amounts 
to 60.1 percent of the total area of the county. 

CARRI:N"GTON LOAM (1) 

The Carrington loam is the most extensive drift soil in the county and it is 
the largest individual type. Together ,,ith the shallo,Y phase, " 'hich is minor in 
area, it covers 32.9 percent of the total area of the county. It occurs chiefly 
along the drainage"·ays of the rounty, altho there are many smaller bodies 
of it occurring on the uplands of the flatter regions. The largest continuous 
area broken only by narro,v strips of bottomland extends across the county 
from l\'.fitchellville thru Des J\1oines to the ,vestern boundary of the county. 
This area marks the edge of the drift soils of the county, the area to the south 

*The descriptions of individual soil types given in this section of the report very closely follow those 
in the Bureau of Soils report. 



40 SOl L SURVEY OF IO"' A 

bejng covered by loe s types. Rather considerable ar eas of Carrington are 
found south of the Des l\Ioines river ar ound Grimes, and in the nor theastern 
part of the county on the uplands between Indian creek and Skunk river. The 
type is also developed to some extent in the northwestern part of the county 
along Big creek. There are numerous small areas in all parts of the county 
north of Des l\Ioi11es but in general the areas mentioned are the most important. 

The surface soil of the Carrington loam is a dark brown mellow loam ex.tend
ing to a depth of 12 inches. At that point the soil becomes a brown to dark 
yellowish-brown heavy loam. At 18 to 20 inches the subsoil is encountered and 
this is a yellowish-brown to brownish-yellow some,,hat gritty silty clay loam 
to clav. Occa ionally boulders occ:ur on the surface and thruout the soil . . 
section and glacial pebbles are not uncommon. The surface soil of the type 
along the east county line near Farrar, along the -n·est county line near Granger 
(in Dalla county) and near Campbell is shallower than typical, averaging 8 
to 10 inches and the organic matter content is lower, the color somewhat lighter 
and the sand content higher. I n these areas the texture is almost a fine andy 
loam. There are small areas on the sharper slopes which have a grayish cast 
in the lo"·er subsoil and contain a small amount of lime. These areas occur 
mainly in the territory adjoining the loe s soils in the southern part of the 
county. These small areas really belong in the Clarion series but owing to their 
small extent they have not been separated out in the county. In the northern 
part of the county on some of the smaller knolls, the subsoil of the type occa-
ionaUy bec:ome quite sandy. 1,"\Then adjoining the Webster series, the surface 

soil of the type seems to be some,,hat higher in organic matter supply and clay 
content, but the line of di·vision between the Carrington and Webster soils is 
usually rather sharply defined. When the type is as ociated with silt loams and 
especially with the Tama silt loam, the surface soil is somewhat shallow and the 
Rubsoil is a reddish-brown gritty clay. 

In topography the Carrington loam is strongly undulating to gently rolling 
and in general it is adequately drained. In some of the smaller flat areas in 
the central portion of the county where the type is a ociated with the Webster 
Roils, artifirial drainage has often proven of -value. 

Probably O percent of the Carrington loam in the county is under cultiva
tion, some of the more rolling areas being kept in pasture. The forest growth 
,,hich occurred in the more rolling territory was composed mainly of oak, ash, 
elm, hickory, locust, hack berry and wild cherry with undergro-n'th of hazel and 
buck brush. The original native gra ses have been largely replaced by blue
gra s on the pasture areas. In the cultiYated portion corn is the most important 
crop gro,rn and yields on the aYerage 35 to 40 bushels per acre. Oats and wheat 
are of secondary importance, oats yielding 35 to 45 bushels, winter wheat 18 to 
25 bushels and spring wheat 1 to 20 bushels. Winter wheat is grown mor e 
commonly than the spring varieties, altho the latter are increasing in fayor. 
Clover and timothy are the most important hay crops and yields of 1½ to 134 
tons per acre are secured. Clover alone is grown to some extent, yielding one 
to two tons per acre. Timothy alone is also grown somewhat, yielding one to 
1½ tons per acre. Some natiYe hay is cut on the more rolling areas. Alfalfa 
is produced successfully under favorable seasonal conditions and yields of 2½ 
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to 3 tons per acre haYe been secured. In the outhern part of the county apples, 
berries and grapes have been grown on this soil ,vith good re8ults. Some truck
ing is carried on in the Yicinity of Des ~foines. Sweet corn is produced to some 
extent for the canning factories and yields 2½ to 3 tons on the average. Pump
kins are grown quite exten ively, producing at the rate of 3 tons per acre. 

The needs of the Carrington loam for greater crop gro,vth include the use of 
lime, the application of manure and probably also the addition of phosphorus 
fertilizers. The type is practically always acid in reaction and hence it should 
be tested and lime applied as shown to be nece ary according to the tests, if the 
best growth of legumes and of farm crops in general is to be ecured. The soils 
are not particularly ,veil supplied with organic matter and applications of farm 
manure bring about large increases in crop gro"~h. Where farm manure is 
not available or the amount is not sufficient to keep all the soils of the farm 
supplied, proper utilization of the legume crop of the rotation should be prac
ticed in order to increase and maintain the organic matter and nitrogen con
tent of the soil. Preliminary tests have indicated that phosphorus fertilizers 
may be of Yalue on this type and while the results are not sufficiently complete 
at the present time to permit of definite conclusions, it is urged that phosphorus 
fertilizers be tested in the field on small areas and in this ,vay the need of this 
element may be determined. .Acid phosphate and rock phosphate may be em
ployed in such tests and thus it will be possible to determine ,vhich of these ma
terials "'ill yield the most profitable returns. Complete commercial fertilizers 
are not recommended for use on this soil at the present time, altho there is 
no objection to their use if they proYe of value. Tests of such materials should 
be made in compari on ,rith phosphorus fertilizers, as it is generally believed 
that the latter materials ,Yill prove of more economic value than the complete 
brands. The type is usually very satisfactorily drained but in the fe,v instances 
"'here drainage is poor, tiling could be practiced. There is very little erosion 
of this type except in a fe,"" areas "'here the topography is more steeply rolling 
than typical. 

CARRI~GTON LO..ihl-SIIALLOW PIIASE (14~) 

The shallo,v phase of the Carrington loam is of minor importance in the 
county, covering less than one percent of the total area. It occurs in small 
irregular shaped ar eas in various parts of the county, usually on the rolling 
slopes to the larger creek valleys. A few areas are found on the gentle slopes 
and near the heads of drainageways. The type is, of course, the result of erosion 
or the washing away of surface soil. 

The surface soil of this shallo,v phase of the Carrington is usually about six 
inches in depth. It is lighter colored than the typical soil and the subRoil, "'hich 
i , frequently plowed up, is a brown to yellowish-bro,vn silty clay loa1n, gradiug 
into a grayish-yellow silty clay loam in the lo"'er depths and particularly on 
some of the steeper slopes. Boulders and pebbles are common in the subsoil. 
This soil differs from the Shelby loam in that it has a more compact subsoil and 
contains a smaller percentage of gravel. 

Most of the soil is used for pasture, as it is too rolling for profitable cultivation, 
the topography being generally steeply rolling. On the pastured areas native 
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prairie grasses are found, ""ith some forec;t trees, chiefly oak, elm, hickory and 
hazelnut. On the less rolling areas, the land is sometimes cultiYated along with 
the surrounding soils but the yields of general farm crops are less satisfactory 
than on the typical Carrington. 

The needs of this soil are firf..t of all, for protection fro1n ,va~hing or erosion 
and then for the addition of organic matter. There are some areas ,vhere the 
soil should undoubtedly be kept in permanent grass or pasture in order to pre
vent the excessive ,vashi11g. Additions of farm manure and the growing and 
turning under of green manure crops ,vould be Yery desirable ,vhere cultivated 
crops are to be grov,n. 'l'he soil is acid and in need of lime. It would probably 
also respond to phosphorus fertilizers. 

,VEBSTER CLAY LOAM (56) 

The W ebster clay loa1n is the second largest drift soil and the second largest 
type in the county, eovering 17.0 perrent of the total area. It occurs generally 
on the uplands in the flatter portions of the north three-fourths of the county. 
The large. t areas of the type occur bet,Yeen the Skunk river and F our niile 
creek and bet"·ecn Four ~Iile creek and the Des ~1oines river, from :i.\Iitchellville 
north thru Elkhart and fro1n Oralabor north to Sheldahl. It is found gen
Prally on the gentle slopes and flatter uplands, "·ith the Carrington loam sepa
rating it from the strea1ns. Some areas occur, ho"·ever, on long gentle slopes 
extending to the drainage,vays. It is as. ociated Yery closely ,vith the "\'\'"ebster 
silty <'lay loam, this type occurring in the lower flat areas which are particularly 
poorly drained. In the area northeast of the Skunk and in the soutlnve!,tern 
part of the county, the type is found on the flat level upland areas. 

Tile surface soil of the Web ter clay loam is a Yery dark brow'n or nearly 
hlaek <·lay loam 1:5 inc·hes in depth. It is underlaid by a dark yello,\·ish-brown 
rather l'ompact clay loam ,Yhich at about 24 inches becomes a yellowish-gray or 
grayish-yello,v gritty clay loam or clay. Where the type joins lighter textured 
soil!-s, the surface t,vo to four inches may be quite loamy. Glacial boulders and 
gravrl oceur occasionally on the surface and thru the soil section. The lo"·er 
subsoil is usually high in lime rontent and frequently the upper soil layers will 
contain lime. Reddish-bro,Yn iron stains are Ubually found in the sub oil of this 
type. 

In topography the Webster clay loam is almost flat to very gently undulating 
and the drainage is poor. The installation of tile has been made in many areas 
and has proven very desirable for this type. In fact, ,vhen well drained, the 
soil is one of the most productive in the county. It is practically all under cul
tivation and the important crops gro,vn are corn, oats, hay and wheat. Corn 
yields 40 to 50 bushels per acre and in favorable seasons yields may run very 
much higher. Oats yield 30 to 40 bushels per acre and " 'inter wheat 18 to 23 
bushels per acre. Little barley or spring ,vheat are grown. Timothy and clover 
mixed yield about two tons of hay per acre, red clover alone 13/1 to 2 tons and 
timothy alone 11/4 to 1¾ tons. Alfalfa is grown on small areas and satisfactory 
crops are secured. Near Altoona, Grimes and 11axwell, sweet corn and pump
kins are gro,vn for the canning factories, average yields of the former amount
ing to three to five tons per acre and of the pumpkins, three tons per acre. 
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The \\.,.. eb<;ter clay loam is a Yery prodnl'tiYP <;oil and, "·hen properly handled, 
very satisfactory crop yields may be secured. In the first place it sho1.1ld be 
thoroly drained by the installation of t ile. ,"\ .. hrn this is a<•1•on1plishcd the 
soil must be properly cnltiYated. It should not be- pl<n,ed "·hC'n too ,,et, as it 
forms clods and becomes difficult to ,York do,n1 into a good tilth. In dry sea
sons it may bake and crack. Additions of small amounts of farm manure are 
quite desirable on this soil in spite of the fact that it is high in organic matter 
content. I t is particularly desirable when the soil is ne,,ly drained, that an 
application of manure be made in order to stimulate the production of aYailable 
plant food. If the surface soil is acid, lime should be applied in order to secure 
the best growth of legumes. In most ca. es, ho,,eYer, this material is not needed. 
The addition of phosphorus fertilizer may prove of Yalue on this type and 
tests of acid phosphate and rock phosphate are recommended. 

WEBSTER SILTY CLAY LO.\.::M (107) 

The Webster silty clay loam is the third largest drift soil in the co1.mty and 
the fourth largest soil type in the county, covering 4.4 percent of the total area. 
It occurs mainly thruout the central portion of the county between Skunk river 
and the Des l\1oines river in association with the ·v{ ebster clay loam. The areas 
of this type are usually surrounded by the "\Ve.bster clay loam. In some in
stances the type is associated with the Carrington loam, occupying narrow strips 
in the lowest portions of the depressions along sluggish drainageways or occur
r ing as larger irregular areas, giving the appearance of having formerly been 
shallow ponds or marshes. The largest areas occur in the vicinity of Bondurant 
and northwest of Ankenv . • 

The surface soil of the Webster silty clay loam is very dark brown to nearly 
black in color and extends to a depth of about 18 inches. This is underlaid by 
a dark brown to dark drab clay ,vhich at about 24 inc:hes grades into a yello-wish
gray or grayish-yellow clay loam or clay. The subsoil sho,vs many. reddish
brown iron stains and contains numerous lime concretions. Both soil and sub
soil are highly calcareous. In some of the lake-like depressions the surface soil 
to a depth of three to fi,·e inches may be quite peaty. Clay spots occur in the 
center of a few areas and where surrounded by the Carrington soils, the surface 
soil may be loamy in texture. 'rhis type is darker colored than the clay loam, 
contains more silt in the surface soil and occurs in more depres. ed areas. "\Vhen 
wet it is very sticky but does not crack as badly as the clay loam: upon drying, 
owing to its higher content of organic matter. Strips of soil of this type 
occurring around small pond-like depressions frequently contain so-called 
"alkali salts" to such a large extent that crops are injured. Only small nar
row areas of the type are affected in this way and frequently the alkali does 
not appear until after the area has been drained. The removal of the excess 
salts in such areas should be accomplished by the installation of tile thru the 
alkali spot and thr u the liberal application of horse manure. 

In topography the Webster silty clay loam is nearly level to depressed, and 
drainage is naturally very poor. Water may stand on the surface of undrained 
areas for long periods following heavy rains. The type must be thoroly ditched 
and tile drained in order to make it properly productive. Considerable areas 
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of this type have been kept in native grasses, especially in the larger areas and 
where ,vater remains for long periods after rains. On such areas there is a 
large growth of slough grasses and bluegrass which are either used for pastur
age or hay. A considerable portion of the soil is cultivated along with the clay 
loam and crop yields on properly drained areas frequently surpass those ob
tained on the clay loam. In wet seasons small grains are apt to lodge badly and 
cultivation is difficult. 

This type is primarily in need of drainage to make it satisfactorily produc
tive. When this is accomplished lai·ge crop yields will ordinarily be secured. 
It is high in organic matter and nitrogen and is not in need of lime. The phos
phorus content is not high and this element may be needed in the near future. 
It is possible that applications of phosphorus fertilizers might prove of value 
in some cases no1v. Small applications of manure might be of use on newly 
drained areas, but should not be applied preceding the growth of small grains. 
Where alkali conditions occur in this type, proper installation of tile is the first 
operation needed and this should be followed by a liberal application of manure 
or by the turning under of a green crop, which will aid in the removal of the 
large amount of salts causing the alkali condition. 

CARRINGTON FL'IB SANDY LOA1f (4) 

The Carrington fine sandy loam is a minor type in the county covering 2.5 
percent of the total area. It occurs chiefly on smooth and rather gradual slopes 
to the north of the Des l\Ioines river and along the Skunk riYer, Indian creek, 
Big creek and Little Beaver creek. The largest continuous area occurs northeast 
-0f the Skunk river. Rather considerable areas are also found along the Des 
1'Ioines river in the Yicinity of Des t loines and in the area about Polk City. 

The surface soil of the Carrington fine sandy loam is a dark bro,vn to dark 
grayi h-brown in color. At about 15 inches this passes into a brown to yellowish
bro"'Tl fine sandy loam which sometimes changes to a loamy fine sand or fine 
sand in t"he lower part of the three foot section. In some areas the organic 
matter has been removed to a considerable extent and the surface soil is a 
grayish-brown in color when dry. When associated with the heavier soils, the 
surface soil may be quite loamy and the subsoil a heavy loam or light silty clay 
loam. , ,. ery fe,v glacial boulders and little gravel is found. 

In topography this type is rolling to steeply rolling, and it is well drained. 
In areas with the lighter textured subsoil, drainage may be excessive and crops 
may suffer during periods of drouth. About 60 percent of the soil is under 
.cultivation, the r emainder being used for pasture. Corn, oats and wheat are 
the principal crops grown. Tear Des l\1oines watermelons, cantalvupes, sweet 
potatoes and other truck crops and small fruits are grown satisfactorily. Some 
-0£ the areas are too steeply rolling to permit of satisfactory cultivation and 
these areas should undoubtedly be kept in permanent pasture. 

·This soil may give very satisfactory yields of general farm crops in seasons 
-of normal rainfall. Frequently crop yields are quite as large as on the Car
rington loam but dry weather usually reduces the yields considerably. The soil 
is low in organic matter and nitrogen and applications of farm manure are very 
desirable. Large amounts of this material should be used in order to make the 
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soil more productiYe and to reduce the danger of crop 1nJury from drouth. 
The utilization of manure is e pecially important on the areas where truck crops 
are gro,rn. In ca e farm n1anure is not available in sufficient amounts, legumi
nous crops should be utilized as green manures in order to build up the soil in 
organic matter and nitrogen. The soil is acid in reaction and should receive 
applications of lime in order to secure tbe best growth of legumes. The phos
phorus supply is low and applications of phosphorus fertilizers should probably 
be made at the present time and '"ill undoubtedly be needed in the future. Where 
truck crops are grown, the application of commercial fertilizers may be of con-
iderable value and special brands desirable for use in the gro,Ying of certain 

crops may be employed with profit. 

LINDLEY FINE SANDY LOA.M (136) 

This is a minor type in the county, covering 1.9 perrent of the total area. 
Practically all of it occur along the Des n-foines river, the largest bodies being 
found west of the river in the vicinity of Camp Dodge and north"·est of Pollr. 
Areas of the type are also found in the vicinity of Des Moines and along the 
Raccoon river, Walnut creek and F our 11ile creek. 

The surface soil of this type is a grayish-bro,vn fine sandy loam extending to 
a depth of about ten inches. Belo"' this point it is a gray and brown mottled 
compact silty clay loam to a depth of 24 inches, then passing into a brown to 
yellowish-brown very compact gritty clay. Below the three foot section the 
material is a yellow-ish-brown, gritty, friable clay, mottled with gray spots which 
consist of calcareous material. The surface soil contains considerable very fine 
sand and on the flatter areas may be a very fine sandy loam. Numerous reddish
brown iron stains occur in the subsoil. A few glacial boulders occur and con
siderable coarse sand and gravel is found in the lower subsoil. Within this type 
there are included small areas of soils that are not typical. Along the steeper 
slopes of the Des 11oines river and south of the city of Des Moines, there are 
exposures of drift material, mi."{ed with silt, that are not typical. The surface 
material in these areas is usually a reddish-brown boulder clay, coarse sand, 
buff colored silt and gray sticky clay, or a mixture of all of these. The surface 
of these areas is almost perpendicular and they are included o"ring to their 
small extent and to the fact that they are of little value. 

In topography this type is rolling to steep. It is usually found on steep slopes, 
altho in some places it extends over narro,v rather flat divides. Where the topo
graphy is steep, the drainage is excessive an<l erosion has been very active, caus
ing the formation of numerous ravines. The smoother areas are adequately 
drained. 

Less than half of the Lindley fine sandy loam is under cultivation. It was 
originally a timber soil and much of it still supports a gro,vth of oak, elm, wild 
cherry, hickory, hazelnut and buck brush. These areas are utilized as pasture 
for cattle and horses. The cultivated portion is utilized for the same crops as 
the Carrington fine sandy loam. Near Des l\foines the type is used for the rais
ing of truck crops. 

Yields are somewhat less on this soil than on the Carrington fine sandy loam. 
The type is particularly in need of organic matter and should receive liberal 

• 
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<lpplil'ations of farm n1anure. "\Y'l1ere truck rrops are gro,Yn, the addition of 
t",peeially large a1nounts of this material is Yery desirable. If farm manure 
l'annot be e1nployed, leg-uminous rrops should be utilized as green n1anures. 
Erosion may be Yery aetiYe in this type and son1e method of preventing this 
injurious action should be practited if the soil is to be cultivated. I t is often in 
need of lime an<l should be tested for acidity before attempting to ~row le
~uminous crops. The phosphorus content is lo,v and for the gro,vth of general 
farm crops, phosphorus fertilizers would probably prove of Yalue. Applications 
of ~peC'ial fertilizing materials might be of use in the gro"·ing of truck crop . 

SHELBY LOAM (79) 

The Shelby loan1 is a minor type in the co1u1ty, covering 1.-1 percent of the 
total area. It occurs in numerou small areas chiefly along the Des :0.[oines 
river. There are small area , ho,,eYer, thruout the northern part of the county 
along F our l\1ile creek, "\Vhite Oak creek, Beaver creek and "\\T alnut creek. Still 
smaller spots of this type are found along the smaller tributaries to these streams 
and scattered thru the Carrington upland. The larger areas usually occur in 
irregular strips along the streams mentioned. 

The surface soil of the Shelby loam is dark brown to black in color and ex
tends to a depth of 8 to 10 inches. The subsoil is a bro,vn to yello,vish-brown 
rather compact heayy loam to silty clay loam. Below 18 to 24 inches this pa es 
into a bro,Ynish-yellow to grayish-yello,v rather loose silty clay loam or sandy 
clay. Glacial boulders and gravel occur thruout the soil and subsoil. In the 
lower layers there are occasionally calcareous or lime spots and in many places 
the ubsoil sho"·s reddish-bro,,n iron stains. I n some of the areas on narro,v 
ridgei,-; or knolls a layer of coarse sand and gravel is found at varying depths 
belo,, the surfate soil. This is the usual condition in small areas in the northern 
part of the county and along the \Yest county line. On the flatter area the 
soil n1ay he aln1ost bhH·k in color, ,Yhile in the roug:her topographic po ition it 
is rather light colored. Frequently the surface soil is light textured and ap
proaches a fine sandy loam. 

In topography thi soil is rolling to steeply rolling. ...\long the riYer it occurs 
in abrupt slopes "·hi<·h haYe heen eroded and contain numerous deep ravines. 
In the s1naller areas and tho. e at so1ne clistance fron1 strean1s, the topography 
is ridgy or knoll~ and in the north f'entral part of the eotu1t_v the knolls of 
the type rising above the "\Vebster soils may be ahnost flat. In the rougher 
areas drainage may be cxC'essive and in general it is entirely adequate. 

Prohably lcc;s than a third of this t)·pe is unclcr <'Ultivation, oats, corn and 
,,heat being the principal <·rops gT0\\11. Corn yield 25 to 35 bushels per acre, 
oats 4:i to 50, and fair yields of \\'heat arc secured. Sweet corn giYes :2 to 2112 
tons of green ears per acre. On the 1nore rolling areas, cultiYation is almost 
in1possible and the c areas arc kept in native grasse-; and are use<l for pasture. 
Prac·ti<·ally all of the areas along the 1.,trra1ns " ·ere originally forested. 

On the rougher portions of the type eultiYatell crops should not be groiYD. 
o"i11g- to the fact that the plo"·ing up of the 5;0(1 in snc·h locations lead to very 
~erious erosion. fiuC'h arras :-honld 1111clonhtrclly be kept in pa,tnrc. On areas 
\Yhi1·h are suitable for eultivatio11 fairly sati..,fa<'tory c·rop ~ ichl..., n1ay he seeured 
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in fayorable season . niethocls of preYenting ero"ion should he pra<'t iced in 
all ca es. 'l'he soil i::i low in organie 1uatter and shoul<l receiYe liberal applica
tions of farm manure. T1egun1i11ous c-rops may he used as green n1anures with 
profit. The type i aeid and in need of lime. The phosphorus supply is lo"· 
and applications of phosphorus fertilizers ,Yould probably be of Yalue 110,v aud 
will certainly be needed in the near future . • 

LOESS SOILS 

There are three loe-;s soils in the county and these, " ·ith the shallow phase of 
the Tama silt loa111. n1ake a total of four lor-.;s soils. They are classed in the 
Tama and Clinton series and the total area covered by this group of soils an1ounts 
to 14.5 percent of the county. 

T A1I~\. SILT LO.'l.)I (120 ) 

The Tama l'>ilt loan1 is the most exten-;iYe loess type in the ronnty and it is 
the thircl larg-est indh·ic1na1 soil t~'J>E'. To~n,ther " ·ith the> shallo\\' phast', " ·hic·h is 
minor in area. it C-OY('rs 11.1 percent of the total arra of tlH' c·ount~·. It oc·c·urs 
on the uplands in the southern part of 1 he <·onnty. being the thirf nplancl type 
in that section of the l'Onuty. Pra<'tically all of it occurs in three large areas 
'"hich are separated by Can1p creek. ~Ind ere<>k and the Des ::\Ioines riYPr. '!'here 
is also a small arra north of the Raetoon river in the :-;011tlnYcster11 torner of the 
county. 

The surfaC'e soil of the Taina silt loan1 is a dark grayish-bro,vn to dark bro\\·n 
smooth silt loam c:s:ten<ling to a depth of 1~ or 1-:1 inches. 'I'he subsoil is a dark 
yellowish-bro"11, heaYy silt loa1n, grading at about 22 inc•hes into a friable 
brownish-vello"· li{J'ht :-.ilty clav loa111. Reddish-hro,Yn iron stains Ol'<'llr thrnout 

... r""" ... ... 

the lo\\·er subsoil. The surfa<'P soil is sonu•" hat lighter eolor<'d on th<' s]oprs. 
while on the diYicles it i. deeper a11d darker in color. "\"'there the surfa<'e soil 
is six inches or less in depth, the sballo"· phase has been rnapped. The type is 

Fig. 7. Topography of Tama silt loam. 
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associated with the Clinton silt loam and in many cases the boundary between 
these t"·o types is rather arbitrarily established, owing to the fact that there 
is a gradual transition from the darker colored Tama to the lighter colored 
Clinton. 

In topography the soil is smooth to rolling. The divides are narrow and 
smooth and the valleys ,r_shaped. Along the streams the topography is more 
rolling. Drainage is adequate oYer most of the type, altho there are a fe" small 
areas along the more sluggish streams where tiling would be of value. 

The Tama silt loam is nearly all under cultivation and the leading crops 
grown are corn, wheat and oats. Corn yields 30 to 40 bushels per acre, oats 
45 to 50 bushels, winter ,vheat 20 to 27 bushels and spring wheat 18 to 22 
bushels. Considerable hay is grown and red clover and timothy mixed yield 2 
tons per acre, clover alone 1¾ to 2½ tons, timothy alone 1¼ to 1¾ tons and 
alfalfa 2½ to 3 tons per acre. Apples and grapes are grown to some extent. 
Blackberries, raspberries, stra,vberries, cabbage, beets, potatoes, beans and 
onions are gro"\\'ll on some of the areas south of Des :t\{oines. 

This type is rather productiYe and in general crop yields are fairly satisfac
tory. It is not particularly high in organic matter, however, and applications 
of farm manure are of considerable Yalue. This material should be used in 
liberal amounts where truck crops are to be grown. Leguminous green manure 
crops might be employed in some cases to advantage. The soil is acid and in 
need of lime, especially for the growth of legumes. It is much better supplied 
with phosphorus than any of the types in the county, but applications of phos
phorus fertilizers might prove of value even at the present time and certainly 
will be needed in the future. Where truck crops are grown the application of 
special fertilizer brands would probably prove profitable. 

TAnfA SILT LOA}I-SHALLO,V PHASE (143) 

The shallo,v phase of the Tama silt loam is minor in area, coYering 1.2 per
cent of the total area of the county. It occurs chiefly along the Des Moines river 
and the Raccoon riYer, the largest area being found south of the Raccoon river 
and occupied by the city of Des l\Ioines. Other small areas occur along the 
heads of small drainage,vays or on very narrow divides in the more rolling topog
raphy. It is found in association ,vith the Tama silt loam of the upland on 
the rougher areas "\Yhere ero ion has been actiYe and considerable portions of 
the loess have been washed a"·ay. 

The surface soil of the type is not more than six inches in depth and is in 
general dark brown in color. Frequently, howeYer, it is a dark yellowish-bro,V11 
to dark grayish-bro"·1.1, due to an admixture of the yello'Wish-bro"·n subsoil. 

In topography this phase is rolling to strongly rolling and drainage is in 
places excessi...-e. About one-fourth of the total area of the type is occupied 
by the city of Des Moines, and of the remainder, about 60 percent is under 
cultivation. It is utilized for the same crops that are grown on the typical 
Tama. The balance is utilized for pasture and supports a grow·th of prairie 
grasses and bluegra ·s, ,vith some forest trees. 

The soil on the cultiYated areas is some~·hat less productiYe than the typical 
Tama o"·ing to the fact that it is shallow·. It is in need of application of organic 

• 
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Fig 8. Clinton silt loam is rolling in topography, and drainage is good. 

matter and liberal amounts of farm manure should be applied. Legumjnous 
gree11 manures might al o be used with value. It is acid and in need of lime 
and applications of phosphorus fertilizers would undoubtedly prove of value. 
In the cultivated portion it is very important that precautions be taken to pre
Yent erosion and some of the areas should undoubtedly be kept in permanent 
pasture. 

CLINTON SILT LOAM (80) 

The Clinton silt loam is the second largest loess type in the county, covering 
3.3 percent of the total area. It occurs in the southern tier of townships across 
the county along the Des l\Ioines and Raccoon rivers and is associated ,vith the 
Tama silt loam of the upland. The largest area occurs in Four Mile township 
southeast of Des l\'Ioines. ...'.c\..nother considerable area is found along Camp 
creek in the southeastern corner of the county. Smaller areas occur along the 
Raccoon river and the Yarious tributaries to this stream. 

The surface soil of the Clinton silt loam is a brown to light bro,rn. or grayish
bro,Yn smooth silt loam extending to a depth of about seven inches. 'l1he sub
soil is a mottled bro"·n or bro"'11ish-yellow and gray heavy silt loam passing at 
about 18 inches into a bro,Ynish-yello,Y or yello,vish-bro"·n very compact clay. 
Occasionally the bro"·n and gray mottling may continue thru the lo"·er sub
soil. In places on the slopes some smooth very fine sand may occur in the sm·
face soil. In uncleared areas the organic matter content in the surface soil may 
be some,vhat higher than the typical and the color a little darker. 

In topography this type is r olling and drainage is good. E xcessh·e washing 
occurs on some of the steeper slopes. .A.bout one-half of the type is used for pas
ture and a large portion of this is occ-npied by forest trees. The less rolling areas 
are nearly all under cultiYation "·ith wheat, corn and oats the principal crops 

• 
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gro"\\rn. Winter wheat yields 18 to 25 bushels per acre, oats 35 to 40 bushels 
and corn 20 to 30 bushels. Fruit growing and trucking are important indus
tries near H astie and there are several small commercial orchards in this locality . 
. A.pple and grapes do 'iYell when properly handled. Potatoes produce satisfac
tory yields when the organic matter supply is sufficient. 

This soil is somewhat less productiYe than the Tama soils owing largely to its 
lower content of organic matter. I ts chief need is for applications of farm 
manure and if this i not available, the use of leguminous green manures would 
prove profitable. I t is acid in reaction and should be limed. It is low in phos
phorus and applications of phosphorus fertilizers would be of value for the 
growth of cultivated crops. On some of the rougher portions the soil should 
undoubtedly be left in pasture and on many of the areas under culti,ation 
protection from erosion is very necessary if satisfactory crop yields are to be 
secured and the soil kept from serious washing. 

T.A:\IA LO.A~1Y FI::'{E SA:N"D (145) 

This is a very minor type in the county, coYering only 0.1 percent of the total 
area. I t is deYeloped in small areas along the Raccoon river and some of the 
minor drainage channels in the south1Yestern part of the county and almost 
entirely within Bloomfield township. 

The surface soil of the type is a dark grayish-brown loamy fine sand under
laid at about 15 inches by a lighter colored loamy fine sand or fine sand. In 
the areas joining the other uplands the surface soil may be some"·hat heavier 
than the typical. It occurs on the slopes to drainage-ways and drainage is 
usually excessiYe. 

1\Iost of the type is used for pasture. Corn, wheat and oats are grown to
some extent but the yields of these crops are rather low, particularly in dry 
seasons. Watermelons, cantaloupes and cucumbers gro,v ,vell on the soil when 
it has receiYed liberal applications of manure. This type is particularly in need 
of organic matter if it is to be cultivated and farm manure should be u ed as 
far as possible and if this material is not aYailable, leguminous crops should be 
used as green manures. "\\rith a proper supply of ·organic matter in the soil, 
crops will not be so subject to injury from drouth. The soil is acid and in 
need of lime. The phosphorus content is low and phosphorus fertilizers would 
be necessary for the best growth of crops. Special brands of fertilizers may 
probably be used to adYantage where truck crops are to be gro,m. 

TERRACE SOILS 

There are eleven terrace types in the cotu1ty, 
Bremer, 0 'Neill, Buckner and Chariton series. 
cover 11.-1 percent of the total area of the county. 

\VAUKESTIA LO.Al\1 (60) 

classified in the ,, ... aukesha, 
The terrace types together 

The "\\Taukesha loa111 is the largest incliYidual terraC'e type in the county, cov
ering 3.7 percent of the total area. It occurs in all partc; of the county on nar
row terraces along the Yarious streams. The largest areas are found in the 
vicinity of Camp Dodge, along BeaYer creek and near Des 1\foines along the 
Des 1\loines riYer, a large part of ihe city being located on this type. Other 
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-considerable areas occur in the northeastern part of the county along Indian 
er eek and Sk1mk riYer. Small areas are found along many of the other streams 
of the county. 

The surface soil of the ,Vaukesha loam is a dark brown friable loam extend
ing to a depth of about 15 inches. This is 11nderlaid by a brown heavy loam 
which passes into a brown to yellowish-brown or brownish-yellow friable silty 
,clay loam. On the more leYel areas the surface soil of the type is rather dark 
in color, while on the slopes it becomes li~hter than the typical. Ocassionally 
glacial gravel or pebbles are fotmd in the soil section. In the southern part 
of the county the loam is derived mainly from the loess of the uplands. The 
subsoil is in general rather compact in structure, but in the areas north of the 
Skunk river and we t to Beaver creek, the subsoil is open and very f riable. In 
the latter location there are small areas where the soil somewhat resembles the 
Shelby loam. These areas are very minor in extent. In the area along the 
Story county line in the northeastern corner of the county, the surface soil is 
heavier than typical, approaching a silty clay loam. The subsoil is a dark yel
l owish-brown silty clay loam which becomes lighter in color and more compact 
at the lower depths. 

In topography this soil varies f r om flat to gently undulating or sloping. Along 
the smaller creeks it lies f rom 5 to 10 feet above the first bottoms. Along the 
larger creeks and rivers it may lie as high as 40 feet above the overflow land. 
T he type in general is very satisfactorily dr ained and the subsoil conditions 
are such that it is not drouthy. 

About 80 percent of the Waukesha loam is under cultivation, a small propor
tion being occupied by towns and farmsteads or used for pasture. The most 
important gr ain crops are corn, oats and wheat. Corn yields 35 to 40 bushels 
per acre, oats 35 to 45 bushels, winter wheat 20 to 27 bushels and spring wheat 
18 to 21 bushels. H ay is grolffi to some extent and cloYer and timothy mixed 
produce 1½ tons per acre, clover alone 1½ to 1¾ tons and timothy alone 1¼ 
to 1½ tons. Alfalfa has been grolffi to some extent on the type and gives very 
satisfactory yields. Some s,veet corn is grown in the northeastern part of the 
county and sold to the canning factories. 

The Waukesha loam is rather a productive type and crop yields are fairly 
satisfactory. The~· may be increased, however, by proper soil treatments. The 
soil ,,ill respond to applications of manure aud all the manure produced on the 
farm should be carefullv stored and returned to the land. If manure is not • 

produced in sufficient amounts, leguminous crops should be used as green 
manures. The soil is acid and in need of lime and this 1natcrial should be used 
if the be t gro"·th of legumes is to ha secured. Applications o.f phosphorus 
fertilizers may be needed in the future and tests of these materials are urged at 
the present time. 

BREl\IER SILTY CLAY LOA}.1 (43) 
The Bremer silty clay loan1 is a minor terrace type, covering 1.8 percrnt or 

the total area of the county. It occnrs along the bottomlauds of the Skunk 
river, the Des Moines riYcr and the Raccoon river in rather extensive areas. 
Smaller narro,, strips arc found along the bottoms of some of the 1ni11or streams 
of the county. The largest area of the type is along the Des l\Ioines river south 
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and east of Des Moines. ...i.nother rather extensive area is found along the Rac
coon river, the city of Valley Junction being very largely located on this type. 
A. third area which is rather extensive is found along the Skunk river in the 
northea tern part of the county. 

rrhe surface soil of the Bremer silty clay loam is a dark brown to nearly black 
silty clay loam. This grades at about 18 inches into a dark brown to dark 
bro"'llish-gray rather tough clay. Numerous rusty brown iron stains are found 
in the subsoil. Small spots of the loam occur "·ithjn these silty clay loam area., 
but they cannot be shown on the map because of their small extent. The boun
dary lines bet"'een this type and the silt loam and loam of the same series are 
rather arbitrarily dra"-n, as there is usually a gradation fro1n one type to the 
other. In areas adjoining the Bremer clay and ,vhere the soil is poorly drained, 
there is a higher clay content and the . ubsoil may be a nearly black dense clay. 
This is true in the areas ,ve t of the kunk river. In the areas near Loring the 
lower ubsoil is brownish-gray to drab in color. Occasionally in the same areas 
in this locality in the higher-lying parts of the type, the lower subsoil may be 
a brown to browni h-yello,v or grayish-yello"' clay. Along the smaller streams 
there may be some gravel in the lo,ver sub oil and in a fe,v small areas along 
Beaver creek, the lo,ver subsoil bas a yello,vish to grayish cast and lime occurs 
thruout the soil section. I n these areas the soil really should be in the Fargo 
series but is not separated o,ving to its small extent. In the area along Indian 
creek in the northeastern part of the cottnty, the soil i underlaid at about 
thirty inches by a layer of coarse sand and gravel. 

In topography the Bremer silty clay loam is nearly level, in so1ne cases slop
ing very gently to"rard the streams. Practically all of it is above ordinary 
floods but occasionally there are areas ,Yhich are said to have been overflo"·ed 
once or t,Yice during the past forty years. 1\.long the Des l\'Ioines river the 
terrace level is 10 to 15 feet above the pre ent stream bed. ...\.long the Skunk 
river and bordering the creeks it is 2 to 10 feet above overflo"' land. Drainage 
of the type is fair but on the more le,·el area ,vater may stand for considerable 
time follo"·ing heavy rains. The installation of tile has proven of advantage 
in many cases in handling this oil. 

The Bremer silty clay loam is practically all under rultivation except for the 
land OC'enpiec1 Ly farrnsteacls and to,vi1s and a very fe,v small pastures. The 
most important crops are corn, oats, "'heat and hay. The yields of these crops 
are very much the . ame as on the Carrington loam, the hay crops frequently 
giving much higher yields than the grain crops. This soil is particularly in 
need of adequate drainage in order to make it more productive. It is very 
important that tile be installed in practically all cases in order to prevent injury 
to crops from exces ive n1oisture. The soil is "·ell supplied ,vi th organic matter 
hut it "·ould respond to a, mall application of n1anure "'hen it is ne,vly drained. 
It is acid anc1 in need of lin1e. I>hosphorus fertilizers "·ill certainly be needed 
in the future ancl they may be of value in some case. at the present time. 

0 'XEILL FIN"E SANDY LOAM (110) 

The O ·xC'ill fine sandy loam is a minor terraee type, covering ] .a pereent of 
the total area of the county. It occurs on the higher terraces along the Des 
l\Ioines river and its larger tributaries from Des l\Ioines north and along Indian 
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creek. The largest areas of the type are found north of Des 1\1:oines partly 
,rithin the city limits and in the vicinity of Johnston. The other areas of the 
type are practically all small and relatively unimportant. 

The surface soil of this type is a dark bro,rn to dark grayish-bro"·n fine sandy 
loam 12 to 15 inches in depth. The subsoil is a dark brown to brown fine sandy 
loam, grading at about 27 inches to a lighter colored and, and belo"' this there 
is a layer of graYcl and sand. In a f e"· small areas along the upper course of 
the Des 1\Ioines riYer, along BeaYer creek west of Camp Dodge and on Big creek, 
Four )Iile creek and Indian creek, the lo-,ver part of the three foot section is a 
iuixture of gravel and coarse sand. 

In topography the soil is usually gently undulating to sloping or level. The 
terraces of the type are practically all above overflow. The soil is excessively 
drained and apt to be drouthy. 

Probably 70 percent of the type is under cultivation, the chief crops being 
corn, wheat and oats. Some of the smaller areas are used for pasture. On the 
areas near Avon Station close to Johnston and north of Des Moines, truck grow
ing is an important industry and watermelons, cantaloupes, s,vect potatoes, 
cucumbers, tomatoes and cabbage are grown successfully. Early sweet corn 
does well also. • 

This soil is chiefly in need of organic matter in order to increase its ability 
to hold moisture during dry weather. Large applications of farm manure are 
Yery desirable. On the areas where trucking is practiced, particularly large 
applications of farm manure should be made. Leguminous green manure crops 
may often be used with p rofit on this type. It is acid and in need of lime . 
.."i.pplications of phosphorus fertilizers would probably be of value now for 
general farm crops and will certainly be needed in the near future. Where 
truck crops are grown, the application of brands of commercial fertilizers pr e
pared for special crops would probably prove profitable. 

BREMER SILT LOAM (88) 

The Bremer silt loam is a minor terrace type, covering 1.2 percent of the total 
area of the county. I t occurs along the Des 1\1oines river, the Raccoon river and 
along Camp and l\!Iud creeks. The largest areas are found directly north of Des 
Moines and south of H astie along the Des Moines river, south of Des J\,1oines 
and south of and west of "\7alley Junction along the Raccoon river. The areas 
along Mud creek and Camp creek are very small and relatively unimportant. 

The surface soil of the Bremer silt loam is a dark brown to nearly black 
silt loam extending to a depth of about 14 inches. The subsoil is a dark brown 
silty clay loam grading gradually into a dark bro"'Tlish-gray or grayish-brown 
silty clay loam. Along Camp and Mud creeks the soil has a brownish-gray or 
mottled dark brown and gray silty layer six to eight inches thick in the upper 
subsoil. In many of the smaller areas the color of the soil changes very little 
thruout the three foot section. 

In topography this soil is level or slopes gently toward the streams. It is 
found on terraces 5 to 15 feet above the present stream channels. The type is 
fairly ,vell drained and tiling is not generally needed. 

Practically all of the Bremer silt loam is under cultivation, corn, ,vheat, oats 
and hay being the principal crops grown. Some sweet corn is produced in the 
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vicinity of Des l\Ioines. Yields of these crops are much the same as on the 
Bremer siltv clay loam. . ' 

This is a rather productive soil and crop yields are generally fairly satisfac-
tory. Small applications of farm manure would be of value but it is not ad
visable to apply this material immediately preceding the oats crop of the rota
tion o,ying to the danger of causing it to lodge. The type is acid and in need 
of limr. It "·ill probably respond to applirations of phosphorus fertilizer::; at 
the present time and in any case these materials will be needed in the near 
future. In some areas tiling may be of value if drainage conditions are not 
entirely satisfactorv. 

~ . 
BRE11ER L0~\.11 (12) 

The Bren1er loa1n is a n1inor type in the rounty, covering 0.9 percent of the 
total area. It occ·urs in sn1all areas along the Des lV[oines river, Skunk river 
and Beaver and \\T alnut creeks. The largest areas are along the Des ~Ioines 
river, north of J;ovington and south of Des ~Ioines. 

The surfare soil of this type is a dark bro"'n friable loam extending to a 
depth of ahont 1~ inl'lH•s. This is nnderlaicl b~, a very dark bro,,~1 silty clay 
loam "·hiC'h bclo"· '.24 inches passes into a dark brownish-gray or grayish-brown 
silty C'lay loam. In the more level areas the lo"·er subspil is quite compact. In 
the areas near the n1outh of the North river there is considerably gritty material 
in the lo,ver subsoi1. .. \. fe"· areas lying along Beaver creek are highly calcareous 
and are really Fargo soils hut they are too small to be shown separately on the 
map. In topography this soil is level to gently sloping. It occurs on terraces 
two to five feet above the overflo,ved bottomland. ::\fost of the soil is above 
ovcrflo"' except during periods of very high "·ater. l\Iost of the Bremer loam 
is under (•ultivation and the crops gro,Y11 are the same as on the Bremer silty 
rlay loam. The yields secured are very much the same as on the silty clay loam. 
This type is ,Yell drained and not in need of tiling. Small applications of farm 
manure "·oulcl he of Yalue. It is acid and in need of lime and applications of 
phosphorus fertilizers would probably prove of value in most instances. 

BUCKNER FI:N'E SAXDY LOA~! (45) 

ThiR is a minor terrace type in the county covering 0.7 percent of the total 
area. It oecurs in small areas along the Skunk river, Beaver creek and the Des 
11oines river. The largest area is along Beaver creek north and west of Camp 
Dodge and there is also a rather considerable area in the northeastern part of 
the county along the Skunk river. 

'rhe surf ace soil of this type is a dark bro,,·n fine sandy loam extending to a 
depth of 12 to 18 inches. The snbsoil is a dark bro,vn to yellowish-brown fine 
sandy loam, ,vhich is quite loose and incoherent in the lo,ver part of the three
foot sc<'tion. 

The topography of the soil is level to gently undulating. The soil is "·ell 
clraiuecl but the drainage is rarely cxrcssive. It occurs on high terraces, some 
of "·hith are five to ten feet aboYe the first bottoms, ,vhile others lie 23 feet 
above overflow land. 

I>robahly 85 percent of the type is under cultivation, corn, oats and wheat 
being the principal crops grown. Watermelons, cantaloupes, s,veet potatoes, 
cucun1bers and tomatoes are grown to some extent on the type and give very 
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satisfactory yields. A small portion of the type is used for pasture, being kept 
in natiYe gras es or bluegrass. 

This soil is particularly in need of organic matter and should recci, c lil,eral 
applications of farm manure in order to make it more proclueti, c. Leguminous 
green manure crop~ might be used to advantage. It is a('id and in 11eed of lime 
a11d phosphorus fertilizers ,,ill certainly be neeessary in the near future. 

,V.A.UKESIIA. SILT LO • .\hl (7.3) 

The ,ral1kesha silt loam i8 a minor type in the county, covering 0.7 percent 
of the total area. I t occurs mainly in the southern part of the county along the 
Des ::.\Ioines river, the Raccoon river and their tributaries. l ~ .. few areas are 
found in the northern part of the cormty, one west of Johnston, one "'est and 
one south of P olk and a fourth three miles north"·est of Santiago. 

The surface soil of this type is a dark brown to nearly blaek smooth silt loam 
about 14 inches in depth. The subsoil is a yellowish-bro,,'11 to bro"·nish-yellow 
rather compact heaYy silt loam to light silty clay loam. In a few of the smaller 
areas adjoining the Clinton silt loam in the southeastern part of the county, 
there is a shallow layer of dark gray silt loam on the surface. In the more level 
portions of the type south,vest of Runnells the soil is heavier than typical and 
almost a siltv clav loam. 

~ . 
In topography the type is flat to gently sloping. Drainage is good. The type 

occurs 10 to 40 feet ahoYe the stream channels and hence it is not subject to 
overflow. P ractically all of the Waukesha silt loam is under cultiYation, the 
principal crops grown being cor n, oats, and \Yheat. Yields are very much the 
same as on the Waukesha loam and the treatment needed for the soil is very 

• 

similar. ...-lpplications of farm manure "·ould be very desirable. The soil is acid 
and in need of li1ne and phosphorus fertilizers would probably prove of value. 

0 'NEILL LOAM (108) 

The O 'Xeill loa1n is a minor type in the C'0nnty, covering 0.6 percent of the 
total area. I t occurs in small disconnected areas along the Des i'tloines riYer, 
above the mouth of the Korth riYer, along the larger creeks in the western part 
0£ the county a11d along Indian creek i11 the northeastern part of the county. 
The areas are all small and none include over 200 acres. 

The surface soil is a dark brown to dark grayish-brown loam 10 inches in 
depth. The subsoil to a depth of 24 inches is a bro"11 loam to light silty clay 
loam ,Yhic·h gradually hec·o1n<'s sa11diPr at lo"'<'r depths and is underlaid by a 
layer of gravel, coarse sand and small boulders. In the flatter areas the sur
face soil may be quite silty ,vhjle in the 1nore undulating areas it may become 
lighter textured. Frequently considerable coarse sand and gravel are found 
in the surface and thruout the soil seC'tion. Occasionally the supply of organic 
matter is so loYv that the snrfac·e soil is bro,Yn in color. 

The topography of this soil is nearly leYel to gently undulating. Drainage 
is good to excessive and the soil is apt to be drouthy. It lies on high terraces 
10 to 40 feet above the bottomlands. 

Practically all of the larger areas of the type are under cultivation, the smaller 
ones being used for pasture. The crops grown are the same as on the Waukesha 
loam and the yields secured are very similar, except in dry years, when the yields 
are considerably reduced. 
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This type is particularly in need of organic matter to make it more productive 
aud permit of the better retention of moisture. I1iberal applications of farm 
manure are very desirable and leguminous green manure crops may be used in 
some ca es to advantage. The soil is acid and in need of lime. ...~pplications of 
phosphorus fertilizers may proYe profitable at the pre. ent time. They will cer
tainly be needed in the future. 

BRE~IER CLAY (44) 

The Bren1er tlay i-, a minor type in the county, coYering 0.:3 per<:ent of the 
total area. It occurs in many small area alou~ the Yariou treams of the 
county and one large area south of Saylorville. ...\.reas are found along \\""alnut 
creek, the Des )Ioine riYer and the kunk riYcr. 

The surface soil of this type is a nearly blaC'k <:run1hly (•lay extending to a 
depth of about 18 inches. The sub. oil is a Yery dark hro"·n tompact clay grad
ing into a dark brownish-gray clay. In a felv of the maller areas the subsoil 
may haYe a pale yello"· cast. In general, the entire soil section is dark in color 
and there is HO distinct line of division between the soil and subsoil. 

In topography the . oil is leYel and drainage is poor. The installation of tile 
and the use of ditches will be necessary in order to 1nake thi soil more pro
ductive. I t lies aboYe ordinary floods but 1nay oYerflo"· infrequently. 1\fo t of 
the small areas of this type are under cultiYation, the same crops being gr own 
as on the Bre111er silty clay loam. The soil is apt to clod if plowed when too 
,,·et and will bake and crack upon drying. It is a late soil unle Yery ,,ell 
drained. Part of the larger areas is kept in natiYe gra-; es and used for hay 
and pa ture, yields of hay amounting to 1½ tons per acre annually. 

The soil i particularly in need of drainage in order to 1nake it satisfactorily 
productive. "\\7ien this is accomplished it may be desirable to make a small 
application of farm manure in order to encourage the production of aYailable 
plant food. I t is generally acid and in need of lime and application of phos
phoru:,, \\"ill be needed in the future. 

0 '.N"EILL FINE SAND (146) 

The O 'I\eill fine sand i · a yery 1ninor type in the county. tOYering 0.1 percent 
of the total area. It occurs in Yery small areas along the , kunk river in the 
form of low mounds ri ·ing in the areas of fir. t bottom. Four other small areas 
are mapped ,vith this soil bec>au e of their small extent. One is north of P olk, 
one north of .Li.ndre\\·s, one south of Ber"-ic·k and the other outh of Peoria City. 
TheRe areas are graYel pit resiclnes and con ist of a mixture of graYel. coarse 
sand and son1e clay. They are of no agricultural Yalue. 

The O'Neill fine sand has a grayish-bro,vn to bro,vn . urface color and changes 
gradually into a yello\\·ish-brown at lower depths. When it contains consider
able organic matter, the surface n1ay be dark grayish-brown in color. 

In topography the soil is flat, the areas rising from 5 to 15 feet aboYc the 
surrounding bottomlancl. Drainage> is adequate to excessiYe. The oil i inclined 
to blow· if not kept in c>over crops. 

:\lost of the O •~eill fine sand is used for pasture, supporting only a sparse 
gro"·th of native prairie p:raR es. The ren1aintler is eultiYated \\·ith the adjacent 
soils or is occupied by far1nsteads. C'orn yields are generally unsatisfactory 
and sma11 grai11s tlo not produ<:c ,Yell. Some yegetablrs are gro,rn for home uc;;e. 
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This type is particularly in need of organic 111atter and ..,hould receiYe liberal 
appli<:ations of far111 111anure and, if this mater ial is not aYailable, leg-uu1inou', 
green manure c:rops ~houlcl be e1nployed. The soil is acid and in need of lime. 
P hosphorus is lo"· and phosphoru" fertilizers Yrould pro,e of yalue. In area!:. 
where truck crops are gro,yu co1nmercial fertilizers u1ight be used "·ith profit. 
\\.,.ith these treatment the -;oil 111ay be made to produce as f.,atisfactor? g·e11eral 
crops as the surrounding areas. 

CHA.RITO:N" STLT L0~\.1'1 (10,5 ) 

The Chariton silt loam il'- a Ycry 111inor type in the t·ounty, eo, <'ring 01llr 0.1 
percent of the total area. I t occurs in several small areas in the county, three 
of them south of Camp Dodge and three southeast of ...i.Yon Station. 

The surface soil is a dark gray to dark grayish-bro" 11 c:;mooth silt loa1u ex
tending to a depth of about 9 inches. J?rom this point up to 20 inches the sub
soil is a gray to light gray a-,by silt loam. The lo,Yer c:;ubsoil is a drab colored 
impervious clay slightly mottled \Yith bro,Yn. The lo,Yer suhsoil is n1ottled ,rith 
numerous reddish-brown iron stains. In one of the largest areas the subsoil 
~hows some r eddish-yellow mottlings in the lower depths. In the smaller areas 
the surface soil Yaries f rom a loam to a heaYY fine sandy loam. . . 

This soil occurs aboYe overflow but ,,ater stands on it for long periods after 
heayy rains, O\\ing to the impervious character of the subsoil. Drainage i~ yery 
poor and tiling is necessary if the soil is to be utilized for cultivated crops. 

Part of the type is in grass and used for pasture, the chief grasses being blue
grass and red top. On the cultivated areas eorn. oat" and wheat are gTO\Til. 

Fair yields of these crops are secured in normal 8eason~ if the drainag-e is ad<'
quate. This is the first treatment need.eel for the '-Oil. lt ,,ould then re:::.pond 
to applications of farm manure. Lime should be used if needed and applica
tions of pho. phorus fertilizers " 'oulcl probably pro,e of Yalue. 

SW AMP AND BOTTOMLAND SOILS 

There are 13 S\\"amp and bottomland soils in the county and together they 
cover 14.0 percent of the total area. They are clas ified in the ,Vabash, Sarpy 
and Lamoure series. 

WABASH CLAY (72 ) 

The Wabash clay is the mo t extensive botto1nland type, covering 4.1 percent 
of the total area of the county. It is developed primarily along the Skunk river , 
about 90 percent of it occurring in the bottoms along this stream. Other areas 
are mapped along the Des l\Ioines river near Y oungsto,Yn, south of Lovington 
and in the vicinity of Adelphi and LeYey. 'r here are also small areas along 
Indian creek and the Raccoon river. Along the Skunk river practically the 
entire bottoms are ocC'npiecl by this type, 1,hil<' in the other areas the soil oeeurs 
in narrow strips and is associated with other bottomland types. 

The surface soil of the \Vabash clay is a Yery dark bro"'n to nearly black 
• 

clay. There is a Yery gradual change to the subsoil whirh is somewhat lighter 
in color and more plastic. I t is usually a dark bro"~ish-gray but may be 
drab colored in the smaller areas. It rontains nnmerous iron stains. Small 
amounts of 1'anc1 orcasionallY 0i'c·ur thruout the soil and 11car the- strran1 

' 
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channels a layer of and two to three inches deep may cover the i:.urfaee. In 
some of the narrower areas along the Des 1.1oines river the soil may be lighter 
in color than the typical and occasionally there is a layer of sand in the lower 
part of the three foot section. 

In topography the Wabash clay is flat. I t is subject to overflow nearly every 
year except for the area south of Youngstown which is seldom flooded. The 
drainage of the type in general is poor. V.T a ter often stands on the surface after 
heavy rains and in the lo,-rer parts of the type the soil is somewhat marshy. 

Less than 40 percent of the \\ ... abash clay has been brought under cultivation, 
chiefly because of the unsatisfactory drainage of the type and because of the 
danger of overflow. In the cultivated areas corn is gro"'ll most extensively and 
wheat and oats are of secondary importance. Under favorable seasonal condi
tions corn produces from 40 to 70 bushels per acre and ,vheat 20 to 30 bushels 
per acre. Sweet corn is grown to some extent in the ar ea along the Skunk river 
and the product sold to the canning factories. The yield of this crop amounts 
to 3 to 5 tons of ears per acre. On the stream banks there is some tree growth, 
consisting mainly of oak and elm. The greater part of the uncultivated land 
supports a luxuriant growth of slough gra ses and is used for the production 
of hay and for pasture land. Slough grass produces from one to two tons of 
hay per acre and about 30 percent of the slough grass is cut for hay. The bay 
produced from the coar er leaved varieties is sold for packing pur poses while 
that from the finer Yarieties i used for feed. 

The chief need of the \\Taha h clay, if it is to be cultivated, is for adequate 
drainage. It should al. o be proteeted from overflo,v if crops are to be gro"·n 
sati!->factorily each year. It must be culti-,ated very carefully as it will clod and 
pack if plo"·ed when too "·et and it must be handled when the moi ture content 
is ju-st right if the physi<.'al condition is to be atisfartory thruout the seasoii. 
It i Yery sticky when ,,et and erae:ks upon drying. The soil is apt to be in need 
of lime, espeeially after it has been drained and cultiYated. A small applica
tion of farm manure would be of some Yalue ,,hen the type is newly drained, 
but it is ordinal ily very ,,ell supplied ,,ith organic matter. The phosphorus 
content "'ill become deficient in the near future. 

'IVABASH LOAM (-19) 

The "\, aba"h loam i the set'oncl largest bottomland type in the <'Ounty, ro-\·er
ing 2.3 percent of the total area. It occurs chiefly alon::r the Yarious C'reeks of 
the county. Thus it is the main type in the bottoms along Four :\lile creek, Wal
nut creek, BeaYer creek and 11ig c•reek. Other areas are found along \\"'bite Hall 
creek, Little creek, the upper parts of )lud c1 ck and Camp creek. There are 
areas of the type al~o along the De~ :\Ioines riYer. It is found in long narrow 
areas ranging in ·width from a few hundred feet to a quarter of a mile and may 
occupy all or nearly all of the creek bottoms. 

The surfa<'e soil of the Waba:::.h loam is a dark brown to nearly black mellow 
loam 1 inches in depth. The subsoil is a dark brown to dark brownish-gray 
silty clay loam. In many places there is very little variation in the soil thruout 
the three foot section, but in general the subsoil is more compact than the sur
face. The surface soil is somewhat variable in texture, being heavier in the 
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lower lying parts of the type back from the stream channels and sandier near 
the banks ,,here it is most frequently overflo,,ed. In some of the very narrow 
stream botton1s. the surface soil may vary from a fine sandy loam to a heavy 
loam. 

In topography the \\.,..abash loam is flat, but drainage is fair, o-,Ying to the old 
channels and sloughs ,,hich permit of the removal of excess moisture. 1\Iost of 
the t:rpe is subject to overflo"·, but the areas along the Des ~Ioines riYer occupy 
some"·hat higher positions than those along the creeks and they are subject to 
less frequent overflo,y. 

Less than 20 percent of the Wabash loam is under cultivation, most of the 
type being used for pasture or for the production of hay. rrbe small areas along 
the De,;; l\foines river and some areas along Four 1\Iile, Walnut and Big creeks 
are cultivated, corn, oats and wheat being the principal crops gro,vn. Corn 
yields 40 to 45 bushels per acre, wheat 20 to 25 and oats 33 to 45 ,vhen the type 
is ,,ell drained, and in faYorable seasons. \Vi]d grasses gro"·n on the unculti
vated portion yield from 1 to 11'1 tons of hay per a<·rc. There are belts of 
timber on the type along the stream channels and this tin1her consists mainly 
of oak, elm, locust, hickor.r, black ,Yalnut and cotton,,ood. 

Like the Wabash clay this soil is primarily in need of protertion from over
flow if satisfae;tory crops are to be gro"·n each year. It is not so definitely in 
need of drainage as is the Wabash clay but in some instan<'es drainage is neces
sary on the type. A small application of farm manure would be of value ,vhen 
the soil is newly drained and brought under cultivation. Phosphorus will even
tually be needed but the type is fairly ,Yell supplied at present. It "·ill un
doubtedly become acid and in need of lime after it is brought under eultiYation 
and well drained. The particular sample tested and reported in the analyses 
earlier in this report sho,,ed a basic reaction but this ,voulc.l not be true! for the 
type as a whole. 

SARPY LOAM (91) 

The Sarpy loa1u is the third lar:.rrst hotton1land type\ 1•oyrring an area of 1.7 
percent of the county. It orcurs along the Des l\Ioines and Raccoon rivers in 
relatively narro,v strips Yarying in ,viclth from a few rods to % of a mile. The 
largest area is along the Rarcoon riYer extending from the city of Des 1\Ioines 
beyond ,.,..alley Junction. There are many s1nall areas of the type along the 
Des l\Ioines river, particularly in the southern part of the county. 

The surface soil of the Sarpy loam is a grayish-bro"·n to bro,\'nish-gray friable 
loam extending to a depth of pbout 15 inches. The subsoil is a grayish-brown 
heavy loam to light silty clay loam ,vhich grades at 30 inches into a grayish
bro,vn or a light grayish-bro"·n very fine sandy loan1 to loamy sand or sand. 
The surface soil frequently contains much very fine sand and in the higher lying 
areas fine sand may occur thruout the soil section ,vith the coarser textured 
subsoil nearer the surfaee. In the lower lying areas the surface soil of the type 
may be dark grayish-brovtn in color and quite silty in texture. In these ~.reas 
the lower subsoil is usually a very fine sandy loam or light loam. There are 
some areas where the texture changes very little thruout the three foot see;tion. 

I n topography the Sarpy loam is flat to very gently undulating. The drain
age of the type, ho"·ever, is good to excessive. On the higher areas where the 
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Fig. 9. A view o,·er the river, showing Sarpy soils in the bottoms. 

(·oari-,e ')Ubsoil layer is nearer the surface, crop may suffer from drouth. In 
general, ho"·ever► the type i not extes. iYely drained but adequately so. It is 
all suhject to overflow. 

About 75 percent of the type is under eultivat ion, the remainder being occu
pied by to-w11s or in pa ture. In the latter areas there i some timber, consisting 
mainly of oak, ash, eln1, ,Yalnut, ,Yillo"' and ha,v and there i a good growth of 
native grasses. On the cultivated area corn is the mo t important crop, fol
lowed by ,yheat and oat . \\Then protected f rom overflow corn yields 40 to 50 
bushel per acre, oats 35 to 43 and \Yheat 20 to 25 bushel per acre. Clover and 
timothy yield from 11 't to l ~i ton of hay. TruC'k crops are gro,vn to some ex
tent 011 the type, chiefly near Levey. These consist chiefly of s"~eet corn, toma
toes, cabbage and beet , and the product is sold in the Des 1\Ioines market . 

This type is chiefly in need of protection from overflo,v if cultivated crops 
are to be gro,Y11 succe sfully. It is ba ic in reaction and contains . ufficient lime 
so that this material ,Yill not be needed for many years. I t would be benefited 
by application of far1n manure and in the ca e of truck crops liberal applica
tion of this material should be made. Phosphoru fertilizer ,vill be needed 
in the near future and might be of va1ue at the present time. 

LAJ\IOUHE SILTY CLAY LOAM (111) 

The Lamoure silt;\' clay loa1n i.;; a minor type in the eounty, covering 1.4 percent 
of tbe total area. It occur along the creek and sn1aller drainage,,·ays in the 
northern part of the county, being found in na1TO\Y :-.trips along the smaller 
f,trean1s, in larger areas lying back from the stream channel and the larger 
creek bottoms and also in old lake bccls or sloughs reC'ently drained. 

'I'he :-;urfa<'e soil of the Lan1oure silty clav loan1 is a very dark bro,Yn to ne&rlv ._ ... .. . 
blaek silty cla) loan1, extending to a depth of about ~O inches. The sub oil 
is a <lark drab clay becon1i11g some"·hat lighter in color at the lo" er depths. In 
the smaller areas the lo,,er subsoil appears so1ne,vhat yello,vi h and contains 
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ome coarse sand. Bro,vn to reddish-brown jron stains frequently oc<·nr in 
the lower subsoil. Both soil and subsoil are highly calcareous. Where the type 
adjoins higher lying sandy soils there 1nay be a surface covering ,vhich is di -
tinctly loamy \Yhile near the center of the larger areas, the surface soil 1nay be 
Yery heayy in texture. 

This soil is leYel in topography and drainage is llaturally poor. ,,ater may 
stand on the surface for long periods after heayy rains. 1'he type is generally 
subject to annual OYerflo,v. 

About half of the area of this type is in nati, e slough grasses and is utilized 
for pasture. The re111ainder of the type \\'hirh bas been drained ,Yith open 
ditC'he and tile, is used for the produetion of c·orn and on well drained land 
yield of 40 to 50 bushels per aere of this C'rop arc sceurcd. Small acreages are 
u ed for small grains but these are inrlined to gro"•· too rank in " 'ct seasons. 

This trpe is particularly in need of drainage a11d protection fro1n 0Ye11io,, 
if it is to be cultiYated. I t must also be handled ,vith care and not plo,Yed or 
C'UltiYated when too \'Vet, a it is inelined to for111 elocls. It also bake:-. and cra<'k!
in dry sea ons. It is high in organic 1natter content and not particularly in 
need of applications of manure. IIo,YeYer, small applications of fresh manure 
might be of Yalne when the land is nc"·ly drained. EYentually it ,vill need 
phosphorus. It is high in lime and $houlcl not be in need of this material for 
manv Years to come. . ~ 

S.\RPY SILTY CL.\. Y LO.\.:\I (144) 

This i a 1ninor t~·pe in the county, coyering- 1.3 pcr<'ent of the total ari>a. It 
occur s in the first botton1s along· the Des :Thioines and Raccoon ri, er~. T t is 
usually found along the older ehaunels and sloughs, sonic distance baek from 
the strean1s. The most extensiYc area of the type is found along the Drs ::\Ioines 
riYer \Yitliin the citv li1nits . • 

The urfare soil is a grayish-bro-n'll to dark grayish-hrom1 silty <·lay loan1 
extending to a depth of ahont 13 in<·he'-.. Thi8 is underlaid hy a dark bro\\·nish
gray silty clay loam grading at about :-30 inc:hes into a hro,vnish-gray Yery fine 
sandy loam. I n the lo"rcr lying areas there is more organic matter in the soil 
and it is a dark g:rayish-brown in color. Small areas of the silty clay or c:lay 
are included " ·ith this type, as they arr too s1nall to separate out. The texture 
of the lo,Yer subsoil is extremely variable and may range eYen in a single area 
f rom a Yery fine sand to a light silty clay loam. The entire three foot section 
of the soil is calcareous. 

In topography the Sarpy silty clay loan1 is flat to undulating. DrainagP 0 11 

the lower areas is poor. l\Iost of the type is subjeet to frequent OYerflo\\· altho 
in the higher lying areas it is flooded only frequently. 

Probably 60 pereent of the type is under cultiYation, the crops grown being 
cor n, oats and ,vheat. Some sorghum is gro,vn for sirup and for forage. S"·eet 
co1'll is an important truck erop. On the lo"·er lying areas the land is ll~l.,l for 
pasture and n1ost of it is in grass and timber. 

This soil is chiefly in need of protection from oYcrflow· if satb,factory yielcls 
of cultivated crops are to be secured. In s01ne areas it may he in need of drain
age but in general the drainage is fairly . atisfacto1y. It is not in need of lime 
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but would respond to applications of farm manure and phosphorus fertilizers 
,vill be needed in the future. 

SARPY VERY FINE SANDY LOAM (28) 

This is a minor type in the county, eovering 0.9 percent of the total area. It 
occurs along the Des ~1oines and Raccoon rivers, being developed in strips 
varying in width from a fe"' rods to half a mile along the channels of the 
streams. 

The surface soil is a grayish-br01''ll to brownish-gray very fine sandy loam 
extending to a depth of about 27 inches. Below this point the subsoil is a 
bro,Ynish-gray to gray very fine sand. On some of the minor elevations the 
surface 8 to 10 inches may be a very fine sand. Both soil and subsoil are highly 
calcareous. 

In topography the type is billowy or gently undulating and the land is well 
drained. It lies 5 to 15 feet above the bed of the streams but is subject to more 
or less frequent overflow. 

1Iuch of the Sarpy very fine sandy loam supports a forest growth consisting 
of oak, eln1, ash, walnut, cotton,vood and ,rillow. These areas are in grass and 
are used for pasture. "'\\7here the soil is cultivated the chief crop grown is corn; 
oats and ,vheat being grown to some extent also. Some sorghum is produced 
on this land and good yields of sweet potatoes, melons, cantaloupes, tomatoes, 
cabbage and beans are secured. 

The soil is chiefly in need of protection from overflow if it is to be used for 
cultivated crops. .;\.pplications of farm manure would be of large value espe
cially "·here truck crops are to be gro,n1. It ,vill be in need of phosphorus in 
the near future and phosphorus fertilizers might be of value now. For truck 
crops certain special brands of commercial fertilizers might be employed in 
certain cases. 

WAB.\SH SILTY CLAY LOAM (48) 

This is a minor type in the county, coYering 0.8 percent of the total area. It 
occurs chiefly along the Skunk river and Indian creek and along the Des :\Ioines 
riYer south of Des l\Ioines. It is found in ntnnerous small areas along these 
streams, the larger areas occurring along the bottomlands of the Skunk river. 

The surf ace soil of the Wabash silty clay loam is a very dark bro~·n to nearly 
black silty clay loam extending to a depth of about 18 inches. The subsoil is a 
dark bro,vn or dark bro,vuish-g-ray rather con1pact rlay loam or clay. In many 
places the lower subsoil is bro,Ynish-gra)· or drab. It contains numerous reddish
bro,vn iron stains. .;\Jong the Skunk riYer the surface soil frequently contains 
considerable sand. 

In topography this soil is flat and drainage is very poor. Water stands on 
the surface for some time after heavy rains. In general the type is subject to 
more or less frequent overflo"~, some of the areas along the Des l\Ioines river 
being some"·hat higher than the general level of the bottoms and being flooded 
only infrequently. 

1\Iost of the type is under cultivation, the sa1ne crops being grown as on the 
\\r abash loam and the yields secured are Yery n1uch the same. The uncultivated 
portion is in native grasses and is used for pasture and hay land. 
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Thi type is par ticularly in need of adequate drainage ancl protection from 
OYerflow if cultiYatecl crops arc to be gro,,n succe, sfully. Jt is also itnportant 
that it be properly handled and it ~hould not be plo" ed ,vhen too "ct as clods 
form r eadily and are difficult to br eak up by later cultiYation. The soil is well 
supplied "·ith organic matter but . mall applications of farm manure might be 
of Yalue "·hen it is ne"·ly drained. It is not g<'nerally basic in reac·tion ancl "ill 
be in need of lime when brought under cnltiYation. l'hosphoru!:) fertilizers ,,..ill 
be needed in the future. 

W ABA.SH SILT LOAM (26) 

This is a nunor type in the county, toYerina- 0.;') percent of the total area. 
I t occurs enti r ely in the southern part of the county in the loessial area, being 
deYelopecl in long narro"· strips from a fe"· rods to one-se,enth of a mile in 
width and eoYering nearly the ,, hole of the fir-.t hottoms along the lo"·er courses 
of Ca1np ereek, :\I ud creek, Spring creek a11cl lv cad er creek. S1nall areas are also 
found along the Des :\Ioine:-. riYer and aloug the Raec·oon riYer. 

'fhe surface <;oil of this type is a dark bro"·u to nearly blaek loam extending 
to a depth of about 11-:, inchec:;. The subsoil is a Yery dark bro,Yn silty clay loam 
becoming a bro"·uish-gray in the lo,Yer part of the thr ee foot se1·tion. In areas 
acljaeent to the Clinton silt loam the surface f r equently has a shallow coYering 
of lighter colored loessial material. In the sn1all ar eas lying about two miles east 
of Avon Station the surf are soil is shallo"·er than typical and the subsoil i dark 
vello"·ish-brown . • 

The topography of the type in grneral i<; flat, altho the ~urfa<'e is broken 
in 1nany place by old <;tream f'hannels. The drainage of the soil in general is 
poor. P ractically all of it is subjeet to annual overflo,Y except the higher lying 
ar eas in the Des l\Ioines riYer bottoms. 

\\Tith the exception of the same small areas, the type is practically all in 
natiYe grasses and forest and is used for pasture. The ar eas in the Des l\1oines 
r iYer bottoms are generally cultivated and corn, oats and wheat are the pr incipal 
crops gr o,vn. Yield are Yery much the same as on the W abash loam. 

The soil is fairly prodlH·ti, e \\·hen protected from overflo,v and adequately 
drained. I t "·ill respond to application of farm manure and lin1e 1 a· it is gen
erally acid. P hosphorus fertilizers ,crill be needed in the future. 

SARPY SILT LO,.t:11 (89) 
The Sarpy silt loam is of 1ninor i1nportanc•(• in the ronnty, eoYering only 0.3 

percent of the total a rea. It occurs along the Des l\Ioines river and the Rac
coon riYer 1nai11ly south of John:-,lon, largC'r areac; oceurri11g east of \Talley J unc
t ion and south of Co1nmeree along the llaeroon river. 

Tbe surfaee soil of the Sarpy silt lou1n i<; a gray 1~h-bro,yn silt loa1n extending 
to a depth of about 1~ inches. 'rhe sub...,oil to a depth of 30 inches i!:) a bro"·uish
gray to grayish-bro,Yn hea, J Yery fiue .s,111cly loam. Belo" 30 in<'hes it beeomeR 
a br o"~1ish-gray to gray Yery fine -,and. In uncultivated areas the surface soil 
may have a dark grayish-bro,vn color. Both soil and subsoil are cal<'areous. 

In topography this type is fiat to gently undulating to sloping and drainage 
is fairly good. The entire type is subject to oYerflow. 

l\1ost of the soil is under cul ti, ation, crops gro,Yn and yields obtained being 
very muc.:h the same as on the Sarpy loa1n. I t should be protected from over-
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flo\\· if it is to he 1ua<le 1-,atisfactorily productive when u ed for cultiYated crops. 

It "·ould respond profitably to liberal applications of farm manure or leguminous 
green 1nanure~. It may he so1nr\\·hat acid in reaction in some ca,e-,. "\Then thi~ 

is true liine should be applied. I>bosphorou<:i fertilizers ,,ill be 11ee<.1ed in the 
future. 

R[YERWASH (53) 

'l'herr is a Yery s1nall area of rivrr,Yash in the eounty. an1ounting to 0.2 percent 
of the total area. I t occurs in numerous small areas in bends or in small i!-,lands 
of the D es 11Ioines and Raceoon rivers. 

l{iyer,,ash eonsists of a 1nixtnre of fine, medium and coarse sand with some 

arras of graY<'l. This soil is not <·ultiYate<l, o"·ing to the frequency of overflo,,· 
and 1 he fact that the n1aterial is moYed about considerablv -n·ith each rise of the 

~ 

stream. Some of it support.., a gro"ih of "·illO\\' or cotton,vood and much is 
ba rr1•11. 

::\IUCK AXD PE_\.T (!?l ) 

The total area of lllt11·k and peat in the <·ounty is s1nal1, aiuounting to 0.2 
per1·e11t of the total area. The areas occur 011 the flatter uplands in the northern 
part of the <"ounty and along BeaYer ereek and north of De" .1Ioine . They 
usually l'Onsist of areas from 5 to J 5 acres in size, a fe,-r of the area,; north of 
Cr<H'ker <·ontaining 80 to 40 acres. 

Thr ..,urfac·<' n1atrrial of n1n('k and p('at <·01u,ists of 6 to :20 inehc•s of dark 
bro"·n to hlaek partly de('ompoi-.ed organic matter, derived from the remains 
of "aterl0Yi11g plants and grasses and "·ith a small mixture of silt. clay or very 
fine sand "a .... }H'd in fro1n the surrounding land. The surface n1atc>rial is looc:;e 
and porous ,rhea dry but spongy "'hen "·et. Son1e of the material in the areas 
n1ay 1,r very finely diYidecl and black in color but mu<'h of it is only partly 
de1·ayecl and still retains portions of the plant 1naterials from '\Yhil'h it ha.., been 
forn1<•1l. The unclrrlyiug n1aterial is an i1nperYious elay ,Yhich is near}~- hlack 
or <lark <lrah, becoming lighter in eolor in the low·er depths. B oth the soil and 
...,nhsoil arc highly ral<'ar<'Ons. 

::\I11<·k and peat 0<·enr in s1nall . hallo"· depres..,ions or old ponds and the topog
raphy is thrreforc flat to cleprc>ssed and the natural drainage very poor. The 
fi,,..,t treat1nent 11c<•drcl to 1nake sneh areas suitable for crop production is the 
in-;tal lation of an ad1"'qnate clrainage s~ sten1. "\\Then this io:; acco111pli hed it is 
usually 1nost clesirablc to srrd clo\\·11 the areas to a mixture of timothv and alsike . . 
ntili;1,i11g the \'rop 1·ither for hay or as pasture. The Jatter p r ol'ednre is some-
" ·hat hrtle1· as the 1ra1npli11g of the sto<·k co1npacts the surface material and 
inerea,es the rapidity of dceo111position. O<'c•asional1y it 1nay be desirable to 
gro\\ su1•h trnc·k <·rops as potatoes. eahhag:e, to1nato<•..., and onions, proYided mar
keting' fa<'ilities are aYailable. The rcl'lain1ec.l arra~ near lIPrrold are utilized in 
this ,vay and profitable yield .... of these truc·k <'rops are ,eenred. Corn doe.., not 
do" rll on nr,vl,· re<'lainH•d areas of muek and peat anc.l should not be grov,·u for • 

sc•Yeral years after t he areas haYe been drained. thnall grain erops are not 
desirable, as th<·y are apt to lodge. ...\. fter thr 111\H·k and peat have dceayed for 
seYeral vears then corn an<l sn1all grains may he gro\\·11 su1·c•c-;sfnlly. F all plo,"'-

• 
inrr is <lc,irable on such area, and drrp pin\\ inp: 1-. like" ise dt•sirahle in order 
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that the underlyi11g c·lay nui~- he opened np to so1ue exteut ancl aid in the 1nc1ki11g 
of a satisfa<'tory soil c·onclition. "\\Then the e areas of 111nr-k ancl peat have hreu 
drained an<l deco1npo,ition ha-., proceeded for a fe"· years. large <·rop yield-., 
111ay be !'-eturC'd, as the natural fl'rtility of the soils i-; high. 

W.AB~\.SH FIXE S.\.)IDY" LOA)! (G~ ) 

The Wabash fine ,andy loan1 i~ of Yery n1inor importanee in the <·onnty, c•oyer
ing only 0.2 pereent of the total area. PraC!tically all of it is developed in small 
areas along the Skunk river. 

The sur face soil of the "\'\"'abash fine sandy loam is a dark brovl'n fine sandy 
loa1n, becoming some\\·bat lighter in color and 1nore co1npac-t in the ub oil. The 
lo" er subsoil may be a dark bro,Ynish-gray or bro"'11ish-gray in c·olor. One or 
i ,,o area along the Skunk river ar e a gray or dark gray , ery fine sand 8 to l'.2 
inehe in depth OYerlying typical "\\" abash clay. 

In topography this type is generally sloping and the open nature of the soil 
1naterial insures adequate drainage. The soil oYerflo"·s frequently and unless 
protected cannot be used . atisfactorily for cultiYatecl crops. I n fa-vorable sea
son corn will yield 30 to 30 bn!-.hel. per a1•r<', but ordinarily rrop yields are not 
,;;a tisf actory. 

The type is in need of proteetion from oYerflo,v, the application of farm 
111anure, the applieation of li1ne, ,rhen aeicl, and the appliration of phosphorus 
fertilizers for the eontinurcl production of cultiYated crops. 

8 .\RPY }' I:NE 8 .-\.XDY LO.\)I (102) 

This type is of Yery 1ninor importanee in the tounty, covering only 0.1 per
cent of the total area. It ocf'ur in small i!:.olatecl areas along the Des l\Ioines 
and Raccoon riYers. 

The surface soil of the type is a grayi!:.h-bro"·n to bro"·nish-gray fine sandy 
loa1n or loamy fine sand extending to a depth of about 14 inche:-;. The subsoil 
is a grayish-brown, heayy fine sandy loam \\·hi<·h at about 27 inc·hes pass<'s into 
a light grayish-bro"·n loamy fine sand or fine sand. Jn son1e areas there is ron
sirlerable coarse sancl and fine graYel thrnont the soil f-.ection. 

In topography this type is flat but the drainage is good. rrhe type is subject 
to overflo,v, lying 5 to 1., f<'et aboYe the normal lt>Yel of the strea1ns. 

~lost of the Sarpy fine san(ly loa1n is in c·ultiYation and corn and sorghum 
are the most important c·rops. 'l'he type is u,nally included in fields ,vith other 
soils. 1.~iclds are very 1nuch the same as on the Sarpy very fine sandy loam. 
On the uncultivated areas there is only a sparc;e gro,Yth of grass and in some 
portions prac.:tically no Yeg:etation is found. This type is in need of protec·tion 
fron1 overflo,y ancl liberal additions of far1n 1na11nrP, and it" ill c,,.<,11tnallr need 
phosphorus. 
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APPENDIX 

THE SOIL SURVEY OF IOWA 
Who.t soils need to make them highly productive and to ket>p them so and ho,v their 

needs may be supplied, are problems whiC'h are met constantlv on the fa;m todav. 
To enable every farn1er to solve these problems for his local conditions, a complete 

survey and study of the soils of the state has been undertaken the results of which will 
be published in a series of county reports. This work include~ a detailed survey of the 
soils of each county, follo,ving which all the soil tyes, streams, roads, railroads, etc., are 
accurately located on a soil map. This portion of the work is being carried on in co
operation with the Bureau of Soils of the United States Department of Agriculture. 

Samples of soils are taken and examined mechanicallv and chemicallv to determine 
their character and composition and to learn their needs. Pot experiments w·ith these 
samples are conducted in the greenhouse to ascertain the value of the use of manure, 
fertilizers, lime and other n1aterials on the various soils. These pot tests are followed 
in many cases by field experiments to check the results secured in the greenhouse. The 
meagerness of the funds available for such work has Jimited the extent of these field 
studies and tests haxe not been possible in Ntl'h county sur,·eyed. Fairly complete results 
have been secured, ho"·evcr, on the main soil types in the large soil areas. 

Following the survey, systems of soil management which should be adopted in the 
various counties and on the different soils are worked out, old n1ethods of treatment 
are emphasized as necessary or their discontinuance advised, and new methods of pro,en 
value are suggested. The published reports as a whole ,Yill outline the methods which 
the farmers of the state n1ust employ if they "·ish to maintain the fertility of their soils 
and insure the best crop production. 

PLA.1YT FOOD liY SOI LS 

Fifteen different chen1ical eJen1ents are essential for plant food, but mnny of these 
occur so extensh·ely 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 
ren1ains practically constant. 

Furthermore, there ean ne,·er be n shortage in the elements ·which come primarily 
from the air, such as <'arbon and oxygen, for the supply of these in the atmosphere is 
pra<'tically inexhaustible. The same is true of nitrogen, which is no,v known to be 
taken directly from the atmosphere by ,ve11-inoculated legumes and by certain micro
scopic organisms. Hence, altho n1any 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 
gro"·ing of well-inocu1nted legumes and their use as green manures, to store up sufficient 
of this element to supply all the needs of succeeding non-legumes. 

Kno,vledge of the nitrogen content of soils is important in showing whether sufficient 
green n1anure or barnyard manure hns brcn applied to the soil. Con1merc1al nitrogenous 
fertilizers are now known to be unnecessary where tho soil is not abnormal, and green 
manures may he usecl in practically all eaSl'S. \\'hero a crop n1ust be "forced'', as in 
market gardening, some nitrogenous fertilizer n1ay be of value. 

THE '' SOIL DERIYED'' ELE~IEN'TS 

Phosphorus, potassium, calcium and sulfur, known as ''soil-derived'' elements, may 
fre(Juently be lacking in soils, and then n fertilizing materinJ carrying the necl'ssary 
element must be used. Phosphorus is the element most likely to be deficient in all soils. 
This is espeeially true of Jown. soils. Potassium frequt•ntly is lnc·king in peats and 
sv,ampy soils, but normnl soi]s in Iowa and elsewhere arc usun11y well supplied ,,ith this 
element. Cal<'inm may be low in soils which have borne a hen,y growth of n. Jegun1e, 
especially alfalfa; but a shortage of this «.>lenient is very unlikely. lt seems pos<1ible 
from rct·ent tests that sulfur may be lacking in nH1ny soils, for applications of sulfur 
fertilizers have proved of ,·alue in some cases. lloweYcr, little is known as yet rl•gard
ing the relation of this clement to soil fertility. If later studies show its importance 
for plant growth and its deficiency in soils, sulfur fertilizers may con1e to be considered 
of n1uch value. 



POLI{ COt:NTY SOILS 67 

AVAILABLE AN"D UX A:VAILA.BLE PL .. \.XT FOOD 

Frequently a soil analysis sho,vs the presence of such an abundance of the essential 
plant foo<ls that the conclusion n1ight be draw·n that crops should be properly supplied 
for an indefinite period. 1-IoweYer, applic:ation of a fertilizer containing one of the ele
n1ents present in such large quantities in the soil n1ay bring about an appreciable and 
e\'en 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 1n a usable fonn; it is said to be u11avail• 
able. Plants cannot take up food unless it is 1n solution; heuce e11·c11luule plant food is 
that "·hich is in solution. .\ualyses sho"' not only this soluble or avnilable portion hut 
also the very much larger insoluble or uuavailaule part. The total amount of plant food 
in the soil may, therefore, be abundant for numerous crops, but if it is not tnacle avail• 
able rapidly enough, plants ,vill suffer for proper foo<l. 

Bacteria and molds are the agents whirh bring- about the ch:1ugc of insoluble, un• 
a\'ailable material into a,·ailable form. If conditions in the soil are satisfactory for 
their vigorous gro,vth and sufficient total plant food is present, these organisn1s will 
bring about the production of enough soluble material to support good crop growth. The 
soil conditions necessary for the best gro"·th and action of bacteria and molds are the 
same as those which are required by plants. The methods necessnry to n1aintain per
manent soil fertility will, therefore, insure sntisfuctory action of th('SP organisms and 
the sufficient production of available plant food. The nitrogen left in the soil in plant 
and animal remains is entirely useless to plants and n1ust he rhnn~cd to be a,·ailahle. 
Bacteria bring about this change and they are all active in norn1rd soils which are being 
properly handled. 

REMO'' AL OF PL.\.NT FOOD BY CROPS 

The decrease of plant food in the soil 1s the direct result of ren1oval by crops, altho 
there is often some loss by leaching also. A study of the a1nouuts of nitrogen, phos
phorus, and potassium ren oved by so1ne of the comn1on farm crops ,vill show· ho,v rapidly 
these elements are used up under average farn1ing 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 thnt the rcn1oval 
of these clernents l1as been considcrPtl importn11t pnough to \\·arrant analyses. 

The figures in the table show also the value of the three ele1nenls rontained 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 potassiurn at G cents, 
the cost in muriate of potash. 

It is evident from the table that the rontinuous growth of any ( 01nmon far1n rrop 
without returning these three ilnportant clements "·ill lead finally to a shortage of plant 
food in the soil. The nitrogen supply is dra"·n on the n1ost hravily by all the crops, but 
in the ease of alfalfa and clover only a small part should be taken fro,n the soil. If these 
legumes are inoculated as they should be, t!tey ,vill take n1ost of their nitrogen from 
the atmosphere. The :figures are therefore entirely too high for the nitrogen taken fron1 
the soil by these two crops, but the loss of nitrogen from the soil hy removal in non
legun1inous crops is considerable. The phosphorus and potassium in the soil are also 
rapidly reduced by the gro,vth of ordinary crops. \\'hile the nitrogen supply mny be 
kept up by the use of leguminous green 1nnnure rrops, phosphorus and potassium 1nust 
be supplied by the use of expensive rommerrial fertilizers. 

The cash value of the plant food removed from soils by the growth and sale of variouR 
crops is considerable. Even "·here 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 aln1ost 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 subtrarted from the proceeds, at least in the case of eon• 
stituents which must be replared a.t the present time. 

Of rourse, if the rrops produrerl are fed on the farm and the m:-inure is rnrefully pre• 
served and used, a large part of the Yaluable n1atter in the crops will he returnecl to tt1e 
soil. This is the case in livesto<'k and dairy farming ,vhere the prod.nets sole] contain 
only a portion of the valuable elements of plnnt food removed front the soil. In grain 
farming, however, green manure <'rops a,ul ro1nrnerrial fertilizers must be clrpendcd upon 
to supply plant food deficienc•ies in the soil. It should be mentioned thnt the prope,. usi> 
of crop residues in tl1is latter system of farming reduces considerably plant food loss. 

RF:\1O\-,.AL PRO~I 1O\V.A. SOILS 

It has been conservatively estimated that the plant food tnkcn from Io"•a soils and 
shipped out of the state in grain an1onnts to about $30,000,000 annually. This calcula
tion is based on the estimate of the secretary of the \Vestern Grain Dealers' .A.ssociation 
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TABLE I. PL.ANT FOOD I~ CROPS A.ND VALUE 

Calculating Nitrogen (N) at 16c (Sodium Nitrate (Na~O3) ), Phosphorus (P) at 12e 
(Acid Phosphate), and Potassium (K) at 6c (Potassium Chloride (KCl) ) 

Plant Food, L bs. \ 'alue of Plant Food Total 
·value 

Crop Yield Phos- Phos-
of 

~itrogen Potass 'm Xit 'g 'n Potass 'm Plan t 
phorus phorus Food 

Corn, grain I 75 bu. 75 12.75 14 $12.00 $1.52 $0.84 $14.37 
Corn, stover <> <>- T 36 -1.5 39 5.76 0.54 2.34 8.64 ..... .,J;) • 

Corn, crop . . . . . . 111 17.25 53 17.76 2.07 3.18 23.01 
\\'heat, grain 30 bu. 42.6 7.2 7.8 6.81 0.86 0.46 8.13 
Wheat, stra:w 1.5 T. 15 2.4 27 2.40 0.28 1.62 4.30 
Vi'heat, crop . . . . . . 57.6 9.6 34.8 9.21 1.14 2.08 12.43 
Oats, grain 50 bu. . 33 5.5 8 5.28 0.66 0.48 6.42 
Oats, straw 1.23 T. 15.5 2.5 26 2.4 0.30 1.56 8.28 
Oats, crop . . . . . . 48.5 8 34 7.76 0.96 2.04 14.70 
Barley, grain 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61 
Barley, straw 0.75 T. 9.5 1 13 1.52 0.12 0.78 2.42 

arley, crop ...... 32.5 6 18.5 5.20 0.72 1.11 7.03 
Rye, grain 30 bu. 29.-1 6 7.8 4.70 0.72 0.46 5.88 
Rye, straw 1.5 T. 12 3 21 1.92 0.36 1.26 3.5-1 
Rve crop . . . . . . 41.4 9 28.8 6.62 I 1.0 1.72 9.42 . , 
Potatoes 300 bu. I 63 1'' ~ I 90 10.08 1.25 5.40 17.00 

Jo I 

Alfalfa, hay 6 T. I 300 27 I 144 4 .00 3.24 8.64 59.88 
Timothy, hay 3 T. 72 9 I 

67.5 11.52 1.08 3.95 16.55 
Clover, hay 3 T. I 120 15 90 19.20 1.80 5.40 16.40 

B 

that 20 percent of the corn and 35 to 40 percent of the oats produced in the state is 
shipped off the fa rms. 

This loss of fer tility is unevenly distributed OYer the state, varying as farmers do 
n1orc or less li,estock and dairy farming or grain farming. In grain farming, vd1ere 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 arc depleted 
in essential food m.aterials, whate,·er system of f:irming is follo,ved. 

The preliminary study of I owa soils, already reported,· revealed the fact that there 
is not an inexhaustible supply of nitrogen, phosphorus and potassiun1 in the soils of the 
state. Potassium was found in much larger amounts than the other two elements, and 
it ·was concluded, ther efore. that attention should be centered at the present time on 
nitrogen and phosphorus. In spite of the fact that Iowa soils are still comparati>'ely 
fertile and crops are still large, there is abundant evidence at hand to prove that the 
best possible yields of certain crops are not being obtained in many cases because of 
the Jack of necessary plant foods or because of the lack of proper conditions in the soil 
for the growth of plants and the production, by bacteria, of a Yailable plant food. 

P roper systen1s of farn1ing will insure the production of satisfactory crops and the 
maintenance of pern1anent fertility and the adoption of such systems should not be 
dehiyed until crop yields are much lower, for then it will involve a long, tedious and 
"t"ery ex.pensive fight to bring the soil back to a fertile condition. If proper methods a re 
put into operation 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 those other elements likely to be limiting factors in crop production. 

Soils n1ay be kept permanently fertile by adopting certain practices which will be sum-
mari:ted here. 

Cultivation and drainage are two of the most important farn1 operations in keeping 
the soil in a favorable condition for soil production, largely because they help to cont rol 
the moisture in the soil. 

The moisture in soils is one of the most in1portant factors governing crop production. 
I f the soil is too dry, plants suffer for a lack of the water necessary to bring them their 

*Bulletin 150, Iowa Agricultural Experiment Station. 
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food and also for a. lack of available plant food. Bacter ial activities are so restrictecl 111 

dry soils that the production of available plant food practically ceases. If too n1uch 111ois
tur e is pr esent, plants likewise refuse to g ro,v properly because of the exclusion of air from 
the soil and the absence of a,ailable food. Decay is checked in the abse1H'l' of air, all 
beneficial bacterial action is limited and humus, or organic matter , containing plant food 
constituents in an unavailable forn1, accu1nulates. The infer tility of lo,v-lying, s"·ampy 
soils is a good illustration of the action of excessi,·e n1oisture in restricting plant growth 
by stopping aeration and limit ing beneficial decay processes. 

,vhile the amount of moisture in the soil depends very largely on the rainfall, auy 
excess of water may be ren10Yed from the soil by drainage an<l the a111ount of water 
present in t he soil n1ay be conser,ed during periods of drouth by thoro cultivation or 
the n1aintaining of a good n1ulch. The need for drainage is determined partly by the 
nature of the soil, but more particularly by the subsoi1. If the subsoil is a heavy, tight 
day, a surface clay loam will be r ather readily affected by cxcessi,·c rainfall On the 
other hand, if the surface soil is sandy, a heaYy subsoil "·i11 be of atl,·antage in prcYcnt
ing the r apid drying out of the soil a.nd also in checking losses of ,·aluahle matll•r by 
leaching. 

TIIE ROTATION" OF CROPS 

Experience has shown many times that the continuous gro\\ th of one l'rop ta.kes the 
f ertility out of a soil 111uch n1ore rapidly than a. r otation of crops. One of the 1nost 
in1portaut far1n practices, therefore, fron1 the standpoint of soil fertility. is the rotation 
of crops on a basis suited to the soil, clin1atic, farin and 1n:1rket conditions. The choi!'c 
of crops is so large that no difficulty should be experic1ll•ecl in select iu~ tho~e ~nitahlc 
for all conditions. 

1I ANURI.NG 

Ther e n1ust always be enough hu1nus, or organic matter, and nitrogen in the soil if 
satisfactory cr ops are to be secured. Humus not only keeps the soil in the best physical 
condition fo r crop growth, but it supplies a considerable portion of nitrogen. An abun
dance of hu1nus n1ay always be co11sidered a reliable indication of the presence of n1uch 
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 Yegetablc mat
ter "·hich makes up the humus, is made usable by numerous bacteria and changed into 
soluble and available nitrates. 

The humus, or organic n1atter, also encourages the activities of many other bacteria 
which produce carbon dioxide and various acids w·hich dissolve and make available the 
insoluble phosphorus and potassiun1 in the soil. 

Three materials n1ay be used to supply the organic matter and nitrogen of soils. These 
are fa rm n1anure, crop residues and green n1anure, the fi rst two being n1uch n1ore co1nmon. 

By using all the crop residues, all the n1anure produced on the farm, and giving 
well-inoculated legu1nes a place in the rotation f or green n1auure crops, no artificial 
means of maintaining the humus and nitrogen content of soils need he resorted to. 

THE USE OF P HOSPIIORUS 

Io,va soils a r e not abundantly supplied with phosphorus. 1'.I oreover, it is impossible 
by the use of manures, green manures, crop residues, stra"', sto,·er, etc., to return to the 
soil the entire amount of that element r emoved by crops. Crop residues, sto,·er and straw 
mer ely r eturn a portion of the phosphorus r cn10,·ed, and \\·hile their use is important 
in checking the loss of the element, they cannot stop it. Green 1nan11ring adds no 
phosphorus that w·as not used in the gro,vth of the green n1anure crop. rarm manure 
retur ns part of the phosphorus re1noved by crops ,vhich are fed on the farm, but not 
all of it. While, therefore, im1nediate scarcity of phosphorus in Iowa soils cannot be 
posi tively shown, analyses and results of experiments show that in the mor e or less 
distant futu r e, phosphorus n1ust be applied or crops ,vill suffer for a lack of this ele
ment. F ur thermore, there are indications that its use at present ,vould pro,·e profitable 
in some instances. 

LI 11ING 

P ractically all crops grow bett<>r on a soil whiC'h rontains lime, or in other ,Yords, on 
one which is not acid. A.s soils beco1ne acid, crops gro,v sma11er, bacterial acth·ities are 
r educed and the soil becomes infertile. Crops are differently affected by acidit) in the 
soil; some r efuse to gr ow at nll; others grow· but poorly. Only in a. very fe,v instances 
can a satisfactory crop be secured in the absence of lirne. Therefore, the acluition of 
lime t o soils in ,vhich it is lacking is an important principle in per manent soil fertility. 
All soils gradually become acid because of the losses of lime and other basic niaterials 
thru leaching and the production of acids in the decomposition processes constantly O<'· 
curring in soils. Io,va soils are no exception to the general rule, as ,vas shown by the 
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tests of many representative soils reported in bulletin No. 151 of this station. Particu
larly 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 b efore the crop is seeded, par
ticularly when legumes, such as alfalfa or red clover, are to be grown. Anv far mer 
may test his own soil and determine its need of lime, according to simple directions in 
bulletin No. 151, referr ed to above. 

There are five large soil areas in Iowa, the Wisconsin drift, the Iowan drift, the Mis
souri loess, the Mississippi 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 forma
tion of the various soil areas. The various areas are shown in the n1ap, fig. 10. 

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 along 
ivith 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 or ''nigger-heads.'' 
Two of these drift areas occur in Io,va 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 do,vn at a much earlier period and is some
what poorer in plant food than the \Visconsin drift soil, having undergone considerable 
leaching 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 ,vhich settled out of the air during a 
per iod of geological time when climatic conditions were very di1Ierent than at present. 
These loess soils are very porous in spite of their fine texture and they rarely contain 
large pebbles or stones. They present a strong contrast to the drift soils, ,vhich a re 
somewhat heavy in textur e and filled with pebbles and stones. The three loess areas 
in the state, the Missouri, the Mississippi and the Southern Iowa, are distinguished by 
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differences in texture and appearance, and they vary considerably in value for farn1ing 
purposes. In some sections the loess is very deep, while in other places the underlying 
ieached till or drift soil is very close to the surface. The fertility of these soils and 
their needs are greatly influenced, therefore, by their depth. 

It wi11 be seen that the soils of the state may be roughly divided into two classes, 
drift soils and loess soils, and that further divisions may then be made into various 
drift and loess soils because of differences in period of forn1ation, characteristics and 
general composition. More 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 of these should receive special attention. 

GENER.AL SOIL CHARACTERISTICS 

Soil types possess more or less definite characteristics ,vhich may be determined largely 
in the field, altho some laboratory study is necessary for final disposition. Usually the 
line of separation between adjoining soil types is quite distinct and it is a simple matter 
to locate the type boundar ies. In some cases, however, there is a gradation from one 
type to another and then the boundaries may be fixed only with great difficulty. The error 
introduced into the soil survey work from this source is very small and need cause 
little concern. 

The factors which must be taken into account in establishing soil types haYe been \\"ell 
enumerated by the Illinois Agricultural Experiment Station in its Soil Report No. 1. 

They are: 
1. The geological or igin 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. 
-!. The physical or mechanical con1position of different strata composing the soil, as 

the percentages of graYel, sand, silt, clay and organic matter ,vhich they coutain. 

5. The texture or porosity, ~ranulation, friauilily, plasticity, et<·. 

6. The color of the strata. 

7. The natural drainage. 
8. The agricultural value based upon its natural productiveness. 

9. :N"ative vegetation. 
10. The ultimate chemical composition and reaction. 
The common soil constituents n1ay be given as follows: l 

Organic matter 

Inorganic matter 

{

All partially destroyed or uudecomposed 

vegetable and a111mal material. 

Stones-over 32 1nn1.' 
Gravel-32-2.0 mm. 
Very coar se sand-2.0-1.0 mn1. 
Coarse sand-1.0-0.5 mm. 
11edium sand-0.5-0.25 mm. 
Fine sand-0.25-0.10 n1m. 
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 a r e indicated thus by the B ureau of Soils.t 
Peats-Consisting of 35 percent or more of organic matter, son1etiu1cs 111ixcd ,vith 1nore 

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

little clay. 
Mucks-25 to 35 percent of partly decomposed organic n1atter mixed ,vith much clay 

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

than 50 percent silt and clay. 
Silty Clay Loams--20 to 30 percent clay and more than 50 percent silt. 
Clay Loams-20 to 30 percent clay and less than 50 percent silt and some sand. 
Silt Loams-20 percent clay and more than 50 percent silt mixed ,vith so1ne sand. 

*25 mm. equals 1 in. tBureau of Soils Field Book. 1:Loc. cit. 
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Loums-Lcss than 20 per<:eut clay and less than 50 pcr<:ent silt and from 30 to 50 per
cent sand. 

Sandy Clays-20 percent silt and sn1all a1nounts of clay up to 30 percent. 
Fine Sandy Loams-1Iore than 50 percent fine sand and ,·cry fine sand mixed witl1 lt·s · 

than ~5 percent Yery coarse sand, coarse sand and 1ue<1ium sand, murh silt nuil a little 
cla, ; silt and clay 20 to 50 percent. 

,a, dy Loa,n.s-)lore than 25 percent Yery coarse, coarse nnd 111ediu111 sanrl: silt and elay 
'.:!O to 50 percent. 

Vent Fine Sand-More than 50 percent fine sand and less than 25 perecut Ycry l'oarsl', 
c·oars<., and Dl<'cliurn snud, le::;s than 20 percent silt and clay. 

Fine Sa11d-1Iore than 50 percent fine sand and less than 25 percent ,·ery coarse, coarse 
and medium sand, less thnn 20 percent silt and clay. 

,{;.an 1-.:'.\Iore than 25 percent very coarse, coarse and medium sand, l<'ss tl1an 50 pereent 
fine s..ind, less than 20 percent silt and clay. 

Coarse San l-1Iore than 23 percent ,·ery coarse, coarse and medimu sand, less than 50 
perclnt of other grades, less than 20 percent silt and clay. 

Grai·clly LoC1111s-25 to 50 percent Yery coarse sand and 111ui-li sand nnd so1ue silt. 
Gravcls-.\fore than !'iO percent n:ry coarse snnd. 
Stony Loams-A large nun1ber of stones OYer one inch in diameter. 

METIIODS USED I:N THE f--OIL SURYEY 

It may be of son1e interest to state briefly the methods which are folio\, cd 1n the fiel d 
in surveying soils. 

As has bt•en indicated the completed map is intended to sho,v the accurate location 
and boun<lnries, not only of all soil types but also of the streams, roads, railroads, etc. 

The first step, therefore, is the rhoice of an accurate base map and any offieial map of 
the county mny be chosen for this purpose. Such maps are always checked to corre· 
spond correctly with the land sur,·ey. 'fhe location of eYery stream, road and railroad 
on the n1np is likewise carefully Yerified and corrections are frequently necessary. When 
an nccurnte bnse map is not aYailable the field party 1nust first prepare one. 

The section is the unit area by "·hich eneh county is sur,·eyed nnd mnpped. The dis• 
tances in the roads are determined bv an odometer attarhed to the Yehicle. nnd in the 
field by pacing, which is done ·with accuracy. The directions of the strc>a1ns. ronds, rnil• 
roads, etc., are determined by the use of the compass and the plane tnble. The character 
of the soil types is ascertained in the section by the use of the auger, an instrument for 
sampling both the surface soil and the subsoil. The boundaries of enrh type are then 
asrertained accurately in the section and inrlicated on the n1ap. :hfany san1pling-s are 
frequently necessary, and indh·idual sections may contain seYeral soil types anrl require 
much time for mapping-. In other cases, the entire section mav contnin only one soil 
type, w·hieh fnct is rendily ascertained, and in that case the n\apping may proceed rapidly. 

\\Then one section is completed, the party pa!lses to the next section and the lo<'ation 
of all soil types, streams, etc., in that section is then checked with their location in the 
adjoining area just mnpped. Careful attention is paid to the topoi,-aphic features of 
the area, or the "lny of the land," for the character of the soils is found to correspond 
verv closelv to the conditions under which thev occur. 

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

The determinations of soil types nre verified also bv inspection by and con<1ulta tion 
with those in charge of the work at the Bureau of Soils and at the Iowa. Agricultural 
Experiment Station. When the entire county is completed, all the section maps or field 
sheets are asc;embled and any variations or questionable boundaries are Yerified by fur
ther observations of the particular ar ea. 

The completed map, therefore, shows as accurately as possible nll soils and soil boun
d:i.ries, and it constitutes nlso an exact road map of the county. 
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