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MILLS COUNTY SOILS>(. 
Bv \Y. H. SteYenson an<l P. E. Brown with th e assistanee of L. \\'. Ponnan and N. J. 

· Russell. 

MILLS COU~TY is located in south"·estern Io,Ya, in the second tier of coun
ties north of the 1\I i~souri tate line and eparated from the state of 

~ebraska bv the )Ii sonri river. It lies entirely "'ithin the 1\1issouri loess soil . . 
area and the upland soils of the county are all of loe:,;sial origin. The botto111land 

soils are like,Yise loes~ial, being made up of 
material carried from the uplands by the 
strea111s, re"·orked and laid do,vn on the 
terraces and botton1s. 

The total area of 1\Iills countv is 430 • 

square mile., or 275,200 acres. Of thi area, 
2;36,365 acres or 93.1 percent, is in far1n 
land. The total nun1ber of farms i'.-) 1,647 
and the a,·crage size of the far1ns i.. 156 
aeres. 

The figures given below show the utilization of the farm land of the county as 
given in the I o,va l? earhook of 1\.grirulture for 1921. 

A<'reage in general farm <·rops ....................... ........ .. 169,2,>6 
Acreage in fa rn1 buil1Ungs, feecl lots and public high wnys. . . . . . . . . . 11,224 
A · · t 67 r-:;o,J < reage 111 pas .ure . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . ,.,~~ 
Acreage in crops not othen, ise list eel. . . . . . . . . . . . . . . . . . . . . . . . . . . . 695 
Acreage i.J1 waste lanil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,017 

The type of agriculture most generally pra('tieec1 in l\lills county is general 
farming, including cereal prodtH:tion "·ith son1e dairying and some raising of 
hog· and other liYe~tock. 'fhe tendency to spec·ialization in dairying and live
tock indu~tries is increasing and a much larger proportion of the crops pro

duced is constantly being utilized for feeding purpo:es. 
Hog raising is the principal liYestock industry, "bile the feeding of beef cat

tle is of slightly less significance. l)airying is beco1ning a more important indus
try in the county and many far111ers are 110,Y selling their surplus milk to the 
crean1eries. .A fe,v dairies are located near to"'ns. 'fh e development of the dairy 
inclu...,try in the county may confidently be expec-ted in the future. 

Trucking is practiced to some extent but it is not exte11siYc. Orcharding is 
likev,ise of minor importance. Poultry raising is practiced on all farms, but 
rarelv on a comrnercial scale. 

V 

The chief crops gro"·n and Rold ont of the county include c:orn and oats and 
some alfalfa. The income of the county is thus deriYec1 fro1n the sale of these • 

crops, the sale of hog:-:; and beef cattle a11d of dairy procluets, ,vith a minor part 
coining from the sale of sheep, poultry procluets, truek erops and minor general 
farm crops. 

There is a considerable area of "'aste land in the rounty, tho in many cases 
this ]and might be r eclaimed and made productive if the proper methods of 

*Soil survey of 2'11ills county, Iowa, 1.,y G. B. ,Jones of the U. S. Department of Agriculturo and N. J. 
Russell of the Iowa Agricultural Experiment Stotion. 
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TABLE I. ACREAGE, YIELD AND \rALUE OF CROPS GROW~ I~ MI LLS COUXTY* 

Percent of Bushels or Total 
Crop Acres total farm tons per Total bushels Average value land of per acre or tons price of crops county 

Corn 106,000 41.34 40.0 I 4,240,000 $ 0.30 $1,272,000 
Oats 20,000 7.80 26.0 I 520,000 0.23 119,600 
Spring wheat 820 0.32 10.0 8,200 0.87 7,134 
Winter wheat 16,000 6.24 18.0 288,000 0.90 257,200 
Barley 470 0.18 30.0 14,100 0.42 5,922 
Rye 210 0.08 18.0 3,780 0.73 2,759 
Potatoes 656 0.25 50.0 32,800 1.40 45,920 
Tame hay 10,500 4.09 1.7 17,800 9.08 161,624 
Wild hay 3,300 1.28 1.5 4,950 7.47 36,976 
Alfalfa 11,700 4.56 2.8 32,760 12.92 423,259 
Pasture 67,522 26.33 . . . . . . . . . . . . . . . . . . ......... 

soil treatment ,vere practiced. Such soils are unpr oductive for varying reasons 
and no general treatinents can be recommended for their r eclamation. Occa
sionally the difficulty is due to inadequate drainage. In other cases the oils 
1nay be in poor physical condition and in need of organic matter or lime. E ro
sion may occur to some extent in the rough areas and prevent the best utilization 
of the soils. Special n1ethods of soil treatment must usually be follo,ved for 
individual conditions and in a later section of this report suggestions "·ill be 
made regarding the treatment most desirable on the various soil types found in 
the county. Where conditions are more or less abnormal, the Soils Section of 
the Io"·a Agricultural Experiment Station ,vill fur nish advice regardini t reat
ments, upon request. 

The general farm crops gro,vn in 1\1ills county in the order of their importance 
are: corn, alfalfa, ,vheat, hay, oats, potatoes, barley and rye. The acreage, 
yields and value of these crops are given in table I . 

Corn is the most important crop in the cow.1ty, both in acreage and in value. 
It is gro,Yn quite generally on practically all soil types. The average yield in 
1921 ,vas 40 bushels per acre. l\1uch larger yields than this are secured in favor
able seasons, particular ly on the uplands, altho very often heavy yields are also 
secured on the rich bottomlands of the county. About 60 percent of the corn 
crop is fed on the farms, the re1nainder being shipped to Omaha, St. Louis and 
Kansas City. The practice of hogging dO\\'n is follo"·ed to some extent. Some 
of the erop is utilized for silage, but in 1921 there '"ere only 54 silo in the 
county. Corn furnishes the chief grain feed for the cattle, hogs and "·<_>rk 
stock. 1'he most important varieties of corn gro,Yn are Reid's Yello"· Dent. 
Silver l\Iine and Boone County \\Thite. On a fe,v farms, Io,va Gold l\,f ine and 
Ninety Day corn are gro,vn. 

Alfalfa is the second crop in Yalue, occupying an acreage of 11,700 acres. 
Average yields of 2.8 tons per acre are reported. It is generally believed that 
spring so"·ing is preferable, the c-rop being seeded ,Yith a nurse crop, u. ually 
oats. It is estimated that about GO percent of the alfalfa grow-ers do not use 
a nurse crop. Some prefer fall ~o"·ing and apparently have good succe. s. Three 
or four cuttings of alfalfa are u. ually secured; so1uetimes five are obtained. 
It is very iinportant, in g-ro,Ying- alfalfa, that the soil be "·ell drained and "·hen 

•Jo"a \'ear Hook of Agric-ulturt•, J!l:?l. 
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I 
acid it should be limed. lviuch of the alfalfa gro"'n is used for feed for the 
work stock, milk cows ai1d beef cattle. So1ne farmers, ho"·eyer, are selling 

alfalfa to outside markets. 
The third crop in Yalue in the county is ,vbcat. Both spring ,vheat and ,vinter 

wheat are gro"71, by far the larger acreage being devoted to the ,vinter varieties. 
AYerage yields of 18 bushels per acre ,vere r eported in 1921. Spring wheat is 
gro,VI1 on a small area with average yields reported at lQ bushels per acre. The 
major portion of the ,,heat grown is utilized for home consumption, altho corn 

is shipped to outside markets, principally Omaha. 
There is considerable production of hay in the county, timothy and clover 

making up the most important tame hay crops. There is a small area in wild 
hay but this acreage is constantly decreasing. Average yields of tame bay 
amount to 1.7 tons per acre, while the yields of ,vild hay are estimated at 1.5 tons 
per acre. Some timothy is gro"-n alone and in the eastern part of the county 
considerable clover is gro,vn alone. Some of the clover crop is harvested for 
seed. The hay produced is all fed to stock on the farms and is very apt to be 

insufficient. 
Oats occupies the second largest acreage in the county and in Yalue the crop 

produced in 1921 ranked fifth. Average yields of oats are estimated at 26 
bushels per acre. Oats are grown in practically all rotations, follo,ving corn. 

The Io"·a 103 and Iowa 105 are the leading varieties. 
Potatoes are gro,rn on practically all farms with average yields of 50 bushels 

per acre. The potato crop is all utilized for home consumption and there is no 

sale of the product. 
Barley and rye are gro,n1 on small areas and are relatively unimportant 

crops. The grain produced is all used locally. 
Sudan grass has been grown to some extent in the county and has given large 

yields of hay. Average yields of this crop are r eported at 2½ to 3 tons per 
acre. Sudan grass furnishes excellent summer pasturage for cattle, sheep and 

hogs. 
Sorghum is grown on some areas, particularly in the ,vestern part of the 

county and is used for syrup. Insufficient is produced to supply the local de
mand. Other crops of minor importance include sweet clover, millet, and rape, 
all of which are used for forage purposes. 

Tomatoes, s,veet corn and pumpki11s are grown on some areas in the vicinity 
of Glenwood, the crops being sold to the canning factory there. In general the 
trucking industry has not been developed to any extent, but many other truck 
crops might be gro"'ll very successfully as has been evidenced by their produc

tion on small areas. 
Apple orchar<ls are maintained on practically all farms and usually a fe,v 

pear, plum and cherry trees arc also found on the farm. The principal varieties 
of apples gro,vn are the Jonathan, Grimes, Winesap, Ben Davis, Gano and l\Iam
moth Black T"·ig. The orchards, generally, are not properly taken care of and 
the yields of apples are not nearly as large as they should be. Grapes are gro\\71 
in some parts of the ('Ounty, particularly on the Knox and l\far. hall soils in 
the ,,estern part and there is some sale of grapes on the local markets. 
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,vhich are no,v under ,vay are comparing the value of these two phosphorus fer
tilizers but the results are not vet conclusive and t ests on the individual fa rms • 

are all that can be recommended at the present time. 

THE GEOLOGY OF MILLS COUNTY 

The native rock material underlying the soils of 1Iills county is so deeply 
buried under the later depo. its of glacial till and loess that it has no effect on 
the soils of the county. Rarely are there any outcrops of rock material &nd then 
only at the base of the steeper bluffs. 

At least once during the glacial age the county " 'as covered by a great ice 
sheet and upon its retreat it lef t behind a mass of till or glacial debris. The cov
ering of this material is extremely variable in thickness, ranging from about 75 
feet in the ""e~tern part of the county ,vhere erosion ,,as most effective prior to 
the deposition of the loess, up to 150 to 200 feet in the eastern part. The upper 
part of the till i8 generally yellow and ,veathered much like the I{an an drift, 
but the lo"·er part is often darker and may have been deposited by an earlier 
gla<'ier. Sometin1es the drift is composed of yello,v to almost red oxidized mate
r ial, depending upon the extent of oxidation in the lo,Yer depths. The drift is 
a heavy boulder clay, usually yellow in color but often darker and apparently 
less oxidized. Boulders are found thruout the drift but these are generally small 
and composed of va rious mineral materials. Fine and coarse sand also occur. 
Beneath the layer of boulder clay there is often a layer of silty material of 
doubtful origin "·hic:h in turn is u11derlaid by sand. Xone of these earlier de
posit~, ho"·eyer, haYe any influenc-e on the soil conditions in the county. 

The entire county "·as coYered at some previous geological time, "'hen climatic 
C'onditions " 'ere Yery diffel'ent than at present, by a layer of fine dust-like mate
rial kno"·n as loess. The aYerage thickness of this loess is estimated at about 60 
feet, but along the 11:issouri river and for seYeral miles to the east of the riYer , 
it may reach a thickness of 100 to 150 feet. On the t errace land and bottoms 
the thicknes is much less, ranging from 5 feet to 30 or 40 feet. In color the loess 
is a grayish-yello,v to yello·wish-bro,vn. It is an even grained material composed 
mainly of silt and it has the property of standing in straight cuts, ,vhich is 
character istic of all loess. Calcareous concretions occur commonly in many 
localities but due to the "·eathering to ,vhich the material has been subjected 
since its deposition, the content of li1ne has been very largely removed and in 
1nost of the eastern part of the county the surface soil sho"·s no lime. In the 
,vestern part, ho"·ever, the soil on the bluffs is high in lime and in many areas 
the subsoil is v.·ell supplied. 

The accumulation of plant remains ,vhich has occurred thr uout the more 
gently rolling uplands has led to a darkening of the surface soil and typically 
the soil is no,v dark bro,v11 in color . The typical yello,,· of the original loes is 
found in the lo,ver layers. The soil type kno"·n as the l\{ar hall silt loam is the 
chief upland loess soil in the county covering over one-half of the total area, 
and this type has becon1e darkened in color and in many instances it has lost 
most or all of its lime content. The soil on the bluffs in the " ·estern part of the 
county i~ the Knox silt loa1n and it is light in color and rich in lime. The terrace 
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and bottomland soils in the county are all derived from the loess and have been 
modified in various ~-ays by the method of formation or deposition. Thf'y are 
largely dark in color and many are lo,v in lime. 

PHl.SIOGRAPI-fY AND DRAINAGE 

The topography of l\Iills county as a whole is gently rolling to smoothly roll
ing. Bordering the broad flood plains of the Missouri river, ho,vever , there is a 
narrow area of bluffs, some of ,vhich are of considerable height with sharply 
cut ridges and smooth and abruptly retreating slopes. Others have beautifully 
rounded summits and more gentle slopes. East"ard from these bluffs there is a 
belt of hilly country averaging about three miles in ,vidth. In some of this belt 
the surface is much di ected and too steep for cultivation. These bluffs and the 
adjacent hilly country are covered with the Knox silt loam. 

To the east of the bluffs thruout the upland of the remainder of the county, 
the soil is mapped as the l\1arshall silt loam and its characteristic topography is 
smoothly rolling. This type covers over half of the county. The rougher areas 
of the Knox silt loam on the bluffs occupy less than t"To percent of the total area 
of the county and hence the soil is of much less importance. 

The Marshall silt loam on the uplands is cut by the rather shallow valleys of 
the various streams and their tributaries and the slopes are gentle and uniform. 
The crests of the divides bet,"een the stream are smooth and rounded and the 
whole appearance of the county east of the bluffs is gently undulating to rolling. 

The bottomlands of the county include the rather ,vide areas along the Mis
souri river and the narro,ver strips bordering the streams in the eastern part of 

Fig. 2. 11ap showing natural drainage syste,n of 1Iills County. 
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the county. All ar e level to flat in topography. Terraces occur along the ~'"est 
·ishnabotna river, Silver creek and in smaller areas along Keg and Wabonsie 

creeks. rrhere are none along the 11issouri river . These terraces have a level to 
gently sloping topography. 

The drainage of the county is brought about by the 11issouri river and its 
tributaries in the " ·estern part of the county and by the \\Test Nishnabotna river 
and its t ributaries in the eastern part. The chief tributaries of the latter river 
are Indian creek, which drains the greater part of the to,vnship of the same 
name and Silver creek ,vhi<.:h drains the north central part of the county. 

The 1Iissouri rh·er flo,Ys in a general southerly direction and the middle of 
the channel is the " ·estern boundary of :\fills county as "·ell as the boundary 
bet"·een Io,va and l\'ebraska. The river frequently changes its course and <.:on
siderable areas are <.:on tantly being "·ashed an·ay. The boundary line of the 
county is therefore constantly changing. The valley of the river in 11ills county 
is approximately three and one-half miles in width at the northern and southern 
county lines and the greatest width is reached just south of Pa<.:i:fic Junction 
,vhere it is about six and one-half miles wide. The bottoms of the other r ivers 
and creeks in the county are comparatively narrow and are subject to overflo,v. 

There are numerous intermittent drainageways extending thrnout the uplands 
and joining the various streams and these bring about a quite adequate drainage 
of the uplands. 1Iany of the tributary streams to the larger r ivers and creeks 
are , mall and shallo,v and little more than dra,vs, in which water flows only 
follo"·ing heaYy rains. :\1uch of the bottomland along the i\1issouri river is 
not subject to overflow, or at least is flooded only at times of heavy floods. 
Drainage of these areas is, ho,vever, less adequate and the control of moisture is 
a more difficult matter. 

At least the eastern part of the county is quite satisfactorily drained, and the 
accompanying drainage map indicates that the natural drainage system of the 
county is good. By dredging, some of the winding stream courses have been 
conYerted into deeper and straighter channels and overflows of the narro,v bot
tomland areas a<lja<.:ent to them are, as a consequence, relatively of rare occur
rence now. 

THE SOILS OF MILLS COUNTY 
The soils of 1I ills county are grouped into three classes according to their 

origin and location. 'l'bese groups are the loess soils, the terrace soils and the 
s"·amp and bottomland soi ls. Loess soils are fine dustl ike deposits made by the 
"'ind at some time ,vben climatic conditions "·ere very different than at present. 
Terrace soils arc old bottomlands ,Yhich have been raised above overflo,v by a 
decrease in the volume of the stream ,vhich deposited them or by a deepening 
of the river channels. S,vamp and bottomlands are tho. e occurring in lo,v, 
poorly drained areas along streams and subject to more or less frequent overflo,v. 
The extent and occurren<.:e of these three groups of soils in l\Iills county are 
sho,Yn in table I I. 

The largest part of the county, 60.3 percent, is covered by the loess soils. 
The ::nran1p and hottoinlant.1 soils are se<·on<l in extent, covering 33 percent of 
the total area. The terrace soils are of minor occurrence, together covering 
only 4.7 per cent. 
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TABLE II. AREAS OF DIFFEREN'T GROUPS OP SOIL8 IX )IILLS COlIXTY 

Soil group 
Loess soils 
'fprr:l!·e soils 
l--w'1n1p and bottomlnnd soils 

Total 

Acres 
166,016 

12, 00 
96,3 4 

275,200 

Pen·ent of totnl nrea of county 
60.3 

4.7 
~5.0 

There are fifteen individual soil types and these with t he colluvial pha e of 
the \\rabash silt loan1 and the areas of river,vash and meado,v make eighteen soil 
areas in the county. There are t,vo loess soils, three terraee soils and thirteen 
areas of bottomland soil . These var ious soil types are di. tinguished on the 
basis of certain definite characteristics ,vhich are discussed in the appendix to 
this report. The areac; covered by the various soil types are sh0\'1'11 in table III. 

The 1\Iarshall silt loam is the largest individual soil type. cover ing 5 .4 per 
cent of the total ar ea of the county. The \Vabash silt loa1n " ·ith the rolluvial 
phase \Yhich i some"·hat more extensive than the typical soil, c·overs the second 
largest area, 21. percent. The remaining soil type are all of small occurrence, 
the l;an1oure silty clay loam, the Bremer silt loam and the Cass silt loam covering 
2.6. 2.4 and 2.2 percent, respectively. The Knox silt loam and the , , ... aukesha 
silt loan1 c•over 1.9 percent, the \\ ... abash silty clay, 1. percent, the Cass silty clay 
loa1n 1.4 percent, the Lamoure clay, 1.2 percent and the river,vash 1.1 percent. 
The other soil types all coYer less than one percent of the county. 

There is a relation bet,veen the topography of the land and the soil types, at 
least as far as the uplan<ls are concerned. The Knox silt loam occurs in t he 
hilly section of the county and the topography is rough to hilly and steep ,vit b 
son1e areas of more rolling land. The :\Iarsball . ilt loam on the other hand has 

Hoil 
No. 

H 
11 

,. -
ID 

23 

26 
2fln 

111 
106 

27 
51 

166 
53 
4 

163 
20 

102 
130 

TABLE III. AREAS OF DIFFEREXT SOIL TYPER l:N :\IILLS COUNTY 

Soil type 

1Iarshall silt loam 
Knox silt loam 

Bremer silt loarn 
V.'aukesha silt loam 
IIanrock silt loam 

LOESS SOILS 

TERRACE SOILS 

Acr es 

160,~3~ 
5,1g4 

6,528 
5,184: 
1,0 q 

S\V.\:\IP .\XD BOTT01IL.\XD 80ILS 
Wabash silt loam 25,3-14} 
\Va bash silt loa1n (collu, ial phase) 3-1,560 
Lamoure silty clay loam 7,104 
C'ass silt loam 6,016 
Wabash silty clay 4,86-1 
Cass silty clay loam 3,904 
Lamoure clay 3,200 
River,vash 3,072 
Wabash silty clay loam 2,560 
Cass clay 1,856 
~feadow 1,728 
Sarpy fine sandy loam 1,728 
Cass fine sandy loam 448 

Total 275,200 

I Percent of total 
area of coun ty 

58.4 
1.9 

2.4 
1.9 
0.4 

21.8 
2.6 
2.2 
1. 
1.4 
1.2 
1.1 
0.9 
0.7 
0.6 
O.o 
0.1 
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a gently rolling to undulating topography. The terraces and bottomlands are 
all quite level in topography and the latter types are often in need of drainage. 
The Bremer soils on the ter races ar e more depressed in topography than the 
Waukesha and H ancock soils but the topographic differences are not distinctive 
1n many areas. 

THE FERTILITY IN MILLS COuNTY SOILS 

Samples were taken for analysis from all the soil types in the county. The 
areas of riverwash and meadow were not sampled as they are so variable in com
position that a knowledge of their composition, or at least of the composition 
of any sample, would mean little. The more extensive soil types ,vere sampled 
in triplicate but only one sample was taken from each of the minor types. All 
samplings ,vere made with the greatest care that the samples should be thoroly 
representative of the soil types and that all variations due to local conditions or 
previous treatments should be eliminated. Samples were dra,rn at three depths, 
0 to 6 2-3 inches, 6 2-3 to 20 inches, and 20 to 40 inches, representing the sur
face soil, the sub surf ace soil and the subsoil, respectively. 

The total phosphorus, total nitrogen, total organic carbon and inorganic car
bon content of the soils "\\'ere determined and the limestone requirement was also 
estimated. The official methods ,vere used for the phosphorus, nitrogen and 
carbon determinations and the limestone requirement determinations were made 
by the Truog qualitative test. The figures given in the tables are the averages 
of the results of duplicate determinations 011 all samples of each type. They 
represent therefore, the averages of four and t,velve determinations. 

TI-IE SURFACE SOILS 

The results of the analyses of the surface soils are given in table IV. They 
are calculated on the basis of 2,000,000 pounds of surface soil per acre. 

The phosphorus content of the soils of the county is quite variable, ranging 
from 821 pounds in the Cass fine sandy loam up to 2,450 pounds in the Hancock 
silt loam. There seems to be no relation between the content of phosphorus and 
the soil groups, altho the average of the bottomland types and also of the terrace 
soils is some,vhat better than that of the upland soils. This might be expected 
as bottomlaud soils are cropped to a lesser extent and hence there is a smaller 
removal of plant food constituents. The upland soils have about the same con
tent of phosphorus, but there are some rather ,Yide variations in the amount of 
phosphorus in the individual soils in the other groups. Indeed in general the 
Yariations ,vithin groups are much ,vider than those bet,veen the Yarious groups. 

There seems to be some relation bct,veen tbe phosphorus content of the individ
ual soils and the particular soil type. Thus the Hancock silt loam and the 
Breiner silt loa1n on the terraces are higher than the \\.,. aukesha. The "\\.,. abash 
and Larnoure types on the bottoms are better supplied than the Cass and Sarpy 
soils. The differences in some cases are not very large ho,,ever and conclusions 
are difficult. 

The effects of soil texture are not Yery well sho,Yn by the soils in this county 
as they are mostly all silt loams. The Lamoure silty clay loam, ho,vever, is 
richer in phosphorus than the clay; the Cass clay and ~ilty clay loam are much 
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TABLE rv. PLANT FOOD I N MI LLS COUNTY/ ro,v A SOILS 

Pounds Per Acre of T"To Million Pounds of Surface Soil (0-6 2-3"). 

Soil 
No. 

9 
11 

~8 
75 
23 

26 
26a 

111 
106 

27 
51 

J 66 
48 

165 
102 
130 

l 
I 
I 

I 
I 
l 

I 
I 
I 
I 

I 
l 
l 
I 
I 
l 
I 

Soil type 

Marshall silt loam 
Knox silt loam 

Bremer silt loam 
Waukesha silt loam 
Hancock silt loam 

Phos- Nitro-
phorus gen 

LOESS SOILS 

I 1,526 I 2,626 
1,508 1,920 

TERRACE SOILS 

1,777 4,480 
1,212 3,440 
2,450 3,320 

Organic 
carbon 

26,605 
16,968 

48,648 
35,326 
38,001 

SW Al.1P AND BOTTO11LAND SOILS 

\\1abash silt loa1n 1,575 2,600 31,449 
Wabash silt loam 

(colluvial phase) 1,669 4,320 44,499 
Lamoure silty clay loam 2,087 3,200 33,142 
Cass silt loam 1,400 3,020 35,954 
Wabash silty clay 1,589 2,240 30,903 
Cass silty clay loam 1,510 3,660 43,515 
Lamoure clay 1,709 2,880 33,565 
\Vabash silty clay loam 1,642 2,780 65,028 
Cass clay 1,709 4,240 41,042 
Sarpy fiue sandy loam I 1,441 1,280 52,179 
Cass fine sandy loam 821 1,280 16,979 

Inorgnuic 
carbon 

0 
21,784 

0 
0 
0 

0 

0 
0 
0 
0 
0 

7,494 
0 

3,073 
15,180 

1,858 

13 

Lime-
stone 

require-
ment 

4,000 
0 

6,000 
4,000 
2,000 

4,000 

3,000 
2,000 
2,000 
3,000 
3,000 

0 
3,000 

0 
0 

3,000 

better supplied than the fine sandy loam, but there is ver y little difference 
between the amounts in the Wabash silt loam and in the silty clay loam and the 
silty clay. In general it has been observed that soils which ar e coarse in texture 
are lo,Yer in plant food and those ,vhich are fine in texture are better supplied. 
That conclusion seems to be borne out by these results as far as conclusions are • 

possible. The differences in characteristics of the soil series are often of the most 
importance and the color, topographic position, or igin or other characteristic 
·which determines the soil series may indicate quite definitely the content of 
phosphorus and other plant food. I n all cases howeYer the texture is of large 
significance. 

The results of the analyses as a ,vhole indicate tba t the supply of phosphorus 
in the soils of the county is not large and while it cannot be said that the element 
is clrficient in any case, yet the amount is so low that there is evidence that phos
phorus fertilizers will certainly be needed in the near future if crops are to be 
properly supplied. Furthermore it is quite probable that additions of phos
phorus no,v might give p rofitable effects, for as the total content of an element 
decreases in a soil, the supply of that ele1uent in an available form decreases 
Yery rapidly and it is quite likely that phosphorus is not being changed into an 
aYailable form rapidly enough·in many cases. 

The total content of phosphorus in soils does not indirate how much may be 
made available for plant use but if the total amount is low, it can be quite 
definitely concluded that there " 'ill be a deficiency in the supply of the constitu
ent in an available form. If the supply of the element is large, availability may 
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be lo"·, but there is much more chance for the proper change of the element into 
an aYailable form. 

The amount of phosphorus present in the soils of i\Iills county i. such that in 
many case~ phosphorus fertilizers ,,oul<l probably proYe profitable at the present 
time. In any case these 1naterials "·ill be needed in the near future. There are 
some indications of Yalue fro1n the use of phosphatic rnaterial as ,,ill be pointed 
out in later pag-es in this report, but the r esults "·hic-h haYe been . eenrcd to date 
are not definite enough to permit of reconunencling the u. e of phoc.,phoru. on 
indiYidual soil types. It is urged, therefore, that farmer test the use of 
phosphorni-. on their o"·n soils, and by applying acid phosphate and rock phos
phate to ..,n1all areas they n1a)' deter1nine, not only the value of phosphorus on 
their soils but also "·hich fertilizer should be used. 

In nitrogen content, the soils of the county are quite variable. They range 
from 1,2 0 pounds in the Ca. s fine sandy loam up to 4,4 0 pounds in the Bremer 
silt loam. On the average, the terrace and bottomland types seem to be some
"·hat better supplied than the upland oil but the differences are not large. 

The effetts of soil texture on the nitrogen content are not very clearly shown 
in these results as only in a fe,Y cases are there types of different texture in the 
same series represented in the county. T he Ca s fine sandy loam i. 1nuch lo,ver 
than the other types of the Cass series "·hich are much heaYier in texture. The 
differences among the oils in the "\\1 abash series are ho\\·eYer, very light and 
indeed the colluvial phase of the ,v· abash silt loam is higher in nitrogen than the 
other \\T abash types of heavier texture. In general ho,,eYer, the nitrogen supply 
is greater in soils " 'hich arc fine textured. 

Other characteristics upon w·hich soil series are differentiated also haYe an 
important effect upon the nitrogen content. Thus the color is significant. The 
l\fari-.ha11 , ilt loam is higher in nitrogen than the Knox sil t loam "'hith is lighter 
in color. The ·\\raukesha silt loam is lo,ver than the Bremer si lt loam ,vhich is 
darker in color. No ton1parisons are possible among the bottomland types. The 
topographic position is l ike"·ise of importance. Thus the 1nore level or gently 
rolling l\Iarshall on the upland is richer in nitrogen than the steeper or rougher 
I<nox. The level to depressed Bremer on the terrace is higher in nitrogen than 
the 111ore gently rolling "\Vaukesha. There is usually quite a definite relation 
bet,Yeen the nitrogen supply in soils and their color , their topographic po ition 
and their texture and the analyses of the soils of this county confir111 previous 
indications along this l ine. 

The supply of nitrogen in these soils is not very lo,v in most cases, but in 
spite of this fac-t, nitrogen must not be overlooked in planning systems of per-
111anent fertility. Nitrogen is constantly being removed f rom soils by crops and 
by leaching and if the supply is to be kept up some means must be e1nployed to 
return to the soil the a111ounts of this element which are remoYed. Farm manure 
is the most commonlv used fertilizer and it serves to return much of the nitrogen • 

ren10Ye<l by crops, proYide<l the manure is properly stored and applied to the 
soil. 'l'he soils of this county respond to applications of far1n manure, not only 
in the case of those types ·which are not so ,vell stocked with the element but al o 
in the case of the soils ,vhich are apparently ,vell supplied. On the richer soils 
smaller amounts 1nay be n. ed "·ith profit but on all the soils of the county the 
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f 
use of farm 1nanure is most desirable and when it is used the problem of keeping 
up the nitrogen content is less difficult. 

Crop r esidues also aid materially in maintaining the supply of nitrogen in 
soils and the-;e n1aterials should be used and not destroyed as is oftl'll the case. 

On many farms, there is not sufficient farm manure to supply all the soils and 
,,·here this is true, or on grain farms ,vhere farm manure is not produced, the 
nitrogen supply of the soils must be kept up by some other means. In such cases 
the use of leguminous crops as green manures is to be recommended. When 
" 'ell inoculated, legumes use the free nitrogen of the atmosphere, at least in part, 
and hence if the entire crop or a large part of it is turned under in the soil, 
there may be a considerable addition of nitrogen to the soil. If the entire crop 
of the legume is removed from the soil then there ,vill be no addition of nitrogen, 
on the a,·erage soil, as the amount of the element in the roots of such legumes 
as red clover and alfalfa is almost exactly equal to that taken from the soi), 
"hile the amount in the tops r epresents that taken from the air. I f the farm 
manure is thoroly utilized, the crop residues are all turned under in the soil 
and legumes are utilized as green manures, then it is possible to keep up the 
nitrogen content of soils and it is not necessary to use commercial nitrogen. 

The amount of organic matter in soils is indicated by the content of organic 
carbon. It is also indicated by the color of the soils. Thus black soils are high 
in organic matter while light colored types are low in this constituent. There 
is therefore usually quite a definite relation bet,veen the organic matter content 
and the content of nitrogen. Black soils are higher in nitrogen than light col
ored types;. It may generally be safely assumed that soils which are high in 
organic matter are well supplied with nitrogen. 

The relation between the organic carbon and the nitrogen indicates fairly 
accurately the rate at which the plant food in the soil is being made available. 
This ratio in most of the 1'lills county soils is not very satisfactory, and in many 
cases some means should be employed to increase the production of available 
plant food in the soils. Thus in the :1'larshall silt loam, the Bremer silt loam and 
the n1ajority of the botlomland types it is desirable to stimulate the availability 
processes. Farm manure is of particular value on these soils as it has the ability 
to bring about an increase in plant food production because of the bacterial con
tent. Further evidence is thus given of the importance of applying farm manure 
to the soils of the county in order to provide for the best supplying of plant food 
in an available form to crops. 

The organic carbon content of the soils of the county is quite variable and 
the relations bet,veen this constituent and the soil types is much the same as in 
the case of the nitrogen. The heavy textured soils, more level in topography 
and dark in color, are higher than the fine textured, more rolling, lighter colored 
types. The relationship between soil type and soil series and the carbon content 
is quite definitely shown. 

'rhe maintenance of the supply of organic carbon or organic matter in the 
soils of the county is very important as the supply of this constituent constantly 
decreases. In a few cases it is quite desirable to increase the supply. The use 
of farm manure, crop residues and leguminous green manures "Till perm.it of the 
keeping up of the organic matter content and these materials should be used 
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TABLE V. PLA:NT FOOD I T 11ILLS COUNTY, IOWA, SOILS 

Pounds per Acre of Four 11illion Pounds of Subsurface Soil (6 2-3" -20" ). 

Soil 
No. 

9 
11 

88 
75 
23 

26 
26a 

111 
106 
27 
5) 

166 
48 

165 
102 
1:10 

I 
I 
I 

I 

I 
I 
I 

I 
I 

I 
I 

I 
I 
I 
I 

Soil type 

Marshall silt loam 
Knox silt loam 

Breiner silt Joa m 
\Vaukesha silt loan1 
Hancock silt loa1n 

Phos- Xitro-
phorus gen 

LOESS SOILS 

I 2,738 I 3,600 
2,694 2,320 

TERRACE SOILS 

2,236 5,760 
2,154 3,600 
3,878 4,400 

Organic 
<·arbou 

47,928 
31,636 

59,841 
54,927 
56,128 

SWAJ\!P AND BOTTOMLAND SOILS 
\Va bash silt loa111 3,124 3,760 48,703 
\Vabash silt loan1 

(colluvial phase) 3,904 6,720 97,724 
Lamoure silty clay loam 3,17 3,680 37,575 
Cass silt loam 2,625 4,480 40,308 
\Vabash silty ela.v 2,558 2,400 35,926 
Cass silt,v clay loam 2,572 4,120 35,844 
Lamoure clay 3,500 4,960 44,513 
Wabash silty clay loam 2,706 5,160 75,566 
Cass clay 2,694 4,720 37,714 
Rarpy fine sandy loam 2,640 480 5,705 
Cass fine sandy loam 1,778 1,360 3,311 

Inorganic 
carbon 

0 
50,300 

0 
0 
0 

0 

0 
8,070 
7,302 

0 
4,996 

17,294 
0 

2,690 
24,980 
13,833 

Lime-
stone 

require-
ment 

4,660 
0 

4,000 
4,000 
2,000 

4,000 

2,000 
0 
0 

3,000 
0 
0 

3,000 
0 
0 
0 

pruper1y on all the soils of the county. When this is done the soils may be 
bnilt up and kept up in organic matter. 

The surface soil of the l\Iarshall silt loam does not sho,v any content of inor
ganic earhon an<l the tests indicated a lime requirement. The samples tested 
,vcre typical of the soil in the county and only infrequently is this soil type high 
in lime content. Occasionally a small area ,vill be found where lime concretions 
occur in the surface soi l. The Knox silt loam is practically always high in 
inorganic carbon in the surface soil and on do,vn thru the subsoil. The terrac·e 
soils are all acid in the surface layer and the bottomland types of the , vabash 
series and some of the Cass and J;amoure types do not sho,v a lime content in 
the surface soil. 'l' he Lan1oure clay, the Sarpy fine sandy loam, the Cas clay 
and thr Cass fine ~andy loa1n ~ho"' a rather considerable content of inorganic 
carbon. 

The lime requirement of the surface soils of the county is indicated as being 
generally quite small. The figures giYen in the table should be con idered merely 
indieative of the needs of the soils of the county ho\\·ever, as soils vary widely 
in lime requirement and variations " 'ill often occur even in samples from the 
same field and frequently in soils of the same type. E,·ery soil should be tested 
before lime is applied in order that a proper application may be made. I t may 
be concluded that except for the Knox silt loam, all the upland soils and all the 
terrace types in the county and al o some of the bottomland types may be acid 
in reaction and in need of lime if the best growth of crops par ticularly legumes 
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is to be secured. E Yeu if the acid ity is only slight, sm~ll applications of lime 
may be very desirable in securing a good initial crop gro,vth. The amount to 
be used must al,Yays be determined in each individual case. 

T I-IE StJBSURI<"ACE SOILS A)-TD SUBSOTLS 

The r esults of the analyses of the subsu rface soils and the subsoils arr r:iven 
in tables V and '\11 . They are calculated on the basis of 4,000,000 pounds of 
subsurface soils and 6,000,000 p ounds of subsoil per aere. Unless large amounts 
of plant food are present in the lo"·er soi l layers, there is little effect on the fer
tility of the soil. The analyses of the surface soils therefore usually indicate 
ftnitc definitely the needs of the soils and the conclusions dra"·n are not modified 
to auy extent by a study of the analyse. of the lo,Yer soil layers. 

The subsurfaee soils and subsoils in 1\Iills county are not rich in any of the 
plant foocl constituents; in general they are not as high as the surface soils and 
hence fertilitv is not affected to anv extent bv the subsoil conditions. It is . . . 
not 11et:cssary to consider these analyses in detail and it 1nay merely be men-
tioned that they serve to confirm the conclusions dra"'n from the analyses of 
the surface soils. 

1\Iany of the soils are "·ell supplied " 'ith lime in the lo"'er layers. The Han
cock silt loan1 on the terraces and the Lamoure and Cass and Sarpy soils on the 
botto1ns are all high in lime. The Knox silt loam on the upland is rich in lime 
au<l in so1ne cases the 1\Iarshall silt loam sho"·s a lime content in the subsoil. 

Soil 
Xo. 

. 
9 

11 

b8 
75 
23 

26 
26a 

111 
106 

27 
51 

166 
48 

165 
102 
)30 

I 
I 
I 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 

TABLE VI. PLA~T FOOD I~ i\1ILLS COU~TY, IO\V.\.., SOILS 

Pounds Per Arre of Six i\1illiou Pounds of Rubsoil (20"-40") 

• ~ 

Phos- x· Organi<' Inorganfr 
Soil type 

,. 1 t ro-
phorus g<'n ('arbon ('arbou 

LOESS SOILS 

Marshall silt loan1 I 4,134 4,000 32,074 22,635 
Knox silt loan1 4,242 1,920 19,650 68,838 

TERRACE SOILS 

Bremer silt loam 2,667 6,240 58,640 0 
Waukesha silt loan1 2,787 9,240 72,727 0 
llaneo<:k silt loan1 4,686 3,840 40,122 16,716 

S"\V Ai\1P AND BOTTOMLAND SOILS 

Wabash silt loan1 3,999 6,720 81,244 I 0 
"\Va bash silt loa n1 

( colluvial phase) 3,879 6,480 94,676 0 
L amoure silty clay loam 4,767 3,480 54,657 27,786 
Cass silt loam 3,777 2,760 31,009 25,748 
"\Va bash silty clay 4,566 2,880 30,576 0 
Cass silty clay loam 3,109 2,520 36,:378 17,102 
Lamoure clay 5,77 7,680 74,466 11,529 
Wabash silty clay loam 3,615 5,220 55,145 0 

Cass clay " 8')6 1,320 8,940 18,906 ... , ~ 
Sarpy fine sandy loam 3,717 ()00 10,065 31,704 
Cass fine sandy loa1n 2,826 1,080 28/i0l 0 

*Ono ~ample »howed acidity. 

• 

Lime-
stone 

require-
ment 

3,000* 
0 

4,000 
4,000 

0 

3,000 

3,000 
0 
0 

2,000 
0 
0 

2,250 
0 
0 
0 
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V.'heat and clover on Cass silt loam. 

On these types the need of l ime in the surface soils \\'ill not be modified ho,v
eYer, a li1ne rarely moYes up,Yard in the soils and there is a continual ,vashing 
a,vay of the lime content in the drainage water. I f the surface soil sho,vs acid
ity, then a lime application i necessary for the best legume gro,Yth in spite of 
the Jime content in the subsoil. It is necessary therefore that the soils of the • 

county, except the Knox types, should be tested for lime needs, just as ,\·as con-
cluded in the discussion of the analyses of the surface soils . 

• 

GREE HOUSE EXPERI 1ENTS 

One g-reenhouse experi1ncnt ,va carried out on a soil from l\I ills county, the 
Cass silt loam being use<l for the purpose. Result from greenhouse experiments 
,vith the 1Iarsball silt loam from l\Iontgomcry county are also included a the 
soil type is the same and the conditions are practically identical in the t,Yo 
counties. The~e greenhouse trsts indicate something of the needs of the oils 
and sho,Y the ,·alue of Yarious fertilizing n1aterials. 

The treatinents used 1nclnde 1na11ure, li111e, roek phosphate, atid pho~phate 
and a complete to1runerc1al fertilizer. The amounts of thec,e materials used are 
the san1e as are ns<'d in the field te~ts and in prac·tiee. l\Ianure "Ta added at the 

T.\.BLE VII. GREEXI{0l;SE EXPERL\IEX'f 

Cass f-ilt Loan1-~Iills County 
Plot 
Xo 

1 
I) -
3 

Check 
}\fanurc 
~lanurc+Lin1e 

Trc>atment 

4 ' :'11:inurc+Limc -t- Hoek J•hosphntP 
1\lanure-+ Lime -+- .\1•id phosphate 
::\[auure-Lime ~ <'ompll'll' eon11111•r('i:tl f Prt ilizP1 

• 

\,heat grain 
in grams 

.60 
11.41 
11.l 
11. --2 
1:?.3'l 
1::.~ ! 

Clo\ er, weight 
in gramc; 

52.0 
70.0 

7.0 
~!l.O 
711.0 
70.ll 
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TABLE ·vrrr. GREEXHOUSE EXPER111B:N'T 

l\Iarshall Silt Loam, 1'-Iontgomery County, 1918 

Plot I 
No. I Treatn1ent 

1 I Check 
2 I Manure 
3 I hlanure+Lime 
4 I Manure+Lin1e+Rock phosphate 
5 I l\fanure+Lime+Acid phosphate 
6 I i\Ianure+Lin1c ·+Co1nplcte tomn1ercial fertilizPr 

19 

I \Veight of 
clover in gran1s 

1 59.o 
6•? -...i.::> 
62.0 
62.0 
70.5 
66 r:: 

.,) 

rate of eight tons per acr e, lime in sufficient amounts to neutralize the acidity of 
the soils and supply t,vo tons additional. Rock phosphate was used at the rate of 
one ton per acre, acid phosphate at the rate of 200 pounds per acre, and a stand
ard 2-8-2 brand of a complete commercial fertilizer at the rate of 300 pounds 
per acre. "\\rheat and clover were grown in the experi1nents, the cloYer being 
seeded about one month after the wheat ,vas up. Only the clover yields are 
giYen in one of the tests on the 1\Iarshall silt loam samples from l\.l ontgomery 
county as the wheat yields "ere not ecured in that case. 

The results on the Cass silt loam fro1n l\I ills county arc giyen in table VII. 
The application of manure gave a distinct increase in the ,vheat yield and also in 
the Yield of the cloYer. Lin1e in addition to manure had no effect on the ,-rheat 

• 

but gaYe an increase in the clover . This is ,vhat ,vould be expected as wheat 
is not sensitiYe to small amounts of acidity, ,vhile clover is not apt to gro,v nearly 
so ,,ell if the soil is acid. The rock pho phate increased the ,vheat yield slightly 
but gave little effect on the cloYer. The acid phosphate and the complete com
mercial fertilizer gaye distinct increases in the wheat but sho,ved no effect on 
the cloYer. It seems evident from these r esults that manure will prove of value 
on this type even if it is 11ot very low in organic matter content. Lime may 
proYe of value on legumes and phosphates n1ay give results on the small grain 
crops. They may also prove effective on legumes, altho no effect ,vas indicated 
in this test on the clover. Tests in the field of the value of these materials are 
certainly very desirable. 

rrhe results of the test on the 11arshall silt loam from J\,fontgomery county in 
1918 are given in table "'\7111. :nranure brought a distinct increase in the clover, 
but the li1ne had no additional eff(?tt. This sample "'as not highly acid in reac-

Fig. 4. Clo,er pot culture on ~farshall silt loam i11cli<·ate1l the ,·:due of manure. 
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TABLE IX. GREEXH0l'8E EXPERI)IE:XT 

1'1arshall Rilt Loam, l\Iontgomer.,· County, 1919 

Trent 111 Pll t 
Check 
l\Ianure 
l\Ianure+Lin1e 
l\Ianure+Lime+Roek phosphate 
l\lauure+ Limt•+ .\drl phospha t(, 

\\·eight of \\.eight of 
wheat in grams c·lon'•rin grams 

15.25 xa.9 
15.'i5 90.7 
16.00 S.4 
1 .50 97.5 
17.00 104.3 

tion and the Jime did not proYe necessary. On many other sa1uples of the ~Iar
shall, ho,YeYer. lime does proYe of Yalue, and "·hen the type i~ acid lime should 
be used in order to insure good crops of legumes. The roc·k pho. phate lrith the 
manure ancl lime had no etfeet hut the ac·icl phosphate and the commercial fer
tilizer both brought abont decided inereases in the cloYer. The acid phosphate 
sho"<'d a very larf!e influence. It is eYident that 1uanure is a particularly Yalu
able fertilizer for this soil and the indications are that a phosphate might also 
be used \Yith profit. 

The results of the tests on the same soil type from l\Iontgomer~· county in 1919 
are given in table IX. The application of man ure gaYe a slight effect on the 
"heat hut sho,ved a distinct influence 011 the cloYer. Lime increased the wheat 
yield slightly but had no effect on the cloYer. Rock phosphate and acid phos
phate both gaYe large incrca'>es in the "·heat yield. and particularly large gains 
in the c-loYer ('rop. The yields \\'ith the complete fertilizer are not giYen as the 
crops \Yere injured in those pots. The relath·e effects of the t,vo pbo phates in 
this test are of int<'r<'st as the acid phosphate gaYe much larger effects than the 
rock on the clover but the reYer~e \\'as true on the "'heat. ?\o definite conclu. ions 
should be dra,Yn from these tests ho"·ever, as the differences are not distinctive 
enoug:h and there are not enoug:h results. I t is quite pos ible ho"·ever that the 
t\\'O n1aterials may prove of different value on different crops. The effects are 
eviclently different also on Yarious Roils . 

. Apparently the )Iarshall silt loa1n "·ill respond to applications of farm manure 
and phosphates nu1y pro,·e of con1>iderable Yalue. In other cases the use of lime 
may be Yery de'>irable "·hen the soil is acid, in order to insure the best gro\\ih 
of legumes. Tests of ro(•k and acid phosphate on this soil type are reco1nn1en<led, 
in orcl<'r to learn the need of the particular soil for phosphoru and also to learn 
\Yhic·h material shoulcl he en1ployed. 

ll' IEI,D EXPERil\1E TS 

1\ fh•lcl experi1nC'nt has bcc11 laid out in l\Iills county but thu · far re,ults haYe 
not hc•en seeur<'d ancl he1H•e no data are available fro1n field ,york in this ('ount~·. 
The tPst n1ust be c·arricd on for a period of years before the results "·ill be of 
any Yalue and c·apable of intrrpretation. 1'he data sC'eurt'd "·ill be published 
later in a snpple1ne11tary rC'port. NeYeral experin1ents under ,ray in other 
<·ountie..,, ho\\-eYer, ha,<' h(•en yielding- results for seYeral years and they are 
loc·atecl on th<' ~Iarshall silt loa1n, the ehicf typ<• in :i\Iills county, and henee thrse 
1·e-.nlt-. 1nay be consiclt'red a.., applitahle to that t., pc in :\Iills eount)· ancl "·ill be 
presented. In addition tlH• a,·f'ragC' l'l'snlts frcnn all thl' tit>ld <.'xpcri1nrnts 011 the 
~Iarsball silt loa1n in thf' state "ill be presented and discussed. 
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TABLE X. \TILLIRCA PIELD EXPERI:!\IENT 

l\larshall 8ilt Loa1n-11011tgo1nery County. ,Tillisca Field 

191 
clover c:>oru oats dover corn 

1919 I 1920 I 1921 I 1922 

Treatment T. I bu. bu. I lbs. bu. 
per per per per per 

I a<·re • acre l"ll're acre acre 
Check I LO 49.3 I 46.2 1477 I 64.l 
l\Ianure l 1.2 51.0 52.1 1772 73.9 
11anure+Litne 1.3 50.3 52.7 1990 76.6 
11anure+Lime+Ro<·k pl1osphate 1.5 -., 0 54.7 2254 81.1 :l-. 
:C.lanure+L11ne+Acid phosphate 1.4 49.0 ,..., 7 1601 80.3 I-• 

1'Ianure+ Lin1e+Complete com- 1· 
mereinl fertilizer I 1.6 4 .7 5q_ 1 20 3 2.4 
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The individual experiment reported have been carried out on the 1\1arshall 
silt loam on the "'\ .... illisca field in 1\lontgomery county, on the Red Oak field in 
the same county and on the ,J.\ voca :field in Potta,vatta1nie county. These fields . . 
are all laid out on land which is thoroly representative of the oil type. The 
plots are 155' 7" by 28', or one-tenth of an acre in size. The location of the 
plots is fixed by corner stakes. All precautions are used in the application of 
fertilizing materials and in the securing of the crop yields in order that the 
re ults 1nay be considered quite dependable. 

Each series of plots includes tests under the live. tock system of farming and 
under the grain system, but only the r esults on the li-vestock plots are included 
here ina 1nuch as the grain system plots have not proven very satisfactory. 
1\Ianure is applied to the livestock system plots at the rate of eight tons per acre 
once in a four-year rotation. Lime is added in sufficient amounts to neutralize 
the acidity of the soil and supply t\"°O tons additional. Rock phosphate is added 
at the rate of one ton per acre once in four years and acid phosphate at the 
rate of 200 pounds per acre annually. 1c\.. standard complete fe1iilizer, a 2-8-2 
brand, is applied at the rate of 300 pounds per acre annually. During the past 
year, the ne,v standard, 2-12-2 brand has been substituted for the old standard 
and an application of 267 pounds per aere ha.s been 1nade, thus supplying· the 
same amount of phosphorus as that contained in the aeid phosphate. 

TlTE VILLT8C'.\ FIELD 

The results obtained on the "'\Tillisc•a field in 1\Iontgo1nery county are giYen in 
table X. Examining these results, it is evident that 1nanure has brought about 
a distinct increase in all the crops gro"·n. The effect i:-i particularly notieca ble 
on the clover in 1921 and on the eorn in 10~1. The application of lirnc in addition 
to 1nanure had some effect on the cloYcr in 1918 and. again in 1921. There " 'as 
also some influence on the corn in 1922. The rock phosphate gave increases in 
all cases, the effects being particularly notic·eable on the clover in 1921 and on 
the corn in 1922. The acid phosphate increased the yields in some cases but 
gave no effects in other years. Increases ,Ycre pronounced in 1920 on the oats 
and in 1922 on the corn " 'bile in 1919 and 1921 the crop yields "'ere CYidently 
some,vhat abnormal and no effects "'ere secured. The co1nplete comn1er<:ial fer
tilizer gave increases in all but one case and the effects ,vere about the same as 
those brought about by the phosphates. Sometimes it proved slightly better 
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TABLE XI. RED OAK FIELD EXPERI~JE).TT 

Marshall Silt Loam-)fontgomery County, Red Oak Field 

I 
1919 1920 
corn corn 

Treatment bu. bu. 

1921 
oats 
bu. I per A. per A. per A. 

Check 52.0 56.0 28.2 
Manure 57.2 61.6 36.9 
l\Janure+Lime 59.2 66.0 37.8 
hlanure+Lime +Rock phosphate 60.0 63.0 35.6 
1fanure+Lime+Acid phosphate 58.5 62.7 39.4 
1.fanurc+Lime+Complete commercial 

fertilizer 56.2 64.2 36.4 

1922 
wheat 

bu. 
per A. 
13.2 
15.5 
18.6 
28.6 
30.7 

I 25.4 

while in other cases it ,,as not quite so effective. These results indicate the Yalue 
of manure on this soil and also the Yalue of lime ,,hen the soil is acid. 

The beneficial effect of pho~phorus fertilizers is also indicated. No definite 
conclusions can be dram1 as to the relatiYe Yalue of the two phosphates as the 
differences are not distincti,e enough. Tests of these materials in the field are 
the only way that the best material can be chosen for any particular conditions. 
The complete commercial fertilizer does not seem to be any more desirable for 
use than the phosphates. 

THE RED OAK FIELD 

The results obtained on the Red Oak field in J\fontgomery county are giYen 
in table XI. The " ·heat yields in 1918 are not included o,ving to very evident 
abnormality. Again the beneficial effects of the manure is very clearly sho"'ll 
on all the crops. Lime in addition to the manure proved of value in all cases, 
altho the increases were not very large. It would not be expected that lime 
"~ould show any large effects however on corn and small grains, and no legume 
crop yields are included in these results. 

The rock phosphate ga,e increases in practically all cases but no large gains, 
except in the case of the wheat in 1922. The acid phosphate sho,ved some bene
ficial effects, particularly on the oats in 1921 and on the wheat in 1922. The 
complete commercial fertilizer gaye increases which ,vere Yery similar to those 
brought about by the phosphates, showing up less effectively ho"'ever than the 
acid phosphate in 1921 and 1922. These results confirm those secured on the 
"\Tillisca field, in sho,"ing the beneficial effect of manure, lime and phosphorus 
on the 1ifarshall silt loan1. Tests of phosphorus fertilizers in the field are very 
desirable. 

Plot 
I 
I 

No. I 
I 

1 I 
2&3 I 

4 
5 I 
6 I 

T.\.BLE XII. A Y0C.\. FIELD EXPERI1.IE~T 

1Iarshall Silt Loam-Pottawattamie County. AYoea Field 

]919 1920 1921 
eorn I oats c}OYCr 

Trcatn1cnt bu. / bu. tons 
per A. per A. per A. 

Check 72.2 I 59.5 2.00 
Manure 73.1 69.0 2.65 
}.Janure+Roc·k phosphate 77 . .;, 5 . 2.70 
11anure+Acid phosphate 79.3 69.0 2.50 
:Manurc+ComplC>te tomm('r<'ial fcrtil i1.er 77.5 61.2 2.80 

1922 
corn 
bu. 

per A. 

51.9 
53. 
55.5 
56.5 
57.5 
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THE AVOCA FIELD 
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The results obtained on the Avoca field in Pottawattamie county are given in 
table XII. After the first year of the test, the application of manure gave dis
tinct increases in the crop yields, being particularly effective on the oats in 1920. 
Rock phosphate increased the corn in 1919 and the same crop in 1922 but had no 
effect on the oats in 1920 and little influence on the clover in 1921. The acid 
phosphate gave some small increases on the corn crops but had little effect on 
the other crops. The commercial fertilizer gave some evidence of increasing the 
yields but the results were not distinctive and "'ere very similar to those secured 
with the phosphates. No lime "·as applied to this soil as the type did not show 
acidity in this test. The results confirm in a general way those discussed pre
viously and sho,v the Yalue of manure on the soil. There are also indications of 
yalue from the use of phosphorus fertilizers. Tests in the field are evidently 

very desirable. 

A "YER AGE RESULTS OF FIELD EXPERI:1IEXTS 0~ THE 1'.IARSHALL SILT LOA~l 

The average results of all the field experiments on the 1\1arshall silt loam in 
the state are given in table XIII. The check or untreated plot averages are 
calculated from the yields on the three check plots in each field, and averages 
are struck from the check yields on all the fields. The corn yields are averaged 
from four crops on four fields, the cloYer from one crop on one field, the oats 

TABLE XIII. l\IARSRALL SILT LOAM 

Axerage Crop Yields and Increases Due to Fertilizer Treatment. Iowa Experiu1ent Fields 

Corn* Oats~ ()lover .. \Vinter \Vheat" 

In- In- In- In-

crease crease AV. 
crease Av. 

crease 
Av. for 

Av. for for for 

Tr~atment 
yield treat- yield treat- yield treat-

yield treat-
Bu. 1nent. Bu. n1cnt. T. n1ent. Bu. ment. 
per Bu. per Bu. 

per T. per Bu. 
A. A. A. A. 

per per per per 

A. A. A. A. 

Check I 58.4: 35.8 .. 1.33 15.3 . . .. 
. . .. • • ♦ ♦ 

. . . . 
11anure I 6:3.-1 5.0 42.3 6.5 1.40 0.07 15.5 0.2 

1'.Ianure + Lime I 65.7 7.3 44.4 8.6 1.60 0.27 18.6 3.3 

11anure+Lime+Rock I 
10.0 2.80 1.47 28.6 13.3 

phosphate \ 70.2 11.8 45.8 
l\Ianure + Lime+ Acid 15.4 

phosphate \ 71.6 13.2 48.8 13.0 3.40 2.07 30.7 

1Ianure+Lime+Con1-
plete comn1crcial I 
fertilizer I 69.4 I 11.0 52.0 16.2 2.60 1.27 25.4 10.1 

Crop residues I 59.3 0.9 43.5 7.7 1.50 0.17 16.4 1.1 

Crop residues+ Li1ne 63.0 4.6 43.8 .0 2.20 0.87 19.5 4.2 

Crop residues+Lime 
+Rock phosphate 67.2 8.8 47.8 12.0 2.70 1.37 23.8 8.5 

Crop residues+ Lin1e I 
+Acid phosphate I 67.5 9.1 52.0 16.2 2. 0 1.47 22.3 7.0 

Crop residues+Lime I 
+Co1nplcte com- I I n1ercia 1 fertilizer 64.9 6.5 50.8 15.0 2.70 1.37 22.2 6.9 

*( orn yields. n,·c>r11gecl from 4 crops on 4 fields ; onts from 4 crop<: on 4 field~; c?over from 1 crop 
on l field and wrnter whPnt from 1 yettr·~ result'< on 1 field. 
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fro1n four crops on four fields and the ,Yheat from one year's results on one field. 
The value of manure on corn, oats, cloYer and \Yheat on this soil is clearly 

show·n, the effects being the greatest on the corn and oats. Lime increased the 
yields of all the crops, particularly the cloYer and ,Yheat. The phosphates v,ith 
manure and lime gave distinct increases in all cases but the acid phosphate was 
superior to the rock phosphate in eYery instance. the difference being the greate t 
in the case of the cloYer. 'l'he complete commercial fertilizer had le s effect than 
the phosphates on the <:orn, cloYer and "·heat but g-aye some,Yhat greater effects 
on the oats, not enough ho,YeYer to make its use profitable. The crop residues 

sbo"·ed slight effects on all the crops. Lime " ·itb the re~idues gaYe pronounced 
increases. The phosphates both had beneficial effects, but the acid phosphates 
proYed 1nore effettiYe particularly on the oat~. The cornplete fertilizer showed 
le'>s effeet than thr a<·id phosphate in all cases and only ,Yith the oats was it 
better than the roek phosphate. 

The :;\lar:-.hall silt loan1 1nay eYidently be profitably fertilized with 1uanure, 
lin1e and phosphorus. acid phosphate proYing so1ne\\"hat better than the rock 
both in the liYe'>toek syste1n ,Yith 1nanur<> and in the grain system ,vith crop 
r esiclucs. The c·on1plete eonnnereial fertilizer had less effect than the acid phos
phate in practicall~· all cases and rannot be considered as desirable for use on 
this soil. Lin1<> may be of value on this type ,Yhen it is aeid but as the type may 
be basie in 1-.ome cases, lin1e should not be applied until the soil has been tested 
and the need of li1ne sho"·n. rre~ts on the farm under the particular far1ning 
c-onclitions are Yery desirable in order to choose bet"·een roek phosphate and acid 
phosphate and determine \Yhieh n1aterial ,vill proYe the more Yaluable. 

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

The fertilizer needs of the soils of nl ills countv are indicated bv the results . . 
given in the preceding pages, on the laboratory, greenholu,e and field experi-
1nents. The suggestioni.:; giYen are also based on the experience of farmers and 
no r ecom1nendations are made ,vhich baYc not proven to be valuable by con
siderable practical experience. "\Vhile the information on the needs of the soils 
is not eomplete, there are so1ne suggestions ,vhich can be made ,Yhich ,vill be of 
aid in increasing and keeping up the fertility of the soils of the county. 

It should be emphasized that the suggestions made in this report may all be 
put in effec·t on any farm and the tests recommended a re very simple and may 
be readily carried out. 11any farmers are conducting si1uple fertility experi
ments on their farms and arc sccurjng results ,vhieh are not only of Yalue to 
then1i.:;clves but are of con!-;iderable interest to others loeated on the same soil 
types. 'l'he Soils Section is ready to aid farmers ,vho ,vish to carry out such 
tests and directions are given in Circular 2 of the Io"·a .A.gricultural E x
periment Station. It ,Yill be 1nul'h 111ore satisfaetorY for a far1ner to test the 

• 
value of rock phosphate and acid phosphate on his o"·n soils by n1aking an appli-
cation to a small area. It ,Yill then be possible to apply the same fertilizer to a 
large area and be sure of securing profitable r eturns. Tests of other materials 
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such as commercial fertilizers may also be de irable, and farmers may r eadily 
determine the re ponse which their soils ,..,ill sho,v to various fertilizing materials. 

LIMING 

The upland and terrace soils in lVIill county, except for the Knox silt loam, 
are all acid in reaction in the surface soil, and ,Yhile the need for lime is not 
neces arily large thi material will need to be used on considerable areas in the 
county if the be t cr op yields are to be secured. l\,Iany of the bottomland soils 
are like"'ise acid and al o in need of lime. Even tho considerable lime is found 
in everal cases ii1 the subsoil, if the surface soil is acid it may r equire liming, 
as lime rarely moves up,vard in the soil. Furthermore, soils ,vhich are inten
sively cropped tend to decrease in lime content quite rapidly because of losses 
by leaching and by neutralization of the acids from the decomposing organic 
matter in the soil. 

Lime is of value on oils because it improves the physical, chemical and bac
terial conditions. It opens up heavy soils, introducing air and thus stimulatin~ 
bac•terial aetion and the production of available plant food. It has the opposite 
effect upon light sandy soils, making them less porous and open and increasing 
retention of moisture and plant food and decreasing injury by drought. Chemi
cally lime improves soil conditions because it neutralizes the acidity ,vhich is 
produced in the decomposition of organic matter. It also supplies the plant 
food, ralcium, and in the case of some crops this may be very desirable. All 
beneficial bacterial processes in the soil are stimulated by additions of lime. 
The decomposition of organic matter does not proceed so rapidly in acid soils, 
nitrate production is weak, the production of carbon dioxide is diminished, nitro
gen fixation is restricted and in general the production of available plant food 
may be reduced to such an extent that crops will be improperly supplied. 

The amount of lime ,vhich should be applied to soils varies ,vith the individual 
soil conditions. The figures given earlier in this report indicate the needs of the 
amples tested but they should not be taken to show the general needs of the 

soil types. Soils vary ,Yidely in li1ne requ1re1nent, even "·ithin types. It is very 
necessary therefore that te ts be made in eYery field before lime is used. Only 
in this ,,ay ""ill it be po . ible to supply sufficient lime and to avoid too large an 
application both of \Yhich are undesirable. Farmers may test their 0"'11 soils 
for lime requirement, but it ,vill be more satisfactory for them if they will send 
in a small sample to the Soils Section of the Io"·a Agricultural Experiment 

Station and have it tested free of charge. 
Soils should be tested at regular intervals, at least once in a four year rotation. 

One application of lime ,vill not suffice to keep the soil from becoming acid 
"'ithin a few years, o"·ing to the continuous utilization of the lirne and the 
rarrying a,vay in the drainage " ·ater. rrhe soil may be tested preceding the 
gro,ving of the legume crop of the rotation, and then the lime is applied "·here 
it is most needed, that is by the legume. In this ,yay the use of a proper amount 
of lime in the soil may be insured. Further infor1nation regarding liming is 
given in Bulletin 151 and Circular 105 of the Io".'a Agricultural Experiment 
Station. 
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l\1ANURING 

:rvrany of the soils in 1\1ills county are rather poorly supplied ,vith organic 
matter and while they are not exceedingly deficient there is evidence that some 
fertilizing materials must be used to build up and keep up the organic matter 
supply. The application of manure is of particular value in this county as is 
evidenced by the results secured in the greenhouse and in the field. The experi
ences of many farmers also sbo,v large values from the application of manure. 
Other fertilizing materials are of much less value and, in fact, generally give 
little effect if manure is not applied as a basic soil treatment. 

On all farms " 'here manure is produced it should be considered a fundamental 
soil building material and all precautions taken to care for it properly and apply 
it. Even on soils in Mills county where apparently the supply of organic matter 
is better, the manure gives strongly beneficial effects. But on those types "' hich 
are lighter in color and rather deficient in organic matter very large returns 
are always secured. 

1\1anure is valuable because of its influence on the physical, chemical and 
bacterial conditions in the soil. Light open soils are made less porous and less 
subject to leaching and more retentive of moisture. Heavy impervious soils 
are opened up and better aerated and conditions are improved for bacterial 
action. Manure contains considerable amounts of the essential plant foods and 
it therefore exerts a chemical effect on the soil. These plant food constituents in 
the manure come from the food supplied to the livestock and the manure there
fore returns to the soil a large part of the fertility removed by the crops gro,n1 
and us~d for feed. I t serves to prolong the life of the soil as it delays the time 
" 'hen any one of the essential elements will become deficient. l\Ianure supplies 
considerable organic matter to soils and this improves the conditions by modify
ing the bacterial, chemical and physical action. 

Bacteria are present in manure in enormous numbers and these organisms by 
their activities produce available plant food. They use the organic matter 
contained in the manure as " ·ell as that in the soil itself and hence there is a 
stimulation in the action of the bacteria supplied in the manure as ,Yell as in the 
action of the bacteria already in the soil. The result of this increase in numbers 
and ac;tion of bacteria is a very large increase in available plant food production. 
l\Iany times the beneficial effects of manure may be due to the improved bacterial 
conditions but in general it is believed that manure benefits soil by improving 
the physical and chemical conditions in the soil as well as the bacterial. 

'Very often manure is so stored that it loses much of its fertility. When stored 
in uncovered heaps exposed to the "·eather and the liquid portion is allo,ved to 
run a"·ay, as much as 90 percent of the valuable constituents of manure may 
be lost. "\Vhen this occurs the beneficial effect of the manure on crop gro,\ih is 
correspondingly reduced. H ence the loss from improperly stored manure means 
actual money losses on the farm. If manure is carefully stored and applied it 
may return to the land 75 to O percent of the plant food removed by the crops 

gro"--n. 
It is evident that precautions should be taken on the farm to prevent losses 

of manure. It may be stored in a covered yard or pit or in some other manner 
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protected from undergoing losses. Ko one method can/ be recommended for all 
conditions. In general it may be said that any method "'hich "rill keep the 
manure moist and compact and protect it fron1 the ,Yeather ,Yill prove satis
factory. EYen if some expense is inYol·ved in properly storing manure it will 
be '\Yell ,,orth while because of the increased crop returns ,vhich "·ill be secured 
from its use. 

The usual application of manure is eight to ten tons per acre once in a four 
year rotation. Larg·er amounts of manure might frequently be used profitably, 
but if large applications are made to one field 01ne other portion of the farm 
must be left untreated, for the production of manure on the average farm is 
insufficient to permit of large applications to all the land on the farm. There 
is little danger, therefore, of making too heaYy an application of manure pro
Yided the manure produced is uniformly distributed oYer the farm. It is rarely 
adYisable in any case to apply more than 16 to 20 tons for ordinary farm crops 
and only ,vhere garden or truck crops are raised should larger amounts be em
ployed. 

GREEN 11ANURING 

Thlany ti1nes the a1nount of manure produced on the farm is insufficient to meet 
the soil needs and on the grain farm no manure is produced. In both cases 
green manuring may be practiced as a supplement to or as a substitute for 
n1anuring. Legumes are most desirable for use as green manures because '""hen 
" ·ell inoculated they are able. to utilize the nitrogen content of the atmosphere 
and thus they may act as a nitrogenous fertilizer as ,vell as a source of organic 
matter and ,vhen applied to the soil they have a double Yalue. Non-legumes are 
sometimes employed for green manuring purposes, but it is generally true that 
land in need of organic matter is also in need of nitrogen and much better 
returns " rill be secured from the use of legumes. There are many legumes which 
n1ay be utilized as green manures and hence s01ne one may be chosen which will 
fit in with almost any cropping system on any farm and ,vill be adapted to the 
particular soil and climatic conditions. 

Green manuring might often prove of value in 11ills county by increasing the 
crop yield and making the soil more fertile. It is a practice, ho,vever, ,vhich 
must not be follo"'ed carelessly nor blindly as it may prove very unsatisfactory 
if conditions are not at the best. If a soil is too dry the green manure ,vill not 
be decomposed and there may be an injury to the moisture conditions in the soil. 
The turning under of a heavy crop in a dry season may lead to very unsatis
factory results. Suggestions regarding green manuring under inclividual soil 
conditions will be giYen by the Soils Section upon request. The second crop of 
clover is often turned under in the soil and thus may serve as a partial green 
manuring crop. The clover seed may be removed and the remainder of the clover 
u tilized for green manure. By such practices partial green manuring effects 
are brought about. Sometimes the legume may be seeded in the corn ,vith the 
last cultivation. This may also be of some value in improving the fertility of 

the soil. 
A third means by which the organic matter content of the soil may be kept 

up is by the proper utilization of all cr op residues particularly straw and stover. 
They not only contain organic matter, but they have considerable amounts of 
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Yarious chemical con titueuts and hence are of double Yalue ·when turned under 
in the soiL Too often these materials are burned or other"·ise destroyed and 
their value is lost. They may be u ed for feed or bedding and returned to the 
soil " ·ith the n1anure. This is the common practice on the live tock farm. On 
the grain far in they may be to red and allo,Yed to decompo. e partially befor e 
they are applied. I t is very important, ho-\1,ever, that under both systems of 
far ming care be taken to utilize all the crop re idue. in order to aid in maintain
ing the supply of organic matter. '\\"hen this i done, all the farm manure pro
duced is carefully stored and applied to the soil a11d leguminous crop are util
ized a~ green 1nannres then the organic matter content of the soils may be kept 
up and satisfactory crop yields insured. 

THE USE OF COl\11\fERCIAL FERTILIZERS 

There is no large supply of phosphor us in any of the oils in ::\!ill county and 
quite eYi<lently phosphorus fertilizers w·ill be needed in the Yery near future, if 
not at the pre-..ent ti1ne. The total pho ·phoru content of oils gives mer ely the 
supply of that element and doe n ot sho"· ho"· much of it may be in an avail
able form. T he lo"· content of pho. pborus indicates an insufficient production 
of available phosphorus. \\Then soil contain a ~mall amount of total pho -
phorns, therefore, it i~ quite probable that phosphorus fertilizers '\'.·ill giYe prof. 
itable returns. E ven " ·here the upply of phosphoru · i~ not lo"·· however, fer
tilizer<.; C'Ontaining the element in an aYailable form may be of value. H ence 
many of the soil-, in 1Iills county may re. pond to phosphorus fertilization at the 
presC'nt t i111e. The greenhouse experiment and field te:--ts ,vhieh have been de
scr ibed earl ier in this r eport give indications that the use of phosphorus fPr
tilizers n1ay be ver,· desirable on . on1e of the more extensiYe <:Oil-.. of the countY. . . . 
~Ian~- farmrr-, ma~· find it most desirable to te t their o,vn soils for phosphorus 
n<·eds by 1naking- an applieation to a "mall area. They 1nay also learn in this ,-..-ay 

,vhieh phosphorus fertilizer to en1ploy. 
Rol'k phosphate and acid phosphate are the t,vo pho phon.1:-. carriers ,Yhich 

are available for use as fertilizers. Roek phosphate is very . lo,vly available in 
soil:-. and rather large applications mu ·t be made. ~.\cicl phosphate contains the 
elenl<'llt in an available fonn. but it is more expensiYe. Smaller application , 
ho,vever, are made. B oth of these materials are being tested in the field e.xperi-
1nents ,Yhi(·h are being l'a1Tied out in t his and adjacent counties and it 1nay be 
possible later to ehoose \\hieh 1naterial should be used under indiYidual farm 
eondition-... :For the pr esent, ho" evC'r, definite conelusions cannot be drawn, as 
snflicieut data ha-.. not yet brL'Il a(·t·n1uulatecl fro1n these experiment'-. 

llPnce it i-.. re(·o1n1nendcd that fanners test hoth rock and at:id phosphate on 
s1nall areas on tht>ir far1n to detern1ine ,vhich 111ater ial gh·e-.. the most profitable 
retu1·ns. I t is relatively sin1ple to carry on such tests on the farn1 and if definite 
re.;;ults are se1·urcd on sn1all area-.. then sin1ilar applieation-.. may be 111acle to 
largt' arl'as "ith assurance of profit. Ji'arn1ers should ren1cu1ber that in con1par 
ing- the,e t,Yo fprtilizer-.. th<> \'aluf' of the actual t-rop in(•r<•asc, se(·ured should ue 
:--ct OYl'l' ag-ainst thP 1·0,t of th<' trP,ltllH'nts. if tht•v are to obtain actual econon1ie 

• 
l'Otnpnri-..ons. CirC"ular -..~ of tht' l<nva .\gricultural I~xp<>rin1L•nt Station giYes 
clirc1•tio11s "l111·h far1nrr-.. 11111~· follo\\' ill l'Hl rying- out -..u(·h fit•ld tests and it is 
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hoped that many ,vill aid in this way in solving the phodphorus problem for the 

state. 
THE NITROGEN SUPPLY 

In general the soils of the county are not deficient in nitrogen, but the amount 
present is not sufficient to provide very large crop gro,vth for a long period of 
years. Nitrogen is removed continually by cropping and by dr ainage. Some 
means must be employed, therefore, to keep up the supply of this element. Farm 
manure returns to the land much of the nitrogen removed by crops. I t is, there
fore, the most common nitrogenous ferti lizer. When carefully stored and ap
plied to the land manure goes far to,vard keeping up the nitrogen supply. It is 
generally insufficient, ho,vever, to keep up the supply, and manuring should be 
supplemented by green manuring with legumes if the nitrogen content of the soil 
is not to decrease. 

On the grain farm green manuring is the most important means of keeping 
up the nitrogen supply. Every rotation should contain a legume and the legume 
should be ,vell inoculated. It is necessary that all or part of the crop be turned 
under in the soil if it is to increase the nitrogen content. If the legume is har
Yested it ,,rill not serve as a nitrogenous fertilizer. If it is not inoculated it 
,vill be of no more value than a grain crop. But when thoroly inoculated and 
plo,ved under in the soil considerable amounts of nitrogen are added and it be
comes a nitrogen fertilizer. If the seed only of the legume is harvested then 
practically all of the nitrogen in the crop is added to the soil and large effects 
are secured. If the legume is used as a catch crop beneficial effects occur. 

Crop residues also aid in keeping up the nitrogen supply in soils. These ma
terials should be most carefully utilized in order that the soils may not .become 
deficient in nitrogen. When crop residues, farm manure and green manures 
are properly used on the farm the nitrogen supply of the soil may be kept up 
,vithout the use of commercial nitrogenous fertilizers. The latter may be applied 
in small amounts as top dressings to stimulate the earlier gro,vth of some crops 
but their use is not generally recom1nended in this county at the present time. 
If they are tested on small areas and sho,v value then they may be applied, but 
in general it ,vill be found that the leguminous crop as green manure ,vill be 
much cheaper and quite as satisfactory in keeping up the nitrogen in the soils. 

THE SUPPLY OF POT ASSIU11 

According to earlier analyses the soils of the state are ,Yell supplied \\'ith po
tassium and it seems hardly ]ikely that potassiu1n fe1iilizers ,Yill be needed for 
general farm crops. Only ,vhere there is an insuffieient production of available 
potassiu1n ,vould it be desirable to apply commercial potassium fertilizers. If 
the soil is kept in the best physical condition, ,vell supplied ,vith organic matter 
aucl properly drained and aerated there should be a sufficiently rapid production 
of potassium in an available form to supply erop needs. Te:-,ts are bei11g carried 
oui on some experi1nent fields using potassium fertilizers, and it 1nay therefore, 
be found that s1nall applications of these materials may be profitable. For the 
present it can only be r ecommended that farmers ,rho are interested tl!~t the 

• 
effect of small applications of potassiu111 fertilizers on small areas before they 
make any extensive applic:ations. The..,e rnaterials cannot be re<'on1mended at 
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present for general use in the county, but if tests sho,v then1 to be of value then 
they may be used. Small applieations may be quite desirable as top dressings, 
but should not be used until tests have proven their value. 

CO:\IPLETE FERTILIZERS XOT RECO~IMEXDED 

Complete commereial fertilizers cannot be recommended at the present time 
for general use in this county. The experimental evidence ,vhich has been se
cured by field te~ts indicate that phosphorus fertilizers give quite as large ef
fects and they are of course 1nuch less expensive. H ence the returns secured 
fro111 the use of pho:-.phorus fertilizers are 1nore eeonomieal. Conunercial fe r 
tilizers must give very much larger crop yields than pho phorus fertilizers if 
they are to prove as profitable. The re ults given in this report show very little 
econo1nic- value for the complete fertilizers. There is no objection to the use of 
commercial brands of fertilizers if they are of value and more profitable than 
the phosphorus carriers, and farmers may test any co1nmercial fertilizer on their 
soils and if they secure profitable returns this material may be applied to a 
larger area ,vith the assuranc·e of profit. I t should be emphasized, how·ever. that 
commercial fertilizers should not be employed until their value has been demon
strated. For the pre..,ent it see,ns, for the main soil types in l\Iills county that 
phosphorus ferblizers are of quite as much value. 

DRAINAGE 

The natural drainage syste1n of l\fi lls county is quite adequate to remove the 
excess moisture from the upland soils of the county. The map ~iven earlier in 
this report shows ho,v extensively the upland are coYered by streams and in
termittent drainage,\·ays. The botto1nlands of the county are frequently poorly 
drained, ho"·ever, and as many of them are heavy in texture and all are rather 
level in topography, the need of drainage is evidenced in many of these bottom
land areas. The Bremer silt loam on the terraee is not adequately drained and 
,vould be benefited in many cases by artificial drainage. The ,\Tabash and La
moure soils on the bottoms are particularly poorly drained. The Cass and 
Sarpy soils haYe sandy subsoils and hence are better drained. 

\\TheneYer soils arc too ,vet, tiling is very necessary if crop yields are to be 
satisfactory. Often tiling is the first treatment needed to n1ake soils properly 
productive. The expense in installing tile may be considerable but the increased 
crop returns more than offset the outla~·. In several areas in ~Iills eounty, the 
straightening a11d drepcning of the stream channels have p ermitted of better 
drainage and often tiling ,,ould not be of value until the securing of proper out
lets is permitted by a deepening of the stream channels. The poorly drained bot
toms of the county are subject to o,·erflow and drainage alone ,,ill not insure 
good crop production if the land is not protected from overflo"'· 

THE ROTATIO OF CROPS 

The continuous gro,ving of any one crop ahvays reduces the fertility of the 
soil very rapidly. It is necessary, therefore, that some rotation be adopted for 
all soil conditions if the productivity of the soil is to be maintained. EYen if 
the crop \Yhich is gr0\\'11 continuously is a so-eallcd '·money" crop, it is a better 
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paying proposition to follo,v a rotation for the value of ~11 the crops gro,vn ,:vill 
together be greater than the value of the one crop ,vhen calculations are made 
over a period of years. Farmers should not allow their soils to become unpro
ductive by continuous cropping and too much emphasis cannot be placed on the 
importance of choosing a good rotation for all farming conditions. 

There are many good rotations and no one can be recommended for all con
ditions. SeYeral satisfactory rotations are in use thruout the state and some of 
these "-hich are suitable for use in 1vlills county ,vill be suggested. It should be 
noted that these rotations may be modified as desirable in order to fit the par
ticular local and farm conditions. In fact almost any rotation may be satisfac
tory provided it contains a legume and the most profitable crops. The follow
ing rotations are suggested for use in this county. 

1. SIX-YEAR ROTATION 

First year-Corn 
Second year-Corn 
Third year-Wheat or oats (with clover or clo"Ver and grass) 
Fourth year-Clover, or clover and grass 
Fifth year-Wheat (with clover), or grass and clover 
Sixth year-Clover, or clover and grass 

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

First year-Corn 
Second year-Corn 

2. FOUR OR FIVE-YEAR ROTATION • 

Third year-Wheat or oats (with clover or with clover and timothy) 
Fourth year-Clover (If timothy was seeded with the clover the preceding year, the 

rotation may be extended to five years. The last crop ,vill consist prin
cipally of timothy) 

3. FOUR-YEAR ROTATION WITH ALFALFA 

First year-Corn 
Second year-Oats 
Third year-Clover 
Fourth year- Wheat 
Fifth year-Alfalfa (The crop may r emain on the land five years. This field should 

· then be used for the four-year rotation outlined above and the alfalfa. 
shifted to one of the fields " ·hich previously "'as in the four-year system) 

4. FOUR-YEAR ROTATIO::NS 

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

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

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

5. Tl-IREE-YEAR ROTATIONS 

First year-Corn 
Second year-Oats or Wheat (with clover seeded in the grain) 
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Third yl•ar-('Jo, l'r (In grain farming, only tl1r grain aucl do,·rr seed should be sold; 
most of th,· ('rop rt•sidurs stH·h a<i <'Orn stovl'r nnd straw shoul<l hP plowed 
unrl1•r. ThP do\'l'r may be <·lipJH'd ancl left on the lnnd to be returned to 
the soil and only the seed takt>n from the se«:ond <.'rop) 

Fir<it venr-C'orn 
~<Ton,i yl.'ar Oat<1 or "heat (" ith dovl'r) 
Third yenr Clovcr 

Pirst y,•a r- \\.h('at (with tlo,·l'r) 
Rl'<'On<l yl'nr-~orn 
Third year - Co" prns or soyb1•ans 

THE PREVENTIO OF EROSIO~ 

Erosion is thr <'arryiug- a\\·ay of soil thru the frrr n1ovement of "·ater over the 
surf a<'" of the land. I f all tht> rain falling- on the g-round "·ere ab~orbed, 
ero<;io11 could not occur, he111·e it i~ evident that the a111ount and distribution of 
rainfall, the c•lu1racter of tht> ...,oil, th<> topog'raphy or the '' lay of the land,'· and 
the <·ropping- of the soil are the fa1·tors \\·hich deter1nine the oceurrenre of thi..., 
injnriou.., act ion. 

Slcnvly falling rain n1ay IH• Y<'ry l,irgely absorbed by the soil, proYided it i-; 
not already saturated ,Yith ,Yatt>r, "·hile the sa1ne an1ount of rain in one stor1n 
"·ill "·ash the soil b.1clly. \Yht>n the ...,oil is thoroly ,vet, the rain falling on it 
,vill, of eour~e. '"a"h O\'C'r it and mueh of the soil n1ay be earried a,vay in this 
1panner to the detrin1e11t of the laud. 

Light, open soi ls "hit•h absorb ,Yater readily are not apt to be subjec·t to 
t>rosion "·hilt• heavy soils su('h as loanl'-, silt loan1s and clavs, 1nav ~uffrr murh . . . 
frorn hPaYy or long-<•ontinnl'<l rains. 1,oe'ss soiJ..., are Yt'ry apt to hr injured h~· 
c•rosioll \\ ht•n the topography is hill~· or rough and it i..., this group of soil-, "hiC'h 
is aff<·<·t<'cl to the grt>ate>,t <.',t<•nt i11 Io"·a F lat lan<l is, of course, little influ
<'n1•pcl hy erosion. C'ulti,·att><l fit•ld, or bare bluffs and hillsides ar~ t>,pecially 
i-.uite<l for prosion " ·hi lc land in sod is not affec-tecl. Th<' eharaeter of the crop
ping of the• ...,011 n1ay then•forr drtrrrnillt> the o<•t•nrren<·t> of the injurious aetion. 

Th<> c·are]pss n1anag-t>n1e11 t of land i..., quite gt>nerally the c·anse of the erosion 
i11 [o,va. 111 the fi1·st pla<'e, the diree·tion of plo,\'ing should be ~nch that dead 
furnnvs run at right angles to the slop<'; or if that is i111prac>ticable, the dead 
fn1-ro,,· shoulcl he• '· plo" e•<l in·' or a<•ross in ,ue·h a nuu1Her as to block th<>n1. Fall 
plo\\·ing- i..., to he• rc><·o1111n<'1Hl<'cl \\'ht•tH'Yer possible ,is a n1eans of preventing- ero
i-.1on. ()nl) \\ hPn th<' soil is c·lay<'y ancl absorption of \\'HtC'r is very slo\\ "ill 
spring plowi11g- he• ach isahlP. The orga11i<· 1nattt•r co11tent of soils should he kt•pt 
np h) th<• H<lclitio11 of fann n1anurr, gr<'l'll n1anlt1'l'" and <·rop residues if soil 
<.,uhj<•1·t to rrosion is to he y,roprrly prot<'l't<•<l. l{y the use of 1--1t<'h n1c1t('rials the 
ahso1·hing- po" <'r of th<' i-.oil is i11<·r<•as<•(l a11cl t hry also hind the 1--oil parti<'le..., to
g-<•1 h<·r and J)l'<'Y<·11t th<>ir \\·ashing- a\\ ay a-, rapidly as 1night other,,·isP br the 
<·as<•. By al I t he•sp trl'atn11•11ts th<' da11g-<'r of pros ion i.., <·onsid<•rably l'l'dll<'ed and 
c•x1wnsi,·e• n1Ptho(l..., of <·011trol 1na,v lH• rPndrrrcl 1n1n<•t·rssary. 

'l'hc•r<· ar<' t ,vo t)'J)C's of erosion, sheet "·a...,hing and g'ullying. The for1ne r 

tnay oc·e·ur OYf'r a rathrr larg<• area ancl the• sur f,H·<· ~oil 1nay h<' rpn10Yecl to Ul'h 
a larg<• extent that tht> s11bsoil nut_, h(• C'xposc•d and th<• c:rop growth preYen ted. 
!-ihef't \\ashi11g often oec·urs so slo\\·ly that thl' fannc•r is not a\\·arC' of the :irad-
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ual removal of fertility from his soil until it has actuan,I resulted in lo,,er crop . . 
yields. Gullying is more striking in appearance but it is less harmful and it is 
n ... ually more easily controlled. I f, ho"·eYer, a rapidly ,videning gully is allo,ved 
to gro,v unchecked an entire field may soon be 1nade useless for farming pur
poses. Fields may be cut up into seYeral portions and the farming of such 
tracts is more costly and inconvenient. 

Erosion occurs to an injurious extent in some areas in 1\I ills county. The 
Knox silt loam is badly "'ashed in many places and the destructive action is so 
~evere in some areas that the soil can only be utilized satisfactorily for pasture 
purposes. The 1-Iarshall silt loam is also ,vashed and gullyed in so1ne areas, and 
it1-. fertility is consequently seriously reduced. I t is important to consider briefly 
the causes of erosion and the methods ,vhich may be employed to p revent or 
c:ontrol "'ashing in order that proper means may be employed to protect consid
erable areas of these soils in this county from serious injury. 

The n1eans ,vhich may be employed to control or prevent er osion in Iowa may 
be considered under five headings as applicable to "dead furro\'i'S" to small 
gullies. to large gullies, to bot toms and to hillside erosion . 

EROSION DUE TO DEAD FURROWS 

Dead £u1-ro,vs or back furro,vs, " 'hen running ,vith the slope or at a consid
erable angle ,Yith it, frequently result in the formation of gullies. 

''Plou;in,g I n."-It is quite customary to "plo,v in" the small gullies that re
sult from these dead furro,vs and in level areas ,vhere the soil is deep, this '' plow
ing in" process may be quite effective. In the more rolling areas, ho,vever, 
,vhere the soil is rather shallovr, the gullies formed f rom dead furro,Ys may not 
be entirely filled up by '' plo,ving in.'' Then it is best to supplement the '' plo"'
ing in'' "-ith a series of '' staked in'' dams or earth dams. 

"Staking I n. "-The method of "staking in" is better as it requires less "'ork 
and there is less danger of ,vashing out. rrhe process consists in driving in seY
eral series of stakes acr oss the gully and up the ent ire hillside at intervals of 
from 15 to 50 yards, according to the slope. The stakes in each series should be 
placed three or four inches apart and the tops of the stakes should extend ,vell 
above the surrounding land. I t is then usually advisable to ,veave so1ne brush 
about the stakes, allo,ving the tops of the brush to point upstream. Additional 
brush may also be placed about the stakes, "·ith the tops pointing upstream, per
mitting the ,vater to filter thru, but holding the fine soil. 

Earth Danis.-Earth da1ns consist of mounds of soil placed at intervals along 
the slope. They are made some,vhat higher than the surrounding land and act 
in much the same ,vay as the stakes in the '' staking in'' operation. There are 
some objections to the use of earth dams, but in many cases they may be quite 
effec:tive in preventing er osion in '' dead furrO\\'S. '' 

SMALL GULLIES 

Gullies re ult from the enlar gement of surf ace drainage"'ays and they 1nay 
occur in cultivated land, on steep hillsides in grass or other vegetation, in the 
bottomlands, or at any place ,vhere ,vater runs over the surface of the land. 
Small gullies may be filled in a number of " ·ays but it is not practicable to fill 
them by dumping soil into them; that takes much ,,ork and is not lasting. 
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Checking Overfalls.-The formation of small gullies or ditches is practically 
al"·ays the result of overfalls and one of the most important problems is, there
fore, the checking of these overfalls and preventing them from "'orking back 
and extending the size of the gully. An easy method of checking the overfalls 
1s to put in an obstruction of stra,v and brush and stake do,n1 \\'ith a post. One 
or more posts should be set fir1nly in the ground in the bottom of the gully. 
Brush is intert.,vined bet,veen the poi:;ts, stra,v is ,vell tramped do,vn behind them 
and the stra,v and brush both are held in place by eross pieces nailed to the 
posts. This method does not fill the existing dit<'h but does pro,·e very , atisfac
tory for preventing the overfall from "'orking back upstream. It is an installa
tion ,Yhich is very desirable before any success can be had in filling . 1nall or 
large gullies. 

'· Staking In. "-Tlle simplest n1ethod of controlling mall or moderate izecl 
gullies and the one that gives the most general satisfaction is the staking in 
operation recommended for the control of dead furro,v gullies. The stakes-

• 
should vary in size ,Yith the size of the gully, as should also the size and quantity 
of brush "·oven about the stakes. A modification of the system of '' staking in·' 
"·hieh has been used ,vith success in one case consists in u ing brush ,vithout 
stakes. The brush is cut so that a heaYy branch pointing do,vn,vard is left near 
the top. This heayy branch is caught between a fork in the lo\\'er part of the 
brush-pile, or hooked oYer one of the stems and driven ,Yell into the ground. 
Enough bru"h is placed in this n1anner to extend entirely across the gully, ,Yitb 
the tops pointed dow1.1stream instead of upstream, ,vhich keeps it from being 
""ashed a"·ay as readily by the action of a large Yolume of ,vater. .\ ~erie of 
these brush-piles may be installed up the course of the gully and with regular 
repair of ,Yashouts or undercuttings 1nc1y prove Yery effective. 

The modification of this system of '' staking in'' ,vhich is being u ed ,vith suc
cess in some sections, consists in covering the botto1n and ides of the ditch ,vith 
stra,v for a distance of four to ten feet, depending upon the ,vidth of the ditch. 
Brush, ranging in size from fine at the bottom to coar e at the top, is laid on the 
stra,v ,vitb the butts headed up tream. The brush and stra,v are held in place 
by cross pieces spiked to posts previously set. The number of posts ,vill de
pend of course upon the size of the gully. These posts should be set ,vell into 
the ground and placed about four feet apart, being arranged in a , ... _. hape 
,vith the point do,vn stream and lo,ver in the center than at the sides of the 
ditch. 'l'his modification of the '' staking in'' method is proving very satis
factory. 

The Strau; Darn.-A simple method of preYenting erosion in small gullies is 
to fill them "ith stra,v. This 1nay be done at threshing time ,vith some saving 
of time and labor. The stra,v is usually pilrd near the lo"·er part of the gully, 
but if the gully is rather long or branching, it should be placed near the middle 
or belo,v the junction of the branches or n1ore than one dan1 should be u ed. 
'l'he pile should be made so large that it \Yill not ,vash out readily ,vhen it gets 
smaller thn1 decon1position and settling. One great objection to the use of stra"' 
is the loss of it as a feed, as a bedding material and as a fertilizer. Yet its u e 
may be ,varrantecl on large farms "hich arc operated on an extensiYe scale be
cause of the saving of time, labor and in:--pection. 
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The E arth Da,ni.-The use of an earth dam or mound1of ea1ih across a gully 
may be a satisfactory method of controlling er osion under some conditions. It 
"·ill prove neither efficient nor permanent, ho"·ever, unless the soil above the 
dam is sufficiently open and porous to allo,v of a rather rapid removal of ,,ater 
by drainage thr u the soil. Other"Tise too large amounts of ,,ater may accumu
late above the dam and ,vash it out. In general it may be said that when not 
provided with a suitable outlet under the dam for surplus water the ear th dam 
cannot be reco1nmended. When such an outlet is provided the dam i called a 
''Christopher'· or ''Dickey'' dam. 

Th e " (}hristophcr" or "JJickey " danz.-This n1odification of the earth dam 
c:onsists merely in laying a line of tile do,vn the gully and beneath the dan1, an 
elbo"· or a " T' ' being inserted in the tile just above the dam. This " T," called 
thP ~nrface inlet, usually extends t,vo or th ree feet above the bottom of the 

• 

gully. A large sized tile should be used in order to pro,·ide for flood "·aters and 
the dam should be provided ,,ith a cement or board spilhYay or runoff to pre
vent any cutting back by the "·ater flo,Ying from the tile. The earth dam should 
be made some,vhat higher and ,Yider than the gully and higher in the center 
than at the sides to reduce the danger of ,va hing. I t is advisable to gro"· some 
crop upon it, such as sorghu1u, or even oats or rye, and later seed it to gra 'S. 

1'hc Adruns Dant.-Tbis dam is practically the same as the Christopher or 
l)ickey Dam. In fact the principle of construction is identical. In some sec
tions the name '' Adams Dam'' has been applied and hence it is mentioned sepa
rately. This is one of the most satisfactory methods of filling gullies and the 
dam may also erve as a bridge. The installation of a culYert is generally made 
of se,ver tile ,Yith tightly ce1nented joints and it is recom1nended that the inlet 
to the tile be protected f r om clogging by the installation of posts supporting 
\Y0Yen ,vire. The concrete or plank spill platform is a Yery in1portant feature 
of the Adams dam and it is also recommended that an up-stream concrete guard 
be constructed so that the face of the dam is protected. Taking into account the 
cost, maintenance, permanen<'e and efficiency, the Adanis dam or the Chris
topher or Dickey dam may be considered as the most satisfactory for filling 
ditches and gullies, especially the larger gullies. 

The St01'l e or Rubble Dcon.-"\\There stones abound they are frequently used in 
constructing dams for the control of erosion. \Vith proper care in making such 
dams the results in s1nall gullies may be quite satisfactory, especially ,vhen open
ings have been provided in the dam at various heights. The efficiency of the 
stone dam depends rather definitely upon the method of construction. I f it is 
laid up too loosely, its effieiency is reduced and it may be ,va~hed out. Such 
dains can be used only very infrequently in Io,va. 

The R ubbish Dani.-The use of r ubbish iu controlling erosion is a method 
sometimes follo,ved and a great variety of materials may be employed. The r e
sults are in the main rather unsatisfactory and it is a very unsightly n1ethod. 
Little effect in preventing erosion r esults from the careless use of rubbish even 
if a sufficient amow1t is used to fill the cut. The rubbish dam may be used, ho,v
ever, when combined with the Dickey system, just as the earth dam or stone 
dam, provided it is made sufficiently compact to retain sediment and to ,vith
stand the washing effect of the water. 
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The lVoven W ire Dani.-The use of ,voven-,vire, especially in connection with 
brush or rubbish, has sometimes proven satisfactory for t he pr evention of ero
sion in small gullies. The woven ,Yire takes the place of the stakes, the prin
ciple of construction being other,vise the same as in the '' staking in'' system. 
It can only be recommended for shallo,v, flat ditches and in general other meth
ods are some,vhat preferable. 

Sod Strips.-The use of narro,v str ips of sod along natural surface drainage
,vays may often prevent these channels from \\'ashing into gullies, as the sod 
serves to hold the soil in place. The amount of land lost from cultivation in 
this ,vay is relatively small as the strips are usually only a r od or t\\·o in ,vidth. 
Bluegrass is the best crop to use for the sod, but timothy, redtop, clover o:r:_ al
falfa may serve quite as ,vell and for quick results sorghum may be employed 
if it is planted thickly. This method of controlling erosion is in common use in 
certain areas and it might be employed to advantage in many other cases. 

The Concrete Dani.-One of the most effective means of controlling erosion is 
by the concrete dam, provided the Dickey system is used in connection ,vitb it. 
They are, ho,vever, rather expensive. Then, too, they may overturn if 11ot prop
erly designed and the services of an expert engineer are required to insure a 
correct design. O"·ing to their high cost and the difficulty involved in securing 
a <:orrect design and construction, such dams cannot be considered as adapted 
to general use on the farm. 

Drainage.-Tbe ready removal of excess water may be accomplished by a sys
tem of tile drainage properly installed. This removal of ,vater to a depth of the 
tile increases the \\'ater absorbing po,ver of the soil, and thus deereases the ten
dency to,vard erosion. Catch "'ells properly located over the surface and con
sisti11g of depressions or holes filled '"ith coarse graYel and connected ,vith the 
tile help to catch and carry a,vay the excess ,vater. In son1e places tiling alone 
may be sufficient to control erosion, but generally other means are also required. 

LARGE GULLIES 

The erosion in large gullies, ,vhich arc often called ra\'ines, may in general 
be controlled by the same methods as in the case of small gullies. The Chris
topher or Ada1ns dam, already described, is especially applicable in the case of 
large gullies. rrhe preeautions to be observed in the use of this method of con
trol have already been described and emphasis need only be placed here upon 
the importance of carrying the tile some distance do,vn the gully to protect it 
fro1n "·ashing. The Dickey dam is the only method that can be rcco1nmended 
for controlling and filling large gullies and it seems to be giYing yery satisfactory 
results at the present time. 

BOTTOiJLANDS 
Erosion frequently occurs in botton1lands and especially "·here such lo"·lying 

areas are crossed by sn1all strcan1s the land may be very badly cut up and ren
dered almost entirely valueless for far1ning purposes. 

Straightening and Tiling.-The straightening of the larger streams in bottom
land areas 1nay be ac<:omplishecl by any co1un1unity and ,rhilc the cost is con
sideralJl<', large area<; of Janel may thus be reclaimed. In the cac;e of s1nall 
strean1s, tiling may be the only 1nrthod necessary for reclai1ning useless bottom
land and it often proves Yery effieieut. 

Trce:s.-Erosion is so1ncti1ne:s eontrollcd lJy ro,Ys of such trees as ,Yillo"·s ,,hich 
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extend up the drainage channels. While the method has 1some good features it 
is not generally desirable. The ro"' of trees often extends much farther into 
<'Ultivated areas than is necessary and tillage operations are interfered v;rith. 
Furthermore, the trees may seriously injure the crops in their immediate vicinity 
becau e of their shade and because of the ,Yater ,vhich they remove from the 
soil. In general it n1ay be said that in pastures, bottomlands and gulches the 
pre-:;encr of trees may be quite effective in controlling erosion, but a row of trees 
across cultivated land or even extending out into it, cannot be reco1nmended. 

HILLSIDE EROSION 

Ilillsidc erosion may be controlled by certain methods of soil treatment " 'hich 
are of value, not only in preventing the injurious washing of soils, but in aid
ing materially in securing sati factory crop gro,rtb. 

f'se of Organic Jlatter.-Organic matter or humus is the most effective means 
of increasing the absorbing po"'er of the oil and hence it proves very effective 
in preventing erosion. Farm manure may be used for this purpose or green 
1nannres may be employed if farm manure is not available in sufficient amounts. 
Crop residues such a stra,v and corn stalks may also be turned under in soils 
to increase their organic matter content. In general it may be said that all 
means "·hich may be employed to increa e the organic matter content of soils 
"·ill have an important influence in preventing ero ion. 

Gro,ving Crops.-The gro"·ing of cr ops, such as alfalfa, that remain on the 
land continuously for a period of t,Yo or more years is often advisable on steep 
hillsides. Alsike clover , s,veet clo,·er , timothy and red top are also quite desir
able for use in such locations. The root system of such crops as these holds the 
soil together and the ,vashing action of rainfall is reduced to a marked extent. 

Contour D iscing.-Discing around a hill instead of up and do"·n the slope 
or at an angle to it is frequently yery effective in preventing erosion. This prac
tice is called "contour discing" and it has proven quite satisfactory in 1nany 
cases in Io"'a. Contour discing is practiced to advantage on stalk ground in 
the spr ing, preparatory to seeding small grain, and also on fall plo"·ed land 
that is to be planted to corn. I t is advisable in contour discing to do the turning 
ro"· along the fence, up the slope, first as the horses and disc ,vhen turning "'ill 
pack and cover the center mark of the disc, thus leaving no depression to form 
a "·ater channel. 

Sod Strips.-The use of narro"· strips of sod is very desirable for preventing 
hillside erosion as well as for the preventing of gully formation. The sod pro
tects the field from the flo,v of " ·ater during rains and prevents the "'ashing 
a"·ay of the surface soil. 

Deep Plou;ing.- Deep plowing increases the absorptive po" er 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 a1nount 
of the late fall and early spring rains. It is not advisable, ho"'e, er, to change 
from shallo,v plo"·ing to deep plo"·ing at a single operation as too much subsoil 
may be 1ni...'i:ed ,vith the surfaee soil and the produetive po\ver of the soil there
fore, reduced. A gradual deepening of the surface soil by increasing the depth 
of plo"·i.ng "·ill be of value both in increasing the feeding zone of plant roots and 
in mnking the soil more absorptive and therefore less subject to erosion. 
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INDIVIDUAL SOIL TYPES IN MILLS COUNTY * 

There are fifteen soil types in l\Iills county and these with the colluvial phase 
of the vVabash silt loam and the areas of riverwash and meado,,, made 18 soil 
areas. They are grouped in three classes, the loess soils, the terrace soils and 
the swamp and bottomland soils.•• 

LOESS SOILS 

There are two Joess soils in the county belonging in the 1-Iarshall and the Knox 
series. Together they cover 60.3 percent of the total area of the county. 

)IARSHALL SILT LOA1I (9) 

The 1Iarshall silt loam is the largest soil type in the county as well as the 
largest loess type. I t covers 58.-! percent of the total area of the county. It oc-.. 
curs on the uplands thruout the county except for the narro,v upland area of 
Knox silt loam in the ,vestern part of the county. In fact outside of the Knox, 
it is the only upland type. Thruout the county the areas of l\Iarshall are cut 
by the rivers with their adjoining terraces and bottoms, and by the narrow strips 
of vVabash silt loam and the colluvial phase of the Wabash silt loam along the 
minor streams and the intermittent drainageways. 

The surface soil of the l\Iarshall silt loam is a dark brown silt loam 10 to 14 
inches in depth. The subsoil is a light bro,vn silt loam to a depth of 18 to 20 
inches, underlaid by a yellowish-bro,-rn hea,·y silt loam or silty clay loam. Thru
out much of the type there are faint mottlings of gray, yellow or drab in the 
lower subsoil. As a "'hole the type is remarkably uniform especially in the 
gently undulating areas. In undulating areas the SU1'face soil is usually slightly 
deeper and is uniformly darker in color. The areas south of H enderson and 
north of Tabor consist of this somewhat darker soil. The more strongly rolling 
areas in the ,•testern part of the county are a lighter brow-n in the surface soil. 
In the forested areas also the soil is somewhat lighter in color. In a fe"' small 
areas there are narrow bands of glacial till at the base of the slopes. It is not 
possible to show these areas on the 1nap as they are too small and uni1nportant. If 
they ,,ere mapped they ,,ould be classed as Shelby silt loam. In a fe,,· &pots the 
surface soil has been washed a,vay from the steeper slopes and stony areas are 
found on the tops of crests. These so-called "gall spots" are of little significance 
in the county. 'l'hruout most of the cotu1ty, the type is not calcareous but in 
son1e areas in the westen1 part, the soil will effervesce with acid. The lower soil 
layers are generally well supplied with lime. l\Iany tests of the sU1·face soil 
have sbo"·n acidity and hence liming is often needed in the county. 

In topography the i\Iarshall silt loam varies from slightly undulating to roll
ing or hilly. Thruout most of the area, the gently rolling topography preYails . 
... \.long the streams and adjacent to the l\1issouri river, the slopes are often Yery 

*The description o{ the individ,1al soil types gh·en in the Bureau o! Soils report have been rather 
closely followed in this section of the report. 

** "In places the i,oil names do not ogree along the boundaries with those in Pottawattamie county. 
This is due to changes in correlation resulting from a fuller knowledge of the soils of the state. The s_oil 
mapped as Hancock silt loam has been subdivided in this county and parts of it have been classed with 
the Lamoure and the Bremer soils. The Wabosh soils have been subdivided and a large part of their 
area 1s now mapped with the Lamoure soils." (From Bureau of Soils Report.) 
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Fig. 5. 1falvern located on the gently rolling 1-[arshall silt loan1. 

steep and erosion has occurred to such an extent that the value of the land has 
been much reduced. The drainage of the type is every,vhere good, as is indicated 
on the map given earlier in this report. 

:i\Iost of the type is cultivated but there are a fe,v ,-vooded ar eas still un
clear ed. The growth on these areas includes hickory, black walnut, bur oak, 
red oak, ash, elm, and some bass,.,.ood. Corn is the chief crop gro,vn and yields 
of 35 to 50 bushels per acre are secured. Wheat is second in acreage, yielding 
on the average 13 to 20 bushels per acre. 1fost of the wheat grO\\'ll is of the 
winter varieties. Oats is the third crop in value on the type and yields 40 to 60 
bushels per acre. Considerable areas are in hay, clover and timothy mixed be
ing gro,vn most commonly. Some cloYer is gro"·n alone particularly in the east
ern part of the county and yields 1½ to 2½ tons per acre. Some clover is gro,vn 
for seed. Timothy is also sometimes gro"rn for seed. The yields of clover and 
timothy mixed amount on the average to 1½ to 2 tons per acre. 

Some sweet clover is gro\VD in the county but the acreage is not large. The 
yields of this crop are very satisfactory and the soil is evidently well suited to 
the crop. Alfalfa makes up a rather considerable part of the hay crop on the 
type and it yields from 2 to 4 tons per acre on the average. This crop does well 
on the Marshall silt loam and it might be gro,vn more extensively with profit. 
Care in inoculating this crop and in liming the surface soil ,vhen seeding, if 
the area is acid, will aid considerably in insuring a good crop of alfalfa. Some 
soy beans are grown and the acreage is increasing. They are used for fattening 
hogs. Some rape is so\VD with oats for sheep pasturage. Rye is gro"·n to a 
limited extent for pasture. Some barley is gro,vn as a nurse crop. In the hilly 
part of the type in the western part of the county, corn and alfalfa are the main 
crops and they are supplemented by sorghum and navy beans. 

The type is well suited to truck crops and fruit and these crops are gro,Yn 
in all parts of the county, largely for home use but to a small extent for mar-
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keting also. Tornatoe-,. cabbage, potatoes, carrots, beans. s"·eet rorn, onions, 
,ratennelons and 1nu-,kmelons do ,Yell. Xear Glenw·ood tomatoe.;;. s"·eet corn and 
pumpkins are used for canning. ..\pple-s, plu1n-,, cherriec., pear~ and grap~ are 
g ro"'ll Yery successfully but chiefly for home consumption. \\~ith more care in 
the handling of orchards and Yineyards, apple and grapes might be gro,vn quite 
su<·<·essf ully for cornmereial purposes. 

I n general the crop yields on the ~Iarshall -;ilt loam are quite satisfactory but 
in rnany c•ases larger c·rops might he secured if better methods of soil treatment 
"·ere follo"·e<l. The type i · not "·ell supplied "·ith organic 1natter and addition.., 
of fa1-n1 manure al,va~·s giYe large crop increases. This material should he ap
plied in liberal amounts in order to secure the be..,t crop yields. "\Vhen farm 
1nanure i-, not aYailable for U'>e, then legumes should be used as green manures in 
order to build up the soil in organic matter. They ,Yill also increase the nitro
gen <'ontent of the soil and "·ill permit the supply of that constituent to be 
1uaintained. '"arious legunH'-, n1ay be utilized as green manures and the prac
ti<·e i:-. Yery desirable in n1any in,tances, as a supplement to manuring or as a 
snb-.titute for the use of farm n1annre. 

The type i" apt to be acid in the surface soil and "·hen that i true additions 
of lin1e are Yery neccs.~ary for the best initial g-ro"ih of such crops as eloYer 
and alfalfa. T he pho'->phoru-, supply in the soil is rather lo,v and additions of 
phosphorus fertilizers may proYe of larg-e Yalue in many cases. The experiments 
"·hich ba"e been carried out thns far indicate the profit ,vhich may co1ne from 
the usc of phosphorus on thi, soil. It i-, not possible yet to say "·hich phosphor us 
fertilizer should be used and hen<'e it is reeomrnended that farmer" te:-.t the Yalue 
of both roc·k phol-iphate and acid pho:-.phate on their o,v11 soils and thus they 
may determine \Yhich material "·ill giYe the best results. 

In son1e areas the type i" eroded and gullied and it is Yery neces-,ary in such 
al'ea-, that son1E' 1ncans be e1nplo~·ed to pre\"ent a '-eriou-. "-ashing a,Yay of the 
surfa<:e !-.oil. F rom the 1nethocls :-.ug-ge-,ted in an earlier :-.ection of this report. 
sontc 1nethod may be c-ho:-.en ,Yhich "·ill serYe to preYent or control the ero-,ion 
,\·hich may orcur. The chief treatn1ent "·hi<.:h the type needs to n1ake it 111ore 
pro<lu('tive is the applieation of farm manure. the turning untler of green n1a
nures, the applieation of li1ne "·hen the soil i-. acid and the addition of a phos
pbortl', fertilizer. 

I{XOX SILT LOA)! (11) 

The Knox silt loa111 is a 1ninor type in the ('OU11ty. coYering only 1.9 pereent 
of the total arE'a. It oceur') only in the hilly seetion of the cou11ty alOll!! the ~Iis
souri riYer. It is found on the '·bluffs" along the hottoinlands "·hich are adja
tcnt to the riYC'r. The t)·pe is not deYeloped continuously. oeenrr ing- in narro,v 
strips \Yhich are sepa rated fron1 cach other hy small areas of bottomland-, ,Yhieh 
folio" the c·oursr of small strra1n" and inter1nittent drainage,,·ays. _.\ fe,v sn1all 
areas occur east and south of J<"'olso1n whic-h are detaehell fro111 the bluffs proper. 
The largest areas art• found in th<' northern part of the county and adjacent 
to the county ditch in the southern part. l{arely do the areas of the type exceed 
onc 1nile in ,Yidth. 
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Fig. 6. Knox :,;ilt loam on the bluffs. \\·ahash ~ilt lo:1111 in the for<'~roun,l. 

The surfate soil of the Knox silt loain is a lig-ht hro\\·n to grayish-hro\\·11 silt 
loan1. extending to a clepth of about inehe-;. 'l'hc> subsoil i<.; a yrllo,1,ish-bro,Yn 
to buff tolored silt loan1. Both the !:-oil and subsoil are usually highl)· c-al<.;areous. 
The soil is quite unifor1n in tolor and in other characteristies, but in so1ne sn1a1l 
areas \Yhere there has been an aceumulation of organic matter the surface soil 
is so1ne,Yhat darker than the typical soil. 

The type is strongly rolling to hilly and steep in topography. I t is '"ell 
drained. It is subject to serious erosion and is continually being ,,ashed 8\\'8)'. 

The type is unsuited to grain production and is used ('hiefly as pasture. Good 
yields of alfalfa ar e often . ecured. ,,~hen the surface topography is not too 
r ough, good yields of corn, oat · and wheat may be secured provided the lanc.1 is 
"~en manured. Grapes are successfully gro,,n but there are no commercial vine

yards . 
• 

11uch of this type should undoubtedly be krpt in pasture as the topography is 
too rough for gro,Ying cultivated crop!'>. \Vhen it is cr opped, ho,vever, it "ill re
spond to applications of farm manure and lcgu1nes should be used a green 
n1anure to build up the supply of organic.: matter, in ,vbich the soil is deficient. 
'r he application of pho. phorus fertilizers ,vould also probably prove of value in 
such ea es as the type i low in this constituent. 'rhe chief need of the soil is 
for protection from erosion and C'are should be taken to prevent the "·ashing 
a,vay of the surface soil ,vhich occ.:urs to such a lar ge extent 1n many areas. 

TERRACE SOILS 

There are th ree terrace soils in the county, classified in the Bremer, "\'\.,.aukesha 
and H ancock series. Together they cover 4.7 percent of the total area of the 

county. 
BRE1-1ER SlLT LOA 1\I ( 8) 

The Bremer silt loam is the largest terrace soil in the county, covering 2.4 
percent of t he total area. I t occurs in a nu1nb€'r of areas along the Nish11abot11a 
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river and along Silver creek. The largest area is found just east of l\Ialvern. 
Rather extensive areas also occur both east and west of the Xishnabotna river 
south of nl alvern. It is located on broad areas of terraces separating the bot
tomlands from the l\Iarshall upland. 

'l'he surface soil of the Bremer silt loam is a dark brown or black silt loam, 
8 to 12 inches in depth. The subsoil is a dark brown heavy silt loam or silty clay 
loam ,vhich at about 24 inches changes into a 1nottled gray and rusty brown 
clay. In depressions and s,vales, the mottlings and iron stains in the subsoil are 
more pronounced. It has a level to gently sloping topography and the drainage 
1s poor. 

l\Iost of the type is in cultivation and only the poorly drained areas are in 
pa. ture. Corn is the most important crop and yields 35 to 80 bushels per acre. 
"\Vbeat is second in i1nportance and yields 15 to 35 bushels per acre. Oats are 
gro,n1 to son1e extent and yield 30 to 50 bushels per acre. E xcellent yields of 
hay are generally produced. .Alfalfa is gro,Yn on the better drained areas and 
good yields are secured. This crop '"ill not do ·well on the poorly drained areas. 
Sudan grass is sometimes gro,vn on the drained land. 

This type is naturally a very fertile soil but crop yields are frequently un
satisfactory because of poor drainage. The first treatment generally needed is 
thoro drainage. This may be accomplished by tiling. The expense involved in 
tiling may be considerable but the increases in crop yields "·hich are the result 
of thoro drainage ,vill more than offset the expen e. The soil is acid in reac
tion and applications of lime should be made before such crops as alfalfa are 
gro,vn. The soil should ahrays be tested and the need of lime ascertained. Small 
applications of farm manure may be of value on newly drained areas but large 
amounts of manure should not be u ed, especially if small grains are to be gro,i;-n 
O\\'ing to the danger of causing the1n to lodge. Phosphorus fertilizers will be 
needed in the future and it is quite possible that applications of acid phosphate 
,Yould be of value in some cases at the present time. It is suggested that this 
material be tested on a small area to determine ,,hether it should be applied to 
larger areas. With proper drainage, the use of lime and pos ibly the applica
tion of phosphorus, this soil may be made very highly productive. 

,vAUKESHA SILT LO.Ahl (73) 

The "\"\T aukesha silt loam is a minor type in the county, coYering 1.9 percent 
of the total area. It occurs in numerous areas along the '"\\Test Kishnabotna river 
and Sih·er creek and in a fe,v small areas along Wabonsie and l{eg creeks. The 
most ext.ensive areas occur along the "\\"est Kishnabotna river in the vicinity of 
Etta, !lastings, ,Vhite Cloud and Clark. The type occurs on the terraces sepa
rating the bot to1ns fro1n the l\Iarshall on the uplands. 

rrhe surface soil of the "\\' aukesha silt loam is a bro,n1 to dark brO\\'n silt 
loa1n 8 to 14 inches in depth. 'fhc subsoi l is a bro,m silt loam or silty clay loan1 
to a. depth of 20 to 24 inches belo"' ,,hich the 1naterial is a light bro"1.1 heavy 
silt loa1n or silty c-lay loan1. In se,·eral of the areas, particularly those south of 
Ilenderson the subsoil is only slightly heavier than the surfac:e soil i11 texture. 
There i frc,qnently considerable colluvial ,,ash on this type fro1n the :i\Iar~hall 
on the adjac-cnt upland aud the texture of the soil ic:; quite unifor1nly a ~ilt loam, 
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thruout the soil section. There is no lime in the soil either in the surface or in 
the subsoil. 

Practically all of the type is in cultivation, the remainder being in pasture. 
Corn does well and average yields amount to 35 to 75 bushels per acre. Oats are 
gro"'ll to a smaller extent, and yield 25 to 40 bushels per acre. Wheat yields 
18 to 30 bushels per acre, and is of some importance on this type. Alfalfa, clover 
and clover and timothy make up the hay crops gro,,n. Yields of these crops are 
quite satisfactory, in general. 

For alfalfa it is quite important that the soil be tested for acidity and that 
the proper amount of lime be applied. The use of lin1e on this type is of value 
for other crops as "·ell as alfalfa. Reel clover \\'ill not do as "'ell if the soil is 
acid and in all rotations, the soil should be tested and limed as necessary if the 
best growth of all crops is to be secured continuously. The soil ,vill respond to 
applications of farm manure and this material should be used in liberal an1ounts. 
Legumes may often be used as green manure~ ,viih profitable effects. The ap
plication of phosphorus fertilizers may also prove of value and tests of both 
rock phosphate and acid pho phate on this soil are recommended. By these 
treat1nents the crop yields on the \Vaukesha silt loam may be increased quite 
considerably. The use of farn1 manure, green manures, lime and phosphorus 
" ·ill also permit the soil to be kept permanently fertile. 

HANCOCK SILT LOAl\I (23) 

The I-Iancock silt loam is a very minor type in the county, covering only 0.4 
percent of the total area. I t occurs in the "·estern part of the county in narro,v 
bands on the more gentle slopes at the base of the bluffs, bet,veen the Knox silt 
loam and the botton1s of the l\fissouri river. The largest individual area is 
along the 11orthern county line about four miles north of Folsom. 'l"he re1nain
der of the type occurs in a narro,v strip extending south"·ard beyond Folsom. 

The surface soil of the 1-Iancock silt loam is a bro",1 or dark bro"111 silt loam 
with an average depth of 12 inches. The subsoil is a lighter bro,vn silt loam to 
silty clay loam. Both the surface and subsoil may be ,vell supplied ,vith li1ne 
but usually only the subsoil contains sufficient to efferYesce with acid. Sn1all 
fragments of limestone are sometimes found in the soil, evidently deriYed from 
the underlying lime rock. In the vicinity of Burr Oak school, the soil is appar
ently influenced some"·hat by this lin1estone and resembles the Dodgeville silt 
loam. The area ho-,vever is small and of very n1i11or significance. In topography 
the type is gently sloping and the drainage is quite adequate. 

P ractically all of the type is cultivated. Corn is the principal crop gro"·n. 
Alfalfa is gro"n to some extent and good yields of this crop are secured. All 
kinds of truck crops do well on the soil. It is ordinarily farmed "'ilh the ad
jacent bottomland soil and is used therefore for a variety of crops. 

The Hancock silt loam is naturally a productive soil and the yields of general 
farm crops secured are usually quite satisfactory. Increases may be obtained 
ho,vever when the soil is properly treated and fertilized. Applications of farm 
manure give crop increa. es and this material should be used as far as it is avail
able for use. Applications of phoi:.phoru5 fertilizers might prove of value and 
tests of rock pho"phate and acid phosphate are very de-;irable. If the surface 

• 
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soil is acid, as is true in some cases, then small applications of lime should be 
made, if alfalfa is to be ~ro'\\n. In general this crop ,vill grow particularly ,vell 
on this soil because of the high lime content of the subsoil. 

SWAMP AND BOTTOMLAND SOILS 

There are ten bottomland soils in the county and these with the colluYial 
phase of the Wabash silt loam and the river"ash and meadow make 13 soil 
areas. Together these soils cover 35 percent of the total area of the county. 

WABASH SILT LOA~I (26) 

The \\Tabash silt loam with the colluvial phase of the type "hich is somewhat 
lar ger in area, makes up the largest area of bottomland soil in the county. The 
typical soil co,·ers 9.2 percent of the total area of the county. I t occurs along 
practically all the major streams of the cow1ty. The large t de,·elopment is 
along the ,\Test Xishnabotna river, and its principal tributaries, ilYer, Indian 
and Farm creeks. It is also fow1d in considerable areas along Keg creek, fol
lov;·ing it to the point ,,..here it enters the flood plain of the ::\Iissouri riYer. ThPre 
it leaYes the channel of the creek and extends south,vard. Other smaller areas of 
the type are found along many of the smaller streams of the county and in the 
11i souri river bottoms. 

The surface soil of the Waba h silt loam is a bro,m silt loam 10 to 18 inches 
in depth. The subsoil is a dark bro,Tn to black silty clay loam. "\Vhere the soil 
occurs in swales and depressions, the surface soil is frequently black in color 
and the surface soH and subsoil are both somewhat heaYier in texture. In some 
areas the oil is r eally a silty clay loam. but theJ' are too small to separate and 
are therefore included \Yith the type. The boundary Jines bet"een the type and 
the colluvial phase and the ,,.,. aukesha silt loam are often very indi.:)tinct and are 
dra"·n arbitrarily. There is usually a gradual transition from one soil type to 
the other. 

In topography the Wabash silt loam is fairly leYel. It is subject to OYerflo"· 
but since the straightening and deepening of the channels of the "\\Test Xishna
botna river and Keg creek and the gr eater par t of ih·er creek, much of the 
type has been rendered le. subject to oyerflo". 'l'he drainage of most of the 
type is quite adequate, particularly "here the adjacent stream::. have been deep
ened and the removal of excess moisture is facilitated. 

About O percent of the type is either w1der cultiYation or in pasture. On 
the uncleared areas. the forest gro,rth consists of ,Yillo,Y, cottonwood, boxelcler, 
ash and ,,..alnut. Corn is the chief crop gTO\Yn and yields -10 to 75 bushel<; per 
acre. The hig-her vielcls are secured in more faYorable seasons. On the hi!!hPr . . 
lying and better drained ai·eas, oats and ,vheat are s01netime'> g-ro,Yn an<l g-ood 
yields are seeured, in good !":ea -ons. Often these crops gro,v too rank ho,YeYer, 
and lodg-e badly. A larg-e part of the type is in grass and much hay is cut. The 
re1nainder is pastured. The soil is one of the stronge t hay soils in the county. 

The chief need of the "\\Tabash . ilt loap:i in order to be n1acle 1nore proclucth·e 
is adequate drainage. ,\Then this is acco1nplished and the soil is protected from 
oYcrflo\\·, good crops are secured. It i.., important that the type be plo"·ecl and 
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Pure bred dairy hercl near }-,olso1n. 

cultivated "·hen in the best physical condition as it ,vill form clods if plo"·ed 
when too dry or too "·et. Small applications of farm manure ,vould aid in 
making newly drained areas more productive as there ,vill be a stimulation in 
decomposition proce es and a better production of available plant food. Large 
applications should not be made, and this material should not be applied preced
ing t he small grain crops o"·ing: to the danger of causing them to lodge. The 
soil i acid in r eaction and applications of lime "·ould be needed for gro"·ing 
legumes. 

WABASH SILT LOA:.\[ ( COLL U"\TIAL P [L\SE) (26a) 

The colluvial phase of the "\Vabash silt loam is quite extensive in area, cover
ing 12.6 percent of the total area of the county. It occurs in numerous areas 
thruout the county, being found along 1nany of the strean1s and in practically 
all the intermittent drai~age,vays. 'l'he areas are generally narrO\\'. T"·o areas 
larger than the typical, are found in the "·estern part of the county, south,vest 
and south of Gle11,vood alo11g Pony creek and along the county ditC'h. The 
areas frequently separate the upland from the Wabash silt loa1n on the botto1ns, 
especially \\'here they occur along the larger streams. Sometimes areas of ter
race inten·ene. The 1najority of the type ho\\ever follolrs the intern1ittent 
l1rainage lines. 

The surf ace soil of the colluvial phase of the \\., abash silt loam is a bro"·n to 
dark bro,Y11 silt loa1n extending to a depth of 15 to 20 inches. The subsoil is a 
darker bro,\·n silt loa1n to ~ilty clay loam, to a depth of 3 feet or n101·e. Iu so1ne 
areas along the ~nnaller treanu, there is little difference in color and texture 
bet,Yeen the surface soil and subsoil. Such areas 1night haYC' hccn 1napped as 
the Judson silt loan1 but they w·ere too sn1all to separate. So1ne i;inall are.is of 
'\\.,abash silt loam and \\'abash silty clay loam, too i;n1a1l to separatc- out are in
rluded ,vith the type. In the large area of the <.,oil, near Pa(•ific ,Jnn('tion, the 
surface soil is a bro,Yn mello,Y silt loa,n, to a depth of 1~ inchc-s. 'l'he nndc-rl~ ing 
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I(nox silt loan1 bluffs along the :\[issouri bottoms. 
foreground. 

Lnmourc silty clny loam in 
• 

material is a clay or silty clay. l\Iuch of the surfa<.:e 1uaterial in this locality is 
calcareous "hile the subsoil is not. 'l'he other large area . outh of Glen'1-·ood i. 
sin1ilar ex<.:ept that the surfa<'e soil i,;; clePper often extending to a depth of 3 
feet. ..\gain in this area the surfa<·e soil is often <'all'areous. In both the-.;e areas, 
the soil is different from the typic-al and it is of rather rcecnt for111atio11, being 
for1necl by OYerflo,v "·aters fro1n Pony creek tarrying large amounts of cal
<.:areou~ soil from the uplands. 

In topography the colluYial phase of the ,\,..abash silt loarn is lcYel to gently 
sloping. ..,.\bout O percent of it is fairly "·ell draine<l except in ,vet seasons. 
The remainder of the type is too ,yet for cultiYation and is kept in pa ture. 
\\Then cultivated, general farn1 crops are gro",1, corn yielding 35 to 75 bushel, 
per aere; oats, 25 to 40 bushels; " ·beat, 15 to 20 bushels; and hay, 111 to 21,2 

tons per acre. ....-\.lfalfa and cloYer are often gro,Yn and are Yaluable crops. 
The needs of this soil are Yery sin1ilar to those of the .adjoining lands. Drain

age is of particular irnportanec an<l should be carefully secure<l if the lan<l i to 
be rnade prodnctiYe. The addition of small amounts of farm manure "·ould be 
of Yalue on ne"·ly drained area . The soil is typically acid in reaction and addi
tions of li1ne should be n1ade before seeding to alfalfa or c.:loYer. The use of 
phosphorus fertilizers ,voulcl probably proYe of value. 

L,\~lOCHE RILTY ('LAY LOA:l\1 (111) 

Th<· La111ourc silty l'lay loa1n is the> scl'ond largest hot ton1 type in the county 
but it is !-.mall in area. It covers only ~.6 percent of the total area of the county. 
It O<'curs in scYeral area'> along the ilf issouri riYcr. 'l'he large-.;t area. are found 
south of J>aeific Jun<'tion aucl uortlnvest and soutlnvest of J::>acific City. ..i rather 
exte1n,ive area oceurs along thl' J>otta,vattan1ie county line and several rnaller 
areas lie in the northrrn part of the eounty and t,Yo in the southern part. 

The surface soil of the La1uourc silty clay loc1n1 is a dark grayi1.>h-bro"·n to 
black silty clay loan1, to 1:2 inl'ht>-.; iu depth. Th<' suh~oil is a yello,Yish-bro" 11 
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silty clay loam or clay, mottled with gray. The area just1south of P acific Junc
tion is some""hat lighter in color and texture than the typical soil and ,,ould 
haYe been mapped as Lamoure silt loam if it had been extensive enough. In 
some of the lo"·er-lying areas, the texture is heaYier and approaches the JJan1oure 
clay. Small spots of this type, too small to separate are included with the silty 
clay loam. I n general, the type i -very dark in color and it, is always well sup
plied "rith lime. Generally the surface soil as " ·ell as the subsoil ,vill efferYesce 
,vi.th acid. I n topography the soil is level to gently undulating and it is subject 
to overflow. The drainage conditions are poor. 

The Lamoure silty clay loam is practically all under cultivation or in grass 
for hay or pasture. Corn is the chief crop grown, yielding 40 to 75 bushels per 
acre. Wheat yields 18 bushels, oats, 25 to 40 bushels and alfalfa ½ to 1 ton 
per acre. These crops are all gro,vn successfully " 'hen the soil is well drained, 
and protected from oYerflo"'· There is a large acreage in bluegrass "·hich is 
utilized for pasture. So1ne clover and timothy are gro"·n for hay but the acre
age in alfalfa is slightly larger than that in this crop. 

This type is naturally a fertile soil. When "·ell drained excellent crop yields 
ar e secured. I t is well supplied "·ith organic matter and lime and will not need 
additions of these 111aterials for some years. S1nall amounts of farm n1anure 
1night be of Yalue on ne"·ly drained areas, and this fertilizing material " ' ill be 
needed in the future after the soil has been brought under more intensiYe cul-

• 
t ivation and has been "·ell drained for a longer period of time. Additions of 
phosphorus fertilizers may also be of value in some cases and tests are desirable. 

CASS SILT L0.\..1f (106) 

The Cass silt loam is a minor type in the county, coYering 2.2 percent of the 
total area. I t occurs thruout the :J\Iissouri riYer bottoms in areas of varying 
size. The larger areas are found to the north, south,,est, and south of Pacific 
J unction. There is also a rather exiensiYe area along the Fremont county line. 
Se-veral small areas occur in the north"·estern corner of the county. 

The Cass silt loam has a surface soil ,vhich is dark bro"·n in color and a s1nooth 
velvety silt loam in texture. I t is 10 to 16 inches in depth. The subsoil is a 
light brown very fine sandy loam becoming more and more sandy " 'ith increas
ing depth, and in some places grading at 28 to 36 inches into a fine sand. The 
surface soil is usually "'ell supplied ,vith lime and the subsoil is like"·ise high in 
lime. I n general both sur face soil and subsoil "·ill effervesce \Yith acid. The 
topography of the type is leYel to gently undulating. The drainage of the soil 
is adequate, o,,ing to the loose character of the subsoil. The greater part of 
the type lies above overflo,v, but in some areas, overflo"'s occur. 

The greater part of the Cass silt loam is under cultivation. General farn1 
crops are gro\,n. Corn, "·heat, oats, alfalfa, and cloYer are the principal crops. 
Corn yields fron1 40 to 80 bushels per acre aud on a nu1nber of farms aYerage 
yields of 65 bushels per acre are secured. Oatc:.; yield 35 to 60 bushels per acre; 
"·heat, 15 to 25 bushels; and hay, 1½ to 3 tons. ....\.lfalfa i~ quite surce~sfully 
gro,vn and yields from 1½ to 3 tons per acre. Trurk crops gro\\· "·ell 011 the 
type. Potatoes are gro"'ll for hon1e use and heaYy yirld.., are seeured . 

• 
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Ci<•ntl_, roll in~ topography of I he >Tarsha II silt loam. 
t·olhn·ial phase \\'abash silt loam. 

In the dra11s 01·1·urs tlil' 

This type is gen<>rall~· <1uite satisfac·toril~· prodnetiYe and "hen it is 11ot 
flooded, good yields are seeurc•(l. It is "'ell drained and ,Yell supplied "·ith time. 
The organic matter <'Onte11t is not lcn, but applications of fann 1nanure are very 
desirable and give good ('rop inc·reases. I f the snrfa<'l' soil is aeid in any areas, 
then limt> should be appliecl before seeding to alfalfa or eloYer. In general, lin1-
i11g is not necessary. I'ho..,phorus fertilizers niight often be of Yalue as the te"t 
referred to earlier in this report indiC'ates. Tests of these 1naterial~ on the ill
di,·idual farn1s arc reco1nmendecl. 

\\'AB..\RTI ~ILTY CL.\ Y (~,) 

'f he \\Taba-.h silt clay is a n1inor type in the county, coYering 1. ' percent of 
the total area. It oecur iu three areas in the northern part of the \\Te. t Xi ·hua
botna river bottoms and in one area in the l\fissouri ri,·er bottoms. The large"t 
area is found soutb"·est of liencler. on. The other areas alo11p: the \Y·est 'ishna
botna are i-.mall in extent. rrhe area in the south,restern part of the <'Ounty "·ell 
baek fro1n the l\I issouri riYer is quite extensiYe, oc('urriug a-; a long narro,v area 

" ·hic·h "·idens out to a distan<'e of about t,ro n1iles in one part. 
'rhe surfaee soil of the "\Vabash silty elay is a dark bro,rn or blal'k silty clay, 

ahout 10 in<'hes in depth. The sub ·oil is a very dark gray heaYy silty clay or 
<'lay extending to a depth of 3 feet or 1nore. It is heaYy and impervious in tex
ture and is locally knO\\'ll a-, '' gu1nbo.'' It is sti<'ky and hard to cnltiYate "·hen 
too " ·et and in dry \Yeather large crack.., appear. I t is flat in topography and is 
C'Ut by depressions and sloughs. It is Yery poorly drained and i" subjeet to 

OYerflO\\' . 
.. \ large part of the type is utilized for pasture and the nath•e grasses furnish 

excc>lleut pasturage. l .1ar~e yields of ,Yilcl hay are secured. Corn i' the most 
extrn ... iYely gro,Yn crop and yields of -10 to 70 bushels per a<.'re are . ecurecl. In 
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wet seasons the corn is apt to be dro\med out and millet is then often seeded. 
On the better drained areas, some wheat is gro\\·n. 

The type i chiefly in need of drainage and protection fro1n OYerflo,v if good 
crop gro,vth is to be secured. It must be handled carefully, and not plo,ved 
\\'hen too \Yet or too dry. Clods formed from improper moisture conditions 
\Yhen the soil is plo,ved "'ill often remain unpulverized for long periods. Small 
amounts of farm manure might be of value on ne,Yly drained areas, but large 
amounts should not be used. The soil is acid and if legumes are to be gro,Yn, 
lime should be applied. Phosphorus ferti lizers 1nay be of Yalue on some area~ 
and tests of these materials on areas ,Yhich are brought under cultivation are 
Yery desirable. 

CASS SILTY CLAY LOA1I (51) 

The Cass silty clay loam is of minor importance in the county, covering only 
1.4 percent of the total area. It occurs in several areas along the Missouri riYer. 
The largest area is found just ,vest of Pacific Junction. Smaller areas are found 
,vest of Pacific Junction and "'est and south of Pacific City. Several small areas 
occur in the northwestern part of the county and in the southern part of the 
1Iissouri bottoms. 

The surf ace soil of the Cass silty clay loam is a dark brown silty clay loam, 
extending to a depth of 8 to 12 inches. The subsoil is a grayish silty clay loam 
to a depth of 20 inches, ,Yhere it grades into a yello,vish-bro,vn fine sandy loam. 
The lowest part of the three foot section is often a loose fine sand. Both the 
soil and the subsoil are highly calcareous. In topography it is level to gently 
undulating. The drainage is good. It is subject to overflo,Y but lies some,vhat 
higher than the Lamoure silty clay loam with which it is associated and it is 
rarely flooded. It is lo""er than the Cass silt loa1n. 

Practically all of the type is cleared and farmed. Corn, oats, ,vheat, alfalfa 
and cloYer are the chief crops grO\\'ll. Corn yields 40 to 80 bushels per acre; 
oats, 35 to 55 bushels; "'heat, about 25 bu hels, and alfalfa from 2 to 4 tons per 
acre. The largest apple orchard in the county is located on this type in the area 
west of Pacific Junction. There are about 100 acres in this orchard. The J ona
than and Grimes are the chief varieties of apples grO\\'D. The soil is also ,vell 
suited to the growing of tomatoes, cabbage, potatoes, onions and strawberries. 

The yields of crops on this type are very much the same as those secured on 
the Cass silt loam. The type does not \Yarm up quite as early and hence seeding 
is sometimes delayed. The addition of farm manure would be of value on this 
soil and applications of this material should be made. The use of phosphorus 
fertilizers ,vould al o probably proYe of value and these materials should be 
tested on small areas. I f truck crops are gro,vn other fertilizers might be used 
to advantage, choosing those complete commercial brands ,vhich are particularly 
designed for truck crops. 

LA11OURE CLAY (166) 

The Lamoure clay is a minor type in the county, covering only 1.2 per~ent 
of the total area. It occurs in the 1\1is ouri river bottoms, in several areas. The 
largest area is found northwest of Folsom. SeYeral small areas occur in the 
northwe tern part of the county. Only four small areas are found outside of 
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Fig. 10. :Uarshall silt loam topography. 

St. irary to,Ynship. The area "·est of },oh,om is 4 to 5 miles long and f rom one
fourth to one mile in \Yidth. 

The surface soil of the Lamoure clay is a dark grayi h-brown to black clay or 
silty clay, 6 to 8 inches in depth. 'l'he upper subsoil is very similar to the sur
face soil but slightly darker in color. At 1 to 2-1 inches it pa~ es into a dark 
gray or drab clay. Both the soil and subsoil are usually highly calcareous. In 
general both effervesce ,rith acid. In the area ,ve t of Fol om, there are in
cluded small knolls and narro,Y ridges of riYer,vash \Yhich cannot be separated 
out on the map. 

The Lamoure clay is level to flat in topography. I t- i· all subject to overflo,v 
except for tho e areas northwest and nor theast of P acific Junction. Else,Yhere 
the type is in a s,vampy or sen1isaturated condition except in dry sea:::,ons. The 
soil is not cultivated. The largest area supports a den e gro,vth of "·illo,v and 
cotton\\·ood and a scant gro,Yth of grass. The other areas are covered with a 
rank gro\\ih of sedges and rushes and are u ed for pa ture. \Vild grasses are 
cut for hav on the better drained areas near P acific J unction. I f this soil i 

• 
to be used for crops, it must be thoroly drained first of all and then protected 
from overflo,Y. I t might then be n1ade to produce good crop yields as it is 
naturally a rich type. 

River,Yash oc<'urs in several areas along the i i issouri river. The total area of 
this n1aterial a1nou11ts to 1.1 percent of the total area of the county. The larg
er-;t areas are found ,Yest of Folsom and ,Yest of Pacific City along the riYer. 
Smaller areas, usually in narro,Y strips occur along the riYer. The greater part 
of this material consi~ts of fine sand but beds of silt and clay occur at frequent 
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intervals. In places these areas become part of the stream channel at times of 
high "-ater . They are formed by the changing stream course and the size of the 
areas and character of the material is therefore constantly changing. The areas 
outside the present stream bed are often coYered "·ith sn1all "·illo"s or cotton
,,ood. River,vash has no agricultural value. 

"\V .\.BASfI SILTY CLAY LOAM ( 4'l) 

The Wabash silty clay loam i a minor type in the county, covering 0.9 per
cent of the total area. I t occurs only in the bottoms of the ,vest i\'"ishnabotna 
r iver in White Cloud to,,n hip. There are t"·o areas of the type "·hich are 
rather extensive one ,vest of the river beginning about one mile ,vest of \\Thite 
Cloud and the other east of the river extending from about one-half mile north
,,est of Clark to the county line. One Yery small area is mapped just north of 
White Cloud. 

The surface soil of the '\Vabash ilty clay loa1n is a dark bro,,n to black silty 
clay loam 8 to 12 inches in depth. The subsoil is black to very dark gray heavy 
silty clay loam to a depth of about 20 inches, then grading into a heavy, tena
cious silty clay or clay of a similar color. In so1ne areas, "·here the drainage is 
poor , the surface soil rests directly on the heaYy clay. Small areas of the 
'\Vabash silty clay and the \Vabash silt loa1n, too small to separate are included 
,vith the type. I n topography the soil is level to slightly depres. ed and the 
natural drainage is poor. It is subject to overfio,v but since the riYer channel 
has been straightened and deepened overflo,vs are less frequent. 

About 95 percent of this type is deYotecl to pasture, the re1nainder being 
utilized for corn. The yields of th is crop a1noun t to 35 to 80 bushels per acre, 
the average being about 50 bushels. Bluegrass, bluestem and slough grass fur
nish the pasturage. The type at pr e ent is better suited to pasture purposes 
than for cultivated crops. I t might be improved for cropping purposes, if it 
"'ere thoroly drained. I t is naturally a fertile soil and should give good crop 
yields. It is acid and "'ould need lime if legumes " 'ere grovn1. It might re
spond to phosphorus fertilizers. Farm manure ,vould be of value if used in 
small amounts on ne\\·ly drained areas. 

C.\SS CLAY (165 ) 

The Cass clay is a minor type in the county, coYering only 0.7 percent of the 
total area. It occurs in the bottoms of t_he Mis ouri river in several areas. The 
largest areas are found in the extre1ne southern part of the county along the 
river. Several smaller areas occlU' ,Yest of Pacific Junction and one small area 
is located in the northwestern part of the county. 

The surface soil of the type is a dark grayish-bro,vn clay, extending to a depth 
of 8 to 16 inches. The subsoil is a lighter grayish-br0\\'11 clay to a depth of 20 
to 24 inches. Beyond that point it is underlaid by a light grayish-bro,vn fine 
sand or sticky fine sandy loam. In a fe,v places, recent overfto\\'S have coyered 
the soil with a br0\\'11 silt loam beneath ,vhich the typical soil is encouut~red. 
Both the sur face soil and the subsoil are generally highly calcareous. In topog
raphy the type is low and flat. The natural drainage is poor. 
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Fig. 11. L evel bottomland along the ~lissouri river. Cass fine sandy loa1n 1n foreground. 
Lamoure silty clay loam in background. 

The chief crops gro,Tn on the soil are corn and "·heat. 1\f uch of the area in 
the type is utilized for these crops. I n good sea ons the yields ecur ed are quite 
satisfactory but the crops are often ruined by flood . D rainage is the first treat
ment needed by the soil to make it more productiYe. I t must also be protected 
from overflow· if crops are to be sure. Care is very nece sary in handling the 
soil as it will clod badly if plo,ved "·hen too wet or too dry. Small applications 
of farm manure would be of value on ne"·ly drained areas but large amounts of 
this material should not be used. The use of phosphoru fertilizers might al o 
be of value for increasing the yields of crops gro,Yn on ne,Yly drained areas, 
or even on areas ·which haYe been under cultiYation for some time. Te ts of 
phosphorus fertilizers on indiYidual fa rms are desirable. 

MEADOW (20) 

There is a !-mall area of meado,Y in the county, amounting to 0.6 percent of the 
total area. It occurs in one continuous narro,Y strip along the course of the 
i\ishnabotna riYer and along SilYer creek \Yhere it joins the riYer. The material 
ranges fro1n a loose sand to a heaYy clay loam. It is extremely variable in char
acter and hence cannot be 111apped a. a soil type. The areas are cut up by many 
lo,v rich~es and depressions ma<le by for111cr cour. es of the streams. Practically 
none of the areas mapped as meado"' are cnltiYate<l but they are u. ed for pas-

ture. 
8.\RPY FIXE ~AXDY LO.\:?ll (10:2) 

The Sarpy fine sand~ loam is a n1inor type in the county. coYering 0.6 percent 
of the total area. It o<.:curs in seYeral small areas along the :\Iissouri ri\·er in 
the botto1ns. The largest area~ are found in the northw·e tern corner of the 
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county, west of Pacific City and around Sharpsburg. Other smaller areas oc-
cur in various locations thruout the Missouri river bottoms. 

The surface soil of the type is a grayish-bro,vn or bro,Ynish-gray fine sandy 
loam, 8 to 10 inches in depth. The subsoil is a gray fine sand to a very fine sand. 
In some areas the surface material is a fine sand but these spots are too small to 
sho,v on the map. In places there are included small amounts of riverwash 
"~hich cannot be separated out. In some of the depressed areas and narro,v 
swales, there are thin layers of clayey material which may occur at various 
places thruout the 3 foot section. Both the surface soil and the subsoil are 
usually v\'ell supplied with lime and will effervesce ,vith acid. In topography 
the type is slightly undulating with occasional lo"· ridges. The drainage is good 
to excessive. Crops are apt to suffer in dry seasons. 

Much of the type is utilized for pasture o,ving to the danger of overflo"'· On 
the areas less frequently flooded, grain and truck crops are grown successfully. 
Corn is the principal crop and in good seasons, the yields are very satisfactory. 
Little wheat is grown. Watermelons and muskmelons prove very successful on 
the type. The soil will respond to liberal applications of farm manure and it 
would also probably be made more productive by applications of a phosphorus 
fertilizer. Leguminous crops turned under as green manures ,vould aid in build
ing the soil up in organic matter and permit of better moisture conditions. Pro
tection from overflo,v \Vould of course be necessary in some of the areas if the 
soil ,V"ere to be used for cropping purposes. 

CASS FINE SANDY LOAM (130) 

The Cass fine sandy loam is a minor type in the county, covering only 0.1 
percent of the total area. It occurs in several small areas thruout the l\1issouri 
river bottoms, in association \Yith the Cass silt loam. The largest area lies 2½ 
miles south of Pacific Junction and three of the five other areas are found in 
St. Mary township. 

The surface soil of the type is a dark brown fine sanLly loam, 8 to 10 inches 
in depth. The subsoil is a bro"1n, medium to fine sand. Small areas of the 
loamy fine sand, too small to separate are included ,vith the type. Both the sur
face soil and the subsoil is usually "'ell suppliecl \Yith lime and " 'ill effervesce 
with acid. In topography it is billo,vy in the larger areas, while the smaller 
areas occur as low knolls and ridges. I t is ,vell drained and in spite of the loose 
texture is rarely draughty. It lies well above ordinary overflo,v. 

niost of the type is under cultivation and corn is the principal crop gro,vn. 
It is well adapted to early truck crops and gives good yields of ,vatermelons and 
muskmelons. Pasture grasses also do " ·ell. The soil ,vould be increased in fer
tility by small additions of farm manure. It might also be 1nacle more productive 
by the addition of a phosphorus fertilizer and tests of the value of rock and acid 
phosphate are very dec:;irable. If truck crops are gro"·n, then a C'omplete com
mercial fertilizer, especially made up to favor truck crops probably might be 
used with profit. 
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APPENDIX 

THE SOIL SURVEY OF IOWA 
What soils need to make them highly productive and to keep them so, a nd bow 

their needs may be supplied, are problems which are met constantly on the farm 
today. 

To enable every farn1er to soh·e these problems for his local conditions, a complete 
survey and study of the soils of the state has been undertaken, the results of which 
will be published in a series of county reports. This v.•ork includes a detailed sur• 
vey of the soils of each county, following which all the soil types, streams, roads, rail
roads, etc., are accurately located on a soil map. This portion of the work is being 
carried on in cooperation with the Bureau of Soils of the United States Department 
of Agriculture. 

Samples of soils are taken and examined mechanically and chemically to determine 
their character and composition and to learn their needs. Pot experiments with these 
samples are conducted in the greenhouse to ascertain the value of the use of manure, 
fertilizers, lime and other materials on the various soils. These pot tests are followed 
in many cases by field experiments to check the results secured in the greenhouse. 
The meagerness of the funds available for such v;rork has limited the extent of these 
field studies and tests have not been possible in each county surveyed. Fairly com
plete 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 n1etbods of treatment 
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are emphasized as necessary or their discontinuance advised, and new methods of 
proven value are suggested. The published reports as a whole will outline the 
methods which the farmers of the state must employ if they wish to maintain the 
fertility of their soils and to insure the best crop production. 

The various counties of the state will be surveyed as rapidly as funds will permit, 
the number included each year being determined entirely by the size of the appro
priation available for the "'Ork. The order in which individual counties will be 
chosen depends very largely upon the interest and demand in the county for the 
work. Petitions signed by the residents, and especially by the farmers or farmers' 
organizations of the county should be submitted to indicate the sentiment favorable 
to the undertaking. Such petitions are filed in the order of their receipt and aid 
materially in the annual selection of counties. 

The reports giving complete results of the surveys and soil studies in the various 
counties will be published in a special series of bulletins as rapidly as the work is 
completed. Son1e general information regarding the principles of permanent soil 
fertility and the character, needs and treatment of Io,va soils, gathered from various 
published and unpublished data accumulated in less specific experimental ,vork will 
be included in or appended to all the reports. 

PLANT FOOD IN SOILS 

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

Furthermore, there can never be a shortage in the elements which come primarily 
from the air, such as carbon and oxygen, for the supply of these in the atmosphere is 
practically inexhaustible. The same is true of nitrogen, which is no,v kno,vn to be 
taken directly from the atmosphere by well-inoculated legumes and by certain micro
scopic organisms. Hence, altiho many crops are unable to secure nitrogen from the 
air and are forced to draw on the soil supply, it is possible by the proper and fre
quent growing of well-inoculated legumes and their use as green manures, to store up 
sufficient of this element to supply all the needs of succeeding non-legumes. 

Knowledge of the nitrogen content of soils is important in showing whether suf
ficient green manure or barnyard manure has been applied to the soil. Commercial 
n itrogenous fertilizers are now known to be unnecessary where the soil is not ab
normal, and green manures may be used in practically all cases. Where a crop must 
be "forced," as in market gardening, some nitrogenous fertilizers may be of value. 

THE "SOIL DERIVED" ELEMENTS 

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

If the amounts of any of these soil-derived elements in soils are very low, they need 
to be supplied thru fertilizers. If considerable amounts are present, fertilizers con
taining them are unnecessary. In such cases if the mechanical and humus conditions 
in the soil are at the best, crops will be able to secure sufficient food from the store 
in the soil. For example, if potassium is abundant, there is no need of applying a 
potassium fertilizer; if phosphorus is deficient, a phosphate should be applied. If 
calcium is low in the soil, it is evident that the soil is acid and lime should be ap
plied, not only to remedy the scarcity of calcium, but also to remedy the injurious 
acid conditions. 

AVAILABLE AND UNA'VAILABLE PLANT FOOD 

Frequently a soil analysis sho,vs the presence of such abundance of the essential 
plant foods that the conclusion might be drawn that crops should be properly supplied 
for an indefinite period. Ho,vever, applications of a fertilizer containing one of the 
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TABLE I. PLANT FOOD IN CROPS AND VALUE 

Calculating Nitr ogen (N) at 16c (Sodium Nitrate (Na NO3
) ), Phosphorus (P) at 12c 

(Acid Phosphate), and Potassium (K) at 6c (Potassium Chloride (KCl) ) 

Plant food, lbs. Yalue of plant food Total 
value 

Crop Yield of 
Nitro- Phos- Potas· Nitro- Phos- Potas- plant 
gen pborus sium gen phorus sium food 

Cor n, grain ...... 75 bu. 75 12.76 14 $12.00 I $1.52 $0.84 I $14 .37 
Corn, stover 2. 25 T . 36 4.5 39 5.76 0. 54 2.34 8.64 .... 
Cor n, crop . . . .. . . . . . . . . 111 17.25 53 17.76 I 2.07 3.18 23.01 
Wheat, grain ... 30 bu. 42.6 7.2 7.8 6.81 

I 
0.86 0. 46 8. 13 

Wheat, straw . . . 1 . 5 T . 15 2. 4 27 2.40 0 .28 1 . 62 4 .30 
Wheat, crop 57.6 9.6 34 .8 9.21 1 .14 2. 08 12. 43 . . . . • ♦ •••••• 

Oats, grain ..... 50 bu. 33 5.5 8 5.28 0.66 I 0. 48 6. 42 
Bar ley, straw ... 1. 25 T. 15.5 2.5 26 2. 48 0.30 1.56 8.28 
Oats, crop ...... ........ 48.5 8 34 7.76 0.96 

I 
2.04 14.70 

Bar ley, g rain ... 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61 
Barley, straw ... 0 . 75 T. 9.5 1 13 1.52 0. 12 0.78 2. 42 
Barley, crop .... . . . . . ... 32.5 6 18.5 5.20 0.72 1 .11 7.03 
Rye, grain ...... 30 bu. 29 .4 6 7.8 4 .70 

I 
0.72 0 . 46 5.88 

Rye, straw . . . . . 1 .5 T. 12 3 21 1 .92 0.36 1.26 3.54 
Rye, crop 41 .4 9 I 28.8 6 .62 1.08 1. 72 I 9. 42 ....... . . . . . . . . 
Potatoes ........ 300 bu. 63 I 

12.7 90 
I 

10.08 1.25 5. 40 17.00 
Alfalfa, bay . . . . 6 T. 300 27 144 48.00 3.24 8.64 59.88 
Timothy, hay ... 3 T. 72 

I 9 67.5 11.52 1 .08 3. 95 16.55 
Clover, hay ..... 3 T. 120 15 90 19.2(} 1.80 5.40 16.40 

elements present in such large quantities in the soil may bring abou t a n appreciable 
and even profitable increase in crops. 

The explanation o f this peculiar state of affairs lies in the fact that all the plant 
food shown by analysis to be present in soils is not in a usable form; it is said to be 
unavailable. Plants cannot take up food unless it is in solution; hence available 
plant food is that which is in solution. Analyses show not only t his soluble or avail
able portion, but also the very much larger insoluble or unavailable par t. T he total 
amount of plant food in the soil may, therefore, be abundant for numerous crops, 
but if it is not made available enough, plant-s wil l suffer for proper food. 

Bacteria and molds are the agents which bring about the chaI!ge of insoluble, un
available material into available form. If conditions in the soil are satisfactory fo r 
their vigorous growth and sufficient total plant food is present, these organisms ,vill 
bring about the production of enough soluble material to sup port good crop growth . 
The soil conditions necessary for the best growth and action of bacteria a nd molds 
are the same as those which a r e required by plants. The methods necessar y to main
tain permanent soil fertility will, therefore, insure satisfactory action of these or
ganisms and the sufficie"nt production of available plant food. The nitrogen left in 
the soil in plant and animal remains is entirely useless to plants and must be changed 
to be available. Bacteria bring about this change and they are all active in normal 
soils whirh are being properly handled. 

Phosphorus is found in soil mainly in the mineral known as apatite and in other i n
soluble substances. Potassium occurs chiefly in the inso luble feldspars. Therefore, 
both of these elements, as they normally occur in soils, are unaYailable. However, 
the growth of bacteria and molds in the soi l brings about a production of carbon 
doixide and organic acids which act on the insoluble phosphates and potassium com
pounds and make them available for plant food. 

Calcium occurs in the soil mainly in an unavailable form, but the compounds con
taining it are attacked by the soil water carrying the carbon dioxide produced by 
bacteria and molds and as a result a soluble compound is formed. The losses of 
lime from soils are largely the result of tbe leaching of this soluble compound. 

Sulfur, like nitrogen, is present in the soils chiefly in plant and animal remains, in 
which form it is useless to plants. As these mater ials decompose, however, so•called 
sulfur bacteria appear and bring about the formation of soluble and available su l
fates. 

The importance of bacterial action in making th e store of plant food in the soil 
available is apparent. With proper physical and chemical soil conditions, all the 
necessary groups of bacteria mentioned become active and a v igorous production o f 
soluble nitrogen, phosphorus, potassium, calcium and sulfur r esults. I f crops are 
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to be properly nourished, care should always be taken that the soil is in the best 
condition for the gro,vth of bacteria. 

RE1\1OV AL OF PLANT FOOD BY CROPS 

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

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

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

It is evident from the table that the continuous growth of any con1n1on farm crop 
without returning these three important elements ,vill lead finally to a shortage of 
plant food in the soil. The nitrogen supply is drawn on the most heavily by all the 
crops, but in the case of alfalfa and clover only a small part should be taken fron1 
the soil. If these legumes are inoculated as they should be, they ,vill take n1ost of 
their nitrogen from the atmosphere. The figures are therefore entirely too high for 
the nitrogen taken from the soil by these two crops, but the loss of nitrogen fron1 the 
soil by removal in non-leguminous crops is considerable. The phosphorus and potas
sium in the soil are also rapidly reduced by the growth of ordinary crops. \Yhile the 
nitrogen supply may be kept up by the use of leguminous green manure crops, phos
phorus and potassium must be supplied by the use of expensive commercial fertilizers. 

The cash value of the plant food removed from soils by the growth and sale of 
various crops is consideral>le. Even ,vhere 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 almoot doubled. It is evident, there
fore, that in calculating the actual income from the sale of farm crops, the ,·alue of 
the plant food removed from the soil should be subtracted from the proceeds at least in 
the case of constituents ,vhich must be replaced at the present time. 

Of course, if the crops procured are fed on the farm and the manure carefully pre
served and used, a large part of the valuable matter in the crops will be returned to 
the soil. This is the case in livestock and dairy farming "'here the products sold con
tain only a portion of the valuable elements of plant food remoYed from the soil. In 
grain farming, ho,vever, green manure crops and commercial fertilizers must be de
pended upon to supply plant food deficiencies in the soil. It should be mentioned that 
the proper use of crop residues in this latter system of farming reduces considerably 
plant food loss. 

REl\'.lOVAL FROl\1 IO\Y A 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 calcu
lation is based on the estimate of the secretary of the Western Grain Dealers' Associa
tion that 20 percent of the corn and 35 to 40 percent of the oats produced in the 
state is shipped off the farms. 

This loss of fertility is unevenly distributed over the state, varying as farmers do 
more or less livestock and dairy farming or grain farming. In grain farming, where 
no manure is produced and the entire grain crop is sold, the soil may very quickly 
become deficient in certain n ecessary plant foods. Eventually, however, all soils 
are depleted in essential food materia ls, whatever system of farming is follo,ved. 

This loss of fertility is great enough to demand serious attention. Careful con
sideration should certainly be given to all means of maintaining the soils of the state 
in a permanently fertile condition. 

PERMANENT FERTILITY IN 101i·.,.1 SOILS 

The preliminary study of Iowa soils, already reported, revealed the fact that there 
is not an ineX'haustible supply of nitrogen, phosphorus and potassium in the soils of 
the state. Potassium was found in much larg?.r amounts than the other two elen1ents. 
and it was concluded, therefore, that attention should be centered at the present time 
on nitrogen and phosphorus. In spite of the fact that Iowa soils are still comparative
ly fertile and crops are still large there is abundant evidence at band to prove that 
the best possible yields of certain crops are not being obtained in many cases because 
of the lack of necessary plant foods or because of the lack of proper conditions in 
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the soil for the growth of plants and the production, by bacteria, of available plant 
food. 

Proper systems of farming "'ill insure the production of satisfactory crops and the 
maintenance of permanent fertility and the adoption of such systems should not be 
delayed until the crop yields are much lo"·er, for then it "'ill involve a long. tedious 
and very expensive fight to bring the soil back to a fertile condition. If proper 
methods are put into operation \\'bile comparatively large amounts of certain plant 
foods are still present in the soil, it is relath·ely easy to keep them abundant and 
attention n1ay be centered on other elements likely to be limiting factors in crop 
production. 

Soils n1ay be kept permanently fertile by adopting certain practices which will 
be summarized here. 

CULTIVATION AND DRAINAGE 

Cultivation and drainage are t"•o of the most important farm operations in keeping 
the soil in a favorable condition for soil production, largely becawse they help control 
the moisture in the soil. 

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

,vbile the amount of moisture in the soil depends very largely on the rainfall. any 
excess of water may be removed from the soil by drainage and the amount of "·ater 
present in the soil may be conserved during the periods of drouth by thoro cultivation 
or the maintaining of a good mulch. The need for drainage is detern1ined partly by the 
nature of the soil, but n1ore particularly by the subsoil. If the subsoil is a heavy, tight 
clay, a surface clay loam will be rather readily affected by excessive rainfall. On the 
other band. if the surface soil is sandy, a heavy subsoil will be of advantage in prevent
ing the rapid drying out of the soil and also in checking loss€s of valuable matter by 
leaching. 

:\lany acres of land in the '\\~isconsin drift area in Iowa ha,·e been reclaimed and 
made fertile thru proper drainage, and one of the most important farming operations is 
the laying of drains to insure the removal of excessive moisture in heavy soils. 

The loss of moisture by evaporation from soils during periods of heavy drouth may be 
checked to a considerable extent if the soil is cultivated and a good mulch is main
tained. :\Iany pounds of valuable "·ater are thus held in the soil and a satisfactory 
crop growth secured when otherwise a failure would occur. Other methods of soil treat
ment, such as liming, green manuring and the application of farm manures, are also 
important in increasing the "'ater-holding power of light soils. 

THE ROTATION OF CROPS 

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

Probably the chief reason why the rotation of crops is beneficial may be found in the 
fact that different crops require different amounts of the various plant foods in the soil. 
One particular crop will remove a large amount of one element and the next crop if it 
be the same kind, will suffer for a lack of that element. If some other crop, which does 
not draw as heavily on that particular plant food, is rotated with the former crop, a 
balance in available plant food is reached. 

\\"here a <·ultivated crop is grown continuously, there is a much greater loss of or
ganic matter or humus in the soil than under a rotation. This fact suggests a second 
explanation for the beneficial effects of crop rotation. \\'ith cultivation, bacterial action 
is much increased and the humus in the soil may be decomposed too rapidly and the soil 
injured by the removal of the valuable material. Then the production of available plant 
food in the soil will be hindered or stopped and crops may suffer. The uc;e of legumes 
in rotations is of particular value since when they are well inoculated and turned un
der. they not only supply organic matter to the soil, but they also increase the nitro
gen content 

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

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

MANURING 

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

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

T hree materials may be used to supply the organic matter and n itrogen of soils. These 
are farm m anure, crop residues and green manure, the first two being much more 
common. 

Farm manure is composed of the solid and liquid excreta of animals, litter, uncon
sumed food and other waste materials, and supplies an abundance of organic matter, 
much nitrogen and millions of valuable bacteria. It contains, in short, a portion of the 
plant food present in the crops originally removed from the soil and in addition the 
bacteria necessary to prepare this food for plant use. If it were possible to apply 
enough amounts of farm manure, no other material would be necessary to keep the 
soil in the best physical condition, insure efficient bacterial action and keep up the 
plant food supply. But manure cannot serve the soil thus efficiently, for even under 
the very best methods of treatment and storage, 15 per cent of its valuable constituents, 
mainly nitrogen, are lost. Furthermore, only in a very few inslances is enough produced 
on a farm to supply its needs. On practically all soils, therefore, some other n1aterial 
must be applied with the manure to maintain fertility. 

Crops residues, consisting of straw, stover, roots and stubble, are important in keeping 
up the humus, or organic matter content of soils. Table I shows that a considerable 
portion of the plant food removed by crops is contained in the straw and stover. On 
all farms, therefore, and especially on grain farms, the crop residues should be r eturned 
to the soil to reduce the losses of plan t food and also to aid in maintaining the humus 
conten t. These materials alone are, of course, insufficient and farm manure n1ust be 
used when possible, and green manures also. 

Green manuring should be followed to supplement the use of farm manures and crop 
residues. In grain farming, ,vhere little or no manure is produced, the turning under of 
leguminous crops for green manures must be relied upon as the best means of adding 
humus and nitrogen to the soil, but in all other systems of farming also it has an im
portant place. A large number of legumes will serve as green manure crops and it is 
possible to introduce some such crop into almost any rotation without in terfering with 
the regular crop. It is this peculiarity of legumes, together with their ability to use 
the nitrogen of the atmosphere ,vhen well inoculated and thus increase the nitrogen 
conten t of the soil which gives them their great value as green manure crops. 

It is essential that the legumes used be well inoculated. Their ability to use the 
a tn1ospheric nitrogen depends on that. Inoculation may be accomplished by the use 
of soil from a field where the legume bas previously been successfully grown and well 
inoculated or by the use of inoculating materials that may be purchased. If the legume 
has never been grown on the soil before, or has been grown without inoculation, then 
inoculation should be practiced by one of these methods. 

By using all the cr op residues, all the manu re produced on the farm, and giving 
well-inoculated legumes a place in the rotation for green manure crops, no artificial 
means of maintaining the h umus and nitrogen content of soils need be r esorted to. 

THE USE OF PHOSPHORUS 

Iowa soils a r e not abundantly supplied with phosphorus. :l\Ioreover, it is possible 
by the use of manures, green manures, crop residues, straw, stover, etc., to return to the 
soil the entire amount of that e lement removed by crops. Crop residues, stover and 
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straw merely return a portion of the phosphorus removed, and while their use is im
portant in checking the loss of the element, they cannot stop it. Green manuring adds 
no phosphorus that was not used in the growth of 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 scarcity of phosphorus in Iowa soils cannot be 
positively shown, analyses and results of experiments show that in the more or less 
distant future, phosphorus must be applied or crops will suffer for a lack of this ele
ment. Furthermore, there are indications that its use at present would prove profitable 
in some instances. 

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

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

LIMING 

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

All Iowa soils should therefore be tested for acidity before the crop is seeded, particu
larly when legumes, such as alfalfa or red clo,·er, are to be gro,, n. Any farmer may 
test his own soil and determine its need of lime, according to simple directions in bulle
tin No. 151, referred to above. 

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

SOIL AREAS I!\' IO lrA 

There are five large soil divisions in Iowa, the Wisconsin drift, the Iowan drift. the 
~Iissouri loess, the l\'lississippi loess and the Southern Iowa looos. These five divisions 
of the soils of the state are based on the geological forces which brought about the forma
tion of the various soil areas. The various areas are shown in the map. fig. 1a. 

With the exception of the northeastern part of the state, the whole surface of Iowa 
,vas in ages pa.st overrun by the great continental ice sheets. These great n1asses of ice 
moved slowly over the land, crashing and grinding the rocks beneath and carrying along 
with then1 the material ·which they accumulated in their progress. Five ice sheets in
vaded Iowa at different geological eras, con1ing from different directions and carrying 
therefore, different rock material with them. 

The deposit, or sheet, of earth debris left after the ice of such glaciers melts is called 
"glacial till" or "drift" and is easily distinguiRhed by the fact that it is usually a rather 
stiff day containing pebbles of all i;orts a!'; well as large boulders of "nigger head&." 
Two of theRe drift area!-1 occur in Iowa today, the Wisconsin drift and the Iowan drift, 
covering the north central part of the state. The soils of th~e two drift areas are quite 
different in chemical con1position. due primarily to the different ages of the two ice 
invasions. The Iowan drift was laid down at a n1uch earlier period and is somewhat 
poorer in plant food than the \Visconsin drift soil. having undergone considerable leach
ing in the time ,vhich has elapsed since its forn1ation. 

The drift deposits in the remainder of the state have been covered by so-called loess 
soils, vast accumulations of dust-like materials which settled out of the air durin~ a 
period of geological time when climatic conditions were very different than at present. 
These loess soils are very porous in spite of their fine texture and they rarely contain 
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large pebbles or stones. They present a strong contrast to the drift soils, ·which are 
some,vhat heavy in texture and filled with pebbles and stone. The three loess areas in 
the state, the Missouri, the l\1ississippi and the Southern Iowa, are distinguished by 
differences in texture and appearance, and they vary considerably in value for farming 
purposes. In some sections the loess is very deep, while in other places the underlying 
leached till or drift soil is very close to the surface. The fertility of these soils and 
their needs are greatly influenced, therefore, by their depth. 

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

THE SOIL SURVEY BY COUNTIES 

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

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

GENERAL SOIL CHARACTERISTICS 

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

SOIL AREAS Of IOWA 
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Fig. 13. hlap sho...,'iug principal soil areas u1 Iowa 
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The factors which must be taken into account in establishing soil types have been well 
enumerated by the Illinois Experiment Station in its Soil Report No. 1. 
They are: 

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

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

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

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

{ 

All partially destroyed or decomposed 
Organic matter 

vegetable and animal material. 

Inorganic matter 

Stonoo-oYer 32 mm.• 
Gravel-32-2.0 mm. 
Very coarse sand-2.0-1.0 mm. 
Coarse sand-1.0-0.5 mm. 
l\Iedium sand-0.5-0.25 mm. 
Fine sand-0.25-0.10 mm. 
Yery fine sand-0.10-0.05 mm. 
Silt-0.05-0.00 mm. 

SOILS GROUPED BY TYPES 

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

more or less sand or soil. 
Peaty Loanis- 15 to 35 percent organic matter mixed with n1uch sand and silt and 

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

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

more than 50 percent silt and clay. 
Silty CTay Loams- 20 to 30 percent clay and more than 50 percent silt. 
Clay Lornns- 20 to 30 percent clay and less than 50 percent silt and some sand. 
Silt Loanis-20 percent clay and more than 50 percent silt mixed with some sand. 
Loams-Less than 20 percent clay and less than 50 percent si lt and from 30 Lo 50 per-

cent sand. 
Sandy Clays-20 percent silt and small an1ounts of clay up to 30 percent. 
Fine Sandy Loams-More than 50 percent fine sand and very fine sand mixed with 

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

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

Ve,·y Fine Sand-More than 50 percent fine sand and less than 25 percent very coarse, 
coarse and medium sand, less than 20 percent silt and clay. 

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

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

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

Gravelly Loams- 25 to 50 percent very coarse sand and much sand and some silt. 
Gravels- 1\.fore than 50 percent very coarse sand. 
Stony Loams- A large number of s ton es over one inch in diameter. 

l\1ETHODS USED IN TI-IE SOIL SURVEY 

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

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

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

• ~5 mm. equals 1 in. tBureau of Soil!" nook. 
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the county may be chosen for tbis purpose. Such maps are always checked to corre
spond correctly with the land survey. The location of every stream, road and railroad 
on tbe map is likewise carefully verified and corrections are frequently necessary. 
\l.'hen an accurate base map is not available the field party must first prepare one. 

The section is the unit area by ·which each county is surveyed and mapped The dis
tances in the roads are determined by an odon1eter attached to the vehicle, and in the 
field by placing, which is done with accuracy. The directions of the streams, roads, rail
roads, etc., are determined by the use of the con1pass 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. l\lany samplings are 
frequently necessary, and individual sections may contain several soil types and re
quire much time for mapping. In other cases, the entire section may contain only one 
soil type, which fact is readily ascertained, and in that case the mapping may proceed 
rapidly. 

When one section is completed, the party passes to the next section and the location 
of all soil types, streams, etc., in that section is then checked with their location in the 
adjoining area just mapped. Careful attention is paid to the topographic features of 
the area, or the "lay or the land," for the character of the soils is found to correspond 
very close1y to the conditions under which they occur. 

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

The determinations of soil types are verified also by inspection and by consultation 
with those in charge of the work at the Bureau of Soils and at the Iowa Agricultural 
Experiment Station. When the entire county is completed, all the section rnaps of field 
sheets are assembled and any variations or questionable boundaries are verified by 
further observations of the particular area. 

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




