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HARRISON COUNTY SOILS* 
By \\'. II. ST1.;vt,\S0\ and P. E. BRoWN with the assistance of T. H. BENTO:"!, 

L. W. Foa.-.r.,N, and H. R. M~:LDRU:\f 
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Harrison County is located in south\\•estern Io,va, being separated by the 
~Iissouri RiYer from Nebraska on the west and in the fourth tier of counties 
north of the A1issonri state line. It lies entirely in the 1\'.{issouri loess soil area 

and the soils of the county are, therefore, 

-
' 

- - ~• - I - -
mainly of loessial origin. 

'l'he total area of the county is 691 square 
1nilcs or 442,240 acres. Of this area 417,056 
acres, or 94.3 percent, are in farm land. The 
total number of farms is 2,709 and the aver­
age size of th<> farms is 154 acres; 41.2 per­
cent of the total farm land is operated by 
owners, while the remaining 58.8 percent is 

Fig, I. Mn)) showing location o{ He.r- operated by renters. The following :figures 
nson <.:ounty. taken from the Iowa Yearbook of Agriculture 

for 1927 show the utilization of the farm land in the county: 
Acreage in general farm crops .............................. . ... 266,127 
Acreage in farm buildings, public highways and feed lots ......... 18,454 
Acreage in pasture........ . . . . . . . . . . . . . . . . . . . . . . ............ 102,946 
Acreage in waste land not utilized for any purpose. . . . . . . . . . . . . . . . 9,474 
Acreage in farm woodlots used for timber only. . . . . . . . . . . . . . . . . . . 3,182 
Acreage in farm lands lying idle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,672 
Acreage in crops not otherwise listed . . . . . . . . . . . . . . . . . . . . . . . . . . . . 673 

THE TYPE OF AGRICULTURE IN HARRISON COUNTY 
The type of agriculture practiced in Harrison County at the present time 

consists mainly of a system of general farming, including the production of 
grain and hay and the raising and feeding of livestock. Dairying is carried 
on to some extent, and in some seotions fruit gro,ving is practiced rather ex­
tensively. The chief erops are corn, oats, ·wheat, barley, alfalfa and s,.veet 
clover. Wheat is the principal cash crop, altho in recent years considerable 
amounts of corn have b<>en shipped out of the county and marketed in Omaha 
and Council Bluffs. The remainder of the general farm crops are utilized 
practically entirely for feeding purposes. 

The chief sources of income in the county are from the sale of hogs, beef cattle, 
dairy cattle, sheep and horses and from the sale of wheat and corn. Hog raising 
is the n1ost extensive livestock industry and probably provides the largest single 
8011rcr o( inc•ome on the farn1s. In the sections ,vhcre fruit growing is practiced, 
(•c,nsiderable inC'On1e is clPrived from the sale of the fruit proclncecl. On individual 
far1ns some inco1nC' con1Ps from the sale of potatoes, truck crops, small fruits 
and other minor crops. 

There is a considerable area of waste land, much of which might be reclaimed 
and made productive if proper methods of soil treatment ·were adopted. It is 
impossible to gi·ve general recommf'ndations for the reclamation of infertile 

•see soil survey of He.rrison County, Jown, by T. H. Benton, of the lowB Agricultural Experiment 
Station, in chnrge, und N. ,J. Russell, o{ the U. S. Department of Agriculture. Field operation~ of the 
Bureau of Soils, J 923. · 
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'l'ABLE I. AVERAGE YIELD AND VALUE OF PRINCIPAL CROPS Gl{(J\Y~ TN 
HARRISON COUNTY, IO'\VA * 

Percent of Bushels Total 'l'otal 
total farm' or bushels value Crop land of tons or AYerage of Acreage county per acre tons price crops 

Corn _________________ 
182,644 43.8 40.4 7,378,818 $0.69 $5,091,~4 Oats _________________ 58,281 13.9 30.2 1,761,135 0.42 739,677 Winter wheat ________ 117 0.03 17.5 2,050 1.17 2,399 Spring wheat ________ 58 0.01 11.0 638 1.15 734 Barley _______________ 

5,161 1.2 32.0 164,942 0.66 108,862 
Rye------------------ 83 0.02 16.3 1,353 0.86 1.164 Clover b.ay ___________ 239 0.06 1.87 447 12.50 ~ 588 i),, Timothy hay _________ 1,081 0.26 1.43 1,546 10.50 16.233 Clover and timothy 

hay (mixed ) _______ 632 0.15 1.65 1,043 11.77 12.276 Alfalfa ______________ 9,015 2.1 2.40 21,636 16.00 346.17<> All other tame hay ___ 4,579 1.1 3.01 13,783 11.77 162,22G 
\Vild hay ------------- 3,618 0.86 1.43 5,174 10.00 51.740 Soybeans ____________ 67 0.01 ------ -------- ------ ----------Potatoes ------------ 535 0.12 57.0 30,495 1.00 30,495 Aooles _______________ 

------ ------- ------ 40,666 1.95 79,299 Clover seed __________ 45 0.01 2.49 112 16.10 1,803 Sweet clover seed ____ 2,063 0.49 4.60 9,420 5.50 51,810 Siveet clover (all our-
uoses) ------------- 11,759 2.8 ------ -------- ------ ----------

*Iowa Yearbook of Agriculture, 1927. 

areas, inasmuch as the causes for the lack of good crop production are various. 
Later in this report, suggestions will be offered for the trPatment of individual 
areas of waste land. In special cases, where the conditions are more or less ab­
normal, advice regarding the handling of these areas "·ill be give1' by the Soils 
Section of the Io,va Agricultural Experiment Station, upon request. 

THE GENERAL FARM CROPS GRO"\VN IN HARRISON COUNTY 

The general farm crops gro,vn in Harrison County in the order of their im­
portance, are corn, oats, alfalfa, hay, barley, apples, potators, ,vheat and rye. 
'rhe average yields and value of these crops are given in table I. 

The leading crop, both in acreage and value, is corn. In 1927, it ,vas gro,vn 
on 43.8 percent of the total farm land and average yiel<ls amounted to 40.4 
bushels per acre. The most popular varieities are Reid Y ello,v Dent and Io,va 
Silver Mine. The yields vary considerably, depending upon the soil type char­
acteristics and the fertility of the soil. In many cases ,vbere corn is gTO\\'n fol­
lowing sweet clover and alfalfa, the yields range quite regularly from 50 to 55 
bushels per acre. In some cases yields may be increased to an evcu greater 
extent thru the proper handling of the soil. In recent years a considerable 
quantity of the corn produced has been shipped out of the county and 1narketecl 
,on the Omaha and Council Bluffs markets. 'rhe major portion of the crop, 
however, is utili.zied for feed on the farms. 

'l1he second crop in importance is oats. In 1927 this crop ivas grO\Vll on 13.9 
percent of the total farm land, and average yields amounted to 30.2 bushels per 
acre. Io,va 10:3, I o,Ya 10!), Io,Y8J\ Kherson and Green Russian arr the varieties 
most co1nmonly gro1'·n. These variebes are listed in the order of 1 heir in1-
portance. Practically all of the oats crop produced is utilized on the farms 
for feeding purposes. 

I 
I 
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1\.lfalfa is the third crop in value ancl it is grown extensively both on the up­
land and bottomland soils. In 1927 it "'as produced on 2.1 percent of the total 
farm land and yields amounted to 2.-! tons per acre. Under the most favorable 
conditions the yields range as high as 4 tons per acre. T,vo or three cuttings 
are usually made during the season. The Grimm and Turkestan varieties are 
most commonly grown. l\liost of the seed comes from North Dakota and a little 
from Nebraska. ~fost of the alfalfa crop is fed on the far1ns, either as hay or 
pasture. In 1923 it ,vas estimated that about 50 carloads were baled and shipped 
annually to neighboring counties and to the east. Good yields of alfalfa may 
be secured on n1ost of the land throughout this county provided that the land 
is "'ell drained and any acidity of the soil is neutralized before seeding. The 
inoculation of the crop is also of value if it has not been grown previously on 
the same lantl or s"'eet clover has not been produced.. Alfalfa is a crop of large 
value in the county. 

S,veet clover is gro,vn extensively. In 1927 it is estimated that sweet clover 
for all purposes was gro,vn on 2.8 percent of the total farm land. Tulost of the 
sweet clover produced is of the biennial varieties. The seed comes mainly from 
Nebraska and the Dakotas. The crop serves chiefly for pasture purposes and 
for green n1anuring. Sweet elove1· is gro,vn for seed on a limited area but most 
of the crop is used for f ceding purposes, none being sold on the market. Y ello,v 
sweet clover is grown some,vhat more generally than the white clover, and this 
crop serves preferably for seed. The ,vhite S\Veet clover is considered somewhat 
better for green manuring. Sweet clover 1nakes an excellent g1•een manure crop 
if properly plowed und.er and may bring about considerable increases in the 
yields of subsequent grain crops. 

Barley is grown on limited areas. In 1927, 1.2 percent of the fa.rm land was 
utilized for this crop. Average yields amounted to 32 bushels per acre. The 
value of the crop is considerable. It is all utiliood on the farms. 

The hay crops, in addition to the alfalfa and sweet clover which have been 
mentioned, include red clover, ,vhich is grown on a very limited area and tim­
othy and some clover and timothy mixed. A small area is in wild hay. This 
crop is chiefly taken fr01n the low, poorly drained bottomlands. Practically all 
of the hay produced, with the exception of some alfalfa, is fed. on the farms. 
A very limited acreage of clover is gro,vn for seed. 

In the southeastern part of the county and 011 the heavier textured soils 
along the Tulissouri River, ,vbeat is the chief cash crop. The ,vinter varieties 
are gro,vn mainly, and in 1927 the yi·elds ,vere estimated at 17 .5 bushels per 
acre. 'rhe 'l'urkey, Kanred anc1 Kha.rkof are the principal varieties. There is 
a limited area in spring wheat, the variety grown being chiefly Marquis. The 
wheat crop is all sold off the farms, being shipped to the Omaha and Council 
Bluffs markets. 

1Iinor farm crops include rye, emmer, bucl.Dvheat, crimson clover, Japan 
clover, Dalea and soybeans. Dalea is an annual legume which grows wild on 
the river bottoms. It makes a valuable green manure crop and is utilized to 
some extent for that purpose. Soybeans are grown mainly for hogging down 
and for silage. 'l'hey are _1Lc;ually planted ,vith corn by means of a special at­
tachment to the corn planter. Manchu is the variety most commonly used for 
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hogging dov.rn ; son1e l\tiichvcst is grown for i:;ilage. ]'>lack Eyebrow ancl lio San 
ar e other popular vai·icties. Sudan grass is gro,vn locally and utilized for hay 
or pasture. Sorghum is produced on a small area ancl the syrup is disposed of 
on ihe local markets. There are few bluegra'>S pastures in the county. 

Potatoes are grown extensively and the crop is of considerable n1oney value. 
The average yield in 1927 was 57 bushels per acre. Very much larger yields 
than this are secured \Vith proper methods of soil treatn1ent and fertili2ation. 
The varieties are chiefly Early Ohio, and to a lesser extent the Rural Ne,,, 
Yorker and Irish Cobbler. From 15 to 20 carloads are shipped in .some seasons, 
chiefly to i he commission houses in Omaha. 

Onions are raised on a commercial basis in the area south of l\Io<lale in Olav 
• 

and ( 1incin11ati to\\·nship:-;. rr11ey are n1a1·kcted chiefly in Ur11<1ha. l\lclons nrc 
grown in some areas for the local n1arkets an<l some arc shippe<l out of the 
county. The melons are produced chiefly on the sandy botto1nlands on the 
outer edge of ihe 11issouri botto1ns. Other truck crops and vegetables are 
grown and sold on the local markets. 

Fruit growing is rather e.xtensive.ly developed in some parts of the county, 
the chief sections being in Raglan Township, and to a lc,sscr extent in St. John 
an<l J3oycr 'l'cnvnships ..... \pples are the fruit gro"'n most generally unt there are 
some cherries, plums and a few peaches and apricots. Jonathan. is the most 
popular variety of apples although there are some Grimes Golden, \Vinesap, 
DeUcious, York Imperial, Gano, Ben Davis, Northwestern Greening, \Vealthy 
and Willow Twig. From 50 to 70 carloads of apples are shipped out in the 
average season, and the income from the sale of this crop is considerable on 
some farms. 

Some grapes are grown and sold on the local markets. Raspberries, black­
berries and strawberries arc grO\Vll to some extent and sold on the local markets 
or in the neighboring counties. 

THE RARR1SON COUNTY LIVE.STOCI{ INDUSTRY 

The livestock industry of the county includes the raising and feeding of hogs, 
beef cattle, dairy cattle, sheep ancl horses. 

The following figures taken from the Io"'a l\lonthly Crop Report for July 1, 
1928, giving the January 1, 1928, esti1nates of the Bureau of Agricultural Eco-
1101nics of the U. H. Dl'partn1ent of Agriculture, in cooperation "'ith thl' lo,Ya 
State Department of 1\griculture, show the extent of the livestock industry: 

llorscs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13,300 
Mules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,090 
Cattle, all . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33,700 
Hogs . ............................... ........................ 135,600 
Sheep ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,800 

The raising and feeding of hogs is by far the most extensive livestock in­
dustry. Most of the hogs are grades but there are a few purebred herds of 
Duroc Jersey, Hampshire, Poland China, Chester White and Spotted Poland 
China. llogs arc shipped in annually from Kansas City and Omaha, fattened 
on the farms and sold later on the Omaha, Chicago or Sioux City markets. 
Hogs are marketed thru cooperative shipping associations and thru local buyers, 
altho some large feeders ship direct to the packing houses. 
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Beef cattle are seoond in importance to hogs. The breeds are chiefly Short­
horn grades, with some Here£ ord and Angus. There are a few purebred herds, 
chiefly Ilere,ford and Shorthorn. About 250 carloads of ,vestern feeders are 
shipped in annually and fed on the farms. Over 60 percent of the :finished 
cattle are marketed in Omaha and the remainder largely in Chicago. 

Dairying is practiced to some extent and there are a number of commercial 
dairy herds. The Holstein, Guernsey and 1Iilking Shorthorn are the most pop­
ular dairy breeds. There are a few Jersey and Brown Swiss. The cream is 
sold at the cream buying stations in adjacent towns, from which it is shipped 
to Denison, Council Bluffs and Omaha. 

Sheep raising is of minor importance, altho a number of small flocks, chiefly 
of the Shropshire breed, are found. ScvC'ral carloa<ls of western feeders are 
i-;hipped in annually in October: fattened and sold later on the Omaha ma1·kets. 
A oonsiderable amount of wool is clipped annually and marketed thru the 
Iowa Wool Growers Association. 

A few horses are raised on practically all fanns, hut the industry is not ex­
tensively developed. There are some mules raised. A few Angora goats are 
kept in the rougher sections. 

Poultry raising is practiced extensively thruout the county. The income from 
this industry on individual farms is often considerable. There are many flocks 
of purebred fowls. The chief breeds are the Rhode Island Red, Wyandotte, 
Leghorn and Barred and White Plymouth Rocks. There are some flocks of 
geese, ducks, turkeys and guinea fowls raised on individual farms. 

Farm land in Harrison County is quite variable in price, depending upon the 
location with reference to towns and r ailroad facilities, and also with refer­
ence to the improvements on the farms and general soil conditions. Good up­
land farms ranged in price from $85 to $200 per acre, the year of the survey 
(1923). The bottomland soils varied from $25 to $200 per acre, depending 
mainly upon the character of the soil. The rougher upland farms sell for $30 
to $50 per acre. Well improved farms adjacent to the towns may bring much 
higher :figures. 

THE FERTILITY SITUATION IN HARRISON COUNTY 

The yields of general farm crops in H arrison County are ordinarily satisfac­
tory. Better methods of soil treatment, however, may frequently result in large 
crop increases. The particular treatment which should be practiced in any in­
dividual case will be determined by the character of the soil and the conditions 
pertaining to the area. Each of the individual soil types will be discussed sep­
arately from this standpoint later in the report. Tbe1"e are, however, certain 
general soil treatments which may be recommended for use thruout the county. 
They will all tend to bring about better crop yields and to permit of the main­
tenance of the fertility of the soils in a permanent way. They may, therefore, 
be mentioned here briefly. 

In general the upland soils are adequa1ely drained, but on many of the bot­
tomlands the lack of drainage is a very great detriment to satisfactory crop 
growth. On the nearly level to flat area..,; of heavy textured soils where drainage 
is not provided, water may stand for long periods following rains and poor 
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crop yields will result. Most of the bottomland areas arc cnt onlv bv a fr,v 
• • 

sluggish, winding streams or sloughs. The straightening and cll'Ppcning of 
some of these sballo"' drainage channels has improved drainage co.nclitions in the 
bottoms thruout much of the area. The installation of tile ,vonl<l also he of 
help in 1nany of the poorly drained areas, and in a 1111n1ht>r of <'as,•s, 1nost sat­
isfactory crop yields cannot be secured ,:vithout more thoro clrainagc thau is 
being accomplished now. 

While the great majority of the bottomlan<l soils ar<' "'r.11 s11pplie1l "·ith lin1e, 
son1e of the upland types, particularly the n1ost extensi ,·ely dt>Yelop1•<l soils, arc> 
slightly· acid in reaction. Th:.is is true in the case of the ~Tarshall silt. loa1n ancl 
the Carrington loam, which are the chief nplancl soils, ancl of the "\Vankesba silt 
loam a11d the ,Jndson silt loam on the terracrs. \\Tht>rfYPt' thl' soil is ac·id in 
reaction the addition of lime is very desirable for thr h<·st g-ro"ih of lPgn1n<'s, 
such a.c;; sweet clover and alfalfa. It is frequently of Yalu" on t IH· I\Iar:-.hall silt 
loam, and on the Waukesha and Judson soils on the terraC'es. f<H' l1 gn1n~ crops. 
On the bottom.lands lime is not generally ncccle<l <'X<·rpt. on t.hr \Vahash types. 

l\Iany of the botto1nland soils arc Yery ,Yell supplied "ith 01·gc1nic 1natter an1l 
they show this by their black color. On the uplands <1ncl on the t<•rrac•es, ho,v­
ever, while the soils are not particularly deficient, there is no large supply of 
organic matter. Applications of farm manure are particnlarly dC'sirable on 
many of these areas, and large increases in thP J ields of genpral farm crops 
follow the use of manure. "\Vhere farm manure is not availablr for application 
to the upland and terrace soils, the turning under of legunl.inous <·rop<:: as g-rt>L'n 
manures is recommended. S,veet clover is used largely for green 1nanuring 
purposes, and other legumes such as clalca arc utilizPcl to son1e extent. The 
yields of general farm crops arc materially increased "·here the or~anic 1natter 
and nitrogen supplies of the soils are increased by the turning uncl('r of legu­
minous crops as green n1anure. On so111e of the botto1nland soils, part icnlnrly 
those ,vhirh are more sandy in texture, £arm manure is of Yalu<', and legu­
minous green manur<'s shonld also be turned under. 

In general the supply of nitrogen in the Foils is not ](),v, hut additions of 
nitrogen-containing materials shoulcl be made regularly if ihe snpp1y is io he 
kept up. The utilization of well inoculat<'d le~;un1cs for gr<'cn 1na11nring pur­
poses "rill aid materially in building up and kerping up 1h<' nitrogen l'Ontrnt of 
the soil. The use of farm manure and the proper utilization of crop resiclucs 
,vill also aid in preventing a deficiency in nitrogen. It, is improbable that com­
mercial nitrogenous fertilizers will be needed on these soils. 

The content of phosphorus in the s<'ils is not high and in most of the areas, 
it is rather low. It is evident, therefore, that phosphorus fertilizers must soon 
be applied if satisfactory crop yields are to be secured. Green.house and many 
field tests with phosphate fertilizers, indicate that crops may respond profitably 
at the present time to the ru;e of some phosphate carrier. Either superphosphate 
(acid phosphate) or rock phosphate may be utiHzed to advantage. Al tho results 
vary with different soil types and farm conditions, the snperphosphate generally 
gives quicker returns and is more apt to give results on soils rather poorly sup­
plied with organic matter. The rock phosphate 1nay prove preferable where 
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HARRISON COUNTY SOILS • 
the soils arc ·well supplied ,Yith organic matter. 'l'csts on individual fal'lns, of 
both phosphates arc strongly recommended. 

Complete com1nercial fertilizers arc probably less desirable on general farm 
crops at the present time than is superphosphate. Comparative field e."(peri­
ments have indicated that the superphosphate is more profitable because of its 
lo,vm· cost. If con1plete co1nmercial fertilizers are economical, there is no ob­
jection to their application. For truck crops, potatoes and other special crops, 
con1plete conuncreial fertilizers may be desirable; in fact large profits are fre­
quently secuTed fron1 their use. 

Erosion occurs to some e."tent, chiefly on the rougher areas of the Knox 
silt loam. In fact this type is very largely eroded. In some sections of the 
!\farshall silt loam, erosion occurs to a considerable extent and a ,vashlng away 
of the surface soil a.µd the formation of gullies has oecurred. In any case where 
erosion occurs on a farm, some method should be follo"'ed to prevent or control 
the destructive action. Suggestions ·which may be put into effect on any farm 
,vill be offel'ed later in this report. From among the methods described, some 
one n1ay be chosen ,vhich " 'ill fit in ,vith practically any condition. 

THE GEOLOGY OF HARRISON COUNTY 

The soils developed in Jiarrison County have been for1ned entirely from 
glacial or loessial deposits or fro1n material washed clown into the bottomlands 
from these upland deposits. 'fhe rocks laid down in early geological ages have 
been buried to a great depth by the later glacial and loessial deposits. It is not 
necessary, therefore, to consider the character of the bedrock in the county 
nor to d\vell upon the geological history of the area, inasmueh as it has no 
agricultural significance. 

Altha earlier glaciations may have occurred, the Kansan is the only one of 
any great importance from the standpoint of the soils formed in the county. 
'l'his glacier s,vcpt across the county and upon its retreat left behind a vast 
deposit of debris kno,vn as glacial drift or till. This glncier undoubtedly cov­
ered the entire surface of the area and buried the native bedrock material under 
a tl1ick deposit of blue clay containing numerous sand particles, pebbles and 
boulders. The old valleys were partly filled and the old hilltops ,vere covered 
with the drift deposit. It varied widely in depth and ,vhen ,veathered, changed 
to a ye!1o,v or reddish-brown in color. The Carrington loam is the only soil 
type which has been derived from this ICansan drift ma..terial. Where this soil 
type occurs the later loessial covering has been entirely removed and the 11ndcr­
lying drift exposed. 

Following the glacial age, at some period in geological history ,vhen climatic 
<·011clitions "'ere very different than at present, there ,vere laid clown over the 
county, vast deposits of a silty material known as loess. It is generally assumed 
that this deposit was made by the wind. It consists of a grayish or pale buff, 
c-alcarcous silty material. It ,vas laid down evenly over the previous topo­
graphic features, but during the years which have elapsed since its deposition 
considerable erosion has occurred and the loess no,v varies in depth from 4 to 5 
feet in thickness to more t.han 100 feet in other areas. There has also been con­
siderable change due to ,veather ing, the action of climatic agencies and the 
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10 SOIL STT.RiVEY OF row A 

growth of plants. An accumulation of organic matter has occurred and in many 
areas the color of the surface soil has changed to a dark brown. 

There are two soil types found on the upland, which are derived entirely 
from this loessial deposit. They are the Marshall silt loam and the Knox silt 
loam. The former oc.curs on the more gently rolling to rolling areas, while the, 
ICnox silt loam is found on the steep slopes a.nd in the rougher sections. The 
l(nox is much lighter in color and sho,vs little or no accumulation of organic 
matter while the Marshall silt loam has darkened thru the accumulation of or­
ganic matter until it is characteristically a dark brown to blac·k. In the areas of 
the Marshall silt loam there has been some erosion but not an excessive amount ; 
in the I(nox areas erosion has occurred to a considerable extent. On the who1C', 
however, erosion has not occurred as extensively as would be expected from th<' 
topographic conditions, owing to the great tendency for the_ loessial material to 
stand in vertical cuts. Washing does not occur to a disastrous extent. 

The terrace and bottomland soils are formed rhiefly fron1 the loessial material 
,vashed down from the uplands. In some cases there is a mixture of glacial drifl 
but this is not sufficient to change the characteristics of the soils to any material 
extent. 

PHYSIOGRAPHY AND DRAIN AGE 

The original surface of the land, following the deposition of the loess, ,vas 
probably more or less level. At least there were probably no striking topo­
graphic features and it had more the appearance of a broad plain. The sur­
f ace has been greatly modified, by stream action an<l by erosion, and on the up­
lands the topography at present ranges from gently rolling to rough. The sur­
face is characterized by rounded ridge tops and smooth gentle slopes leading 
down to the stream channels. The more hilly and rough areas are found in 
Jackson, Boyer, Cass, LaGrange, Raglan, lv[agnolia, Allen, Lincoln and eastern 
Jefferson townships. No areas are too rough for cultivation except the steep 
bluffs of the Knox silt loam which border the valley of t he 1\,fissouri River. 
Here there has been some ~dipping and sliding of the loess on the bluffs and in 
general they are very steep and quite uncultivable, but to the east these slopes 
gradually merge into the rolling upland plain. 

The first topographic division of the county consists of the typical gently 
rolling upland plains east of the river. The second division includes the rough 
slopes along the Missouri River that separate the bottomlands from the upland 
areas. The bluffs are frequently 200 to 300 feet high. The third topographic 
clivision of the county includes the deep broad alluvial valley of the Mis­
souri River with the narrower, shallower, alluvial valleys o.f many of its trib­
utary streams. These alluvial lands are largely first bottomlands, most of 

, which are not subject to overflow. Terraces or second bottoms occur chiefly 
along Boyer, Soldier and Willow Rivers. They range from 5 to 50 feet above 

I • 

the stream channels. Along the Missouri River the,i·e are few distinct terraces, 
most of ,vhich are lo,v and gradually merge into the bottoms. rrhcy vary from 
one-eighth to one-half mile in width and from one-fourth mile to a mile and a 
four th in length. 

The first bottomlands cover 44.5 percent of the total area. All of these bot­
tomlands are above overflow except narrow strips along the smaller creeks and 
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Fig. 2. Map 11howiog natural drainage system o{ Harrison County. 

clrainage,vays. Since the channels of Boyer, Willo,v and Soldier Rivers and of 
l\f osquito, P igeon, Allen and Steer Creeks have been deepened and straightened, 
thousands of acres of first bottoms along these streams have been reclaimed 
from annual overflow. Along the streams which fl.ow into the Missouri River, 
the bottomlands range from narrow strips 75 to 100 feet in width to broad bot­
toms from one to t,vo miles wide. Along the Missouri River the bottoms range 
from 5½ to 10 miles in v\ridth. Along the channel of the river there is a narrow 
a1·ca of hottomland which consists chiefly of mud flats with some patches of 
~and, sanc1 ridges, hummocks and dunes from 1 to 10 feet in height. 'l'hese areas 
are subject to overflow quite regularly. This overflow area ranges from one­
fourth of a mile to as much as two miles in width in some places. The border 
is constantly shifting, due to the action of the stream ,vaters. Back of this flood 
plain, the second area of bottomland is 5 to 15 feet higher, and 20 to 30 feet 
above the normal ,vater level. It is well above overflo,v. This plain is 5 to 9 
n1iles wide and extends to the bluffs. The topography is generally fiat and 
monotonous. 'fhere are, however, a fe,v occasional ridges of sand parallel to 
old or present stream courses. Low narrow terraces usually separate this bot­
tomland plain from the bluffs to the east. 

The county is drained entirely by the Missouri River and its tributaries. 
'fhe upland slopes gradually to the southwest. The streams flow in that gen­
eral direction to the Missouri River lowlands, thru which they now pass in 
channels which have been straightened and deepened, but which originally were 

• 

r 
j 
( 

) 

• 
0 

I= 

L 

, 
• 

,D 
t~ 

-
t. 
) 

-



• 

12 SOIL SU:RIVEY OF IOWA 

,vinding and tortuous. Branches 0£ the various streams extend into practically 
all parts of the upland and the drainage of the upland areas of the county is 
excellent. 

1

rhe acco1npanying map sho"'s t he extensive natural drainage sys~ 
tern of the county. 'l1he chief strea1ns are the Little Sioux River, Soldier River, 
Deer Creek, Allen Creek, Willo,v River, ,vith three large t1ibutarJ' streams, 
Hoffman Creek, Elk Creek, Thompson Cr eek, the Boyer River ,vhich flows 
across the county almost from northeast to south,vest, and its chief tributaries, 
the North and South P icayune Creek and IIarris Creek. 'fhe sorrtheastern 
corner of the county is dr ained by Potato Creek, P igeon Creek, Spring Creek 
and Key Creek. 

Broad areas of bottomland in the sonth,vestern part ru·e crossed by the 
straightened and deepened channels of a nun1ber of the strean1s ,vhich flo,v 
thrn the uplands to the north, but the drainage system of th.is territo1:y is, ho,v~ 
ever, limited to these stverams. 'f here are few or no jntern1ittent drainage lines 
and the flat topography and heavy textured soils and the absence of a natural 
drainage systen1, to a large extent make these areas poorly drained. Drainage 
ditches have been installed and ti ling bas been practiced to son1c extent. ,vith­
out tiling the d rainage of these bottomlancls is inadequate. 

• 
THE SOILS OF HARRISON COUNTY 

The soils of Har rison County are grouped into four classes according to their 
origin and location-drift, loess, terrace and swamp and bottomland soils. Drift 
soils were formed by deposits left by glaciers and consist of n1ixtures of sand, 
gravel and clay, and frequ,ently contain pebbles and boulders. Loess soils are 
fine dust.like deposits laid down by the ,vind at some previous geological time 
when climatic conditions ,vere very clifferenrt than at present. 'Derrace soils are 
old bottomlands which have been raised above overflo,v by a decrease in the 
volume of the streams which deposited them or by a depression of the river 
channel. S,vamp and bottomland soils occur in poorly drained areas or along 
streams, many of them being subject to more or less frequent overflow. 'fhe ex. 
tent and occurrence of the four groups of soils in Harrison County arie sho,vn 
in table II. 

On ly a very limited area is covered by the drift soil, -0.3 per cent. rrhis soil 
is found a.1ong the streams in narro,v disconnected strips on the h.ill slopes. It 
occurs along the strea1n valleys of nearly al l the rivers and creeks aJ1d their 
larger teibutaries. By fa r the larger portion of the county is covered by the 
loess soils, 52.5 per cent. Loess occurs over practically all of the upland areas. 

TABLE II. AREAS 0~' DIFFEREN~' GROUPS OF SOILS IN HARRISON OOUN'l'Y 

Percent of Soil Group Acres tota l area 
of County 

-· -D11.ift soHs ----·----------------------------· ·---------·------- 1,280 0.3 Loess soils ------·-·-------·----------·---· ------··----------- 232,064 52.5 'l'errace soils ------------------------------------- ------------ 12,480 2.8 S"'amp and botto1nland soils. ______________________ . ________ 196,416 44.4 
-'l'otal _____ 

--·----·--------------------------------- 442,240 ----

' 
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HARRISON COUNTY SOILS 13 

Terrace soils are developed to a very limited extent, being found on only 2.8 
percent of the total area . They occur in narrow strips and small areas along 
some of the more important streams along the bluffs adjacent to the broad bot­
tomlands of the Missouri River. Swamp and bottomland soils are extensively 
developed. They cover 44.4 per cent of the total area. The entire area of Mor­
gan, Clay and Cincinnati Townships and a large portion of St. J ohn, Taylor, 
Raglan and Little Siou.'< Townships are covered by bottomland. Extensive 
are.as are also developed along the various streams, chiefly along the Boyer 
River. 

There are 21 individual soil types in the county and these with the colluvial 
phase of the Wabash silt loam, the deep phase of the Sarpy silt loam, the deep 
phase of the Sarpy silty clay loam and the area of Rive1,vash make a total of 
25 soil areas. There are one drift soil, t,vo loess types, three terrace soils and 
19 areas of swamp and bottomland soils. The various soil types are distin­
guished on the basis of certain definite characteristics ,vhich are described in the 
appendix to this report. The names indicate certain group characteristics. 

'l'ABLE III. AREAS OF DIFFERENT SOIL 'l'YPES IN HARRISON COUNTY 

Soil Soil Type Acres 
No. 

DRIFT SOILS 

1 I Carrington loam . ··---··· ... ·-------·· .• -1 1,280 

9 
11 

75 
131 
214 

LOESS SOILS 

1'1arsball silt loam-------------···--·-------··-·-·I 
Knox silt loam .. -····----·----------···-·-------·-

TERRACE SOILS 

Waukesha silt loam._ .... --·--··---·----------·---1 
Judson silt loam.·--········--··--·········· ·---·· 
Hancock fine sandy loam_. __ -----·-··---------· 

202,432 
29,632 

7,104 
5,312 

64 

SW AMP AND BOTrOMLAND SOILS 

153 , Lamoure silt loam .. --·-·---·-----··-···----------
111 1 Lamourc silty clay loam.-----------·····-··----·· 
215 Lamoure silty claY--··--·-·---·-----·-···---·----·· 

26 Wabash silt loam .... -.-------------·····-------·-
26a Wabash silt loam (colluvial phase) .. -----------·· 
48 Wabash silty clay loam-----------···------·----·· 
27 Wabash silty clay·-·-··-----------····--·---······ 

106 Cass silt loam ...... --------·-······ ·-··--······--
51 Cass silty clay loam.-------·-·-·-·-----·····-·---

216 Cass silty clay ____ ------·-···--···------···-----·· 
217 Cass very fine sandy loam .. --------·····-·-·-·-·· 

89 Sarpy silt loam_·-----··-··-·-------···-------·-·· 
218 Sarpy silt loam {deep phase>---··--···---·----···· 
219 Sarpy silty clay loam {deep phase)---·----····-··· 
220 Sarpy silty clay----···-·---·····--·-···---·---··-· 
28 Sarpy very fine sandy loam ......... -·---·---···-· 

13.3 Sarpy fine sand ..... -----------···-·----·--·-·-··· 
195 Ray silt loam.---··------····-····------·-·-······ 
53 Riverwasb ····--------···-········--······----···· 

--
Total.·----------·--·---·- --·-·---------·--··· 

11,008 
11,392 
28,544 
41,2801 
27,328,f 
9,408 

14,Z72 
10,7-52 
11,584 
8,000 
1,600 
5,120? 
1,920f 

384 
4,992 
2,816 

832 
512 

4,672 

442.240 

I P ercent of 
total area 
of county 

0.3 

45.8 
6.7 

1.6 
1.2 
0.1 

2.5 
2.6 
6.5 

15.0 

2.1 
3.2 
2.4 
2.6 
1.8 
0.4 
1.6 

0.1 
1.1 
0.6 
0.2 
0.1 
1.0 
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14 SOIL SURIVEY OF IOWA 

The areas covered by the various soil types arc sho,vn in table 111. 'l1he Car­
rington Joam, the on1y d1·ift soil, covers only 0.3 percent of the total area. 
The Marshall si lt loam is the largest loess type and is hy far the most exten­
sively developed soil type. It covers 45.8 percent of the total area a.nd is found 
in large individual areas over all the upland sections. The Knox silt loam is 
the second largest loess soil and the third largest soil type. It covers 6.7 per­
cent of the total area. The three terrace types a.re all rather limited in area, 
the Waukesha silt loam, the most extensive, covers 1.6 percent of the county; 
the Judson si lt loam is smaller, covering 1.2 percent; while the IIancock fine 
sandy loam is very limited in area. On the bottom lands the \Vabash silt loam 1viih 
the colluvial phase, is the most exl cnsively developed type, eovering J 5 percent of 
the total area. It is the seco11d largest soil type. 'l'he Larnoure silty clay is 
second in area on the bottoms, covering 6.5 p·e,rcent of the cou.nty. It is the 
fourth largest individual soil. The Wabash silty clay covers 3.2 percent of the 
county. The Cass silty clay loam, and the La1noure silty clay loam each cover 
2.6 percent, while the Lamoure silt loam is found on 2.5 p·ercent of the area. 
The Cass silt loam covers 2.4 percent, the Wabash silty clay loatn 2.1 percent, 
the Cass silty clay 1.8 percent, the Sarpy silt loam 1.6 percent, the Sarpy silty 
clay 1.1 percent and the re111ajning bottom land soi ls 1 percent or less of the total 
area. 

The Fertility in Harrison County Soils 

Samples ,vere taken for analysis from each soil type except the Sarpy silty 
clay and the area of Riverwash ,vhich w~re not sampled because of their small 
area and because of the great variation in the character of th-e· Riverwash. 

The more extensive soil types were sampled in triplicate, while only one 
sample waJ take·n from each of the minor types. All samplings were made with 
the greatest care so that the samples should be representative of the individual 
soil types and that all variations due to previous treatments of the soil might 
be eliminated. The samples were taken at three depths, 0 to 6 2/3 inches, 
6 2/ 3 to 20 inches and 20 to 40 inches, representing the surface soil and the 
subsoil, respectively. 

The samples ,vere all analyzed for total phOsphorus, total nitrogen, total 
organic carbon, total inorganic carbon and limestone requirement. The official 
methods w,ere followed in the phosphorus, nitrogen and carbon d-e,terminations, 
and the Truog qualitative test ,vas used in the determination of the limes.tone 
requirement. The figures given in the tables are the averages of the results of 
duplicate determinations of all samples of each type and they represent, there­
fore, the averages of two or six determinations. 

THE SURFACE SOILS 

.The results of the analyses of the surface soils are given in table IV. rrhey 
are calculated on the basis of 2 million pounds of surface soil per acre. 

\¥"ide var.iation-s occur in the phosphorus content of the various soil types, 

• 

I 

I 

1 

ranging from 1,091 pounds in the Sarpy fine sand up to 2,690 pounds in the l 
Wabash silty clay loam, both bottomland soils. No definite r~lationship is evi­
dent bet,veen the phosphorus content of the vnrious soils and the different soil 
groups. The bottomla.nd types on the average are a little better supplied than 
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~'ABLE I V. PLANT FOOD IN HARRISON COUNTY, IOWA, SOILS 

Pounds per acre of 2 million p,ounds of surface soil (0-6¼") 

I Soil Soil ri'ypc 
No. 

1 I Carrington loam -------1 

91 tiarsha~l silt loam ______ \ 
1 l J{nox silt loam _________ _ 

75 ,vaukesha silt loam _____ 
131 Judson silt loa.m ________ 
21< Hancock fine sandy loam 

Total I phos- 'l'otal 
pllorus nitrogen 

DRIF'l1 SOILS 

1,111 I 3,000 

LOESS SOILS 

1.s29 I 
1,075 

2,840 
1,900 

~•ERRACE SOILS 

1,817 I 3,340 
1,791 

I 
4,200 

1,Hl8 1,840 

rrotal 
organic 
carbon 

37,243 I 

a2,596 I 
21,224 I 

39,680 
44,560 
13,742 

SW il!P AND BOT£0~1LAND SOILS 

153 Ln1nouro silt loam _______ 2,216 3,100 42,451 
111 Lamoure silty clay loam 1,711 3,600 36,536 
215 La1nourc silty clay ______ 1,912 3,040 50,501 

26 Wabash silt loam _______ 1,387 3,160 38,725 
26a \Vubasll silt loam (col-

lU-\'iUl phase) ---------- 1,454 2,360 29,435 
48 Wabash silty clay loan1. 2,690 4,840 53,939 
27 \Vabash 9i lty clay _______ 1,845 5,000 54,843 

106 Cass silt loam ___________ 1,575 2,720 32,993 
51 Cass silty clay loam _____ 1,549 3,080 47,824 

216 Oass silty clay ___________ 1,535 4,080 47,188 
217 Cass very fine sandy 

loam ------------------ 1,549 1,680 18,989 
89 Sarpy silt loam _________ 1,596 2,500 31,119 

218 Sarpy silt loam (deep 
"Phase) ---------------- 1,764 1,680 18,813 

219 Sarpy silty clay loam 
(deep phasei ---------- 1,684 2,080 20,257 

28 Sarpy very fine sandy 
loam ------------------ 1,293 1,280 14,546 

133 Sarpy fine sand __________ 1,091 520 5,265 
195 Ray silt loam -- ----- 1,818 2,240 27,897 

Total Limestone 
inorganic require-
carbon ment 

------ I 1,0-00 

1,000 

------ ------
------ 1,000 
10,836 ------

2,574 ------
686 ------
588 ------

------ ------

------ ------
------ ------
------ 2,00D 

163 ------
333 ------

------ ------

8,428 ------
11,037 ------
15,150 ------
8,629 ------

11,620 ------
7,159 ------
3,354 ---- -

the upland soils, ,vhich might be expected fron1 the fact that there has been less 
plant gro,vth on these types and hence a smaller removal of the element phos­
phorus. Co,nparing the various individual series and soil types, ho,vever, the 
relationships are somewhat more clearly sho,Vill. 

On the locssial uplands the 1iarshall silt loam is richer in phosphorus than 
the l(nox silt lorun; on the terraces the Waukesha silt loam and the Judson silt 
loa1n ara 1nuch better supplied than the Hancock fine sandy loam. 'l'here is 
very little dif£erencc bet,veen the two former types. The low content of the 
]Janf.'ol'k soi ls is undoubtedly largely clue to the difference in texture. On"the 
botLomlands the Lamourc and Wabash soils are better supplied ,vith phos­
phorus than are the Cass and Sarpy types. This ,vould be expected from the 
characteristics of the soil series concerned. The Cass types on the average are 
somewhat better supplied than the Sarpy soils, ,vhich also would be expected. 

Probably some relationship exists bet,veen the phosphorus content of the soil 
and the characteristics which are used as tl1c basis for distinguishing the various 
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16 SOIL SU,R,VEY OF IOWA 

soil series. Thus there are differences in topography, in the color of the soil 
and in the subsoil characte1'istics. Those types in general which are clarker in 
color, more level in topography, and have heavier subsoils, contain a larger 
quantity of phosphorus. These relationships are apparent ,vhen the 1Iarshall 
and Knox types are compared on the loessial uplands and ,Yhen the \Vabash 
and Lamoure soils ,vhich are darker in color and have heaYier subsoils are com­
pared with the Cass and Sarpy soils on the bottomlands. 

Ordinarily the relationship bet,veen the phosphorus content of the soils and 
the textw·e is more definitely sh-0,vn than the relationship to soil groups or soil 
series. It is not possible to make any comparisons among the upland soils as 
only one type of each series has been mapped. The san1e i~ true of the terrace 
soils. On the b-0ttomlands, the Lamoure silt loam is a little higher than the 
silty clay loam or the silty clay, but this is probably due to a peculiarity of the 
particular sa1nples analyzed as ordinarily the silty clay loam and ~ilty clay 
would be somewhat higher than the silt loam. Among the '\Vaba8h soils the 
silt).,. clay loan1 is the highest, "·bile the silty clay is seconc1 and the silt loa1n and 
the colluvial phase of the silt loa1n are lo,ver in pho:-;phorus. There 
is ,,ery little difference among the types in the Cas:,, series. The 
very fine sanely loam ii:; higher than \\'Ould ordinarily be the case 
and the silty clay loam, silty clay and the silt loam are very similar 
in content, but in most cases these types \Youlcl be bette1· supplied ,Yith phos­
phorus than the coarse textw·ed types. Among the Sarpy soils, the deep phase 
of the Sarpy silt loan1 and the deep phase of the silt)· clay loam, are much 
higher than the other Sarpy soils. 'l'he silt loam is jtu;t slightly lo"·er than the 
types mentioned "·hile the ver3· fine sandy loam and fine sand are Yery low in 
this constituent. 

Considering the analyses as a ,vhole, it is evident that preYious obserYations 
concerning the relationship bet~veen texture and phosphoru content are Yery 
largely con:fir1ned. In general, fine textured types are better supplied than 
coarse textured soils; siltv clay loams are usually richer than silt loan1~. loams • • • 

and sandy loams; silt loams ordinarily contain a higher content of pho-.;phorus 
than the sanely types; and loa111s are usually higher than the sandy or fine sandy 
types of the same series. 

It is apparent that the phosphorus supply in the soils is not adequate to meet 
the needs of crops on these soils for an indefinite period. Phosphorus fertilizers 
,vill be needed very soon. Probably, as indicated by greenhouse and field exper­
iments on the same soil types in other counties. phosphate fertilizers 111ight proYe 
profitable at the present time. Tests of both rock phosphate and superphosphate 
( acid phosphate) are Yery desirable. 

In nitrogen content the soils varied even more widely than in phosphorus. The 
amCJnnt present ranged fro1n 520 pounds per acre in the ~arpy fine sand up to 
5,000 pounds per acre in the '\Vabash silty clay. No relationship between tl1e 
nitrogen content of the soil and the yarions soil groups is evident. The botton1-
land types are somewhat better supplied on the average than the upland soilsi 
but there are very " ' i<le variations on the bottoms due to the ,vide differences in 
the characteristics of individual soil types. The series characteristics, howcYE>r. 
seem to haYe some effect upon the nitrogen content. Thus, on the loessial uplands 

I 
1 

I 
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th1• ~Iar~hall is r icher in nitrogen than the Knox. 011 the terrace'> the Waukesha 
antl ,J11dson ar<' b<'tt1•r supplie<l than the IIancock and on the bottoms the La­
nHiurc• nncl \\'abash types are generally bettrr supplied than the Ca~ and Sarpy 
soils, aJtho th<' heav1cr tPxt ur1•d Cass soils are altnost as high as the ,vabash and 

Iian1our1• types. 
The t•ffects of textural differences among the soils a r e sho"rn ·when the various 

ty1H's 011 t h1• hot to1us arc compared ,vi thin series. 'l'hus the I1amoure silty clay 
1011111 is th,• ri1·h1,st of the Lan1onre types, the \Yabash silty clay loam and the 
\\' a hash silty l'la) are the richest an1ong the \Vabash soils. The Cass silty clay 
loant and ( 'a•s silty clay are the riC'hest of the ( 'ass types. and the Sarpy silty 
cln) loan1, cl1·1•p ph~1s1\ is the richPst of the 8arpy soils. The Sarpy very fine 
!-.ll nd., loa1n is lower than the silt loau1 and the fine sand of the same series is t he 
lowest in ntll'Og'<'ll of any of the soils. ~uch co1nparisous are not possible among 
th" upln11cl sotls, owing to 011lr one i:-oil type from each series being mapped . 
• \ppnrPntly, 1li1 <'haraC'teristi(•s ,,bil.'h st>r,•e to distinguish the soil series ancl the 
1• xt11rnl <litfl're111•es a111ong th1• soil types are very largely responsible for differ­
c111·cs iu th1• nit rog1•11 1•ontcnt. '1'ypes <levelopccl on the more level to flat areas, 
, Pry lilndc i11 eolor, n1orl' poorly drained aucl ,vith heavier subsoils are 
lii;.dH•r in nilrogt>n, an<l the tine-textured types contain much more of this 
11IPJJ11•11I. ~ilt) l'lay lou1ns arl' richer than silt loa1ns. Loams are better supplied 
with 11il1'0!.!1•11 lha11 sHncly loa1ns. Han<ly loarns are higher in the clement than 

~an< ls. 
'l'h1• supply of nitrogrn in the soils is not strikingly deficient except in the 

~arpy fin .. ,a111l. hut nitrog1•n must be considered ,vhen systems of permanent 
l"<•rl ility ar<' !wing' planned. :-{ome fertilir.ing 1naterials supplying nitrogen must 
I"' 1•111ployt•1l 011 I IH~se soils at rrgular intervals to maintain the fertility of the 
lane\. l•'u1·111 111an111·r is thl' 1nost i1nportant and valuable fertilizing material 
supplyi11ir 11ih·o~c•11 antl it plays a large part in building up and keeping up the 
11it roµ-,•n snpply of the soil. The proper utilization of all crop residues "•ill also 
.iicl 111at,•riallr in 1naintaining the nitrogen supply. On grain farms the use or 
\Yl'll inoculatl•d lcgun1es as green manures n1ust be resorted to, to supply nitrogen. 
( 111 ntan~ livestock fanns the practice of green manuring may be a very desirable 
311pph·nwnt to farm manure, as an aid in keeping up the nitrogen content. Green 
1ua1111ring is a YPry clPsirahlC' practice for use on n1any of the soils in Ilarrison 

( '01111\y. 

Th .. nil ro~<'n <'Ontcnt of the• c;oil usually hears a definite relation to the amount 
of oq;a11i<' {'Hl"hon pn>s<'llt. l'sually the soils ,vhich arc lacking in nitrogen are 
lo\\ in organi1• 111atlrr. Like\\'isc i:-oils ,Yhicl1 arc kno,vn to be deficient in organic 
nu1t 1t•r. which is apparent by their light 1·olor. are generally assu1necl to be lack­
ing iu nitrogl'll. In fnt·t the c•olor of a soil nsnally indicat<'s fairly aecu1·att'ly 
the l'n11l1•nl of org-aniC' 1natt<'r antl nitrogen. If a -;oil is \'Pry light, organic 1nah•­
rinl autl nitrn~<'n an:' lat·king-, "hile if the color is dark, it 1nay generally be 
u,s11111,•d t llH t I he !-'.ll)lply is aclc>q na te, at least for the prl'scnt. 

'l'ht> or~nuic earhon co11te11t of the soils vari<'R ,videly as is apparent fro1n the 
annl)·s1•s. 'l'h<> an1ount present ranges fro1n 5,265 pounds per acre in the Sarpy 
fin,· ,nu,t up to :;.!,~ l:3 ponn<ls per aC're in the ,vabash silty clay. These are the 
-.un11 t~ pl•~ ,Yhich \Yl're thE' lo,,est ancl highest, respectively, in nitrOl£<'TI content. 
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As \vith nitrogen, there is little evidence of any relationship between the organic 
matter content of the soils ancl the various soil groups, altho the bottomland 
soils are on the average much better supplied than the upland and terrace soils. 
The relationships among the Yarious soil series are similar to those not~d in the 
case of nitrogen and the relationships among the soil types are also similar to 
those already discussed. 

On the uplands, the l\:Iarshall silt loam is higher in organic matter than the 
Knox silt loan1. On the terraces the \Vaukesha and Judso11 soils are richer than 
the Hancock types. On the bottomlands the Lamoure and Wabash soils are 
better supplied ,\·ith organic n1atter on the average than are the Cass and Sarpy 
soils. However, the heavier types of the Cass series are about as rich in organic 
matter as the Lan1oure and \Vabash soils. Some effects of textural differences 
may also be noted. The Lamoure silty clay on the bottomland is richer than 
the silty clay loam or the silt loam. The silt loam is a little higher than the 
silty clay loam, \\1hich is contrary to the usual results, probably due to some 
abnormality in the particular sample. 'rhe \Vabash silty clay is a little higher 
than the Wabash silty clay loam, and both are much better supplied with or­
ganic matter than the \Vabasb silt loam or the colluvial phase of this latter type. 
The Cass silty clay loam and the Cass silty clay are the richest among the Cass 
series, while the very fine sandy loam is very much lower in organic matter. 
The Sarpy silt loam, is the richest of the Sarpy types, being somewhat higher 
than the deep phase of the silty clay loam. This is undoubtedly due to some 
abnormal condition pertaining to the particular sample. The very fine sandy 
loam and the fine sand are Yery lo,v in organic matter, the fine sand being the 
lowest in this constituent of all the soil types. It is apparent that the series 
characteristics of the various soils and textural differences have a very large 
effect on the organic matter content of individual soil types. 

The relationship bet\veen the content of nitrogen and the amount of organic 
carbon in soils indicates the rapidity with which the plant food in the soils is 
being changed into an available forn1. In 1nany of the soils in this county, this 
relationship is such thait it is evident that the decomposition processes are not 
proceeding as rapidly as they should and there is certainly an inadequate pro­
duction of available plant food constituents. On such soils farm manure is 
especially valuable, due to the fact that it supplies the microorganisms ,vhich 
bring about the decomposition of the unavailable constituents in the soil and 
increase the production of available plant food. 

Farm mnnure is of especially large value on the types low in organic matter 
and lightrr in color. On such soils its value is due mainly to the supplying of 
organic matter. Even on the botto1nlancl types, however, sn1all amounts of farm 
1nanure wi11 0ftt>n be of large value in stimulating the production of available 
plant food. Largr amounts should not be applied to these types, but on the up­
land soils rather large amounts of farm manure are very desirable. On the 
Marshall silt loam, on the Car1~ington loam and especially on the Knox: silt loam 
the need of organic matter supplied in the form of farm 1nanure is very evident. 
and large increases in crop yield~ follow its application. On the terraces the 
various soil types will also respond to additions of farm manure, and on the 
coarse-textured soils on the bottomlanc1s large amounts of farn1 manure \vill prove 
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of value. On the heavier bottoroland types ,vhich are black in color s1nall 
amounts of farm 1nanure 1nay frequentlj be applied with profit, but manure 
should never be added preceding a small grain crop, as it has a tendency to cause 

the crop to lodge. 
'\~here farm manure is not available the use of a leguminous crop as a green 

manure is very desirable. 
The Knox silt loam is the only upland soil sho,ving any content of inorganic 

1·arbon. It is the only one of the types, therefore, which is not acid in reaction. 
l'he 1'1arshall si1t loam and the Carrington loam, the two remaining upland 
::-.oils, are slightly acid in reaction and show a small need for lime. Neither of 
these soils is high in acidity, and the need for lime is not great. On the terTaces 
the Il ancock fine sandy loam is high in inorganic carbon and not in need of lim<'. 
'fhe Judson silt loam is slightly acid, ,vhile the \\Taukesha silt loam altho having 
no content of inorganic carbon shows no lime requirement. On the bottomlands 
thc> \Vabash silty clay is tbe only type ·which shows a lime requirement. None 
of the other soils sho,vs any acidity and a11 but the Wabash types have a content 
of inorganic carbon ,vhich in some eases is very large. 

Acid soils may not give the best yields of general farm crops, and legume crops 
"·ill not make the most satisfactory growth on such soils. It is very desirable, 
therefore, that on the Carrington loam, the Marshall silt loa1n, the Judson silt 
loam, the Waukesha silt loam, the '\\Tabash silty clay and the other Wabash 
types, the soils be tested for lime needs and that lime be applied in the amounts 
that the test sho,vs to be necessary, if the be~t yields of such crops as s,veet 
clover and alfalfa are to be secured. 'I'hc amount needed on these types is 
indicated in the table, but the figures given are merely indicative of the require-
1nc>nts of the soil. Lime should never be applied to land until the soil has been 
trstcd antl the amount required has been determined. On the soils mentioned, 
1Psts are recommended if legumes arc to be gro,vn. For general farm crops 
the need for lime is not so evident, but even in such eases the use of lime may 
prove of value. 

THE SUBSURFACE SOILS AND SUBSOILS 

'fables V and VI give the results of the analyses of the subsurface soils and 
subsoils. These are calculated on the basis of 4 million pounds of subsurface 
soil ancl 6 million pounds of subsoil per acre. 

The fertility of the soil is affected very little by the plant food content of the 
lower soil layers, unless there is a large amount of some constituent present or 
a striking deficiency. In general the analyses of the surface soils in this county 
show fairly accurately the plant food content and the crop producing power of 
the soiJs. They also indicate the need for fertilizer additions. The lower soil 
layers are not particularly high in any constituents nor are they strikingly cle­
:ficient. It is not necessary, therefore, to discuss these analyses in detail. 

The results as a whole confirm the conclusions which have been reached in 
the discussion of the analyses of the surface soils. Phosphorus fertilizers will 
certainly be needed on these soils in the near future as there is no large supply 
of this constituent. The use of phosphorus fertilizers might prove profitable on 
these types at the present time. On some soils organic matter and nitrogen 
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'J.1ABLE V. PJJAN'l' .l!'OOD IN HAliRIHON ( 1<) lfl\'l'Y, If>\Y.A, HOJ LS 

Pounds per aC're of 4 milJion pounds of subsurface soil ( 67f! lo 20" J 

. 
'l1otal Total Total Lin1estone 

Soil Soil 'l'ypc phos- Total organic inorganic require-
No. phorus nitrogen <'arbon carbon Ill<'nt 

DRIFT 8OTI,S 

1 l Carrington loam -------1 1,912 I 2,000 21.071 ------ I ------

l 1OESS SOILS 

9 l\1arshall silt loam _______ 2,576 3,387 41.965 ------ 1,000 
11 Knox silt loam __________ 2,896 2,240 20,211 60,858 ------

TERRACE SOILS 

75 Waukesha silt loam _____ 3,470 

I 
5,120 5:3,302 ------ ------

131 Judson silt loam ________ 3,204 6,640 80,797 ------ 1,000 
214 Hancock fine sandy loa1n 2,747 3,120 34,171 30,39!} ------

S\V Al\1P AND BOTrOl\1T1AND 8()TLR 

153 Lamoure silt loam _______ 4,053 6,400 85,354 5,001 ------
111 Lamourc silty clay loam 2,586 5,040 47,185 232 ------
215 Laroourc silty clay ______ 3,368 3,200 ()5,2:32 4,00:1 ------
26 vVabash silt loam ________ 2,882 5,840 62,329 ------ ------
26a Wabash silt loa1n (col-

luvial pb,asc) __________ 1,992 3,040 63,160 ------ ------
48 Wabash silty clay loam._ 4.226 6.400 76,643 ------ ------
27 '\Vabash silty clay _______ l 2,774 t1,080 91.(-i.3fi -- -•--- 1.000 

106 Cass silt loam ___________ 2,800 2,160 40,921 1,91·1 ------
51 Cass silty clay loarn ____ 2,774 2.720 35,844 2.550 ------

216 Cass silty clay ___________ 2,882 5,120 51,000 1,332 ------
217 Oass Yery f inc sandy 

loam ------------------ 2,962 2,800 29,835 21.40!) ------
89 Sarpy silt loam _________ 2,896 1,880 18,314 31,826 ------

218 Sa11>y silt loa1n (deep 
phase ----------------- 2,720 1,440 30,841 13,623 ------

219 Sarpy silty clay loam 
(deep phase) __________ 2,800 2,160 33,531 11 ,374 ------

28 Sarpy very f inc sandy 
loam ------------------ 2,828 1,920 23,683 25.692 ------

133 
1 

Sarpy . fine sand _________ 
1 

1,979 320 5,834 13,958 ------
195 Ray silt loa1n _________ 4,256 6,320 122,055 1,645 ------

should be added now, and on all the soils the use of fertilizing materials sup­
plying these constituents is very necessary if the supply is to be 1naintained and 
the soils are to continue productive. The addition of organic matter and nitrogen 
may be accomplished thru the proper use of fa rn1 manure, crop residues and the 
turning under of legt1minous crops as green manures. The sa1ne soils ,Yhich 
,vere acid in the surface soils are acid thru the subsoil ,vith the C'xception of the 
Carrington loam ,vhich sho,vs a lime content in the lower soil layers. With 
the exception of this type, therefore, the soils which show a need for lime, ac­
cording to the analyses of the sur face soil, should be tested, and lime should be 
appl ied if the best growth of general farm crops and particularly of legumes 
is to be secured. The testing of the Mar~hall silt loam, the ,Vaukesha silt loam. 
the J11dson silt loam and the Wabash soils on the bottoms is verv necessary, and • • 
the use of lime is very desirable on these types. 

♦ 
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'J'AB1,E \'I. PLAN'!' FOOD IN HARRISON COUNTY, I OWA, SOILS 
Pounds per acre of 6 million pounds of subsoil (20 to 40") 

I 
Soil 
~0. I --·-

Soil 'l'ypc 
'l'otal 
phos­

phorus 

Total 
Total organic 

nitrogen carbon 

DRIP!' SOILS 

Total 1Lin1cstonc 
inorganic require-

carbon ment 

1 I Oa rri ng ton .:..1 o=-=t.:..:I m::..:......;-:.;;-..:;:.;-:.;;-..:;:.;-.!...I _..:.3.!..., 7..:;:.;17:..._..,!.._I _..:.1.:..:.,68.:..0:..._...,___1:..::.8.:..:.,00.::...6'--.,_I _3...;.0.:..:., 4-'-4 7_.,_I --'-----_-_--=-­

LO ES S SOILS 

D 1'!nr:-lu1!l 1-,il t loanL-----· I 
11 l\.nox. :-:1lt loam _________ _ 

__,. - - ---
i5 I \Vaukrglu1 silt loam _____ 

t:31 .Jndson :silt loa1n ________ 
:!I,! lJan1·oek fine i:;andy loa1n 

3.325 l 
4,262 

2,880 
1,380 

TERRACE SOILS 

I 4,888 4,740 
4,887 8,640 
3,111 I 2,040 

52,630 
15,313 

39,108 
100,280 
22,132 

SW Al\IP AND BO'ITOl\ILAND SOILS 

l!i:1 La 1nourt' ~il i loam ______ 

1 

5,171 8,160 105,386 
111 LHn1011rt' s~lty clay loa1n 4,323 4,920 40,366 
''1 - Ln1nonrc silty elay ______ 4,848 3,960 66,57,6 .. v 

2H "' a bni--h 
silt loam _______ 4,767 8,520 92,122 

:,!fin \\'abash silt loam (col-
lnYial phase) ---------- 3.960 3,240 79,482 

18 \\ nhash 1>ilty clay loam_1 5,010 8,400 131,122 
.,- \\ abash silty clay _______ 3,474 8,880 88,780 _, 

lOfi Casi:; 1-,ilt loam ___________ 3.837 840 26,184 
51 Cass silty C'lay loa1n ____ 4,119 3,360 19,565 

:!l(j < '11ss silty clay ___________ 3,231 1,080 15.094 
217 C'a1-s Ycry fine sandy 

Jotnn -- -------------- 4,605 4.560 39.651 
. 'J f,:;irpy silt, loam _________ 3,858 1,260 11,633 /\, 

218 I }-;nrpy i--il t loam ( deep 
4,971 3.960 70,642 phai-c) ________________ 

21!) 8a111y silty clay loam 
(dC<'P phase} ---------- 4,524 2,400 52,700 

2$ 8arpy Ycry fine sandy 
loam ------------------ 3,111 1,680 18,065 

t:l3 Sarpy fine sand __________ 3,109 420 3,294 
195 Rny silt loam ___________ 5.856 5,760 156,987 

GREENHOUSE EXPERIMENTS 

1,000 
98,783 

------ ------
------ 1,000 
58,836 ------

14,189 I ------
15,756 ------
44,991 ------
------ ------
------ 2,000 
------ ------
------ 1,000 
i.s,ooa ------
40,275 ------
20,710 ------
29,515 ------
47,657 ------
19,770 ------

22,50•1 ------

34,419 ------
29,327 ------

I 1,992 ------

'l'wo gre<•n house experiments ,vere carried out on the Tularsball silt loa1n and 
t hi> 1( nox Rilt loan1 from I l arrison Coun ty in order to secure some information 
regarding- the f<'rtilizcr needs of these soil:-: and regarding the value of the appli­
l'cl t ion of cc•rtain fertilizing materials. E xperiments arc also includrd on the 
l(11ox silt loam from Plymouth Uounty and on the Marshall silt loa1n fro1n F re-. . 
n1ont ('011nty, ft·o1n Cra"rforc1 County and fron1 Woodbury County. Inasmuch 
as 1 h<'se are the :-:ame soil types found in Harrison County, the r esults are cer­
tainly 1lircctly applicable to conditions there. 

'l'hc f<'rti l iz<>r trcatn1<'nts en1ployed included superpbosphatc, r ock phosphate, 
a eo1nplt'11' rotnmcrl'ial fertilizl'l', limestone, manure and 1unriatc of potash. 
'l'hcsP 1natrrials ,verr applied in the amounts in ,vhich they are usually employed 
in 1h,: fil'lcl auc1 the results arc, ther<>forc, indicative of ,vhat may be expected on 
the fartns. 1lanure "·as added at the rate of 10 tons per acre, lime ·was applied 
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• 

l!'ig. 8. Clover on Marshall silt lol\m, greenhouse experiment. 

in an amount sufficient to neutralize the acidity of the soil. 'l'he .superphosphatc 
,vas applied at the rate of 250 pounds per acre, the 1·ock phosphate at the rate of 
one ton per acre, the muriate of potash at the rate of f)Q pounds per acre, and 
the complete commercial fertilizer at the rate of 300 pounds per acre. 

Wheat and clover were grown, the clo,·er being see{led about one month after 
the wheat was up. In the experiment on the Marshall silt loatn from IIc1rrison 

County only the clover yield was obtained. 
THE RESULTS ON THE MARSHALL SILT LOAJ\1 

The results of the experiment on the 1-Iarshall silt loam from llarrison County 
are given in table VII. The figures are the averages of the ,veight of the cloYer 
in grams on the duplicate pots. Superphosphate brought about a Y<'r~· large 
increase in the yield of clover. Limestone ,vith supcrphosp1atc gave a further 
considerable increase in the yields. Manure alone increased the yield oYer the 
check and gave a somewhat larger increase than the superphosphate alone. Th<' 
superphosphate applied with the manure brought about a very large increase 
over that occasioned by the manure alone. Limestone applied with the manure 
and superphosphate showed a further increase in yield. 'rhe muriate of pota~l1 
applied with the manure, limestone and superphosphate showed a very slight 

increase in the clover. 
Apparently this soil will respond profitably to applications of 1nanure, lime 

and superphosphate. Manure may be considered a ba~ir treatment and will 
have large value on all the general farn1 crops gro,vn in the rotation. 'rhe 11se 
of lime is very desirable ,vhen legumes are to be gro,vn and it " ' ill sho,\" its larg­
est effects on these crops. The use of superphosphate in addition to mann1·e ancl 

TABLE \ TII. GREENIIOUSE EXPERIMENT, :rt-1ARSI-IALIJ SIIJl' LOAM, 
HAltRTSON COUNTY 

Treatment 
Wejght of 
clo-ver in 

grams Pot 
No. -- - -- ~- ------- -------- -----7.4 

20.3 
28.0 
25.9 
39.2 
44.9 
45.9 

1 Check ---------------------"----------------------------------------· 
2 Superphosphate ----------------------------------------------------
3 Limestone+supcrphosphate ----------------------------------------
4 Manure -------------------------------------------------------------
5 Manure+superphosphate -------------------------------------------
6 Manure+ limestone+superphosphate ---------·----------------------
7 Manure+ limestone+superphosphate+potass•ium _________ --------

• 
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TABLE VIII. GREENHOUSE EXPERIMENT, I<NOX SlL'l' LOAM, 
HARRISON COUNTY 

Weight of Weight of 
'l'reatment wheat grarin clover in 

in grams grams 

Check ------------------------------------------------ 3.8 3.5 
Superphospbate ------------------------------------- 5.2 22.6 
l\1anure ---------------------------------------------- 5.2 31.6 
l\lanurc+superphosphate ---------------------------- 5.7 34.2 

5 _.fl,lanure+superphosphate+ potassium - - -- ---- - -- 31.0 -
li111cstone is apparently very desirable on this soil. Tests of this phosphate fer­
tilizer on individual farms a.re strongly recommended. 

THE RESULTS ON THE KNOX SILT LOAM 

'l'he results secured in the greenhouse experiment on the Knox silt loam from 
ITarrison County are given in table VIII. Superphosphate increased the yield 
of ,\hc>at and brought about an enormous increase in the yield of clover. The 
1nanure alone inc·reased the yield of wheat consi<lcrably over the check and 
gave ahout the sa1ne r esults as the s1.1perphosphate, but on the clover, however, 
it brought about a larger increase than did the superpbosphate. When the super­
phoxphate w·as applied with the manure a gain was noted in the yield of wheat 
a111.l also in the yield of clover. Muriate of potash with the manure and super­
phosphate sho,ved no increase in the clover. The yield of wheat was not secured. 

On this soil type the effects of manure and superphosphate are very clearly 
:...hown. 'l'he type is lo,v in organic matter and additions of farm manure or 
legu1ninous green manures are very desirable. The use of superphosphate may 
ho very clesirable on the soil and may bring about very profitable increases in the 
yields of general farm crops. 'fests on individual farms are strongly recom-
111endecl. 

THE RESULTS ON THE KNOX SILT LOAM FROM PLYMOUTH OOUNTY 

The results secu1·ed on the greenhouse experiment on the Knox silt loam from 
Ply1nouth County are given in table IX. Superphosphate increased the yield of 
wheat and brought about an enormous increase in the yield of the clover. Man­
ure alone gave about the same effect as the superpbosphate in the case of the 
wheat but showed less effect on the clover. Superphosphate with manure brought 

..i. 

-
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TABLE IX. GREENHOUSE EXPERil\-IENT, KNOX SII,T J,(JAi\-1, 
PLYMOUTH COUNTY 

Weight of \Vcight of 

Pot 
No. 

rrrcatn1cnt vt7hcat grain clo, cr in 
in grams grains 

1 Check ----------------------------------------------·-- 5.8 7.7 
2 Superpbosphate -------------------------------------- 7.1 33 7 

- -----

3 Manure ________________________ ____ __________________ 7.8 ~H.1 

4 1"Ianure+superphosphatc ---------------------------- 9.2 51.l 
5 Manure+superphosphate+potassium ------------::.::.:.:• ___ l _;_0._4 _ __:, __ 4.:..:.._,.8_~ __ 

about a large increase in the yield of the ,Yheat and greatly inc~rease<l the yield 
of t h e clover. When the mnriate of p ota~h ,vas a<1cled ,Yith the 1nannrc ancl 
superphosphatc, t he largest incr ease in t h0 yielcl of ,YhPat \YHS s<>l·Hrt>d, hnt the 

effect was not evideneed on the yield of clover. 
It is appar ent again , from this test, that the ICnox si lt loa1n ,vill r< spon<l yery 

profitably to application s of n1anure and a phosphat<' fertilizl'r. rl'hP us1• ol' n1a­
n ure is especially desirably, and the addition of snperphospha1e is stro11gly reco1n-
1nendecl. Potassiu1n fertilizers may be desirable in inc1ividual casPs, hnt 1 <'~ts are 

reconime11cled before any extensive addition is n1aclc. 
TIIE RESULTS ON TIIB ~IARSHALL SILT LOA~f FRoir l•'H l•~~lON''l' ('Ol'N'l'Y 

The results secur ed in the greenhouse experin1ent on the ~Iarshall silt loam 
from Fremont County are given in table X. 'l'he s11perphospbate brought about 
an increase in the yield of wh eat on this soil and a yery large increa~e in the 
yield of clover. Limestone with the sup erphosph ate hat1 no effect on 1 he \Yheat 
anc1 a very sligh t influence on the clover. The 1nanure alone sho"·ed ahout. the 
same effect on the \vheat as that shown by the superph osphatc, but it had a much 
smaller effect on the clover. \Vhen the superphosphate \\·as appl iecl with the 
manure, it showed no effect on the wheat but brought about a ·yer r large increase 
in the yield of clover. The limestone applied ,vith the manure a11cl superphos­
phate showed a gain in the wh eat crop and a slight influence on the clo, er . 'l'he 
muriate of potash applied ,vith the manure, limestone and snperphosphate had 

no effect on t h e ,vheat or the clover. 
These r esults largely confirm those secured on the san1e soil type in IIarrison 

County, indicating that this soil type ,vill r espond p rofitably to applil'ations of 
manure, lime and supe11)hosphate. !Jim e is particularly desirable in connection 
,vith the gro,ving of a legu1ue crop, and the addition of sup<'rpho~phate is strongly 
r ecommended. Ther e is n o evidence of value from the use of the potn~h fer-

tilizer. 

TABI,E X. GREENIIOlT8E EXP ERil\IENrr, l\1AR,RTJAT L SII/1' LO~\..l\I. 
J?RElVIONT CC)lJNrry 

Pot 
No. 

T reat1ncnt 

J Chrck ------------------------------------------------
2 8upcrphosphate -------------------------------------3 Lilnrstonc+supcrphosphatc ________________________ _ 
4 l\1anurc _ -------------------------------_____________ _ 
5 lVIanur<.'+superphosphatc ___________________________ _ 
6 l\1anurc+ 1 i1ncston<.'+supcrphosphatc _______________ _ 
7 l\Ianurc+lin1cstonc+supcrphosphatc+Potassinm __ _ 

Weight of 
,vheat gra,in 

in gran1s 

,Vcight of 
clOYCl' in 

grains 
---------

12.2 
14.5 
13.8 
1-LG 
14.2 
15...1 
15.4 

10.-1 
4:t2 
4:~.5 
30.4 
51.9 
52.5 
49 7 --- --

• 
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Ii 
II 
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,, 

, 11 

' 

I t 

I 

I 

I , 
11 

• I , 

,, 

I 

I , 
I , 

I , 

, 11 

I , 

I , 

I 



HARRISON COUNTY SOILS 

'rABLE xr. GREENHOUSE EXPERIM.EN'l', 111ARSHALL SILT LOAl\I, 
CRA ,vFORD COUNTY 

26 

Weight of "\Veight of 
,vheat grain cloYer in Pot 

No. 
Treatment 

in grams grains 

l I Check - - ------------ ----- --------- --------- -- ----- -- -- 1~:56~ ~oG:ai 
2 111 uuurc ---- ------------------ -------------------- -- --a )ln11urc+l in1cstone --------------------- ------------- 13.20 38.00 
.J ~uperphosphute ------- ------------------------------ 11.iO 4:t33 
a ~Iunun•+suprrphospbate ---------------- ---- -------- 11.96 56.83 
li Li11wslont'+i-;11perpllosphatc ----------------------- -- 12.23 43.50 
, ~Ianure+li111r:-tonc+supcrphosphatc ----------------1 14.26 51.66 

_1. _ ;\I a ntll'r + li In cs to nc + superpbosph ate+ po tassi u 1 . ..:.:11:........::-:.::-.::.-__ __:1:.::3;;:c.2~5 _ ___ 6-::...cl:..:..lc:...:G'---_ 

'l'BB llESllLTS ON THE l\'IARSHALL SILT LOAM FROM CRA,VFORD COUNTY 

'l'h1• rl'st111s secured in the greenhouse e.'i.periment on the l\Iarshall silt loa1n 
front ( ' rnwfol'd < ounty are giYen in table XI. 1\Ianurc brought about a large 
increast• in 1hc ) ield of wheat. and a very large iuC'rease in the yield of cloYer. 
lJitnt•stone with the manure show'ed a slight effect on the ,vheat crop ancl a very 
pr1111011n<·Ptl (•tl't'C't on the clover. Superphosphatr alone had less effect on the 
wl1t·al 1ha11 1litl the n1anure alone but it sho,ved a much larger effect on the clover. 
\lu11111·t• and snperphosphatc sho,ved a larger effect than the p hosphate a lone on 
1 lit• wlH•n1 ancl brought about a very much larger effect on the clover. Limestone 
alltl stqwrphosphate sho,ved a greater effect on the ,vheat than the superphos­
phalt> alo111• 1:1ncl about the same influence on the clover. 1\I anure, lime ancl super­
phosphate gaYP lht• largest increase in the yields of ,vheat and only a slightly 
s111alli>1· PllPct on the clover than that brought about by the 1nanure and phos­
phal P without lin1e. \Vhen the 1nuriate of potash ,vas added ,vith the 1nanurc, 
I itnPs1 rn)(' a 1111 ~uperphosphate, a smaller effect was brought about on the ,vheat 
than witho11t tht> 1nuriate, but on the clover there ,vas a large increase in the 

~•it•ltl. 
'J'hPsr ri•snlts are largely confirmatory of those previously secured. '!'he value 

ol' 11u1n11re 1s clefinitely evidenced. Limestone is certainly valuable ii1 connection 
"ith lhc· growing of a legurne crop, ancl the addition of superphosphate is very 
de, in1hll' for gPucral farm crops, especially when applied in addition to the basic 
ti·Pat1n<>nt~ of manure and li1nestone. Potash ferti lizers cannot be recommended 
11111 ii t1·sts have been carriPd out and beneficial effects of the treatn1ent definitely 
slro,, 11. 

'I'll J•: Hl<~Sll L'l'S ON THE l\'1ARSHAIJL SILT LOAl\I FROM WOODBURY COUNTY 

'l'he n •sti11s of th<> eXJ)l:'rin1rnt on the l\[arshall silt loam fron1 \Voodhury 
<'outil)' 111·1• ~i\'(•11 in table :X[I. The figur~ are the average's of the ,veights of 
1111• \\IH·Ht ~rain and clover in grains on th<' clnplicate pots. ri[anurc increasPd 
the yil'lcl of ,vh(•ai ancl hacl a sn1all effect on the <'lover. Lin1P, in addition to 
1na11ltre, increased the ,vhcat crop considerably but sho,vec1 no efft•ct on the C'lover. 
This j,_ conlrar) to the usual results. Ordinarily li1ne ,vill show· up particularly 
,vl'll on th<' lP~un1e crop of the rotation and in many cases its be,neficial effects 
are not appart'nt on the corn and -small gl'ains. In this ease, the effect ,vas very 
lnrg" on the ,vheat and not so definite on the clover. The rock phosphate· had a 
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'fABLE XII. GREENIIOUSE EXPERIMENT, MARSHALL SIL'l' LOA.i\l, 
WOODBURY OOUNTY 

Weight of \Veight of 

Pot 
No. 

Treatment wheat gra,in 
in grams 

clover in 
grams 

---- ----------
1 Check ------------------------------------------------
2 Manul'e ----------------------------------------------
:3 Manurc+lime ---------------------------------------
4 l\1anure+limc+rock phosphate ----------------------
!> Manure+limc+superpbosphate _____________________ _ 

7.051 35.0 
7.850 39.0 
8.946 35.0 
9.023 39.0 
9.247 48.5 

6 Manure+lime+completc commercial fertillizer _____ _ ------,C..:....:.-----'----'--10.216 45.0 

very slight effect on the yields of wheat and little or no effect on the clover. 
Superphosphate, however, brought about a very distinct effect on t.he ,,·hpat and 
a large increase in the yield of clover. The complete co1nn1crcial fertilizer (•x­
crted a greater effect than the snperphosphate on the ,,·heat crop but had a 

slightly less effect on the clover. 
Apparently this soil will r espond profitably to manure, litne an<l a phosphate. 

Manure seems to be of considerable value and lime along \vith it 1nay benefit 
not only the legume but also the grain crops of the rotation. Ruperphosphate 
seems to have a greater effect than rock phosphate in this part icnlar casP. and in 
general i t ,vould seem that the use of super phosphatc 1ni~ht be more desirable 
than r ock phosphate. The complete commercial fertilizer \Yas 1nore effective 
than the superphosphate on the ,vheat but had }(':;s effrc•t on th<' ~lover. Probably, 
ho,vever, superphosphate will generally proYe 111orc profit ahl(' than thc> com­

plete fertilizer because of its lo,ver cost. 

FIELD EXPERIMENTS 

No :field experiments are located in IIarrison County hut a number have been 
under way in other counties for a periocl of years and as these tests arc located 
on soil types which are the same as those occurring in llarrison (~ounty, t he 
results will be given iu this report. The tests indicate quite d(•f111itely1 the results 
which may be secured on the same -soil types in this c:ounty. Ex:peri1ne1lts 011 
the Marshall silt loam on the Avoca Field in P otta-\vatta1nie ( !ounty, on the satnc , 
soil type on the Red Oak Field in Montgomery County and on thl' \ 'illisca l◄

1

icltl 
in Montgomery (~ounty, on the W aukesh a silt loa1n on the C:la1·itH1a Field in I>age 
('ounty and on the Lan1oure silty clay loan1 on the Everly Field in Clay County 

are included. 
The experimE'nts are planned to determine the value of yarious soil treat1nents 

for each particular soil type. The fields include 13 plots, 1!1;; ft•ct 7 i11ches hy 
29 feet, or onr-ten1h of an acre 1n size. 'l1hey are. pern1an<'11tly located by the 
instal lation of corner stakes ancl all precautions are takc>n in the appli1·at io11 of 
frrtilizers a11<l in the> harvc,st.ing of the plots to insure aecurate l'Pstills. 

'l1he fields include> tests nncl<'r the livesLock systc1n or farn1ing and 11ncler th1• 
grain system. In the former mannre is applied as the basic treatn1r.nL, ,vhile in 
the latter crop residues are employed to supply the organic matter. 'l1hc othe1 
fertilizing materials tested include lin1estone, rock phosphate, snperpho-:phatc. 
muriate of potash, and a complete con1mer cial fertilizer. Manul'e is appliell at 
1he rate of 8 tons per acre once in a four-year rotation. The crop residues treat• 
ment consists in plowing nnder the corn stalks which have been cut with a 

• 
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rlisc or ~talk eutter, and plo,ving under at least the second crop of clover. Some­
times the first crop of clover is cut and allo,ved to remain on the land to be 
plowed under ,vith the second. Lime is applied in sufficient amounts to neu­
tralize the acidity of the soil. Rock phosphate is added at the rate of 1,000 
pounds per acre onre in a four-year rotation. Until 1925 this material ,vas ap­
plied at the rate 0£ 2,000 pounds per acre once in four years. Superphosphate 
is applied at thP rate of 150 pounds per acre annually three years out of a four­
year rotation. l Jntil 1!l2:1 this material was appliecl at the rate of 200 pounds per 
acre annually. Until 1923 the old standard 2-8-2 complete commercial fertilizer 
"·as nserl, being applied at the rate of 300 pounds per acre annually. The new 
stan<lard 2-12-2 brand is now being employed, the applications being made at 
the rate of 202 potmds per acre annually, thus applying the same amount of 
phosphorus that is contained in the superphospbate. Muriate of potash is ap­
plied at the rate of 50 pounds per acre. 

THE AVOCA FIELD 

rrhe results seeured on the J\Iarshall silt loam on the Avoca Field in Potta­
"·a ttamie County are given in table XIII. The beneficial effect of manure on 
this soil j._ sho,m in practically all cases. The influence on the oats may be noted 
particularly and also the large effects on the clover and sweet clover. The corn 
yield jn 1926 was greatly increased by the addition of manure. In other years 
the eff Pcti:- on the corn "'ere much smaller. The influence of lime was evidenced 

TATILJ,J XIII. J.i,IELD EXPERIMENT, MARSHALL SILT LOAM, POTTAWATTAMIE 
COUNTY. AVOCA FIELD 

------ --;-- --;---.--.--.---:---:---------

'J'renlmt'nt 

.., 
0 .... 
c.. 

I --
1 Check --------------2 Manure ____________ _ 
3 ~1anure+limc _____ _ 
4 Manure+lime+rock 

phosphate _______ _ 
5 , 11anurc+1imc+ 

sunerphosphate 
6 Manurc+Jimc+com­

plete eommcrcia 1 
fertilizer ________ _ 

7 ('heck --------------
8 Crop residues ______ _ 
!l Orov residues+Jime_ 

729 
72.1 
74.0 

77.8 

79.3 

77.5 
71.5 
78.9 
80.7 

78.5 

81.1 

622 
69.0 
72.3 

58.8 

69.0 

61.2 
56.8 
63.9 
68.1 

68.6 

75.1 

... ., 
1> 
0 • 

5~ 

2.0 
2.7 
2.6 

2.7 

2.5 

2.8 
2.0 
2.0 
2.1 

2.8 

2.2 

58 1 
53.6 
53.9 

55.5 

56.5 

57.5 
44.8 
44.8 
50.0 

54.8 

54.1 

!J "'1 
<I ... 
0., 

"' ~ ­
C'l p 
C>..C ... 
48 7 
56.7 
53.2 

60.0 

60.0 

66.8 
47.6 
49.8 
56.7 

59.0 

64.5 

0.36 
0.63 
1.82 

1.52 

1.68 

1.92 
0.85 
0.90 
1.92 

1.83 

1.50 

10 Crop residucs+lime 
+rock phosphate_ 

11 Crop Tcsidues+limc 
~superphosphate_ 

12 Crop re~idues+lime 
+ co1nplcte com­
mercial fertilizer. 

13 Cheek _________ _ 80.4 
80.0 

68.6 
68.6 

2.9 
2.2 

52.0 52.1 1.44 
46.3.50 .... 9 . 1 ._.1_2 

l. Field slopes toword plot 18. 
2. Not limed until October 1, 1920. Three tons per aero. 
3. l•'ield pastnred until June 1. 
4. Corn injured by boil in August and by rainy spring. 
5. Strong winds and wireworms cut down stand considerably. 

62.2 I 54.6 I 
63.9 63.7 
61.6 I 64.o I 
58.1 61.3 

45.7 
56.0 
64.0 

69.8 

52.3 64..8 75.0 

51.4 65.6 79.1 
39.8 61.0 50.0 
51.0 66.4 57.1 
58.7 64.5 66. 7 

56.8 69.6 66.6 

57.1 66.6 64.7 

58.4 
51.8 

ss.8 I 10.0 
60.8 60.6 

• 

64.5 
67.5 
68.3 

66.4 

70.9 

65.6 
64.3 
66.7 
66.4 

62.1 

66.1 

64.8 
61.6 



28 SOIL Slf.RIVEY OF IOWA 

particularly on the s,vcct clover crop in 1924, ,vhe.re a very large increase in 
yield resulted fro1n ·its applicat ion. rl'here ,vas al8o an effect noted on the oats 
in 1927. No benefieial effeets ,vere sho,vn on the elover erop in 1921. 

Rock phosphate and superpbosphate ,vith manure and li me sho,ved la rge bene­
ficial effects on the crops gro,,•n in some seasons. The corn jn l 919, 1922 and 
1928 sho,ved pronouneed effects from superphosphate, a.nd slightly less effects 
from rock phosphate. '!'here ,vas considerable increase fro1n both phosphates 
on the oats in 1923 and a large effect in 1927. The crop in 1920 ,vas not mate­
cially benefited. No effects .from the phosphates ,vcre evident on the cloYer crops 
in 1921 and 1924. 'l'he complete comme•reial fertilizer had about the same effect 
as the phosphates on most of the crops gro,vn. In some cases the complete fer­
tilizer sho,ved a slightly larger influence, as on the s,veet clover in 102± and on 
the oats in 1927. In other years, as on the corn in 1928, there was less influence 

from this material. • rrhc crop residues t reatment sho,ved small effects in several cases but in general 
the inflltence ,vas not gtcat. Lime ,vith the crop ret:idues inerrased the yields 
of the various crops grovm follo,ving the application, ,vith the exception of the 
corn in 1926 and 1928. 1.'be larg·est influence of the lime ,vas evident on the 
S\vect clover in 1924. Considerable increases ,vere noted, ho"'ever1 on the corn 
in 1922, lhe oats in 1923 and the corn in 1925. 'l'he rock phosphate and the 
superphosphatc increasecl crop yields in several cases, tbe effect of tbr- super­
phosphate being particularly large on the oats in 1920 and 1923. The effects on 
the corn crop were not large from either of the phosphates. 1.'he co1np1etc con1-
1nercial fertilizer had about tho same effect as the superphosphate, except for 
a large increase on the oats in 1927 and a larger increaRe on the clover in 1921. 

These results indicate that t,he Marshall silt ]oa111 \\'ill rrsponcl \'ery profitahly 
to applications of faTm 111annre and that manur e should be applied liberally. 
'l1he type is generally slightly acid in reaction and additions of lime are very 
desirable, especially \vhere legumes are to be gro,vn. S\\1eet clover is particularly 
sensitive to acidity and if this crop is to be gro,vn, special carf> should be exer­
cised to insure an adequate content of lime in the soil. The type should certainly 
be tested for lime and additions should be made if s,veet clover or alfalfa are 
to be grO"-'ll. Benefits from phosphate fertilizers are noted in several cases, 
both with manure and lime, and under the grain systen1 of farming ,vith crop 
residues ru1d 1i1ne. The complete commercial fertilizer generally had no greater 
effect than the superphosphate and hence is not recommended for general use. It 
,vill probably prove less economically desirable on the farm thnn superphosphate. 
Superphosphate and rock phosphate should be tested on this soil on individual 

farms to determine their comparative value. 

THE RED OAK FJELD 

Results secured on the Red Oak Field oll the Marshall silt loan1 in 1\Iontgo1ucry 
County are given in table XIV. The value of manure to this soil is shO\\'n very 
definitely by the data in this table. J\1anure increased the yield of winter wheat 
in 1918; the corn crops were greatly increased in every case; and increasc-s ,vere 
also noted ,vith the oats in 1921, the ,vinter '\vheat in 1922 and 1925, the soy­
beans in 1924 and the alfalfa in 1927 and 1928. Lime ,vas applied to this soil 
in 1919 and there were some effects of this material on the various crops grown. 

• 
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T A B LE :XIY. FTEJ.D EXPERil\lENT, MARSJ-IALL SIIlI' LOAi\I, ~IONTGOi\IERY 
COUN'l"Y. RED OAK FIELD 

- -

'J1n•ntment 

- ~ -
l'l'k ----------------

Hlllll'l' ------ - ----------
I I l h 
2 oJ 
;j .\I 
4 ol 

nnurc 1-lin1e ----------auurP+ li 111c+ roc·k 
ho:--phtttP -- ---------V 

5 1\ ( 111111 l'l' + Ii 111p+supcr-

(i 1\1 
phoi-pha tP -- . , ---------
a nnre + 1 iu11•+con1plct<' 
1·01nuwrcial fertilizer __ 

7 t 'I wck ______ --------
8 ( ~I ·op re:-,iducs ___________ 
!J ( I ·01> residnrs+ lin1c ____ 

10 ()1 ·op residues+ linte+ 
rork phosphate _______ 

11 ('1 ·op residues+ l in1e+ 
:-,uµ1•rpho:-1>hn le• _______ 

12 ( 11 ·op residuPs+ l ilnc+ 
con1plcte c•on1n1ereial 
fcrtil izer --.-.----------1a c1 1erk ___________________ 

-

... . 
<><l ... 
.~ ... 
~8. 
«> ::s ,....o 
O>., 

.... '" ., 
.d 

~!:: -
13.6 
34.l 
:n.s 
2- -I. I 

31.8 

29.5 
---
29.5 
25.0 

18.1 

27.2 

26.1 
1:16 

.... 
"'<l ... 
.e f.4 a "' ~ ~ 8. .. .. 0 

Q· 
a<II 

C .,j <l ('l ::s s:: <II 

"' 
... ... ('l .<> ... ...... 0 ... cs ... 0 .. 0 ., 0)., O> a., ;: ~ C,., 

rl A A ...... A ., 
0 -A "' - ::i <" ::i ('l ::s ~ ::s ... !:: ('I .0 "'.<> "'.<> e.,o - .... --- - ~ 

52.0 J 56.0 28.2 13.2 1 5-1.5 1 
57.2 61.6 36 9 15.5 57.8 
59.2 66.0 37.8 18.6 64.7 

60.0 63.0 35.G 28.6 1 64.6 

58.5 62.7 39.4 30.71 62.9 

56.2 64.Z 36.4 25.•1 61.3 
54.2 56.6 31.8 17.4 50.6 
51.0 54.1 31.3 16..J 52.9 
53.7 60.2 31.2 19.5 55.0 

57.7 59.2 35.0 23.8 55.7 

53.7 61.6 36.9 22.3 52.7 

57.0 57.3 37.8 22.2 56.8 
48.2 51.4 29.0 15.2 . 52.0 

1. OloH•T killed nnd plowed up. Yield 011 p,ot 7 nu ~rt or. 
'.!. '-l 1!, Ions lime ttpplie<I Mn) 15. 

< ., .. 
~ ~ ... ::i ., 

"' rlJ I>- .. 
A ,_.A 0 .... .... 

6< <l< :;;j < ., . .3 . 
~<II A ::S 
~ .... ·-.<> <O ... r.- .. «> ... 

I::+> C'l o, ('l ., C'I a, 0 ., 
00 A a, A O> A a, A .. .... ~ rl ... ., .... "' .. 

"' .c: N :,j -A -A <'I f:;: 
\0 .8 -o ..... ~ a,.<> a, <D .... .... rl - - -

11.2 1 10.4 --- 1.84 3.36 
12.4 I 11.6 --- 2.20 3.70 
14.2 11.3 --- 3.09 3J 5 

13., 1 13.6 --- 3.57 4.67 

13.1 13.1 --- 3.32 4.35 

14.6 10.6 --- 3.75 -l.18 
10.5 9.4 --- 2.18 3.69 
9.9 8.6 --- 2.34 3.13 

13.2 10.2 --- 2.30 4.14 

12.3 13.0 --- 2.5-1 •1.21 

12.l 11.6 ___ I 2.53 4.26 

14.o I 12.5 --- I 1.97 3.79 
8.9 9.9 --- 1.53 3.78 

3, '.! ~~ tons of lime npplied in September. 
-t. !lry WP11lhur killed out clover. 
r, ('lover ,11111,l vcrs poor duo lo dry wenther. lt'icld wn~ J)lowe11 ond seeded to nlfolfn in A11g11st. 
I.I lh•.snlt.11 o( tirRI 11nd •~cond cutting~ combiuecl. N1, results tnken on third c11lling. 
; 'I hrl'6 cnttin,c,. 

'l'ht' l;1rgPsl heneficial effects ,vero sho·wn, as would be expected, on the alfalfa in 
l !1~7 and l!J2H, hut increases ,vere also secured on the corn in 1920, the oats in 
1 !l~l. the " ·heat i11 1922 ancl the corn in 1923. The soybeans in 1924 also showed 
a considerable effect 0£ the lime. 

H1wk phosphate or superphosphate along ,vith the manure and lime often in­
Prras1'd J it>l1ls; incr eases being noted particularly on the ,vhea.t in 1922 and 
1 !l~f,, u1Hl on the alfalfa in 1927 an<l 1928, the influence on the alfalfa being espc­
C'iall) large. In so1ne seasons, as in 1919 and 1920, there ,vas very little evidence 
o( bcnl' fiC'ial <'ffeC'ts f rom the phosphates. Superphosphate benefited the oat crop 
in l!l~J, hut tbe rock phosphate had no effect. The corn in 192:1 sho,vell little 
"ffpc•I f ron1 the addition and the soybeans in 1924 ,vC'r e not benefited. The co1n­
pleLP eo1nmercial fertili7,er had about the same effect as the superphosphate in 
Jll'HC'h<·ally all case-s, showing up a little better in oue or t,vo instances hut in 
other c-ase8 haying a lesser effect. 

'l'he crop residues treatment had little effect on the crop yields, as ,vould 
be expected. Lime with the r esidues brought about increased yielcls in n1ost. 
\'Hses. 'l'he effect ,vas particularly evident on the alfalfa in 1928, on the soybeans 
in lH~..i. on the corn in 1920 and on the ,vheat in 1922 an<l 1925. The phosphate 
fprtilizC'rs ,vhen applied with the crop residues and lin1e increased crop yields in 
several instances, the effect being particularly noted. on the ,vheat in 1922 and 
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J 925, and on the alfalfa in 1927 and 1928. rrhe oats were materially benefited 
in 1921, and the phosphate i11c·rc·as<'<1 the ,vheat yiel<ls in 1918. No large bene­
ficial effects of the phosphates ,vere sho,Yn on the corn either in 1920 or in 1923: 
but the rock phosphate showed an increase in 1919. The complete commercial 
fertilizer again had about the ~an1e effect as that brought about by the phos­
phates. In one or two instances the con1plcte fertilizer gave larger effects, as 
for example on the soybeans in J 924, on the corn in 1923, and on the oats in 
1921; but in other cases, as ,vith the alfalfa in 1927 and 1928, and the corn in 
1920, the iufluence of the con1plete fcrtilizt'l' ,ya-.; l<'SS than that of the phosphat~. 

rrhese results confir1n those secured on t hr ,. \ voe-a Field on the same soil type 
and indicate tl1e value of manure and l iine, and in many cases the possible 
profit ,vhich may result fron1 thr application of. a phosphate fertilizer. It seen1s 
that lime is of particular value on this soil \Yh<'n it is acid if legu1nes are to be 
grown. The effect of phosphate fertilizers 1nay he very large in the case of so1ne 
crops i11 the rotation and the influence 1nay be exe11ed on all the crops gr0"-'11, 
Tests on individual far1ns are Yery desirablt> to cleter111ine the Yalue from the 

nst> of a pl1osphorus carrier. 

THB VILLISCA FIELD 

The results secured on the IYiarshall silt loam on the '/illisca Field in I\lout­
gomery ( 1onnty arc given in table :x.,r. l\Ianurc increased the crop yields every 
year, as sho,rn in the table. Ijarge increases ,vere noted on the clover in 1918 

'l'Al3LE X \'. FIELD EXPERThlENT, 1\-IARSHALL SILT LOA}\,1, 1\IONTGOl\IERY 
COUNTY, "\rII1LISCA FIELD 
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nn,l on the rorn in 1922. Lime ,vas not applied to this field until the fall of 1920. 
ln the surcreuing years the effect of lime was evidenced on the clover and the 
,·orn crops. Evi<lently the soil needed lime in order to yield the largest crops. 

H,ock phosphate or superphosphate with manure and lime increased the crop 
yieltli--; in praetically all cases, the gain being definitely evident on the clover in 
1 fll ~ nnd on other crops gro,vn later. Rock phosphate showed an effect on the 
sarne C'rop in l 921, but superphosphate did not show up that year. In 1920 the 
snperpltosphate sho"•cd a particularly large effect on the oats and both phos­
phat<'s inrrrasrd the yield in 1925. In 1922 and 1923 the effects of the two phos­
phates \\"ere similar on the corn crops, increases being secured in both cases. 
'J'ht> 1•0111 plrte comrnercial fertilizer gave somewhat better effects from the phos­
phntes in one or two cases, notably on the clover in 1918 and the corn in 1922. 
J 11 01 her ~c•asons the commercial fertilizer was a little better than the super­
phosphate; orcasionally it was less effective than the rock phosphate. 

\~Pry littl(' influence from the crop residues was evident in the yields of the 
vario11:-- <·rop-s. Lin1e ,vith the residues increased the crops in 1921, 1922 and 
1 !)~:1. 'Ph~ clifferences ,vere small but definite. The rock phosphate and super­
pho,phatc inl'reas('cl crop yields in practically all cases, with the exception of 
1 he r.loYer in 1921. The differences were small, however, except in one or two 
,·ases. The corn in 1919 and the oats in 1920 were considerably influenced by the 
~npPrphosphalc, while the rock phosphate had little effect. In 1922 and 1923 
1 IH' --npcrphosphate ,vas slightly better than the rock, but the differences were not 
lc1rgo in ('ither case. Neither n1aterial had any effect in 1925. The complete 
co1nnH'l'cial fertilizer with the lime and crop residues had a somei\vhat greater 
,,ff Pl't than the superphosphate in three or four cases. The differences were not 
large except on the corn in 1922. The commercial fertilizer was more effective 
l han the superphosphate on the oats in 1920 and in 1925 and less effective than 
tht> phosphate on the clover in 1918 and on the corn in 1919. 

'l'he results secured on this field are very similar to those obtained on the t,vo 
tir•ltls previously discussed, and apparently the needs of the Marshall silt loam 
ar<• Yery much the same thruout the areas in which it occurs. It is recommended 
that liberal applications of farm manure be made to this type, that lime be ap­
plied when the soil is acid and legumes are to be grown, and that superphosphate 
he tested on small areas on individual farms to determine its economic value. 
( 'on1plr>te commercial fertilizers are not recommended for general use at the 
present time, for superphosphate seems to be as effective and much less expensive. 

THE CLARINDA FIELD 

'l'he results secured on the Waukesha silt loam on the Clarinda Field, Series 
100, i11 Page County are given in table XVI. Manure definitely increased yields 
in n1ost cases on this field, especially of the the clo-\·er in 1917 ancl of the cnrn in 
] 922, 1923 and 1927. In one or t,vo cases no increases in yields were secured . 
r,i1ne applied ,vith the manure benefited practically all of the crops gro1'n. 1'he 
clover in 1917 and 1925 was benefited very materially, but considerable increases 
were also noted in the oats and corn in some seasons. A very large increase was 
secured in the oats in 1916 and 1920 and 1924, and particularly in the oats 
in 1928. 

Rock phosphate or superphosphate with manure and lime proved of consid-
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rr ABI,E x,,r. ~11.Ji]J,D EXPJi:RI.~fKNT, "\VAUKESH A SILT LOAl\,1, PAC-:E C<>UN'J'Y. 
CLARINDA JtlEI,D, SERIES 100 

I 

0 z 

d 
,,, 

... d 
0 d 

"' ...,j t .-ii c.., • ~ "' . . 
(/J~ 

.... 
d<: 

i:1 < < er. .-ij ..c~ d<l i:1 ~ "'~ i:: -1 
nrnt t~ A • ... ;., 11 • 

... .., 00 ... ... ..... I>-, .. .., 0 .. ... ... t1 ..-,: 

0 ... d I-< 
- 4> 

....... 
0 "' 

CIS,.. 0 ... 0 ... 0 ... <O ... - "' 0 ... 0 ... 

C) "' 0 "' C.,P. Cl 4> C) p. O"' r:n "' u "' C) "' 0°" c.., ;::,. u "' C)"' 0 t, 
p. p., .... p. p. p. p. p. p. p. p. :::. 

VJ ,r., "' 
\/) <D t- e ..- ::l 

C) 0 ,...., Cl . ('() 
..,. <D t- 00 

.... ::I .... ::l ,-< 0 ,-< ::I Cl ::I Cl ::I Cl ::I ,;-1 :::I Cl ;:: Cl C Cl ~ Cl ::I Cl ;:I 

0) ..c 0, ..c Cl.., .-<..C O>.s:> m.o C>.0 Cl .a C>.0 0>.0 C> .8 O', ..0 0:.0 Cl ..0 

.., ,-< .... I 
._, .... .... ,-< .... .... .... ... ,.., ,-< ... 

ll('hl'('k-=------- ------- 51.2 61.1, 1.19 ---- 55.1 51.0 23.5 
2 l\Janurc ______ _______ -19.9 5-1.-!l 1.3fi ____ 58.7 52.31 25.3 

79.4, 65.9 55.6 1.45 41.0 45.6 fi l .2 
87.4 73.7 53.4 1A8 42 6 53.7 52.:J 
89.6 73.61 61.3 1.53 42 5 55.1 74.!J 3 1\lanur<'+linH•stonr __ 50.6 63.3 1.56 ---- 62.G 61.8 25.2 

4 I ~lanurc+limr:--lonc+ \ 
rock pho~phatP _____ 48.2 50.0 2.89

1 

____ 69.3 63.6 24.2 
5 l\lannrc+ 1 itncstonc+ I 
H J\l anurr+li1ncstonc+ 

1 
I suprrpbosphatr ____ 54.8, 52.2 3.-10

1 

____ 70.~) 6DA1 24.3 

87.9182.1 53.7 1.41 44.4 ,53.2 77.1 

88.3 78.0 56. 7 1.31 4-LO 53.9 72.6 

7 
8 
9 

co1nplctP ro1nn1rr-<'ia l fcrtilir.cr ______ 19.7 50.0 2.55 ____ 59.7 7:t5 23.3 90.8 76.7 66.0 1.41 42.li 53.9 S4.0 
('heck ________________ 48.0 47.7 1.36' ____ 56.3 41.8 24.0 82.4 64.6146.5: 1.50 40.!1 :31.5 61.2 
('Top residues ________ 45.2 41.1 1.531 ____ 56.5 55.7 23.0 71.8 53.8

1
61.4 1.74

1 
41A 46.4 63.5 

Crop rcsiduc:-;+lin1c- \ I _, 
stone ______________ 51.4 43.3 2.21 ____ 58.2 58.7 25.8 81.2 48.6 49.0 1.81 •!3.i 52.3 65.9 

10 Crop residurs+li1nr- I I I j 

stonc+roc·k phos-phatt' ______________ 51.6 47.7 2.71---- 66.7 61.1 25.8 85.2 54.5 52.7 1.65 42.9 57.2 70.4 

11 ('rop rrsiducs+Ji111c- I I I I l 
I 

stonc+8Uf)Cl1)h0S· phatc ______________ 53.4 5-!A 2.89 ____ 69.8 60.4 2-1.8 87.5 57.2 54.1 1.71 42.5 54.7 68.1 
12 Crop rcsidues+li1nc- I 

~tonc+('on1pl<'tc 
1 

I c~1n111crC'ial fcrti- , l 1zcr _______________ 50.3 47.7 2.72 ____ 65.3 62.4 24 8 90.( 70.1 58.& 1.50 41.H 50.fll 77.1 
13 f'h<>rk ---------------- 50.5 47.7 1.36 ____ 57.2 42.5 22.5 88.', 71.8' 4.3.9 1.49 41.3 45.5 72.G 

1. Hot winds seriously dnmnged corn crop. 

erable value to the crops gro,vn in most cases. The influence -n·as particularly 
great on the C'loYcr in 1917, and on the corn in 1919 and 192:3. In some seasons, 
hO\YeYer, only small increases ,vere secured and in several cases no increases at 
all ,verc obtained. The con1plete commer cial fer tilizer had a gr eater effect than 
superphosphate in sevl"ral seasons, particularly on the oats in 1920, l!J24 and 
1928. Generally, however, the superphosphate ,,·as just as, or eYell 1norc, ef-

fcctiYe than the complete fertilizer. 
( 1 rop residues sho,vrd little effect on the Yario11s crops, cxc<>p1 ou t hP 0;1t-.; in 

1920 and 1924 and on the corn in 1927, when rather ron:-;idrrahlc incrl',lsPs ,,ere 
~ecurecl. Lime in acldition to the residues pr oYed of Yaluc on pral'tically all of 
'.lhe rrops. V rry large increases "'er e noted on the eloY<'r in 1917. on the corn 
in 1022, and in 1927; and increa-;es ,vere found also in n1a11y other <'H~1~s. l{nck 
phosphate or superphosphate ,vith lime and crop resiclues increased the crop 
yields in 1nany cases. .J\ .. large beneficial effeet was noted fro1n hoth 1naterials 
on the clover in 1917, on the oats in 1916, 1924 and 1928, and on the corn in 
lf>l9, 1922, 192:~ and 1927. In most cases the superpbosphatc sho-,,·cd up 1nuch 
better than the rock phosphate, particularly on the oats in 1916, on the c>loYer 
in 1917 and on the corn in 1923. In other cases the effects of the t-n·o materials 

,vere quite similar. 
The results secured in thi::; field experiment indicate the value of applications 

of farm manure, lime. and a phosphate fertilizer to the Waukesha silt loam. 
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~Ianurn is of particular Yalue ancl large increases in crop yields resnlt from its 
n-.c•. TJin1c shoul<l be appli<'d ·with the manure if the soil is acid, and consiclcr­
ahlt> g-ains in yielcls of legu1ne crops ,vill follow its application. \\Then applied 
,Yith 1nannre ancl lime. snp<'rphosphate seemed somewhat superior to rock pbos­
phut(' in mflny seasons, hut usually tl1e differences ,vere not large and in son1e 
c·asc•~ 1111' rrwk phosphat<' gaYe ahnost as large effects. It is apparent that one or 
1h,· other of the,1' hro phosphates ,vill prove of value on this soil type under the 
li\'<•slovk S)'slt•1n of fanning. l Tnder the grain system of farming, the use of 
li1n" is q11ilL· ;is ilPsirahle as on the live"lock far1n, and here the use of the snpcr­
phosphatr s1•1•1ns son1Pwhat preferable. 

'J'hr resnlts srcnrccl on the '\Yauke~ha silt loa1n on the Clarinda Field, Series 
~00 ;1r<> 1,!i\'cll in table X'\111. The beneficial effects of manure ,verc evident on 
t Ins soil typ1• in practically all seasons and Ycry large increases ,vere secured 
ill th,· 1·asP of the corn crop in 1920, 1923 an<l 1927. 'fhe oats shO"wcd a large 
iH1•n•a,e in 1!1~:i. h1 one or two cases no inercases were secured ·with the use of 
1na11ur1•, 11ndouhtPdly due to s01nc abnormal conditions in connection ,vith the 
1:rop ~To\\·lh on the n1anurc trC'atcd plots. 'l1he aclclition of lin1c ,vith the n1anure 
i.rin·,, in,•rcasPs in practically all seasons. 1\ large effect was noted on the clover 
i11 J!l~fi, 011 the oat::; in 1Hl7 and 1921, antl small gains v.•ere evidenced on prac­
t i,·:il ly all of th<· corn crops. 
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Rock phosphate or superphosphate, increased crop yields in most cases, par­
ticularly the clover in 1918 and 1926, the oats in 1917 and the corn in 1919, 1923 
and 1928. In several instances the superphosphate proved superior to the rock 
phosphate, as with the oats in 1917, but in other instances the rock pbospbate 
gave slightly la.rger yields than those brought about by the superphosphate. 

The complete commercial fertilizer brought about crop increases very similar 
to those occasioned by the llse of the phosphates. In some instances the gains 
,vere larger and in a few cases the increases ,vere not quite so great. There does 
not seem to be any pronounced superiority for the complete commercial fertilizer 

over the use of a phosphate. 
1rhe crop residues increased crop yields to a limited extent in several seasons. 

rrhe differences, ho,vever, ,vere small. Limestone ,vith the crop residues greatly 
increased the corn in 1919, 1924 and in 1927, and also the oats in several seasons. 

lioek phosphate or superphosphate with the crop residues and limestone in­
creased crop yields in most seasons. The largest benefits were evidenced on the 
oats in 1917, altho gains ,vere also noted in 1921 and 1925. The corn showed 
pronounced benefits in 1919 and in 1928, but in general the increases were not 
large. There seems no possible choice between the two phosphates under the 
grain system of far1ning, as the increases in yields were very similar from the 

use of the two materials. 
The complete commercial fertilizer gave crop yields which in most cases were 

very similar or slightly lo,ver than those brought about by the superphosphate. 
Certainly there is no evidence from the data to show any superiority for the 
complete commercial fertilizer over the phosphates. 

The results as a whole confirm those secured on Series 100 on this same :field. 
They indicate the value of applications of farm manure to this soil. They show 
the desirability of applying lime, especially if legumes are to be grown. A phos­
phate fertilize'l· may be very desirable, a.t least in some seasons. Tests of rock 
phosphate and superphosphate are strongly recommended. 

THE EVERLY FIELD 
• 

Results secured on the Lamoure silty clay loam on the Everly Field in Clay 
County are given in table XVIII. The value of farm manure to this soil type 
is definitely shown, large increases in crop yields being secured almost every 
season. Beneficial effects were very large with the corn in 1924, the oats in 1922 
and 1926, the clover in 1923 and the alfalfa in 1927 and 1928. Superphosphate 
and the muriate of potash ,vith the manure (the application being made for the 
first time to this plot in 1921) bene<ited the crops in practically all cases. In­
creased crop yields ,vere noted on the clover in 1923, on the oats in 1927 and 
1928, on the corn in 1924 and on the oats in 1922 and 1926. 

Rock phosphate or supcrphosphate "rith the manure increased yields in 1nost 
seasons, particularly the clover in 1919 and 1923 and the alfalfa in 1927 and 

1 

1928. The oats were also materially benefited by the phosphates in 1922 and 
1926, and the corn was greatly increased in 1924. In the other seasons when corn 
was grown no large effects of the phosphates ,vere shown. The superphosphate 
showed up much better than the rock phosphate on the clover crop and on the 
alfalfa. It also proved more beneficial on the oats. The complete commerciaJ 
fertilizer applied with the manure showed smaller effects than the superphos-
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TABLE XYIII. FIELD EXPERI~lENT, LAMOURE SILTY CLAY LOAM, CLAY 
COUNTY, EVERLY FIELD-SERIES II 

., 
d 
3 .. ., 
I> 

Trentment 0 • 
0 6◄ z 

"'; -0 ... p, 

ii; a, ... 
1 Cherk -------------------- 1.45 
2 Jilanure ____________ ------- 1.45 
a ,\Ianure+suprrphosphatc 

+potassium ____________ 1.60 
4 \lanure+rocl{ phosphate_ 1.67 
a .\lHnurc+~uperphosphatc _ 2.03 
6 .l'\Junurc+complcte coin-

1nercial fertilizer _______ 1.79 
~ 

Check 1.68 I ----------- -------
8 Crop rrsidues __ . ------ 1.56 
9 Crop resi<lucs+superphos-

pha te+ potassium ______ 1.56 
lU ()rop residues+rork pbos-phate ___________________ 1.68 
11 Crop re::-idues+superphos-phate ___________________ 1.56 
12 C'rop residues+complete 

co1nmercial frrtilizer __ 2.08 
13 <:heck ------- ------------ 1.62 -- -

• Superphosphnte and potassium ndded 
to plots 3 and 9. 

( 1) Total of 2 cuttings. 
(2) Totol of 8 cuttings. 

" 
" p, 

,&;I d .. d .. . 0 • 

o◄ 0◄ 
0 
oli; ..... 

e'l., 
NI>, "' "' a, ... .... .. 
14.6 ti5.8 
83.2 75.3 

83.2 75.8 
S3.2 70.0 
80.8 68.1 

80.8 63.2 
66.9 54.5 
70.4 54.7 

70.4 61.9 

73.6 60.4 

88.4 60.8 

77.8 64.7 
61.2 54'.0 

a .. d 
:::: := 

3 
" 

.. "' ~~ 
..... 

" ,&;I " " :;a ◄ p, .. ,&;I ,&;I ., 
d .. "' !l . I> d ., 

0 • ... ... . .... . t-- ., a) ., 

'°<l 5<1 o<l o.q "'◄ "'"' N p, 
0 0 0 0 "' 0) ., 

.,.; .. ~:o II) !i'I "'; 
... ., 

'"'a C0 ., d ~s 0 
N "- N "- Np, N p, Cl"- ~ ... 
"' "' "' "' "' ... N ... ... ... ... ... ~ ~ 

35.6 0.57 31.8 57.9 47.4 1.05 2.03 
54.1 0.71 58.2 68.6 62.9 1.43 2.94 

70.4 l.83 69.4 58.8 76.8 2.82 4.71 
64.1 1.25 61.7 55.1 76.8 1.82 4.54 
70.2 1 75 67.2 55.8 83.0 3.26 5.31 

68.4 1.26 60.8 54.0 71.l 3.00 4.82 
58.3 0.77 43.2 44.0 54 7 1.22 2.61 
52.8 0.87 39.6 43.4 f:3.4 1.02 2.76 

61.1 1.47 56.5 44.2 71.6 2.26 4.22 

57.7 1.14 61.2 42.2 72.4 1.24 3.55 

62.8 1.59 57.7 44.7 77.6 2.28 3.99 

78.4 1.73 56.4 57.7 76.5 2.72 437 
48.5 0.83 35.7 53.5 50.4 1.00 2.04 

phatr. in all seasons. 'l'he complete conunercial fertilizer is not as desirable for 
use on this soil as the superpbosphate. Muri.ate of potash ·with the superphos­
phate on plot 3 did not show any pronounced benefits over the use of the super­
phosphate alone on plot 5. In fact, in most cases there was no indication of 
Yalue from the use of the potash. 

The crop residues slightly increased crop yields in several seasons, but the 
increases were not significant. Rock phosphate or superphosphate used with 
the crop residues increased crop yields in most seasons. In come cases the gains 
,vere very large, as on the clover in 1923, and on the alfalfa in 1927 and 1928. 
Increases were also noted on the oats and on the corn in several seasons. In 
1nost in-.tan<'es the superphosphate showed up ve,ry much better than the rock 
phosphate on the various crops grown on this field. 'fhe difference is particu­
lai-Jy notable on the alfalfa, on the clover in 1923, on the oats in 1922 and 1926 
and on the co111 in ] 920. The superphosphate and muriate of potash applied 
with the crop residues brought abou_t increases very similar to those occasioned 
by thf' use of the superphosphate alone. Only with the alfalfa in 1928 was there 
ally pronounced difference in yield in favor of the muriate of potash with the 
superphosphate over the superpbospbate alone. The complete commercial fer­
tilizer with the residues increased the yields in practically all seasons, and in 
some ca."es the increases were very large. Large beneficial effects were noted 
on the clover in 1919 and 1923, and on the alfalfa in 1927 and 1928. On all 
these crops the complete fertilizer gave larger increases than did the superpbos­
phate. It also proved more effective on the oats in 1922 and on the corn in 
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1921 and 1925. I n the other cases the c]jffercnces '"ere not large but ,vere slightly 
jn favor of the phosphate. Fron1 these data there is son1e evidence of snpe-riority 
for the con1mcrcial fertilizer over :-;uperphosphate on this soil at least in some 
seasons, but a,ving to the higher cost of the complete fert ilizer it is doubtful 
,vhe,ther crop increases " 'oul<l prove as economical as those brought about by 

the superphosphate. 
I t is apparent fro1n tl1e data secured on this field that the Lainoure silty clay 

loain ,vill respond to -s1nall applications o-f far1n manure. Large amounts should 
not be applied, part icnlarly preceding t,hc gro,ving of a small grain crop, as 
the n1anure is likely to canse the grain to lodge. 1\ phosphate fertilize-1· is very 
desirable on this soil and the evidence is very strong that superphosphatc ,,;rill 
bring about lar ger crop in('rC'a."rs 1 han ,vill the rock phosphate. on this type. 
Co1nplete conunercial fertilizers arc p1·ohably not as desirable as a phosphate on 
this soil. '!'here is no evidencr of lar~c value fro1n the use of 1nnriate of potash 

in addition to snperphosphate. 

THE NEEDS OF HARRISON COUNTY SOILS AS INDICATED BY LABOR­
ATORY, GREENHOUSE AND FIELD TESTS 

The general needs of the soils of IJarrison County have been indicated quite 
defu1itely by the results of the laboratory, greenhouse and field expcrin1ents 
\Vhich have been discussed in previous pages. S01ne recommendations may, 
ther efore, be given here ,vhich ,vill be ap1)licablc to the county as a ,vbolc. Altho 
the field experin1ent.s desc r ibecl in this report have been carried out in other 
counties, the soil types arc the same as those occurring in llarrison County, and 
hence the results indicate quite definitely the effect." of the san1e fertilizer treat~ 
ments. The recom1nendations ,vhich are offered here are based not only upon 
the experiments ,vhich have been discus.sed but also upon the gener al experience 
of many farmers. No suggestions are made except those \vhich have been sho\\'11 
to be of value by much practical experience and any of the recon11nenclations may 

be put inlo effect on any farm. 
In a number of cases it is suggested that tests be carried out on individual 

farms and it may be noted that 1nany farmers ar e already carrying out simple 
tests of fertilizing materials and securing data of considerable value to them­
selves and to far1ners on the sa1nc soil ty-pe. Such tests arc easily planned and 
carried out. The Roils Section of the lo,va 1\..gricultnral Experiment Station is 
ready to aid any farn1rrs ,vho 1nay he inter ested in conducting tests on their 

o,vn soils. 
Manuring 

Most Ilarrison County soils are fairly ,v~ll supplied ,vith organic matter and 
in the case of son1c of the heav ier bottornland soils the content of organic 1natter 
is high. In s0111e of the types, ho\\,ever, and particularly in the more extensively 
developed upland soils, there is no large content of organic matter and the addi­
tion of fertilizi ng 111atcrials supplying this constituent is very desirable. It 
is particularly i1nportant on these soils that so1ne method be follo"'ed for tbe 
r eturn of organic matter jn order to insure the maintenance of fertility . 

rrhe 1nost l1nportant 1neans of supplying organic 1natter .is by the application 
of farm manure. It is undoubtedly the 1nost valuable fertilizing material which 

• 
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can be employed, and its value is due largely to the addition of organic matter. 
Large crop increases are secured from the use of farm manure on the upland 
soils of this county and on many of the bottomland types it brings about con­
siderable increases in the yields of gener al farm crops. Its value has been noted 
particular!) on the :rirarshall silt loam, the Knox silt loam, the Carrington loam, 
the "\Vaukesha silt loam and the La.moure silty clay loam. All of the other ter­
race types will like,vise respond to additions of farm manure, and on the other 
bottomlan<l types, particularly those which are light in color and sandy in tex­
t11r1 , the use of n1anure is very desirable. On the heavier black soils it should be 
npplit•d 0111~ in ~1nall quantities but even on these types sn1all applications arc 
frc<1ueutly n1ucb "'Orth ,vhile because of the• stimulation they bring about in the 
prcllluc·tiou of available plant foods. On such types the application of even 
s1nall an1011nts of farm 1n8Jlurc should not be made preceding the gro,ving of a 
i-1nall grain crop. 

'l'hc gro,ring antl turning tmdcr of a legume crop for gt·een manuring pur­
plll1H>Scs is v~ry desirable on many of the upland soils in this county. On grain 
l'ar1ns ,vhere little or no farm manure is produced, green manuring is essential 
in ord,•r to bniltl up and maintain the supply of organic matter and nitrogen in 
the soil. On many livestock farms the production of farm manure is inadequate 
to i-upply the needs oi all the land and hence green manuring must be resorted 
to to make up the deficit. On many farms green manuring is desirable as a 
snhstit,utc for or to supplement farm manuring. Legumes should be used for 
grePn 1nanuriug rather than non-legumes because it is possible by growing ,vell 
inoculated legu1nes to utilize nitrogen from the atmosphere. Thus the nitrogen 
content of the soil 1nay be increased when the crop is turned under. Green ma­
Ulu·iug niay be practiced to considerable advantage on the 1Iarshall silt loam, 
I.he l(nox silt loam and the Carrington loam on the uplands. Green manuring 
shoul<l not be follo,ved carelessly, however, as undesirable results may occur 
if the conditions are not satisfactory for the best decomposition of the green 
material. 

The utilization of all the crop residues on the farm is an important aid in 
the maintenance of the organic matter content of the soil. If the residues are 
hnrned or otherwise destroyed, as i& often done, there is a considerable loss of 
YaluablP fertili:&ing constituents. On the livestock farms the residues may be 
used for bedding and returned to the land with the manure. Ou the grain farms 
crop resiJues may be stored and allowed to decompose partially before being 
appliNl, or they may be applied directly to the land. Under both systems the 
thoro utilization of the residues is strongly to be r ecommended. 

The Use of Commercial Fertilizers 

The pho~phorus supply in the soils of I-Iarrison County is rather low, and phos. 
phorus fertilizers will soon be needed on these soils if crop yields are to con­
Linue to be satisfactory. There are indications, however, that profitable r esults 
may be secured at the present time from the use of phosphate fertilizers. Green­
house and field experiments which have been discussed in this report have in• 
dicated considerable increases in crop yields in many cases from the use of 
phosphate fertilizers. 
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The t\vo phosphorus c·arrier s "'hich may be used as phosphate fertilizers are 
rock phosphate and superphospl1c1tc•. rl'hr latter supplies the element phosphorus 
in a form which is immediately availahlt• for plant food. l{ock pho . .;phate, on the 
other hand contains the element in a form which is only slowly made availah 
in the soil. Superphosphate is more expensive but is applied in smaller amounts, 
usually at the rate of 150 to 200 pounds per acre annually. Rock phosphate is 
applied only once in a fonr-yrar rotation at the rate of about 1,000 pounds per 
acre. In son1e cases the sltperphosphate seems to giYe n1uch better results but in . 
other instances the rock phosphate· sho"'s up quite a.'> ,vc"ll. In general quicker 
effects 111ay be exprctrcl f1•ou1 the use of the snperphosphate "·bile the rock phos­
phate clors not sho\Y its larg-rs1 influence until the seconcl or third year follO\\'ing 
application. l:i'urthrrn1or P, on soils lo,v in organic 1natter, superphosphate is 
111uch 111ore desirable, while on soil types \\·ell supplied ,vith organie matter the 
rock phosphate 1nay pro Ye q uitc as profitable. rro dctern1ine the r~poni:ie of the 
soil to a pho,phorns fertiJi:t,c•r, it is Y(•ry t1ei-;irable that an application of super­
phosphate he made. \Vhrn thP phosphorus need of thE> soil has been sho\\rn hy 
n1eans of this 111aterial, thi>n t<>sts n1ay he carric·c.1 out "'ith both the :-;uperpho.;­
phate and rock phosphate to deh'1·1ninc "hirl1 \\·ill 1n•oye 1nore profitah~e unc.ler 
tl1e particular conditions on the farm. It is very desirable that farmers test 
these materials under their o,vn conditions and it is recommended that a phos­
phate fertilizer be trstec.l on 111any of the soils of this county. Simple tests may 
be carried out ea...,ily on any farm. Directions ,vhich may be follo,ved in making 
suc>h tests are given in (Jircnlar 97, of the Io,va .Agricultural Experiment Station. 

Most of the soils in thr c·otn1ty are fairly well supplied \vith nitrogen and only 
in one or t,vo cases is thC're a deficiency. It is very important, hO\VeYer, that 
some material supplyin g nitrogen he applied to the soils regularly if the content 
of the element is to be kept up. rrhe proper preservation and application of all 
the farm manure produced is very dc-,irable to aid in keeping up the nitrogen 
content of the soil. On livestock far1ns, the use of manure will aid materially in 
preventing a deficiency of nitrogen. llowcvcr, not all of the nitrogen. lost fron · 
the land can be r eturned even thru the best 1nethods of farm manuring. On th<' 
livestock farm, therefore, the nsr of lrgu111 inons crops as green manures is vcrJ 
necessary to supplement far1n rnanure a:-; a source of nitrogen. When th, 
legume is inocu1atcc1, a ]arg<' pa1·t of the nitrogen ,vhich it contains is taken fron 
the atmosphere, anc1 hrncr ,vhen the le1guu1e• is turnc>cl under as a green manur,. 
lhere may be a consic1p1·ahlr in1•reasr in the 11itrogrn con1ent of the soil. On grai1 
farms the use of lrgnminons C'rops ns green n1a11nres is very necessary to permi 
of thr 1naintena11ce oE the nitr<>gcn conll•nt. in the ]and. (

1

rop residues also ai, 
to a c<"r tain extl'nt in kreping up the nit.rog<>n sup ply of thP soil, and these n1at( l 

rials should be appliecl to the land anc1 not burned or other,vise destroyt•cl. Thr l1 

the proper utilization of all the crop resitlncs, far111 n1annre and legnminous cror 
as green n1a11ures, it should he possible to keep up the nitrogen in the soils ,vit1 <I 
out having to resort to the application of co1n1nercial nitrogenous fertilizers. ri 

I~arlier analyses have sho,vn a large total potassium content in the soils < s 
Ilarrison County, and it is not like11y that potassiu1n fertilizers ,vill be needed , ,. 
the present ti1ne. If the conditions in the soil a r <" such that there is a rapid pr r 

clnction of available potassin1n, tben no respouse fro1n the use of a potassiu 
61 
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fer1 ilizer "·ill bl• secured. 1~ropcr l'Ult ivation and drainage, add it ions of organie 
u1atti>r ancl lirne and other general soil treatments will aid in the production of 
availahle potassiun1 fron1 the supply already present. Potassium fertilizers 
l'annot 111' rf'(•onnnen<ll'<l fol' general use on the soils of this coun ty at the present 
tin1P. If it is desired to test a potash fertilizer, a small an1ount may be applied 
and its eff cc•t on crop yiehls detcrmine<l. Tests of any potash fertilizer should 
lw nuHll' on a s1uall arl'a before any extrusive application is made. 

C'on1plete con11uercial £r1iilizer~ supply nitrogen aud potas.<cium as ,vell as 
1,hosphorus an<l th1·ir use is Y<'r~· desirable on soils ,vhich are lacking in all three 
of these plant foo<l C'Onstituents. It does not seem probable that such complete 
fertilizl'r:,; are necclc<l. ho·wcvcr, on the soils or I-Iarrison County. Potassium is 
not Ukely to he deficient in these soils, and nitrogen may be more cheaply sup-
plied by using- a legu1nc as a green 111anure. Phosphorus is the only element 
,rhich is al n1ost <·rrtain to he d<'ficient and it "'ould see1n more desirable to supply 
this constitn<'n1 hy the use of snperphosphate, ·which is considerably cheap<'r than 

h~ l he comple1 e fertilizers. 'l'he c-xperilnental data \Yhich lune hecn reported earliC'r 
in<lil'a1P that in most casPs pra<'tieallr as large <>ffects 1nay he secured ,vith supcr­

ltr phosphate as '"ith the con1plcte co1nmercial fertilizer. If ence the latter cannot 
ts1 hc> recornnll'nded for gcnl'ral ll"<' at, the present time. Before any complete com-
106. rr1ercial fPr1ilizE>r is used ext<'nsiYt>ly on any £arm, it should be tested on a limited 
nay area to <letrnnine the Yalue- from the application and rspeeially to determine its 
jn!? 1•i,latiY<' Yalue in eomparison with superpLosphate. If p r ofitable effects arc 
ion. Sl'l'Hr<'d, 1h1•11 tl.ter<> is no possible objection to the use of a complete fertilizer. I t 

o,-

nl\' ) ' 

that 
lt'OI 

is simply a <111rstion of economic rcturnfi. 

Liming 

[ all 'l'h<' soils in IT arrison ( 'onnty are not generally acid in reaction, and the 
~gl'D g1·t>at majority of the typ<'s, partieularly those on the hottomlands, are ,vell 
ly in snppliPd ,vilh Jim<'. The ~IarshaJl silt loa1n. ho,vever, the most extensively de­
froro velop<'<l 11pla11d soil, is sljghtly acid in r<'action ill the surface soil and thruout 

1 the thC! three-foot ~ertion. 'l'h<' ( 'arringion loam on the upland is also acid in re­
\'erY a<·tion. 'l'h<' J(nox silt loa1n, the third upland type is strongly basic in reaction 

0 th~· an,l not. in ll«'e<1 of Jim<>. On the terracrs the \Vaukesha and Judson soils are 
froll\ slightly a<•i,l iu reaetion but the IIancock type is basic. On the bottomlands, aH 
,uur11 he soils a1·p basil' in reaction ancl <'Xeept for the \Ya hash typl's sho,v a ln~h eo:n­
<1rai1J 1c•nt of linH'. Only ,vith the ~Ia1·shall ancl Carrington soils on the uplands, the 

1
;r1J1i( \VankPsha antl Judson types on the 1<'rrac<'s and lh<' \Vabash types on thl' bot­
,o aid Loin:-; is thet·P a need Ior lime on the soils of this county. \Vhile the c>Xlent of 

111at& acidity is not grPat, these soils "ill respo11d lo appli<·ations of lin1e, especially if 
'fhrq legumes are to he gro,vn. 

,, 

eroP! The greenhouse and field experiments discussed earlier in this report indicated 
will rlf'finitely the value of lime to soil types ,vhich are acid in reactiou. The expe-

r~. riences of many farmers have also sho,vn the beneficial effects on crop yields of 
. ~ -iuch le~rnes as alfal~a and sweet clo~er w·hen li~e is applied t~ the soil. _It is 

.oils ~ very desirable, therefore, that the soil types ,vlnch have been listed as ac1cl in 
'lle<l eeac·tion he tf'stecl and the necessary amount of lime be applied, especially before 
1id ~r

4 
::;ceding to a legume. Farmers may test their own soils but the test will usually 

ta.c;S!U 
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be more satisfactory if a small sample is sent to the Soils Section of the Iowa 
AgriGultural Experiment Station, where it will be tested free of charge and 
recommendations made r egarding treatment. These soils should be tested for 
lime needs at least once in a four-year rotation, and always before the legume of 
the rotation is to be grown. In this way it will be possible to keep up the lime 
content of the soil and insure the most desirable growth of such legumes as 
alfalfa and sweet clover. 

Further information regarding the use of lime on soils, losses by leaching and 
other points connected with liming are given in Extension Bulletin 105, of the 
Iowa Agricultural Extension Service. A list of companies prepared to furnish 
lime for agricultural use is also given in the bulletin. 

Drainage 

As noted earlier in this report, the natural drainage system on the uplands of 
this county is excellent and there are very fe,v cases where the upland types 
are in need of artificial drainage. The various streams with their tributaries 
and intermittent drainageways extend into practically all parts of the upland 
and carry away the excess water. Furthermore these types do not haYe stiff 
and impervious subsoils and are, therefore, not likely to retain large amounts 
of water. On the bottomlands, however, which are developed extensively in the 
western and southwestern parts, the need for artificial drainage is very often 
evident. The deepening and straightening of the natural drainage channels 
which flow thru this bottomland area and the laying of ti1e drains have helped 
materially to drain large areas. The installation of tile in other areas in the 
bottom.lands is still desirable, however, if drainage is to be entirely satisfactory. 
The map given earlier in this report indicates the extensive natural drainage 
system of the upland areas and the lack of natlu·al drainage on the bottomlands. 

Soils which are too wet will not produce satisfactory crop yields, and the first 
treatment needed on some of the soils of Harrison County is adequate drainage. 
Farmers should drain their land well if they wish to secure the best results. The 
installation of tile is a rather expensive operation but the results secured war­
rant the outlay. No fertilizer treatment will bring about profitable returns on 
land which has not been adequately drained. The practical experience of many 
farmers shows quite definitely that the benefits from tiling are large and in 
many cases it may mean the difference between no crop and very satisfactory 
crop yields. 

The Rotation of Crops 
It is a matter of common knowledge that the continuous growing of any one 

crop will quickly reduce the fertility of the soil and crop yields will decrease 
rapidly. Even if the crop grown continuously is of especially large money value, 
it is more profitable, over a period of years, to rotate crops, even if crops of less 
money value are grown in the rotation. Much experimental evidence supports 
the value of crop rotation and an abundance of farm experience confirms the 
experimental data. 

No special tests have been carried out in Harrison County to determine the 
most desirable rotations to be followed. A number of rotations, however, have 
been used thruout the state for many years and from among these some one may 
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be chosen which will be suitable for use in this county. 11odifications of the 
rotations as suggested may be made to fit the local conditions. In fact almost 
any rotation may be employed with satisfaction provided it containc:; a legume 
and money crops adapted to the area. The following are some of the common 

rotations in Iowa. 
1. SIX-YEAR ROTATION 

First year-Corn 
Second year-Com 
Third year-Wheat or oats (with clover, or clover and grass) 
F01,rth ycar-C'lovcr, or clover and grass 
Fifth ycar-\Vheat (with clover), or grass and t'lover 
Sizth year-Clover, or clover and grass 
This rotation may be reduced to a five-year rotation by cutting out either 

the second or sixth year, and to a four-year rotation by 01nitting the fifth and 

!';ixth years. 
2. FOUR OR FIVE-YEAR ROTATION 

First yea,-Corn 
Second year-Corn 
Third year-Wheat or oats (with clover or with clover and timothy) 
Fourth yea.t-Clover (If timothy was seeded with the elover the preceding year, the rota­

tion may be extended to five years. The last crop will consist principally of timothy) 
3. FOUR-YEAR ROTATION \VITH ALFALFA 

First year-Com 
Soc<>n<l yeaT-Oats 
Third year-Clover 
Fourth year-Wheat 
Fifth year-Alfalfa (The crop may remain on the land five years. This field should then 

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

4. FOUR-YEAR ROTATION 

First year-Wheat (with clover) 
Sec<>n.a year-Com 
Third year-Oats (with clover) 
F011,rth year-Clover 

First year-Oorn 
Second year-Wheat or oats (with clover) 
Third year-Clover 
F011,rth year-Wheat (with clover) 

First year-Wheat (with clover) 
Second year-Clover 
Third year-Com 
FO'tlrth year-Oats (with clover) 

5. THREE-YEAR ROTATIONS 
First year-Corn 
Second, 11ear-Oats or wheat (with clover seeded in the grain) 
Third year-Clover (In grain farming, only the grain and clover seed should be sold; most 

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

First year-Com 
Second year-Oats or wheat (with clover) 
Third year-Clover 

First ycar-Whea.t (with clover) 
Second year-Com 
Thi.rd year-Cowpeas or soybeans 

The Prevention of Erosion 

Erosion is the ca1Tying away of soil thru the free movement of ,vater over 
the surface of the land- If all the rain falling on the ground were absorbed, 
erosion could not occur, hence it is evident that the amount and distribution of 
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rainfall, the character of the soil, the topography or the '' lay of the ]ancl, '' a1Jd 
the cropping of the soil are the factors ,vhich determine the occurrence of this 
injurious action. 

The t,vo types of erosion arc sheet ,vashing and gullying. rrhe former may 
occur over a rather large area aud the surface soil may be remoYecl to such a 
large extent that the subsoil n1ay be exposed and crop gro"·tb prcventecl. Gully­
ing is more striking in appearance but less harmful and it is usually more easily 
controlled. If, ho,veYer , a rapidly ,vidcning gully is allo"·ecl to gro,v nnc·heckecl, 
an entire field may soon be made useless for far1niug purpooes. 

Erosion occurs to sonic extent in Ila.rrison Uonnty, its effect being particularly 
noted on the Carrington loa1n and the Knox silt loam on the uplancl. There is 
also considerable washing of the Marshall silt loan1 in the n1ore r olling areas. 
Evidently there are many cases in the county ,vhere Rome 1neans of prevention 
or control of the destructive action of erosion shonlc.1 br cH.lopted. 

The means which may be employed to control or preYent erosion in Io,va may 
be considered. under five headings as applicable to " dea(l furro,vs," to sn1all 
gullies, to large gullies, to bottoms and to hillside erosion. 

EROSION DUE TO DEAD FURROWS 

Dead furro,vs or back ftn·ro\\'s ,vhen running "'ith the slope> or at a consider­
able angle with it f requently result in the formation of gullies. 

'' Plowing In"-It is quite customary to "plo"' in" the s1nall gullies that 
result fr om dead furrO"-'S and in level areas this process may he cffrctiYe. In 
the more rolling areas, ho'1.1eve·r , it is best to supplen1ent the "plo,ving in " "'ith 
a ser ies of '' staked in'' dams or earth dams. 

'' Stalc-ing 111/'-The method of "staking in" is better as it require::- less ,V'ork 
and there is less danger of ,vashing out. The process consists of driving in 
several series of stakes across the gully and up the entire hillside at interYals of 
from 15 to 50 yards, according to the slope. The stakes in each series should be 
placed 3 or 4 inches apart. I t is then usually advisable to ,veave some brush 
about the stakes, allo,ving the tops of the brush to point upstream. .A.clditional 
brush may also be placed above the stakes, ,vith the tops pointing upstream, 
permitting the water to filter thru, but holding the fine soil. 

E arth Dams-Earth dams consist of mounds of soil placed at intervals along 
the slope. There are some objections to the use of earth dams, but in many cases 
they are effectiYe in preventing erosion in '' dead furrows.'' 

SMALL GULLIES 

Gullies result from the enlargement of surface clrainage,va_rs and they may 
occur in cultivated land, on steep hillsides in grass or other Yegetation, in the 
bottom.lands, 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 practicable to fill 
them by dumping soil into them; that takes much work and is not la.sting. 

Checking Overfalls-The formation of small gul1ies or ditches is practically 
always the r esult of overfalls. An easy method of checking the overfalls is to 
put in 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 
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is intertwined betw·een the posts, straw is well tramped do,vn behind them and 
the straw and brush are helcl in place by cross pieces nailed to the posts. 

"Staking ln"-Tbe simplest method of controlling small or moderate sized 
gullies and the 011e that gives the most general satisfaction is the staking in 
operation recommendecl for the control of dead furrow gullies. 

The Sltaw Dant,-1\_ simple method of preventing erosion in small gullies is 
to till them "'ith st1·a"'· This u1ay be done at threshing time ,vith some saving 
of time and lahor. The stra"' is usually piled near the lo,ver part of the gully, 
but if the gnlly is rather long or bra11ching, it should be placed near the middl<' 
or below the junction of th<' branches or n1ore than one dam should be used. 

'The Earth Dan1~ '1'he use of an earth da1u or mound of earth across a gully 
n1ay be> a satisfaetor~· 1uethod of controlling erosion under so1ne conditions. In 
general it 1nay be sai<l that "·hen not provided "rith a suitable outlet under the 
da1n for surplus ,vater the earth (hlln cannot be recom1nendecl. When such an 
ontlft is 1n•oyi<led the da1n is called a "Christopher" or " Dickey" dan1. 

The "r1hristoplter" or ''Dickey'' Dam-'l'his modification of the earth dam, 
con:--i:--tH merl'ly in laying a line of tile do,Yn the gully and beneath the dam. A11 

elbow or a "'f," called the surface inlet, usually extends 2 or 3 feet above the 
botto1n of the gully. .A large sized tile should be used to provide for flood 
watrrs ancl the da1n should be proYiclecl ,vith a cen1ent or board spilhvay or 
rnnotf to prevent any cutting baek by the ,vati>T flowing from the tile. The 
earth da1n should be 1na<lc s01ne,Yhat higher an<l ,vider than the gully and 
higher in the ('enter than at the sides to r educe the clanger of ,vashing. 
It is advisable to gro,v s01ne crop upon the earth clam, such as sorghum, or even 
oats or rye, ancl later to seed it to grass. 

The . !dam .,; Dani-'l'his clam is practical1y the same as the Christopher or 
Dickey Dam. In fact the principle of construction is identical. In so1ne sections 
the name" Adams Dam" bas been applied and hence it is mentioned separately. 

Tlu• Stone or Rnbble Da111- \Vhere stones abound they are frequently used in 

constructing clams for the control of erosion. 
Tlie Rubbish Dan1r-The use of rubbish in controlling erosion is a method 

sometimes follo,ved and a great variety of materials may be employed. The 
r~ults are in the n1ain rather unsatisfactory and it is a very unsightly method. 

'l'he 1~' 01•e II IT' ire Da 111-The use of ,Yoven-,virc, especially in connection with 
brush or rubhish, has son1Ptirnes proven satisfactory for the prevention of ero­

sion in s111al1 gullies. 
Sod Strips-'l'he use of narro,v strips of sotl along natural surface drainage­

" 'ays may often prevent these channels from " 'ashing into gullies, as the sod 
serves to hold the soil in place. Bluegrass is the best crop to use for the sod, but 
timothy, redtop, clove r or alfalfa may serve as ,veil and for quick resnlts sor­
ghum 1nay be employed if it is planted thickly. 

The Oonorete Dan1,--One of the more effective means of controlling erosion is 
by the co11crete clam, provitletl the Dickey system is used in connection ,vith it. 
They are, however, rather expensive. O,ving to their high cost and the difficulty 
involved in securing a correct design and construction, such dams cannot be 
considered as adapted to general use on the farm. 

Dra,inage---The ready removal of excess water may be accomplished by a sys-
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tem of tile drainage properly installed. This removal of water to a depth of the 
tile increases the water absorbing po,ver of the soil and thus decreases the tend­
ency toward erosion. 

LARGE GULLIES 
Large gullies or ravines may in general be controlled by the same methods as 

for small gullies. The Dickey dam is the only method that can be recon1men<led 
for controlling and filling large gullies and it seems to be giving very satisfal'tory 
results at the present time. 

BOTTOM•LANDS 
Erosion frequently occurs in bottomlands, especially ,vherc they are crossed 

by small streams, and the land n1ay be very badly cut up and rendered almost 
entirely valueless for farming purposes. 

Straightening a'Ylcl 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. 

Trees-Erosion is so1nctimes controlled by rows of such trees as willo":s ,vhich 
extend up the drainage channels. While the method has some good features it is 
not generally desirable. 

HILLSIDE EROSION 
Hillside erosion may be controlled by certain methods of soil treatment "·hich 

are of value not only in preventing the injurious washing of soils but also aid 
materially in securing satisfactory crop growth. 

Use of Organic Matter-Organic matter or humus is the most effective means 
of increasing the absorbing power of the soil and hence it proves very effective 
in preventing erosion. Farm 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 cornstalks may also be turned under to increase 
the organic matter content. 

Growing Crops-The growing of crops, such as alfalfa, that remain on land 
continuously for a period of two or more years is often advisable on steep hill­
sides. Alsike clover, sweet clover, timothy and redtop are also desirable for use 
in such locations. 

Cont()ur Discing- Discing around a hill instead of up and do,vn the slope or 
at a.n angle to it is frequently effective in preventing erosion. This practice is 
called" contour discing" and has proven satisfactory in many cases in Iowa. 

Sod Strips-The use of narrow strips of sod is very desirable for preventing 
gully formation. The sod protects the field from the flow of ,vater during rains 
and prevents the washing away of the surf ace soil. 

Deep Plowt'.ng-Deep plowing increases the absorptive po,ver of the soil and 
hence decreases erosion. It is especially advantageous if it is done in the fall as 
the soil is then put in condition to absorb and hold the largest possible amount of 
the late fall and early spring rains. 

INDIVIDUAL SOIL TYPES IN HARRISON COUNTY* 
There are 21 individual soil types in Harrison County and these with the col­

luvial phase of the Wabash silt loam, the deep phase of the Sarpy silt loam, the 

*The descriptions of individual soil types given in the Bureau of Soils report have been closely 
followed in this sect.ion of the report. 
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deep phase of the Sarpy silty clay loam and the riverwash make a total of 25 
separate soil areas. '!'hey are divided into four groups, drift soils, loess soils, 
terrace soils, and swamp and bottomland soils. 

Drift Soils 
CARRINGTON LOAM (1 ) 

The only drift soil in the county is classified as the Carrington loam. It is of 
limited occurrence, covering only 0.3 percent of the total area. This type is 
found in a number of small areas in various parts of the county where the 
streams have cut thru the loess, exposing the underlying clrift material. It 
occurs in narrow strips on the lower hill slopes which border the stream valleys 
of many of the rivers and creeks and their larger tributaries. There are no 
large areas of the type. The Carrington loam is found chiefly along \Villow 
River, Boyer River, IIarris Grove Creek, Potato Creek, Pigeon Creek and 
Mosquito Creek, and particularly along one of the tributaries of the latter 
creek in Washington Township in the southeastPrn corner of the county. 

The surface soil is a dark grayish-brown loam, extending to a depth of about 
6 inches. There is an abrupt transition to the subsoil material which consists 
of a dark yellowish-brown silty clay loam, extending to a depth of 24 to 30 
inches. Below this point is a stiff brown sandy or gravelly clay. The surface 
material varies considerably in texture, ranging from a silt loam where there 
has been some wash from the higher areas of Marshall silt loam to a coarse sandy 
loam where the surf ace soil has been badly eroded. Coarse sand and gravel and 
a few small boulders are found in the surface soil and in larger quantities in 
the underlying soil layers. :tvlany small patches of the type occur ,vhich are too 
small to show on the map. They are included with the areas of Marshall silt 

loam. 
In topography the Carrington loam is generally rolling to rough. In some 

areas the surface is so rough that it is suitable for pasture purposes only. Drain­
age is naturally good. 

Owing to its small acreage, the Carrington loam is of little agricultural im­
portance. Most of it is cultivated but a few areas are too rough for cultivation 
and are utilized only for pasture pur poses. On these areas there is a limited 
growth of trees. 

When in cultivation, the Carrington loam is particularly in need of additions 
of organic matter to make it more productive. It is acid in reaction and should 
be limed for the best growth of general farm crops and particularly of legumes. 
Additions of a phosphate fer tilizer would also undoubtedly prove of value. 

Loess Soils 
There are two loess soils in the county, classified in the Marshall and the Knox 

series. Together they cover 52.5 percent of the total area. 
MARSHALL SILT LOAM (9) 

The Marshall silt loam is by far the most extensively developed type in the 
county, covering over 45.8 percent of the total area. It is found on all the up­
lands except where the lighter colored Knox silt loam forms a narrow strip along 
the bluffs of the Missouri Valley, and where the small areas of Carrington loam 
are exposed. 

The surface soil of the Marshall silt loam is a very dark grayish-brown, friable 
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silt loa1n, appearing ahnost black ,vhen "'et. It extends to a clepth ot about 5 
inches. 'l'he subsurface layer is similar in color to the surface soil but consists 
of a slightly heavie,r silt loa1n. 'l'his layer on the sn1oother uplands is about 
7 inches in thickness.. On the slopes the surfal'c soil is thinner and on small 
areas on the steep slopes, OJI the tops of sharp knolls and ridges, the darker col­
ored surface soil has been reffioved and the lighter colored subsoil exposed. On 
the more level to smooth, broad areas between the streams, the surface soil and 
subsurface layer ,vill usually amount to about 12 inches. 

'l'he upper subsoil of the type is a dark grayish-brovi'n in color, becoming 
lighter at the lo,ver depths. rrhis layer extends to a depth of fro1n 18 to 25 inches 
,,,here it grades into a grayish-bro,vn heavy silt loan1 to a depth of 25 to 35 
inches. Bclo,v 35 inches the color is a grayish-yel1o,v or yello,visb-bt·o"'n and the 
soil material is soft and friable. Belo,v this point thrre is the un,veathered, 
unleached parent loess which consists of a loose, structureless grayish-yello,v or 
yellowish-brown silt. No carbonates are found in the surface layer or thru the 
3-foot section. Belo"1 35 to 40 inches or ,vhen the unleachccl parent loess n1aterial 
is reached, there are usually sufficient carbonates present to cause effervescence 
when the material is tested. In some a.reas ,vhere the surface soil is thin, the soil 
is much lighter in color than in the typical, n1orc level intcrstrcam areas. Narro"· 
strips of this light colored soil are found on the more hilly or rough areas but 
they are included ,vith the typical soil. 

In topography the Marshall silt loam is typically gently undulating to slightly 
rolling but there is a considerable area of the type ,vhere the topography is 1nore 
hilly to rough. 'J.1he broad, rather Jevel areas bet,veen the strer1.n1s are typical 
of the most corn1non topography. I-Iillier and rougher areas are found in eastern 
Jefferson To,vnship and in the ,vestern part of I-Iarris, l,aGrange, JliiJ:agnolia, 
Allen and Lincoln to,vnships, a.nd some very hilly areas occur in ,vestern Boyer 
and Jackson Tov-'nships. Drainage over practically all of this soil is adequate 
and on the steeper slopes it is excessive. Here gullies are easily formed and 
there is considerable erosion. 

All of this soil is under cultivation except a fe,v areas on the steeper slopes 
" 'hich are still forested and used for pasture purposes. Corn, oats, alfalfa and 
s,ve-et clover are the chief crops. Average yields of corn amount to 43 bushels 
per acre. Oats yield about 30 bushels per acre. S,veet clover and alfalfa are ,vell 
arlapted to the type and excellent yields are secured. Orcharding is practiced 
rather extensively, and the comn1ercial apple orchards range in size from 5 to 40 
acres. Small fruits are gro,vn for local 1narke-ts and so1ue are shipped to the 
larger markeits. Small trnck gardens arc found near the to,vns, and many far111 
gardens supply the local markets ,,'1th vegetables. Other 1uinor crops gro"'n 
include °"'heat, ,vhich is produced to a very limited extent in the south,vest cor­
ner of the county, sorghum and soybeans. 

The Marshall silt loam is normally a rather productive type and yields of 
general farm crops are fairly saitisfactory. By prop~r methods of management, 
however, considerable increases in the yields of crops may be secured. The use 
of far1n n1anure is very desirable on this soil and will bring about large increases 
in crop yields. 'fhe turning under of leguminous crops as green n1anures has 
been shown to be of large value and crop yields are materially increased ,vhen 

' 
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green manuring is practiced. The type is slightly acid in reaction and the adcli­
tion of lime is desirable for the best gro,vth of legume crops. r1~he use of a phos­
phate fertilizer is recommended on this type and may bring about very pro­
nounced increases in crop yields. Either superphosphate or rock phosphate 
should be used and farmers are urged to test both materials under their farm 
conditions. In some of the experiments which have been discussed earlier , 
superphosphate bas seemed to be slightly superior to the rock phosphate but 
in other cases rock phosphate has giv<>n as large or even larger returns. It seems 
evident that some phosphate fertilizer should be used on this soil and it is diffi­
cult to determine "'hich material will prove 1nore profitable ·without actual test<; 
being made under individual farn1 conditions. Complete commercial fertilizers 
,vill probably prove of less value on this soil than superphosphate. vVhile they 
bl'ing about as la1·ge inereases in crops in most cases, they are much more ex­
p<'nsiYe and l1encr the inereases secured a.re less profitable. 

KNOX SILT LOA11 (11) 

The ICnox silt loa1n is the second largest loess type, but it is very much smaller 
in extent than the Tu[arshall silt loam, covering only 6.7 percent of the county. 
'l'hc type is developetl most. extensi vcly along the bluffs ,vhich border the l\[is­
souri RiYer in the ,vestern part of the county. The largest area is 2½ miles in 
,vi<lth and 6 1 :! miles long, extending north·ward from Orson into l\{onona County. 
8trip:-; from \

1 
mile to 21,~ miles "'ide are found. along the Missouri River, sepa­

rating the upland from the bottomland soils. Similar strips occur, extending 
along the upland bluffs along Soldier River, Spear, .Allen and Sto"'e Creek and 
their tributaries. Other small areas of the type occur on the upland ridges ad-

jacent to the steeper drainageways. 
'l'he surf ace soil of the Knox silt loam is a light bro·wn to bro,vn loose, friable 

silt loam. On the steep slopes where the surface material has been partly re­
moved. by erosion, the soil is thin and on very steep slopes and on the tops of 
knolls and ridges, the surface soil has been entirely removed and the subsoil ex­
posed. The surface soil on the more level areas reaches a depth of 8 or more 
inches. The average depth is around 5 inches. · The subsurface layer consists 
of a bro,vn to yello,vish-bro"'n silt loam, slightly heavier in texture than the 
surface soil. This layer usually extends to a depth of 12 to 18 inches, but in 
1na11y of the areas the layer is not present in the soil and the dark surface soil 
rests directly on the yello,vish-brown silt loam of the parent loess. Where the 
soil is typically developed, the surface soil and. the subsurface layer often sho,v no 
carbonate conten1, but th<' lower pat't of the subsurface soil and the subsoil al'<' 
ahyays very high in li1ne, sbo,ving n1any li1ne concrrtions. In 1nany of the areas 
there are streaks of li1ne and " 'hc-rP erosion has occurrPd and the soil is thi11 , 
lin1e occurs in large a1nounts near the surfac<.'. 

There is a variation from the typical soil in a small area ,vhich occurs at the 
lo,v elevation on the 1Ionona-Ilarrison County line two miles north of Pisgah. 
llere the material is a silt loa1n similar to the bottomland silt loam of tht> L a­
moure type, ancl the surface soil is underlaid by a black silty clay loam mottled 
with gray and brown. The color of the surface soil varies ·widely in different 
areas of the I{nox silt loa1n. On the rougher slop es and ridgt>s the color is 
lighter but no,vhere is the color as dark as that of the Marshall gilt loa1n. Faint 



SOIL SU.R.VEY OF IOWA 

gray mottlings sometimes occur in the deeper subsoils and iron stains are fre­
quently found. Pockets of very :fi.n·e sand or sand occur in a fe,v places in the 
subsoil, usually at the base of the higher bluffs adjoining the bottomlands. 

The topography of the Knox sil t loam is generally rolling with many variations 
up to the hilly to rough or bluff sections. The Knox silt loam is found on 
gradual slopes and narrow undulating ridge tops and on steeper areas ,vhich 
are too steep for culti-vation. Drainage is good and on many slopes erosion has 
been serious and the soil has been damaged considerably. 

About 50 percent of the type is under cultivation; the remainder, including 
the steeper areas wl1ere cultivation is impracticable, is utilized for pasture pur­
poses. Corn is the chief crop gro,vn on the cultivated sections and yields average 
from 20 to 50 bushels per acre. Alfalfa and sweet clover do very well on this 
type and yield from t\VO to three tons per acre. Oats yield 20 to 35 bushels per 
acre. Potatoes are grown on limited acreages and other vegetable crops are 
occasionally produced. Wheat is grown to a small extent on this type. Grapes 
and bush and tree fruits, altho grown only in a very limited way seem to be well 
adapted to the soil. The yields on the type are generally much less than those 
secured on the Marshall silt loam. 

The needs of this soil to make it more productive are chiefly for the incorpora­
tion of organic matter and the use of a phosphate fertilizer. Liberal additions 
of farm manure are very desirable, and large increases in crop yields will follow 
its use. The turning under of leguminous crops as green manures is also very 
desirable and will aid materially in building up the fertility of the soil. The 
use of a phosphate is strongly recommended, and tests of superphosphate on this 
type are urged. 

Terrace Soils 

The three terrace types in the county are classified in the Waukesha, Judson 
and Hancock series. Together they cover 2.9 percent of the total area of the 
county. 

WAUKESHA SILT LOAM (75) 

The Waukesha silt loam is the largest terrace type, covering 1.6 percent of 
the total area. It is developed along many of the streams and their tributaries 
in various parts of the county. The most extensive areas occur along Boyer 
River from its entrance into the county to the Missouri River bottomland soils 
in the western part of the county. Smaller areas occur along vVillow River and 
along Soldier River northeast of Orson to the county line. Where it is found 
along Boyer River it occurs on terraces 5 to 30 feet above overflow. Along Sol­
dier River the soil is 15 to 30 feet above the first bottoms, while along \Villow 
River the type is 5 to 10 feet above overflo\v, 

The surface soil -0£ the Waukesha silt loam is a very dark grayish-brown silt 
loam, 18 inches in depth. The sub surf ace layer is a granular silt loam or in 
places a heavy silt loam, the color changing from a very dark grayish-brown to 
a brown. At a depth ranging from 24 to 36 inches, there is a layer of a yellow­
ish-brown silty clay loam, about 12 inches in thiclrness. This is underlaid ordi­
narily by a sandy material or a material varying considerably in texture. Beds 
of sand and gravel occur in a few small areas at these lower depths. 

A few small areas of a lighter colored soil have been inclurled with the Wauke-
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sha silt loam owing to their limited extent. The soil in these patches is cal­
careous and occurs where the original darker surface materials have been re­
moved by erosion. The to,vn of Calhoun is located on an area of this soil along 
the 1\'.lissouri River bottomlands. The total acreage of this light colored soil is 
less than 100 acres. There are also areas where both the surface soil and the 
subsoil are calcareaus. It is found in narro,v contin_uous strips from 15 to 200 
feet wide on the edge of the terraces and slopes adjoining the first bottoms. 'l'he 
surface soil r esembles the Waukesha but is generally thinner and the subsoil is 
exposed in many places on the steeper slopes adjacent to the stream bottoms. 
Considerable coarse sand and gravel may also occur along these slopes. 

In topography the \Y aukesha silt loam is level to flat, and the land generally 
slopes slightly toward the stream channels. The areas vary in width from 200 
feet to ;

4 
of a mile. They are found in continuous strips from lf..1: of a mile to 

3 miles long. Natural drainage is good except in a few depressions which occur 

in limited areas. 
All of the \Yaukesha silt loam is under cultivation and the same crops gro,vn 

on the adjacent uplands of the Marshall silt loam are produced on this type. 
The yields are similar to those secured on the Marshall silt loam. The treabnents 
needed to make the soil more productive are also similar to those r ecommended 
for the Marshall. The incorporation of organic matter is desirable, and liberal 
additions of fru:m manure are recommended. The t1irning under of legume 
crops as green manures is also very desirable. The type is generally acid in 
reaction and the addition of lime is necessary for the best gr owth of a legume. 
A phosphate fertilizer is recommended for this soil and tests of superphosphate 
and r ock phosphate are urged. 

JUDSON SILT LOAM (131) 

The Judson silt loam is a minor type in the county, covering only 1.2 percent 
of the total area. I t is found in several small areas on the terraces along some 
of the more important streams. 'fhe largest areas are in the northeastern corner 
of the county along the Boyer River south of Dunlap. II ere it occurs in bodies 
from l/4 of a mile to 2½ miles long and from 1/s of a mile to ½ mile in width. 
Small isolated areas are found at the base of the upland slopes along many of 
the rivers and larger creeks in other parts of the county. 

The Judson silt loam surface soil is a very dark grayish-brown friable silt loam, 
extending to a depth of 15 inches. The subsurface layer is a slightly lighter col­
ored, somewhat heavier silt loam, becoming lighter in color at the lower depths 
and in some places being faintly mottled with gray. In some depressions the 
subsoil shows distinct mottlings of gray or bro,vn to a depth of three feet. 

In topography the Judson silt loam is level to nearly flat, sloping gently toward 
the first bottomland into ,vhich it grades very gradually. On the more recent 
deposits along the tributary streams, the areas are gently undulating. Practically 
all of the type lies well above overflow, and drainage is well established. 

All of the Judson silt loam is under cultivation and general farm crops such 
as are produced on the Marshall silt loam are grown on it. The yields are 
similar to those secured on the Marshall silt loam. A few areas of the type are 
in permanent pasture. The needs of this soil are similar to those which have been 
discussed in the case of the Marshall silt loam. It will respond to applications 
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of farm manure anrl the turning under of leguminous crops as green 1nannres. 
The type is slightly acid iu reaction ancl the addition of lime is desirable for 
the best growth of lcg1unc-s. 'rhe use of a phosphate fertilizer is reco1nmended 
on this soil, and tests of supcrphosphate and rock p hosphate are urged. 

HANOOGK FINE SANDY LOAM (214) 

T he Hancock fine sandy. loam is a very minor type in the county, coYering 
only 0.1 percent of the total area. Only three small arPas of t h <" soil haYt' been 
mappe<l, t,vo in Bection 17 of Jefferson Township and one in Rection 1 of ,J aek­
son rro"'nship. 

rrhe surface soil of the IIancock fine sandy loa1n is a <lark grayi,h-hro,Yn fine 
sanely loam, extencling to a depth of about 18 inches. B<'lo,v lS inches, the> sub­
soil is a bro,vn or yello"'ish-hro,vn loamy fine sand or sand. ThP soil is highly 
C'alcareous thruout the entire soil section. I n a sn1all area in ,Jackson rro"·nship 
the surface soil is a yello,vish-h1·0\\'ll fine sandy loan1. r11 h<· type is leYel in topog­
r aphy and drainage is good to cxceRsivt'. In dry seasons crops suff(~r for n1oistu re 
owing to the sandy texture of the soil and ~ubsoil. 

All of the type is under cultivation, but crop yields are 1nnch sn1allc>r than 
those secured on the vVankrsha silt loam. The type is partienlarly in need of 
organic 1natter to n1ake it n1orp retentive of moisture and hruce more productive. 
Liberal an1ounts of far111 manure should be employed, and the tur ning under of 
a leguminous crop as a green 111anure is strongly recom1nended. rrhe applica­
tion of a phosphate fertilizer would also undoubtedly be desirable, ancl tests or 
superphosphate are urged. 

Swamp and Bottomland Soils 

There are 19 swamp ancl bottomland soils in the county, including the col­
luvial phase of the "\\T abash silt loam, the deep phase of the Sarpy si l t loan1, the 
deep phase of the Sarpy silty clay loam and the area of R,iverwash. 'I1ogether 
they cover 44.4 percent of the total area or the county. 

LAMOURE SILT LOA.M (153) 

The Lamoure silt loam i::; one of the more extensively clevelopecl l>ottonlland 
types. It covers 2.5 pcrct'-nt of the total area and is found in numerous ar£>as 
in various parts of the county. the largest hcing developed along Willo\\T River 
and Soldier River. A nu111ber of scattered areas Yarying v,idely in size> <><·enr 
in the J\,Iissouri River hotto111lands. 

'fhe sn1face soil of the I-'an1onrc -;ilt loan1 is a Yery dark grayish-hro\\'11 to blat·k 
heav3· ~ilt loau1. 'rhe suhsoil is a gra11ular. grayish-hrO\\'ll silty cla~· loa1n. \\·hi<·h 
below 24 inches varies son1e"·bat. in <·olor fron1 a gra} ish-bro,Yn to n dark gray. 
mottled \Yith Yf'llo"·ish-ln·o,Yn an<l rnsty hro\\'n. J3elo"· •>-J. inchrs the tl'xturP is . . 
a clay loam to c•lay. 111 a ft ,v plac«'s then~ arc> hPcls or poc•kc>ts of :--and or ~ilt. ln 
practieally all of the arc•as the soil is caleareons thrn the c>ntire :-oil s(•<·1ion. In 
thC' areas along "\\'illo,v l{iYer and Nol<lier l?iver the surface soils "hen dry a rc 
sonH''"hat lighter in color than the typi<·al La1nonrc typ~. In many plact•s th" 
snbsoil is only slightly hea-rier than 1 hr. surface soil. In the large area soutlnvcst 
of Calhoui1, there is consiclc>rah]e Yariation in texture. 

In topography the Lamoure silt loa1n js nearly flat with a slight slope to,rarll 
the stream channels. Bceause of tlle clerpcniug and o;;fraighteni11g of \Vilhnr 
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R,iYer and Soldier HiY<'L', there a re rough nneVl'll strip,- a long hot h l ht• ohl ancl 
the new channels. 'l'hc drainage of the lypL\ <nviug to the deepening of these 
streams, is usually adequate, but in some shallo"' depressed areas the drainage 
is still imperfect. In small areas near the heads of strearns the :-;oil is nvrrflowrd 
but usually only at rare intervals. Further in1proven1e11t in the drainage of 

the type could be readily effected. 
Praetieally all of the Lamourl' silt loa1n is u11<lcr cultivation; only a fe,v nar-

ro,~ strips along the stream channels, on ,vhich a r ew· trees are gro,vn, a re usPcl 
for pasture. Corn is t he chief crop and yielrls range frou1 :10 to 63 bushels per 
acre. Some oats are gr<n\'n and alf' alfa and s" Pet clo,·f'r are proilueed. Truck 
gardening is practiced to a lin1itecl ex tent, chiefly along i-;oldier l{i Yer. 

The chief need of this soil to make it 1nore prodnrtive is, first of all, acleqnatc 
drainage. if this has not already been aecon1plishe<l. The application of farm 
manure in small amounts is very desirable on this type. Large applications 
should not be n1ade, and manure should not bf' supplictl immediately preceding 
the ~rowing of a sn1all grain crop. owing to the clanger of causing the crop to 
lodge. 1.\ phosphate fertilizer ,voulcl undoubtedly proYe valuable, and tests of 

superphosphate and rock phosphate arc recommended. 

LA!IIOURE SILTY CLAY LOA}.! (111) 

The Lainoure silty clay loam is one of thf' more important hottoruland types 
and covers 2.6 percent of the total area. I t occurs in several large areas in the 
l\1issouri River bottoms from J;iitlc Sioux southward to the Pottawatta1nie 
County line. There are a fe,v areas along :::;oldier River f rom the Monona 
County line to its entrance into llte ?llissonri River botlon1, and a few small areas 
have also been mapped along "\Villo"' River and Boyer River. Along Boyer 
River there are many small areas ,vhich could not be shown on the map and they 

have been included "'ith the areas of Wabash silt loam. 
The Lamoure silty clay loam surface -soil is a clark grayish-bro,rn to black 

heavy plastic silty clay loa1n, extending to a tlepth of 10 inches. 1\ t t his point 
it is underlaid by a dark brown or black plastic silty clay or clay loa1n to a depth 
of 24 inches. The subsoil is a light grayish-brown or yellowish-brown clay loan1 
or clay. The lo,ver subsoil is highly calcareous with many nodules and lime 
concretions present. Along the edges of the areas adjacent to the upland hill 
slopes, there is some colluvial silt laid down over the surface of the soil. 

The type occurs on the outer edge of the bottoms nearest the uplancl slopes. 
In topography it is fla t to depressed, and drainage is poor on much of the 
soil. Tiling is frequently necessary before satisfactory crop yields can be 

secured. 
Where the soil is well rlrained and rultivaied, general farm crops are success-

fully grown. Wild hay is produced on a fe,v undrained areas. Corn is the chief 
crop, and yields of 35 to 70 bushels per acre are secured. Wheat yields 17 to 35 
bushels per acre and oats 20 to 45 bushels. Clover anrl alfalfa yield 2½ to 4 
tons of hay per acre. A few of the smaller areas along the tributary drainage-

ways are utilized only for pasture purposes. 
This soil is chiefly in nee<l of a<lequatc drainagr to he more satisfactor ily pro-

ductive. It is also important that it be properly plowed ancl cultivated to pre­
vent any clodding or baking. Fall plowing puts the soil into better physical 
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condition for the preparation of the seed bed the succeeding spring. Small 
applications of farn1 manure also improve the physical condition of the sojl. 
Large applications should not be made and especially not preceding the gro,ving 
of a small grain crop as they may cause the crop to lodge. The addition of a 
phosphate fertilizer would undoubtedly be desirable on this soil, and tests of 
superphosphale and rock phosphate are recommended. 

A few narro,v strips of this type at the edge of former ponded areas are af­
fected by a concentration of so-called alkali salts. 'l'hese areas are quite un­
productive until the excess salts have been removed. The treatn1ents reco1n­
mended for these spots are first of all adequate drainage which may be accom­
plished by laying a line of tile thru the middle of the spot, and then the incor­
poration of large amou11ts of organic matter, especially of fresh horse manure, 
,vith the soil. 'l'he turning under of a gree-n crop of sv11eet clover or some other 
green manure material is also very desirable as an. aid in reclaiming these so­
called alkali soils. 'l'he application of a potash fertilizer to these spots has been 
found to be of value, and the use of 1nuriate of potash at the rate of 50 to 100 
pounds per acre may be very desirable. Tests are recom1nendecl, hO",vever, before 
the material is used extensively: 

LAMOURE SILTY CLAY (215) 

'l'he Lamoure silty clay is one of the more extensive1y dcvc1oped bottomland 
types, covering 6.5 percent of the total area. It is found only on the bottom­
lands along the Missouri River. The largest area is adjacertt to the bluffs along 
A1len Ditch in Taylor rrownship. It extends over an area more than 6 miles long 
by 2 miles wide. Other extensive areas are found in the vicinity of California, 
north and northwest of Little Sioux. Smaller areas arc scattered over the Mis­
souri bottoms. 

rrhe surface soil of the La1uoure silty clay ('Onsists of a heavy, plastic, black 
silty clay, underlaid at a depth of 16 or 18 inches by a grayish-brown or drab 
impervious clay. Mottlings of brown and reddish-brown occur in many parts 
of the subsoi1. In some of the areas there are layers of si1t 3 or 4 inches in 
thickness, belo,v the surface soil. Sa11d is sometimes found in the areas begin­
ning at a depth of 3½ feet from the surface soil. \¥here the sand is nearer the 
drab clay subsoil less gray and more brown mottling occurs. The subsoil is 
very high in lime, ,vith an abundance of lime concretions present. Frequently 
lime extends up thru the surface soil. The area of the type near Little Sioux 
is flat and has a layer of sand under it at a depth of 31/z to 8 feet. 

In topography the Lamoure silty clay is level to fta.t or depressed and the 
natural drainage of the type is very poor. Many of the areas near the bluffs 
are now inadequately drained. In a few places ,vater will stand on the surface 

' of the soil for Jong periods of time, making these areas unfit for cultivation. 
Drainage ditches are cut thru the larger bodies of the soil and these ,vith the sub­
seql1ent installation of tile permit of the drainage of the soil. The installation 
of Allen Ditch has taken care of much of the water which formerly ponded on 
this soil, flowing down from the uplands. 

Nearly aJl of the soil is under cultivation. Corn is grown most extensively 
and yields range from 35 to 75 bushels per acre. Yields as high as 80 to 90 
bushels have been reported on some well drained and cultivated areas. Wheat 

• 
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is grown in considerable acreages near California and yields range from 15 
to 35 bushels per acre, depending on seasonal conditions. Alfalfa, s"'eet clover 
and oats are also grown to some extent. Oats tend to grow rank and lodge. 
Alfalfa yields average about 3 tons per acre. 

The chief need of the Lamoure silty clay to make it more satisfactorily pro­
ductive is adequate drainage. Where the soil is not thoroly drained, crop yields 
will not be satisfactory. The installation of tile may be necessary in connection 
with the ditching of the type to permit of adequate drainage. Great care should 
also be exercised in the plo,ving and cultivating of this type to prevent puddling 
and baking. Fall plo,ving is practiced to very good advantage and permits the 
soil to be kept in its best physical condition. The use of a phosphate fertilizer 
is very desirable on this soil, and tests of superphosphate and rock phosphate are 
recommended. 

WABASH SILT LOAM (26) 

The Wabash silt loam is the most extensively developed bottomland type. 
'fogether with the colluvial phase, which is much smaller in extent, it covers 15 
percent of the total area. It is the second largest type in the area. This soil 
is most extensively developed along Boyer River. Along this stream there are 
numerous large areas of the type covering the entire bottomland. The type is 
also found along all the creeks and their tributar ies which extend thru the 
loessial sections of the county. There are only two areas of the type on the 
1Iissouri River bottoms and these are far from the river channel. 

The surface soil of the Wabash silt loam is a dark brown friable silt loam, 
extending to a depth of 14 inches. At this point it grades into a faintly mottled 
brown clay loam or silty clay loam, underlaid at a depth of 24 inches by a black, 
tough, plastic, silty clay or clay. The soil is characteristically non-calcareous 
both in the surface soil and subsoil. 

In the different areas of the type there are considerable variations in the tex­
ture of the surface soil. In small patches it will vary from a sand to clay, but 
the silt loam texture predominates. In the areas along the smaller tributary 
streams on the western side of the county, there is considerable light colored silt 
mixed with the darker soils, making the surface soil here lighter than typical. 
Along the smaller creeks and tributaries the subsoil is somewhat lighter textured, 
and the surface layer of silt loam is underlaid at a depth of 18 or 20 inches by 
a silty clay loam. Many areas and pockets where the subsoil is calcareous occur, 
especially along the larger creeks and Boyer River, and in the bottoms between 
Logan and ~lissouri Valley. Along Boyer River also there are patches of a light 
colored silt loam and a black silty clay loam too small to separate. Those have 
been included with the Wabash silt loam. 

In topography the soil is nearly flat with a slight slope toward the river chan­
nels. Before the channels of Boyer River and of some of the larger cr eeks were 
straightened and deepened the flood waters frequently injured the crops seri­
ously on this soil, but no,v only small narrow strips of bottomland along the 
smaller str eams are subject to overflow. Here pastures are maintained. Tiling 
and ditching are not necessary on most of this land. 

Most of the type is under cultivation. Only adjacent to the stream are there 
any native trees, and these areas are in pasture. Corn is the chief crop grown 
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on the cultivated areas and yields 30 to 60 hushcl~ prr aerc. "\Vheat and oats 
giYe fair yields but are apt to lodge in "'et sea:-.ons. i~..lfalf a is gro,Yn Yery suc­
ce-ssfully and yields from 3 to 31/~ to11s per acre. Truck crops are grown for 

home use and local markets. 
To ·make this soil more productive, sn1all an1011nts of far1n 1nanure are very 

desirable to stimulate the production of available plant food. Large applications 
should not be made preceding the gro,ving of a small grai11 crop as there is 
clanger of ca using the crop to lodge. The use of a phosphate fertilizer is very 
desirable, and tests of superphosphate and rock phosphate are recommended. 

WABASH SILT LOAM (COLLUVIAL PHASE) (26a) 

The colluvial phase of the "\Vabash silt loam is a rather ex:tcnsiYcly cleYeloped 
type, covering 6.4 percent of the total area. It occurs in all parts of the loessial 
area of the county, being found in many narrow strips along the drainage lines 
and intermittent drainage"'ays of the smaller streams ,vhich extend into prac­
tically all parts of the loessial uplands. By far the greater portion of the inter­
mittent drainage lines which flow thru the uplands, are made up of the colluYial 

phase of the Wabash silt loam. 
The surface of this soil is a dark brown, friable silt loam, extending to a clepth 

of 18 inches. It is underlaid by a slightly lighter colored and heaYicr texturecl 
silt loam or silty clay loam. The depth of the surface sojl Yaries fro1n 8 to 40 
inches in different areas. rrhe surface soil material is co1nposecl of a dark col­
ored silt washed dovrn from the hill slopes and deposited at the heads of and 

along the smaller drainage channels. 
In topography this type is nearly Bat. Drainage is good, howe'Vcr, o,ving to 

the open nature of the material. In a fc,v of the sn1all basin-like areas at the 
head of the tributary streams drainage is inadequate, and tiling is necessary. 

All of this soil is under cultivation or in pasture, the larger portion being 
utilized for the growing of cultivated crops. Yields of corn arc Yery much 
the sa.me as those secured OP the adjacent areas of the upland i\Iarshall silt loam. 
Small grains are not grown very extensiYely a-; they are apt to lodge. ..\lfa]fa 
grows very well and yields about the san1e as on the l\farshall. This type should 
first be drained and then the addition of small amounts of farm man11re to 
stimulate the production of available plant food is desirable. Manure should 
not be applied preceding the gro,ving of the small grain crop as it may cause 
the crop to lodge. The use of a phosphate fertilizer is very desirable on this 
soil, and tests of superphosphate and rock phosphate are recommended. 

WABASH SILTY CLAY LOAM (48) 

The Wabash silty clay loam is an important type, covering .2.1 percent of the 
total area. It occurs in numerous areas, varying ronsiderably in size, on the hot­
tomlands. On the Missouri River bottoms this type is found onl~T i.n Taylor and 
St. John Townships and in the northeasteTn corner of Cincinnati To"·nship. 'l1he 
most extensive area occurs in St. J obn Township. Other small areas are found 
south of Yorkshire on Mosquito Creek, and a lar~e depressecl. area occurs along 

Boyer River. 
The surface soil of the Wabash silty clay loam is a dark brown or black silty 

clay loam, extending to a depth of 8 inches. It is underlaid by a dark brown, 
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plastic, clay loa1n subsoil ,vhicb at a depth of 2-! inches is a very dark brown to 
black silty clay. ln son1e places a layer of a lighter silty clay loam or silt loam 
from 4- to 6 inches in thickness occurs at depths varying from 8 to 24 inches. 
In poorly drajned or s,vampy arras, the lo,ver part of the subsoil is a drab or 
dull gr ay silty clay, mottled ,vith <lull gray and bro,vn. '!'he type is non-cal­
careous both in the surface and subsoil layers. Ar eas of the Lamoure silty clay 
loan1 too small to map separately are included with the areas of the \Vabasb silty 
clay loam. 

In topography this soil is level to flat or depressed and the natural drainage 
is poor. 1\lany of the areas are ,vet and s,vampy for long periods after pro­
longed rainfall. The straightening ancl deepening of the Boyer River and the 
installation of tile have n1ade many areas more productive. Drajnage is the first 
treatment ner<lecl for satisfactory crop yields on this soil. 

ln aclclition to drainage it is very in1portant that the soil be properly handled 
to pi-event. pndtlling and baking. A\.bout 85 percent of the type is under culti­
vation, the re1nainder being 1nostly in pasture. Uorn is the most important crop, 
ancl son1e wheat, alfalfa and oats are produced. Yielcls of these crops are much 
the sa1ne as on the Lamoure silty elay loam. Small amounts of farm manure 
"'ouhl be of value on thi:,; soil to stimulate the production of available plant 
food. Large amounts should not be applied and especially not preceding the 
gro,ving of a small grain crop, o,ving to the danger of causing the crop to lodge. 
'l'he application of lime is necessary on this soil if legumes are to be grown. The 
addition of a phosphate fertilizer ,voulcl undoubtedly be of value, and applica­
tions of superphosphate and rock phosphate are recommended £or tests on 

in<li,·idual far1ns. 

WABASII SILTY CLAY (27) 

The ,vabash silty clay is an important type, covering 3.2 percent of the total 
area. I t occurs mainly on the 11is.souri R.iver bottomla.nds in the western part 
of St. John To"•nship, in the ca"tern part of Cincinnati To,vnship ancl in the 
southern part of 'raylor 'ro,vnship. One area is located in Boyer Township 
along Boyer River. T,vo small areas are found in Raglan Township. 

The surface soil of the \Vabash silty clay is a black plastic, impervious silty 
clay, extending to a depth of 18 inehes. The subsoil is a black clay slightly 
lighter in color than the material above. In places the lower part of the subsoil 
is a dull gray or drab. I n some areas there are thin layers of silt, clay or sand 
occurrjng at various p1aces in the soil profile. Both the surface soil ancl subsoil 
are non-calcareous, thus c1ifft>ring fro1n the Lamonrc silty clay. 

•r he type occu1·s in s1ualler ponded areas; the topography is flat to depressed, 
ancl natural drainage is poor o,ving to the heavy impervious nature of the sur­
face soil an<l the subsoil. l 1al'gc open ditches 110\v carry the excess surfac<' ,vater 
and furnish outlets for lines of tile, ,vhieh are necrssary before this type can be 
properly cultivated. Prac•tic·ally none of the soil is at prriwnt subject to over 
flo,v. 

The chief cropc; are corn and ,vheat. Corn yields 40 to 75 bushels and wheat 
18 to :38 bushels pc>r acre. Alfalfa grows very satisfactorily on ,vell-drained areas 
and yields 21,~ to 4 tons pc>r aC'rt'. Poorly drajnccl areas furnish good past urc, 
ancl 1 to 11 ~ ton:- of ,vilcl ]1ay per ac>rr are frequently cut f ro1n these lands. 
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This type is locally known as gumbo because of the waxy, impervious nature 
of the subsoil, the black tenacious sur face soil and the poor drainage conclitions. 
The chief treatment needed for the reclamation of these areas is first of all ade­
quate drainage, which n1ust be accomplished by the installation of tile in addi­
tion to the open ditches which have been installed. The proper cultivation of 
the soil is very important. Fall plowing is very desirable as it opens up the soil 
to the freezing and thavving action of the weather during the winter. Thi~ 
puts the seed bed in better condition for spring seeding. The incorporation of 
a small amount of farm manure is very desirable on this soil as it stimulates the 
production of available plant food. rr he use of lime is necessary if legumes 
are to be grown and the application of a phosphate ferti lizer ,vould undoubtedly 
be desirabte. Tests of superphosphate ancl rock phosphate are strongly rec­
ommended. 

CASS SILT LOAM (106) 

The Cass silt loam is an important type, covering 2.4 percent of the total area. 
It occurs in many areas on the Missouri River bottomlancls, the largest area 
being· about 3½ miles long and 1 mile ,vide, located north of J\Ioclale. Other 
areas of considerable size are found in St. John, Cincinnati, Clay and 1\'Iorgan 
rrownships. Small irregular bodies occur thruout the remainder of the J\Iissouri 
River bottomlands. 

The surface soil of the Cass silt loam is a dark bro,vn, friable silt loam, extend­
ing to a depth of 8 inches. Below this point the soil is a dark brown very :fine 
sandy loam in texture, extending to a depth of 30 inches. The subsoil belo~· 30 
inches is a yellowish-brown sand, highly calcareous. In places the upper layers 
of the subsoil are calcareous. Small patches of fine sand and sand occur in the 
silt loam areas, usually on slightly raised ridges or near old and new stream 
channels. Thin stratified layers of yellowish-brown or yellow sand occur in 
places in the surface soil. In the area 2½ miles east of Little Sioux the surface 
soil is slightly lighter colored than the typical. 

In topography the Cass silt loam is mostly flat. Drainage is good O\ving to the 
open, porous nature of the subsoil. Practically none of the type is subject to 
overflow. The low areas near the river channels are leveed to prevent flooding. 

The Cass silt loam is practically all under cultivation. A few areas are 
forested and used for pasture. Corn, alfalfa and wheat are the chief crops. Some 
oats, sweet potatoes, potatoes, onions and truck crops are also produced. Corn 
yields 30 to 60 bushels per acre; wheat 16 to 30 bushels and hay 2 to 3 tons. 

This type will respond very profitably to applications of farm n1anure, and 
additions of manure are very desirable. The iype may be slightly acid in the 
surf ace soil but it is usually well supplied ,vith lime in the lower soil layers. 
'rhe addition of a phosphate fertilizer would undoubtedly be ,vorthwhile, and 
tests of superphosphate are str ongly recommended. 

CASS SILTY CLAY LOAM (51) 

The Cass silty clay loam is an important bottomland soil, covering 2.6 percent 
of the total area. It occurs in numerous areas on the Missouri River bottomland, 
many of which are quite extensive in size. The largest areas are found north 
of Mondamin and directly south and southeast of Mondamin. There ar e also 
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extensive areas of the type tbruout other sections of the bottomlancl along the 
Missouri River. Numerous small areas of the type are also mapped. 

The surface soil of the Cass silty clay loam is a dark brown heavy plastic silty 
clay loam, extending to a depth of 14 inches. The subsoil at 14 inches is a 
brown or grayish-brown, friable silty clay loam. At 30 inches it is underlaid by 
a yello\vish-brown sand or :fine sandy loam. Below 20 inches the soil is cal­
careous and the subsoil effervesces when treated with hydrochloric acid. There 
is usually a gradual transition in texture from the silty clay loam to the lighter 
textured soil, and the boundaries between the Cass silt loam and the silty clay 
loatn are rather arbitrarily placed. 

In topography the Cass silty clay loain is level to flat, but the drainage is good 
because of the open, porous nature of the subsoil. The greater part of the soil, 
ho,vever, is subject to inundation at periods of floods. It is used for general 
farming purposes and nearly all is under cultivation. There are only a few 
scattered trees near the drainageways. 'l'he soil is largely usecl for corn, altho 
some wheat, alfalfa and oats are grown. Yields are slightly higher than on the 
Cass silt loan1, except in wet seasons. 

The need of this soil type to be made more productive is :first of all for pro­
tection from overflow. When tlus is accomplished the soil will respond to small 
applications of farm manure to stimulate the production of available plant food. 
The addition of a phosphate fertilizer ,vould undoubtedly be desirable, and tests 
of superphosphate are strongly recommended. 

OASS SILTY OLAY (216) 

The Cass silty clay is a rather important type, covering 1.8 percent of the 
total area. It occurs in numerous areas, some of which are rather extensive in 
size, on the Missouri River bottomlands. The largest development of the type 
is in Little Sioux Townshlp, north and west of Little Sioux, southwest of Modale 
and west and south of J\t[ondamin. Numerous small areas of the type are scat­
tered tbru the bottomlands. The areas of the type range in size from 10 to 
900 acres. 

The surface soil of the Cass silty clay is a dark brown or black, tenacious silty 
clay, extending to a depth of 15 inches. At that point the subsoil becomes a 
tough clay, somewhat mottled with yellowish-brown and some iron stains. At 
28 inches the material is a yellowish-brown silty very fine sandy loam, faintly 
n1ottled with brown and with iron stains. The subsoil of the type is highly 
calcareous, and frequently the surface soil is also calcareous. 

In the north,vestern corner of the county, along the lYiissouri River bottoms 
near the stream channel , the.re is a shallower phase of the soil which i:s subject 
to annual overflow. Here the surface soil is a dark brown plastic clay from 3 
to 5 inches in depth. Belo,v that point is a mottled brown material which varies 
in texture from a sandy clay loam to a clay. At a depth of 10 or 12 inches the 
underlying material is a light brown fine sand. In the area one and a quarter 
miles southwest of Modale, whlch is under water much of the time, the clay sur­
face soil is black or dark brown to a depth of 1 to 3 inches, grading into a brown 
or light brown clay to a depth of 18 inches, where it rests on a yello,vish-brown 
sand Thls area is swampy, lo,v, depressed and naturally poorly drained. 
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In topography the Cass silty clay is level but rarely depresse<1 rxc·ept for thr. 

area southwest of Modale whic·h lies from 4 to 6 feet below the adjacent bottom­
land. The surface soil and upper subsurface are poorly drained, owing to the 
impervious nature of the soil material, but the lower part of the subsoil proYicles 

good underdrainage. 
Except for the area in the north,vestern corner of the county where th<' only 

gro,vth is coarse grasses anc1 scattered ,villo,v clumps, and the area one and a 
quarter miles south,vest of Modale, where there is a thin forest gro,vth, the soil 
is mostly under cultivation. The fe,v lightly tim bererl ar<>a<:. ar<> used for pas­

turP. ( 1 orn, vvheat and alfalfa a1•p th(" chief c•rops gro,Y11 on thP c111tivatrc1 ar1'.a ,. 

Yie]c.ls arP Y<'l'Y similar to those srcnrecl on the (_ 1ass i--iltv C'lav loaiu. • • • 

'rhis type's chief need is protection from overflo,v, for satisfactory crop yields. 
A sma11 an1onnt of farm manure ,vonlcl be of Yalue on thr soil to stin1ulate the 
procluction of available plant food. I1arge applications would not be desirable. 
'I1hc use of a phosphate fertilizer ,voulcl uuclonbtedly he of -valne, and tests of 

snpf'rpho.sphate are recommended. 

CASS VERY FINE SANDY LOAM (217) 

The ('a~·s very fine :-;andy loam is a minor type, covering only 0.4 percent of 
the total area. It occurs in sn1all areas in only three tovvnships, IJittle Sioux, 
Morgan and Clay. 'rhe 2 largest areas are located two and four ancl one-fourth 
miles northw~t of Modale. 'l'hree sn1all areas occur northvvest of 1\Iondamin, 

one south of River Sioux and one adjoining River Sioux on the west. 
'l'hc surface soil of the ( 1a~s very fine sanely loam is a dark hro"rn very fine 

sandy loam, e.xteniling to a depth of 9 inches. At this point there is a bro,vn 
or dark brown very fine sandy loan1 which becomes gradually lighter in texture 
at the lower depths and in the deeper parts of the subsoil in many places there is 
a hrown very fine sand. 'rhe entire soil section is highly calcareous. 

Tn topography the Cass very fine sandy loam is flat to gently undulating. The 
open texture of the soil a1lo-.vs good drainage vvhich beeomes excessive in some 
seasons and crops are frequently injured by drouth. The type is not suhject 

to overflow. 
'l'he soil is farmed ]arge]y with the other soils and is croppc•<l to corn, oats, 

potatoes and wheat. The yields are very si1nilar to tho"e secured on the (
1ass 

silt loam except in seasons of poor rainfall. For higher procluctivity, the type 
is particularly in need of organic matter, and liberal applications of farm 1nanure 
,vonld hP very desirable. The tnrning un<lf'r of legn1ninous crops for green 
manu1·ing purpos~ would also be of matPrial h<>lp. The use of a phosphate 
fertilizer ,voulcl nn<louhtrclly pro-ve ,yort11while, anc.l tc,sts of superphosphate 

~1 l'l1 l't' {' 0111 m C'll cl(> <1. 

SARPY SILT L0An1 (89) 

The Sarpy silt loa1n is an important type. 'l1ogether ,vith the deep phase ,vhich 
is s01ne,Yhat s1nallcr in area, it covers l.G percent of the total area. rrhc type is 
developed mainly near the MiRsouri River channel and near the Little Sioux and 
Boldicr Rivers fro1n one to three miles hack from their entrance into the Missouri 
River. 'l'he areas are scattered, irregular and 111ostly rather lin1ited in size. The 
largest development of the type is southwest of Little Sioux. 
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The surface soil of the Narpy silt loa1n is a light brown or bro"'ll friable silt 
loa1n, containiug considerable amounts of very fine sand ancl extending to a 
depth of 12 inches. The subsurface layer varies in color from a light bro,vn to 
a bro"·n and ranges iu texture from a heavy silt loam to a sandy silty clay loam . 
• \ t a depth oE 28 inches the subsoil is a lighter bro"·n or grayisb-bro,vn very 
fine sand. Belo"· 30 incbe-; there are a few iron stains. 'l'he surface soils are 
highly calcareous anc1 the calcareous 1naterial extends thruout the soil section. 

In many places nca1.· the surface of the soil there are thin layers, 2 to 3 inches 
thick, of a n1aterial varying in texture from a fine sand to a silty clay loam . 
.Jlany variations occur in thr texture of the surface soil. 'l'hcre are ~mall patches 
of elay. ve1·~· fine sand, and of mixtures of alluvial material. 'l',vo and a half 
1niles ,vest of :\loclalc a large area occurs in ,vhich the surface soil is a grayish­
hro,Yu to ycilowish-bro,vn and other areas where this variation fro1n the typical 
soil O(•t·ur, are founll in the large horseshoe bencl of the Missouri River three and 
a half 1niles ·west of California near Blair Ferry. A small depressed area of 
the l'ass i-ilty clay loam, too sn1all to sho,v on the map, occurs in the town of 

JJittle ~ionx. 
[n topography the 8arpy silt loa1n is level to flat and in one area ,vhich occurs 

one-fourth of a n1ile southeast of Blair ~..,erry it is depressed. There are occa­
sional bununocks and ridg<'s in the soil, usually near olcl stream channels. Drain­
age is aclcquate because of the open porous nature of the soil. Only a fe"' of 
the areas of the type arc subject to overflow. 

Practi<'all,v all of the Sarpy silt loam is under cultivation. Corn, alfalfa, oat:-;, 
potatoes an<l so1ne truck crops arc gro"'n. Corn yields 23 to 50 bushels pe>r acrr; 

alfalfa 2\:.! to 3112 tons; other crops give good yields. 
Tbc needs of this soil to 1nake it more productive are for organic 1naiter, pri­

n1ari)~,. Lib<'ra l applications of farm manure ,vould be of large value and the 
turning under of leg-un1inous crops as green rnanures ·would also aicl crop yielcls 
materially. 'l'he use of a phosphate fertilizer ,vould undoubtedly be dci-;irable 
and tests of supe,rphosphate arc strongly recommended. For potatoes and trurk 
crops, the use of a con1pletc conunercial fertilizer might be of considerable value 
and tests of good brands of commercial fertilizers would be desirable for these 

crops. 
SARPY SILT LOAM (DEEP PHASE) (~18) 

This phase of thr Harpy silt loa1n is limited in extent, occurring in irregular, 
,videly scattered areas mostly in the 1\[issonri River \'alley bottomlands. T"'O 
sn1all areas oceur, ho,vever, along Soldier Riv<'r, one and a half miles north of 
Orton and one-half mile north of Pisgah. There is also a sn1all area in Srction 
:~:3 of Boyer Township along Boye.r River. '11he areas developed in the l\Iissouri 
Hh·er bottomlands are s1nall and irregular in size, the largest individual area 

being found ,vest of l\Iondamin. 
The surface soil of tbe deep phase of the Sarpy silt loam is a friable, lighl 

br0\\'11 silt loam, exten<ling to a depth of 12 inches. Belo,v 1 hat point the soil 
i:; a light bro,vn clay loam to a depth of 28 inches, from there changing to a 
<larker olive hrown tenacious clay. The subsoil is highly calcareous, and ral­
careous material usually occurs thruout the entire soil section. 

Jn places there are layers of a yello,v calcareous sand, occurring at a depth 
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of about 24 inches. Much fine sand and very fine sand is mixed in ,vith the 
soil in many areas, particularly in the Missouri River bottoms where the subsoil 
is slightly heavier. In the area north of Pisgah, the soil is somewhat mixed, the 
subsoil in places being almost as light in texture as the surface soil and there 
is some ,vash from the upland over the type. 

In topography this phase of the Sarpy silt loam is flat and in the areas lying 
nearest the Missouri River channel there are occasional ridges and hummocks 
,vhere old dry drainage channels occur. There are a few depressed areas of the 
type where drainage is poor, bt1t on most of the areas drainage is good. Only 
in the areas along the smaller stream channels, which have not been deepened or 
straightened, is there serious injury from overflow. 

The soil is all under cultivation or in pasture. Small clumps of tr ees grow 
along the narrow bottoms near the present or old stream channels. On the cul­
tivated areas corn is the chief crop, altho some alfalfa, s,veet clover, oats, wheat, 
truck crops, melons and potatoes are produced. Corn yields from 25 to 50 bushels 
per acre and hay from 1 ½ to 3 tons. The soil is particularly in need of organic 
matter to be made more productive, and liberal applications of farm manure 
are recommended. The turning under of leguminous crops as green manures 
,vould also be of value. The application of a phosphate ferti lizer would un­
doubtedly help, and tests of superphosphate are strongly urged. Where truck 
crops are grown, the use of a good complete commercial fertilizer might he 
of value. 

SARPY SILTY OLAY LOAM (DEEP PHASE) (219) 

The Sarpy silty clay loam, deep phase, is a n1inor type, covering only 0.1 
percent of the total area. It is practically all found in Cincinnati Township in 
the Missouri River bottomlands, and the areas are small and irregular and lo­
cated about two and one-fourth miles northwest of California. 

The surface soil of the deep phase of the Sarpy silty clay loam is a heavy plas­
tic brown silty clay loam, extending to a depth of 8 inches. Belo,v that po1nt 
the subsoil is a heavy tenacious silty clay to clay, highly mottled ,vith yellowish­
brown and containing rusty brown iron concretions and stains. The surface 
soil is usually calcareous and the calcareous material extends thrnout the entire 
soil section. In topography this type is flat to depressed and natural drainage 
. 1s poor. 

Most of this soil is under cultivation and general farm crops are grown. The 
yields are very much the same as on the Lamoure silty clay loam, and the needs 
of the type are also similar. Small amounts of farm manure would undoubtedly 
be of value in stimulating the production of available plant food. There is 
n9t the danger of causing crops to lodge on this type from the use of farm ma­
nure as is the case with the Lamoure silty clay loam and the Wabash silty clay 
loam. The turning under of leguminous crops for green manure purposes would 
also be of value. The application of a phosphate fertilizer would undoubtedly 
prove worthwhile, and tests of superphosphate are strongly r ecommended. The 
first treatment needed before this soil is brought under cultivation is adequate 
drainage. Until this is accomplished there is very little assurance of satisfactory 
crop yields. 
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SARPY SILTY CLAY (220) 

The Sarpy silty clay is a rather important type in the bottomland, covering 
1.1 percent of the total area of the county. It occurs in numerous areas on the 
.olissouri River bottomlands adjacent to the stream channels. The largest devel­
opments of the type are found directly west of Modale and along the river to 
the north and west of Little Sioux. 

The surface soil of the Sarpy silty clay is a brown tenacious silty clay, extend­
ing to a depth of 6 inches. At this point there is a shallow subsurface layer 
from 5 to 10 jnches in thickness, consisting of a light bro,vn or grayish-bro,vn 
silty clay loam. The subsoil is a yellowish-brown n1ecium sand, 1nottled in 
places with iron stains. The subsoil is highly calcareous, and the calcareous 
material usually extends thruout the soil section. 

The depth of the surface soil and the subsurface layer varies. In some areas 
the soil is 10 to 12 inches in thickness and the subsurface layer in many places 
is a light bro,vn plastic clay loam, extending to a depth of 20 inches. In some 
of the deeper depressions the heavier subsurface layer over the sand may be 
30 inches in depth. In the areas in Sections 10 and 21 of Clay To"rnship. and 
Section 8 of Cincinnati Township, the sru·face soil is heavier in texture, varying 
in clepth from 10 to 30 inches overlying sand, and is uniformly light in color. 

In topography the Sarpy silty clay is low to depressed and, except for the 
areas in 8Pctions 10 and 21 of C'lay Township and Section 8 of Cincinnati Town­
ship, is subject at times to overflow. The areas along the lower bottoms are 
separated from the river channel by riverwash, and the narrow swales filled 
in with clay and silt, low hummocks, and narrow ridges of sand are all of recent 
origin. The area two miles ,vest of 1\1:odale in Sections 26 and 35 of Clay Town­
ship occurs in an old river channel or shallow lake bed and supports only a 
luxuriant growth of slough grass. Tall cotton·wood trees, dense willow clumps 
and thickets cover much of the area in this type, and there is a scant gro,vth of 
coarse grasses. The old channel and lake swales are soggy and wet in places. 

Very little of this type is cultivated, and in some areas the drainage is quite 
restricted. The tillable land is used for corn, alfalfa and wheat, but the yields 
are somewhat lo·wer than on the Cass silty clay. Small applications of farm 
manure would stimulate the pr oduction of available plant food and improve the 
physical condition of the soil in these cultivated areas. A phosphate fertilizer 
,vould also undoubtedly be desirable, and tests of snpcrphosphate are recom­
mended. Leguminous crops used as green manures would also be of value in 
bnilrling up the organic matter content of the soil. 

SARPY VERY FINE SANDY LOAM (28) 

'!'his is a minor type, covering only 0.6 percent of the total area. It occurs in 
numerous small areas in the Missouri River bottoms, the largest developn1ent 
of the type being found in the southwestern corner of the county, separated from 
the river channel by the Sarpy silty clay loam and the Sarpy fine sand. The 
largest area of the type is one mile southeast of Blair Ferry. 

The surface soil of the Sarpy very fine sandy loam is a light brown or grayish­
bro,vn very fine sandy loam, extending to a depth of 14 inches. The subsoil is 
a grayish-brown, fine sandy loam somewhat lighter in texture than the surface 
soil. In places pockets and layers of coarse sand and gravel occur. The subsoil 
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is highly calcareous, and the calcareous material usually extrnds thruout the 
soil section. 

Small areas of Yery fine sand and fine sand occur in ridges, 1nou11c.ls ancl hum-
1nocks, which cannot be indic;atecl on the map but are included \Yith the type. 
1',vo miles west of Mondamin is a r ather large, high, flat area in ,vhich the tex­
ture of the surface soil varies from a silt loam to a very fine sand. I n topography 
the Sarpy very fine sanc1y loam is flat to gently undulating ,vith ri<lgrs along or 
near the old channels on the lo\ver bottoms. J n the area one mi le southeast of 
l~lair Ferry, the southern part is f;potted ,vith large 1nonnds from 40 to 60 feet 
across and fro111 2 to 6 feet in height. 'rhe soil is ,Yrll clrainecl ancl e,·rn exces­
sively drained, and in pel'iods of prolonged clry \veather crops suff Pr. (Jnly a 
sn1all portion of the' area is subject to over flo\v. 

About 70 r><•rcent of the total area of the type is cropped, corn being the c•hief 
crop. On the cultivated sectio11s there is a thin, scattered gro\vth of trees and 
some pasture is proYiclecl. On the cultivated SCC'tion, in addition to corn, alfalfa 
is gro\vn; and some potatoes, melons and onions are producecl. Corn yields f rom 
15 to 40 bushels per acre in favorable seasons. 

rl'his type is chjcfly in need of additions of organi,· mattrr to be n1aclc n1orc 
productive in the cultivated areas. The liberal application of farn1 111anure is 
Yery clesirahle, and the turning under of leguminous crops as green manures 
\\'Ould also be of large value. The use of a phosphate fertilizer ,voulcl uncloubt­
<'dly increase crop yields to a considerable extent, ancl tests of superphosphate 
are strongly reC'o1nm(\nclC'cl. "\Vhe.n truck crops are gro\Yn the us<' of a good con1-
plc,te commc•rrial fertilizer 1night be of value. 

SARPY FINE SAND (l33) 

The Sarpy fin e sand is a minor type, covering 0.2 percent of the total area. 
It is found mainly in t ,vo townships, Clay and ('incinnati. Areas occur two anc.l 
one-half miles west of lVIodale and one-half mile east of Blair Ferry. 'l'here js 
a lo\V area in the horseshoe bend of the Missouri River north,Yest of River Sioux 
and two small areas are found t,vo miles south of Blair Ferry. Other small 
areas of the type occur thruout the :01issouri 1-tiver bottomland. 

The surface ~oil of the Sarpy fine sand consists of a mixture of sandy material, 
varying in texture from a yery fine sand to a n1edium sand and ranging in color 
fl'o111 a light yellowish-brown to a grayish-hro\Yn. At a depth of 10 inches the 
n1aterial becon1es a light yello\vish-brown fine sand and there is little ehange in 
texture thruout the soil section, the lo,Yer paet of the subsoil containing only 
slightly more coarse sand than the surface layers. \Vhere a heavy grass growth 
covers th<:> soil , the surface layer is slightly darker to a depth of 4 to 6 inche-;. 
Cl.'he surface soil is calcareous, an<l the subsoil is every,vhere highly calcareous. 

In the areas in the horseshoe bend of the Missouri River north,vest of 1-tiver 
Sioux and in the two areas two miles south of Blair Ferry, the soil is subject 
to overflow. The othe.r developments of the type are above ordinary overfiovv. 
The area three and a half miles north,vest of River Sioux is nearly all ,vaste 
land. lt contains billo\vy surface ridges, irregular sand mounds 2 to 10 feet iu 
height, small depressed areas covered thinly with clay or very fine sandy loam, 
and ponded areas from 25 to 50 feet across that are filled \vith a coarse gro,vth 
of weeds. rrhere is a sparse gro,vth of trees and \Villow clumps there and also 
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on this same type of lan<l near the 1nain C'hannel of the river in both ( 1inC'i1111ati 
and Clay To"'nsbips. Near Blair Ferry is an area of this soil in ,vhieh irregular 
lnuumocks and sand ridges of fine and medium sand extend to a height of 
3 to 8 feet. 

Only a small part of this soil is cropped. Corn, n1c>lons and truck crop:,,, and 
a little alfalfa ancl rye, are gro"'n. 'l'hc type is in<'linecl to be drouth:v anll is 
in need of organic matter to build up its supply ancl to n1ake it less subject to 
injury in dry seasons. Libc>ral applications of fann n1anurr are Yery dcl>irahle, 
and the turning under of l<>gnminons crops as grc>en manures "'oul<l also help 
111aterially. Thr addition of a phosphate fcrtilizrr ,vonkl unclouhtedly he of 
Yalue, and tests of snperphosphate are strongly recom1nended. For melons an<l 
truc-k crops, which may be grown successfully on this soil, the use of a good 
complete co1nmercial fertilizer would undoubtedly be of value. 

RAY Sil/f LOA1'f (lfl;3) 

This i~ a minor type, coyering ollly 0.1 percent of the total area. It occurs in 
narro"· strips along rivers or small tributary streams. Small areas ai·e found 
along Boyer l{iver, four miles northeast of nlissouri \Talley, bet"'een Calhoun 
and nlissouri \ al11?y, along Willo"' River, in Section 11 of Taylor To,vnship, and 
t"·o and one-half miles northeast of 11Iondamin along the artificial drainage ditch. 

The surf acr soil of the Ray silt loam conliists of a light bro,vn to brown silt 
loa1n, t>xtrnding to a depth of 6 inches. At that point there is a subsurface 
la~·er of a black tenacious silty c.lay. The subsoil is a heavy silt loam to silty 
<'lay loa1n. In places the surface soil varies in textnre from a ht>avy sil1 loam 
to a light silty clay loam. The soil consists of material ,vhicb has been " 'ashed 
<10,vn from the light colored bluffs and hill slopes and spread ont over the black 
alluvial clay soils along the 11Iissouri R iver bottornlands near the bluff line. 

The type is mostly under cultivation, and general farm crops are g-ro,vn. The 
crop yields ru·e similar to those obtained on the Barpy silt loan1. The chief need 
of the soil is for drainage, if it is to be made satisfactorily productive. The use 
of farm manure w·onld undoubtedly be of value, ancl sn1all applications ,vould 
Rtin1ulate the procluetion of available plant foocl. The aclclition of a phosphate 
fertilizer "'Ould undoubtedly help, and tests of superphosphate are recommended. 

RIVERW ASll ( 5a) 

River"'ash covers J .0 percent of the total area. Large areas of this material 
occur southwest and north,vest of California along the river c:hanncl, and another 
rather exten~ive area is found along the river channel nortlnvest of lvlondamin. 
Others are found along the J\,fissouri River in various places, a rather extensive 
development occurring in the northwestern corner of the county. 

River,vash includes waste land along the channel of the 111issouri Iiiver anc1 
consists mainly of sandbars and eoarse sandy alluvial 1naterial floocled hJ the 
river at flood "'aters. The recently deposited material is a mixture of sand, silt 
and clay. Flats of grayish-brown silty clay underlaid by sand at depths fro1n 
4 to 16 inches occur in many places between old channels of the river. There is 
a constant shifting in the channel of the river, and much of the land is found 
along older cut-offs ,vhich were probably a part of the 1nain channel at one time. 
The areas of the soil lie from 2 to 8 feet above the normal "'ater level of the 
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river and are flooded frequently during the year. Uneven layers or deposits of 
sand, silt and clay are left after each flooding. ~'he sandy deposits are shifted 
by strong winds, and the topographic features include large ridges and dunes 
from 2 to 6 feet high. 

None of the area of river1vash is cultivated, and a dense gro,vth of wil1o,vs 
covers much of it. On the higher flats cultivation might be possible but because 
of frequent overflow and the fact that the areas are cut by old channels and 
sloughs, it "1ould be rather difficult to secure satisfactory yields of any culti­
vated crops. The area of this soil may be considered practically all waste Janel. 

• 



APPENDIX 

THE SOIL SURVEY OF IOWA 

What soils need to make them highly productive and to keep them so, and \bow tbelr 
needs may be supplied, are problems which are met constantly on the farm today. 

To enable every farmer to solve these problems for bis local conditions, a complete sur­
vey and study of the soils of t,he state has been undertaken, the results of which will be 
published in a series of county reports. This work includes a detailed survey of the soils 
of each county, following which all tihe soil types, 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 mechanically and chemically to determine 
lheir character and composition and to learn their needs. Pot experiments with these 
samples are conducted in the greenhouse to ascertain the value of bhe use of m,anure, 
fertilizers, lime and other materials on the various soils. These pot tests are followed in 
many cases by field experiments to check the results secured in the greenhouse. 1'he 
meagerness of the funds available for such work has limited the extent of these field 
studies and tests have not been possible in eaob county surveyed. Fairly complete results 
have been secured, however, on the main 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 methods of treatment are 

Fig. 6. Map of Iowa showing the counties surveyed. 



66 SOIL SURVEY OF IOWA 

emphasized as necessary or their discontinuance advjsed, and new n1cthods of proven 
value are suggested. 

PLAN'l' FOOD IN SO ILS 
Fifteen different chemical elements are essential for plant food, but many of these 

occur so extensively in soils and are used in such small quanlities that there is prac­
tically no danger of their ever running out. Such, for example, is the case with iron and 
aluminum, past experience ,sho\ving that the amount of these elements in the soil remains 
p,ractically constant. 

Furthermore, there can never be a shortage in the elements which co1ne primarily from 
the air, such as oarbon and oxygen, for the supply of these in the atmosphere is practically 
ineX'hausti•ble. The san1e is true of nitrogen, which is UO\V known to be taken directly 
from the atmosphere by well-inoculated legumes and by cert:iin microscopic organisms. 
lTence, altho many crops aTe una,ble to secure nitrogen fTom the air and are forced to 
draw on the soil supply, it is possible by the proper and frequent growing of \Yell-inocu­
lated legumes and their use as green manures, to store up sufficient of this eleme11t to 
supply all the needs of succeeding non-legumes. 

THE "SOIL DERIVED" ELEMENTS 
Phosphorus, potassium, calcium and sulfur, known as "soil derived" elements, may fre-

11uently be lacking in soils, and then a fertilizing material carrying the necessary element 
1nust be used. P1hosphorus is the element most likely to be deficient in all soils. This is 
especially true of Iowa soils. Potassium frequently is lacking in peats and s,vampy soils, 
but normal soils in Iowa and elsewhere are usually well supplied with this element. Cal­
cium may be low in soils which have !borne a heavy growth of a legume, especially alfalfa; 
but a shortage of this element is very unlikely. It seems possible from recent tests 
t,hat sulfur may be lacking in many soils, for applications of sulfur fertilizers have proved 
of value in some cases. However, little is kno,vn ,as yet regarding the r elation of this 
element to soil fertility. If later studies show its importance for plant growth and its 
deficiency in soils, sulfur fertilizers may come to be considered of much value. 

AVAILABLE AND UNAVAILABLE PLANT FOOD 
Frequently a soil analysis shows the ipresence of such ab undance of the essential plant 

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

The e~planation of this peculiar state of affail·s lies in the fact that all the plant food 
shown 'by analysis to be present in soils is :not in a usa1ble form; it is said to be unavail­
able. Plants cannot take up food unless it is in solution; hence available plant food is 
that which is in solution. Analyses show not only this soluble or available portion, but 
also the very much larger insoluble or unavailaible part. The total amount of plant food 
in the soil may, therefore, be abundant for numerous crops, but if it is not made available 
rapidly enough, plants will suffer for proper food. 

Bacteria and molds ar e the agents \Vhich bring ~bout the ohange of insoluble, unavail­
able material into available form. If conditions in the soil are satisfactory for their 
vigorous gro,vth and sufficient total plant food is ,present, these organisms \Vill bring 
about the production of enough soluble material to support good crop growth. 

R.EMOVAL OF PLANT FOOD BY CROPS 
The decrease of plant food in the soil is the direct result of ren1oval uy crops, altho 

there is often some loss 1by leaching also. A study of the amounts of nitrogen, phos­
phorus, and potassium removed by some of the common farm crops will sho,v how rapidly 
these elements are used up under average farming conditions. 

The amounts of these elements in various f,arm crops are given in ta:blc I. The <' 1nount 
of calcium and sulfur in the crops is not included, as it is only recently that the ren10Yal 
of these elements has been considered important enough to warrant analyses . 

. '!Toe :figures in the table show also the value of the three elements cont:.iined in the 
different crops, ca,lculated 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 superphosphate, and potassium at 6 cents, 
the cost in muriate of potash. 

It is evident from the table that the continuous growth of any con11non farn1 crop with­
out returning these three important elements will lead fln,ally to a shortage of plant food 
in the soil. The nitrogen s upply is drawn on t,be most heavily by all the crops, but in the 
case of alfalfa and clover only a small part should be taken from the soil. If these 
legumes are inoculated as they should be, they will take most of their nitrogen from th~ 
atmosphere. The figures ,are therefore entirely too high for the nitrogen taken from the 
soil by these two crops, but the loss of nitrogen from the soil by removal in non-legumi­
nous crops is considerable. The phosphorus and potassium in the soil are also rapidly 

• 
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TABLE I. PLANT FOOD IN CROPS AND VALUE 
Calculating Nitrogen (N) at 16c <Sodium Nitrate iNaNos) ), Phosphorus (P) at 12c 

(Superphospbate), and Potassium (Kl at 6c (Potassium Chloride (KOl) ). 

Plant Food, Lbs. Value of Plant Food Total 
Value 

Orov Yield of 
Nitro- Pbos- Potas- Nitro- Phos- Potas- Plant 

gen 

1 

phorus sium gen phorus shun Food 

Corn, grain 75 bu. 75 12.75 14 $12.00 $1.52 $0.84 $14.37 
Corn, stover 2.25 'l'. 36 4.5 39 5.76 0.54 2.34 8.64 
Corn, crop ------- 111 17.25 53 17.76 2.07 3.18 23.01 
,vhcat, grain 30 bu. 42.6 7.2 7.8 6.81 0.86 0.46 8.13 
Wheat, stra,;v 1.5 T. 15 2.4 'J:I 2.4-0 0.28 1.62 4.30 
Wheat, Cl'Ot) ------- 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 1.25 'l'. 15.5 2.5 26 2.48 0.30 1.56 8.28 
Oats, crop ------- 48.5 8 34 7.76 0.96 2.04 14.70 
Barley, grain 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61 
Barley, stra,v 0.75 'l'. 9.5 I I 13 1.52 0.12 0.78 2.42 
Barley, crop ------- 32.5 I 6 18.5 5.20 0.72 1.11 7.03 
Rye, grain 30 bu. 29.4 6 7.8 4.70 0.72 0.46 5.88 
Rye, stra,v I.5 T. 12 8 21 1.92 0.36 1.26 3.54 
R:v<', crop ------- 41.4 9 28.8 6.62 1.08 1.72 9.42 
Potatoes 300 bu. 63 12.7 90 10.08 1.25 5.40 17.00 
Alfalfa, hay 6 T. 300 'J:I 144 48.00 3.24 8.64 59.88 
'fi1nothy, bay 3 T. I 72 9 67.5 11.52 1.08 3.95 16.55 
('loYer. hay 3 T. 120 15 90 19.20 1.80 5.40 16.40 

reduced by the growth of ordinary crops. While the nitrogen supply may be kept up by 
the use of leguminous green manure cTops, phosphorus and potassium must be supplied 
by the use of expensive commercial fertilizers. 

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

Of course, if the crops procured are fed on the farm and bh-e manure carefully preserved 
and used, a large part of the valuable matter in the crops will be returned to the soil. This 
is the case in livestock and dairy farming where the products sold conta.in only a por­
tion of bhe valuable elements of plant food removed from the soil. In grain farming, 
however, green manure crops and commercial fertilize1·s must be depended upon to sup­
ply plant food deficiencies in the soil. It should be mentioned that the proper use of 
crop residues in this latter system of farming reduces considerably plant food losses. 

· REMOVAL FR01V1 IOWA SOILS 
It has ,been conservatively estimated that the plant food taken from Iowa soils and 

shipped out of the state in grain amounts to about $30,000,000 annually. This calculation 
is based on the estimate of tbe secretary of the Western Grain Dealers' Association that 
20 per cent of the corn and 35 to 40 per cent of tbe oats produced in the state is sbippedi 
off the farms. 

'Dh1s loss of fertility is unevenly distributed over the state, varying as farmers do more 
or less livestock and dairy farming or grain farming. In grain farming, where no 
manure is produced and the entire grain crop is sold, the soil may very quickly become 
deficient in certain necessary plant foods. Eventually, however, a ll soils are de).Jleted 
in essential rood materials, whatever system of ~rming is followed. 

PER1.ll.1lNE1.VT J11ER'l'll.1ITY IN 101-l' A SOILS 
The preliminary study of Iowa soils, already reported, revealed the fact that there is 

not an inex:baustible supply of nitrogen, phosphorus and potassium in the soils of the 
state. Potassium was found in much larger amounts than the other two elements, and it 
was concluded, therefore, that attention should be centered at the present time on nitro­
gan and phosphorus. In spite o,f the fact that Iowa soils are still comparatively fertile 
and crops are still large there is abundant evidence at hand to prove that the ,best pos­
sible yields of certain crops are not being obtained in many cases because of the lack of 
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necessary plant foods or because of the lack of proper conditions in the soil for the 
gro,vuh of plants and the production, by bacteria, of available plant food. 

Proper system of farming will insure the production of satisfactory crops and the main­
tenance of permanent fertility and the adoption of such systems should not be delayed 
until the crop yields are much lower, for then it will involve a long tedious and very 
expensive fight to 1bring tihe soil back to a fertile condition. If prop~r methods are 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 
other elements likely to ,be limiting factors in crop production. 

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

CULTIVATION AND DRAINAGE 

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

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

While the amount of moisture in the soil depends very largely on tJbe rainfall, any 
excess of water may ,be removed from the soil by drainage and the amount of water 
present in the soil may be conserved during the periods of drouth 1by thoro cultivation 
or tJhe maintaining oif a good mulch. The need for drainage is determined partly by the 
nature of the soil, but more particularly by the subsoil. If the subsoil is a heavy, tight 
clay, a surface clay loam ,vill be rather readily affected by excessive rainfall. On the 
other hand, if bh-e surface soil is sandy, a heavy subsoil will be of advantage in pre­
venting the rapid drying out of the soil and also in checking losses of valuable matter 
by leaching. 

THE ROTATION OF CROPS 
Experience bas shown many times that 1:lhe continuous growth of one crop takes the 

fertility out of a soil much more rapidly than a rotation of crops. One of the most im­
portant farm practices, therefore, from the stand1point of soil fertility, is the rotation of 
crops on a basis suited to the soil, climiatic, farm and market conditions. The choice of 
crops is so large that no difficulty should be experienced in selecting those suitable for 
all conditions. 

There are a number of explanations of the value of rotations. It is claimed that crops 
in their growth produce certain substances called "toxic" which are injurious to the same 
crop, 1but have no effect on certain other crops. In proper rotations the time bet" een t,vo 
different crops of the same plant is long enough to allo,v the "toxic" substances to be 
disposed of in the soil or made ,b•armless. This theory has not been commonly accepted, 
chiefly beoause of the lack of confirmatory evidence. It seems extremely doubtful if the 
amounts of these "toxic" substances could be large enough to b1·ing about the effects 
evidenced in continuous cropping. 

But, whatever the reasons for the bad effects of continuous cropping, it is evident that 
for all good systems of farming some definite rotation should ,be adopted, 1nd that rota­
tions should always contain a legume, beoause of the value of such crops to the soil. In 
no other way can the humus and nitrogen content of soils be kept up so cheaply and 
satisfactorily as by the use of legumes, either as regular or "catch" crop~ in the rotation. 

MANURING 

There must always <be enough humus, or organic matter, and nitrogen in the soil if 
satisfactory crops are to be secured. Humus not only keeps the soil in the 1best physical 
condition for crop growth, •but it supplies a considerable portion of nitrogen. An abun­
dance of humus may always be considered a reliable indication of th'e presence of much 
nitrogen. This nitrogen does not occur in a form aViailable for plants, but with proper 
physical conditions in the soil, the nonusable nitrogen in the animal and vegetable 
matter whicbl makes up the humus, is made usable by numerous bacteria and changed 
into soluble and available nitrates. 

The humus, or organic matter, also encourages the activities of many other bacteria 
which produce cavbon dioxide and various acids which dissolve and make available the 
insoluble phosphorus and potassium in the son. 
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Three materials may be used to supply the organic matter and nitrogen or soils. These 
are farm manure, crop residues and green manure, the first bwo being much more com-
mon. . 

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

THE USE OF PHOSPHORUS 

Iowa soils are not abundantly supplied with phosphorus. l\'Ioreover, it is impossible by 
the use of manures, green manures, crop residues, straw, stover, etc., to return to the 
soil the entire amount of that element removed by crops. Crop residues, stover an<l 
straw merely return a portion of the phosphorus ren1oved, and while their use is im­
portant in checking the loss of the element, they cannot stop it. Green manuring adds 
no phosphorus that was not used in the growth or the green manure crop. Farm manure 
returns part of the phosphorus removed by crops which are fed on the farm, but not 
all of it. While, therefore, immediate sc1rcity of phosphorus in Iowa soils cannot be 
positively shown, analyses and results of experiments sho,w that in the more or less 
distant future, phosphorus must be applied or crops will suffer for a lack of this element. 
Furthermore, there are indications that its use at present would prove profitable in 
some instances. 

Phosphorus may be applied to soils in three commercial forms, bone me.11, superphos-
phate and rock phosphate. Bone meal cannot be used generally, because oC its extremely 
limited production, so the choice rests between rock phosphate and superphosphate. 
Experiments are now under way to show which is more economical fo1· farmers in the 
state. Many tests must be conducted on a large variety of soil types, under widely di(­
fering conditions, and thru a rather long period of years. It is at present impossible 
to make these experiments as complete as desirable, owing to small appro­
priations for such work, but the results secured from the tests now in progress will be 
published from time to time in the different county reports. 

Until such definite advice can be given for individual soil types, it is urged that fa1·m­
ers who are interested make comparisons of rock phosphate and superphosphate on their 
own farms. In this way they can determine at first hand the relative value of the two 
materials. Information and suggestions regarding the carrying out of such tests may be 
secured upon application to the Soils Section. 

LIMING 

Practically all crops grow better on a soil which contains lime, or in other \\ ords, on 
one which is not acid. As soils become acid, crops grow smaller, ,bacterial activities are 
reduced and the soil becomes infertile. CTops are differently affected bv acidity in the 
soil; some refuse to grow at all; others grow but poorly. Only in a ve1 v few instances 
can a satisfactory crop be secured in the absence of lime. Therefore, the addition of 
lime to soils in which it is Jacking is an important principle in permanent soil fertility. 
All soils gradually become acid because of the losses of lin1e and other basic materials 
thru leaching and the production of acids in the de<'omposition processes constantly 
occurring in soils. Iowa soils are no exeeption to the general rule, as was shown by the 
tests of many representative soils reported in Bulletin No. lf>l of this station. Particularly 
are the soils in the Iowan drift, Mississippi loess and Southern Iowa loess are1s likely 
to be acid. 

All Iowa soils should therefore be tested for acidity before the crop is seeded, par-
licularly whe11 legumes, such as alfalfa or red clover, are to be grown. 

As to the amount of lime needed for acid soils as a general rule sufficient should be 
applied to neutralize the acidity In the surface soil. 

SOIL .tlREAS IN roir.1 
There are five large soil are:is in Iowa, the Wisconsin drift. the Iowan drift, thl :Mis­

souri loess. the Mississippi loess and the Southern Iowa loess. These five di visious of 
the soils of the state are based on the geological forces which brought about the forma­
tion of the various areas. The various areas are shown in the map, fig. 10 

With the exception of the northeastern part or the state, the whole surface of Io ,\a 
was in ages past overrun by great continental ice sheets. These great masses of 1 ·e 
moved slowly over the land, rrushing and grinding the rocks beneath and carrying aloi.g 
with them the material which they arcumulnted in their progress. Five ire sheetd 
invaded Iowa at different geological eras, coming from different directions and carrying, 
therefore, different rock material with them. 

The deposit. or sheet, of earth debris left after the ice or such glaciers melts is called 
"glacial till" or "drift" and is easily distinguished by the fact that it Is usually a rather 
stiff clay containing pebbles of all sorts as well as large boulders of "nigger heads." Two 
of these drl!t areas occur in Iowa today, the Wisconsin dTift and the Iowan drift, cover-
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ing the north central part of the state. The soils of these two drift are:i.s are quite 
different in chemical composi tion, due primarily to the different ages of the two ice in­
vasions. The Iowan drift \Vas laid do,vn at a much earli er period and is somewhat poorer 
in plant food than the Wi sconsin drift soil, having undergone cons iderable leaching in 
the time which has elapsed since its format ion. 

The drift deposits in the remainder of the state have been covered by so-called loess 
soils, vast accumul ations of dust-like materials ,v!1ich settled out of the air during a 
period of geologica l time ,vhen climatic conditions were very different than at present. 
These loess soi ls are very porous in s·pite of the fine texture ancl they rarely contain 
large pebbles or stones. They present a strong contrast to the drift so il s, which are 
somewhat heavy in texture and filled ,with pebbles and stone, The three Ioess areas in 
the state, the Missouri, the l\.ii ssiss ippi and tbe Southern Iowa, are distinguished by dif­
ferences in texture and appea rance, and they vary considerwbly in value for farming 
pu rposes. In son1e sections the loess is very deep, wh il e in other places the underlying 
leached till or dTift is very close to t he surface. Th e fertility of these soils and their 
needs are greatly influenced, therefore, by their depth. 

It ,vill be seen that the soils of the state may be roughly divided into t \vo classes, drift 
soils and loess soi ls, and that further division n1ay then be made into various drift and 
loess soils because of differeuces in period of formatio n , chiracteristics and general 
con1pos ition. More accu rate information demands, however, that further divisions be 
m :ule. The Uifferen t drift and loess soils contain large n u mbers of soil types which 
vary among themselves, and each of t hese should receive special attention. 

THE SOIL SURV EY BY COUNTIES 

It is apparen t that a general survey of the soils o·f the state can give only a very gen­
eral idea of soil conditions. Soils vary so ,videly in character and composition, depending 
on many other factors than their source, that definite knowledge concerning th ei r needs 
can be secured only by thoro a n d complete study of them in place in small areas. Cli­
matic conditions, topography, depth and character of soil, chemical and mechanical com­
position and all other factors affecting crop production n1ust be considered. 

This is what is accomplished by the soil survey or the state by counties, and hence 
the needs of individual soils and proper systems of management may be ,vorked out in 
mu ch greater detail and be much more complete than would be possible by merely con­
sidering the large areas separated on the basis of their geological origin . In other words, 
while t he unit in the general survey is the geological history of the soi l area, in the soil 
survey by counties or any other small area, the unit is the so il type, 

SOIL Al2EA5 Of !OWA 
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Fig. 6. l\'lap showing the principal soi l areas in Iowa. 

• 
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GENERAL SOIL CI-IARACTERISTICS 
Soil types possess more or less definite characteristics which may be determined largely 

in the field, altho some laboratory study is necessary for final disposition. Usually the 
line of separation between adjoining soil types is quite distinct and it is a sim{)le matter 
to locate the type boundaries. In some cases, however, there is a graduation from one 
type to another and then the boundaries may be fixed only with great difficulty. The 
error introduced into soil survey work from this source is very small and need cause 
little concern. 

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

1. The geological origin of the soil, \Vhether residual, glacial, loessial, alluvial, 
colluvial or (}umulose. 

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

the percentages of gravel, sand, silt, clay and organic matter whi<'h they contain. 
6. The texture or porosity, granulation, friability, plasticity, c.>tc. 
6. The color of the strata. 
7. The natural drainage. 
8. The agricultural value based upon its natura l productiveness. 
9. Native vegetation. 

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

{ 
All partially destroyed or decomposed 

Organic matter vegetable and animal material. 

f Stones-over 32 mm.• 
Gravel-32-2.0 mm. 
Very coarse sand-2.0-1.0 mm. 

Inorganic matter Coarse sand-1.0-0.6 mm. 
Medium sand-0.5-0.25 mm. 
Fine sand-0.25-0.10 mm. 
Very fine sand-0.10-0.05 mm. 
Silt-0.05-0.00 mm. 

SOILS GROUPED BY TYPEJS 
The general groups of soils by types are indicated thus by the Bureau of Soils. 
Peats-Consisting of 35 per cent or more of organic matter, sometimes mixed with 

more or less sand or soil. 
Peaty Loa1ns-15 to 35 per cent organic matter mixed with much sand and silt and a 

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

and some silt. 
Olays-Soils with more than 30 per cent clay, usually mixed with much silt; always 

more than 50 per cent silt and clay. 
Silty Olay Loams-20 to 30 per cent clay and more than 50 per cent silt. 
Clay Loams-20 to 30 per cent clay and Jess than 50 per cent silt and some sand. 
Silt Loa·rns-20 per cent clay and more than 50 per cent silt mixed with some sand. 
Loams-Less than 20 per cent clay and less than 50 per cent silt and from 30 to 50 

per cent sand. 
Sandy Clays-20 per cent silt and small amounts of clay up to 30 per cent. 
Fine Sandy Loa1ns-More than 50 per cent !tne sand and very fine sand mixed with 

less than 26 per cent very coarse sand, coarse sand and medium sand, much si lt and a 
little clay; silt and clay 20 to 50 per cent. 

Sandy Loams-More than 25 per cent very coarse, coarse and medium sand; silt and 
clay 20 to 50 per cent. 

Very fine Sand-More than 50 per cent fine sand and less than 26 per cent very coarse, 
coarse and medium sand, less than 20 per cent silt and clay. 

Fine Sand-----,More than 60 per cent fine sand and less than 25 per cent very coarse, 
coarse and medium sand, less than 20 per cent silt and clay. 

Sancl-More than 25 per cent very coarse, coarse and medium sand, less than 50 per 
cent fine sand, less than 20 pe'r cent silt and clay. 

Coarse Sand--More than 25 per cent very coarse, coarse and medlun1 sand, less tbau 
60 per cent of other grades, less than 20 per cent silt and clay. 

Gravelly Loa11is-25 to 50 per cent very coarse sand and much sand and some silt. 

• 25mm equnls 1 in. t Burenu of Soils Unodbook. 
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Gravels-More than 50 per cent very coarse sand. 
Stony Loams-A larg€ number of stones over one inch in diameter. 

METI-IODS USED IN THE SOIL SURVEY 

It may be of some interest to state briefly the methods \\hich arc followed in the field 
in surveying the soils. 

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

The first step, therefore, is the choice of an accurate base m1p and any official map 
of the county may be chosen for this purpose. Such maps are a lways checked to corre­
spond correctly with the land survey. The location of every stream, road and railroad 
on the map is likewise carefully verified and corrections are frequently necessary. When 
an accurate base map is not available the field party must first prepare one. 

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

When one section is completed, the party passes to the next section and the location 
or all soil types, streams, etc., in that section is then checked with their location in the 
adjoining area just ma,pped. Careful attention is paid to the topographic features of the 

• area, or tbe "lay of the land," for the character of the soils is found to correspond very 
closely to the conditions under which they occur. 

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

The d€terminations of soil types are verified also by inspection and by consultation 
with those in charge of the work at the Bureau of Soils and at the Iowa Agriculttural 
Experiment Station. When the entire county is completed, all the section maps of field 
sheets are assembled and any variations or questionable boundaries are verified by fur­
ther observations of the par.ticular area. 

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

, 
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Amino Acid and Acid Amides aa Source of Ammonia in Soils.• 
Method.a for the Bacteriological Examination of Soils.* 
Bacteriolocical Studies of Field Soila, III.* 
'fhe Determination of Ammonia in Boils. 
Sulfofl.cation of Soils. 
Detennination of Amino Acids and Nitrates in Soils. 
Bacterial Activities and Crop Production. 
Studies of Sulilllcation. 
Effects of Somo Manganese Salts on Amn1oniftcation and Nitrillcatlon. 
Inliuence of Some Common Humus-Forming Materials of Narrow and Wide Nltroien-Cargon Ratio 

on Bacterial Activities. 
Carbon Dioxide Production in Solla and Carbon and Nitrogen Changes in Soils Varloualy Treated. 
The Effect of Sulfur and Manlll'e on the Availobility of Rocle Phosphate In Soil.• 
Tbe Eflect of Certain Alkali Salts on Ammoniflcation. 
Soil Inoculation with Azotobacter. 
The Effect of Seasonal Conditions and Soil Treatment on Bacteria and Molds in the Soll, 
Nitrulcation in Acid Soils. 
Tbe Relationships between Hydrogen Ion, Hydroxyl Ion and Salt Concentrations aad the Growth of 

Seven Soil Molds. 
A Study of the Secondary Effects of Hill Fertili211tion. 
Some Effects on Method.a of Applications of Fertilizers on Corn and Solla.* 
Tbe Numbers of Microorganisms in Carrington Loam as Inftuenced by Different Soil Treattnen!4. 
Studies on Nitrification and Its Relation to Crop Production on Carrinrton Loam Under Different 

Treatmentll. 
Phyeiologlcal Studies on the Nitrogen Fixing Bacteria of the Genus Rhlzobium. 
Soybean Inoculation Studies. 
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