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GRUNDY COUNTY SOILS* 

By 1\T. H. Sn;vE NSON and P. E. BROWN with the assistan ce of W. 1~. CARSO N, 

L. W. Fo1n rAN anfl R. E. BEN~ET'l' 

Grundy County is located in central Iowa in the fourth tier of counties so uth 
of the Minnesota state line and in tl1 e fifth tier west of th e J\Iississipp i R iver. 
It li es partly in the Iowan drift. soil area and partly in the So uth ern Iowa loess 

area. 'fh e ·oils of the county are, ther efore, 
of glacial and loessial origin, the major por
tion of the area being covered by the loessial 
soi ls. 

'l'he total area of the county is 501 square 
miles or 320,640 acres . Of this ar ea, 311,531 
acres or 97.2 percent is in farm land. 'l'he 
t·ota l number of fa rms is 1,733 and the aver
age size of the farms .i s 180 acres. They are 

1·'i;:. 2. A 111 :ir showin i: th e locati on or OJ)erated by 561 owners, 388 relative r enters, 
C:r11ndr Co unty. 

653 r enters, ] 10 both Oll'ning and r enting, 
and 21 unclassified. The following figures taken from t Ii e Iowa Yearbook of 
Agriculture for 1925, show the utilization of the fa rm ]and in the county: 

Acr eage in general farm crops · .. . . .. . . .... . . . . . .. . ......... . . ~1!), :381 
Acrc:ige in farm buildi.J1gs, publi c hi ghwnys ancl feed lots . .. . . , .. 17, G7G 

Acreage in pasture . . .... .. .. . .. .. ... . .. .. .. . . .... . . . .. . ... .. 60, 773 

Acreage in waste land 11ot utilized for any purpose . . . . . . . . . . . . . . 1 OJ 
Acreage in farm woodlots used for timber only . . . . . . . . . . . . . . . . . . !]06 

Acreage in crop land lying idl e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Acreage in crops not oth erwise li sted . . . . . . . . . . . . . . . . . . . . . . . . . . .'i74 

THE TYPE OF AGRICULTURE I N GRUNDY CO UN'l' Y 

The type of agricultnre practiced in Grnndy County at th e 11resent time con
sists of a system of general farming inclnding the growing of corn, oats, wheat 
and hay ; some dairying and th e raising- and feeding of livestock. Wheat serves 
as a cash crop in the county while a large part of the corn and oats produced is 
u tilized for feeding purposes on th e farms. 'l'he hay grown in the county is 
almost entirely used for feed. 'J'Jie cla iry industry ha s been developed consider 
ably and is car ried on in practically all parts of the area. 'l'he income on many 
farms is derived chiefly from the sa le oE dairy products. 'l'he raising and feed 
ing of hogs is an important inclnsti".'· and beef cattle are feel extensively. Sheep 
raising is of minor signifi cance. Tn general it may be said that the farm income 
of the co unty is derived from the sale of dairy products, wh eat, surplus corn 
and oats, beef cattle and hogs. On indiviclnal farms certain minor crops may 
become valuable and in many cases the farm income is considerably increased 
from the sale of special crops and frequently from the sale of poultry products. 

The acreage in waste land in th e county is not very large but in many cases 

*See so il surve,v of Grund? Count~i, Iowa, hy F. . ]i.f. Jone~ nf th e U . S. D epartm ent of Agri culture and 
W . E. Carson o( the Iowa Agri cult11rnl Experim ent S tation . Fi eld op ernfi ons o f th e Bureau of Soils, 1921. 
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areas which are not at present utilized for any purpose may be reclaimed and 
made productive by proper methods of soil treatment. General recommenda
tions r egarding th e lrnndling of waste lands cannot be given as the causes of 
. infertility are various. In a later section of this report, under the descriptions 
of individual soil t.ypes , sugge ·tions will be offer ed regarding the reclamation of 
small areas of unprodu ctive lm1d in the individual soil types and treatments 
which ar e desirable und er special soil conditions will be suggested. Advice 
r egarding the handling of soils in special cases for more or less abnormal condi
tions. may be secur ed from the Soils Section of the Iowa Agricultural Experi
ment Station upon r equest. 

'l'HE CROPS GROWN I N GRUNDY COUNTY 

Th e general farm crops grown in Grundy County in the order of their im
portance are: corn, oats, hay, potatoes, barley, wheat, alfalfa and rye. The 
average yields and value of the various crops grown are given in table I. 

Corn is the most important crop , heing grown in 1925 on 35.4 percent of the 
total area. Average yields in that year amounted to 42.5 bn hels per acre. In 
favorable seasons very mu ch larger yield s arc secured, sometimes amounting to 
85 bushels per acre. l\Iu ch of th e corn grown in the county is used for feeding 
the work stock. fattening the cattle and hogs for market, the r emainder of the 
crop being sold at the local grain elevators and shipped to outside markets. 

The second crop in acreage and value is oats. This crop was grown in 1925 
on 25 .l percent of the total farm land, with average yields estimated at 43 
bushels per acre. In many cases even larger yields of oats are secured where 
the conditions are parti cularly favorable . The value of the oats crop is second 
only to that of corn in the county. A large part of the crop is utilized for 
f eeding purposes on the farms , the r emainder being sold on the markets. 

'fhe third crop in acreage and value is hay. Th e chief tame hay crop is a 
mixture of timothy and r eel clover. Some timothy and some clover are grown 
alone. In the case of both the timothy and clover , small areas are used for the 
production of seed. Average yields of the tame hay crop in 1925 amounted to 
1.4 tons per acre. This ·was for the mixed clover and timothy. With clover 
alone the yields were about the same while th e yield of timothy alone was some-

TABLE I . AVERAG8 YIELD AND VALUE OF CROPS GROWN IN 
GRUNDY COUNTY, row A* 

Crop 

Corn .. . ..... .. - I 
Oats .. . . . .. . . . . 
Winter wheat . . . 
Spring wheat . . . 
Barley .. . . ... . . 
Rye . .... . ..... . 
Tam e hay .. . .. . 
Wild hay . .. ... . 
Potatoes . . . .... . 
Alfalfa ... . ... . 
Pasture . .. . . . . . 

Acreage 

110,346 
78,343 

354 
4 

2,340 
18 

24,422 
3,200 

439 
149 

69,773 

P ercent 
of total 

f :irm l:rnd 
of county 

:-:i,, .4 
25.1 

0.1 
0.001 
0.7 
0.006 
7.8 
1.0 
0.14 
0.04 
2.2 

*Iowa Yearbook of Agri cultu r e 1925. 

Bushels 
or tons 

per acre 
42 .5 
43.0 
21.0 
16.0 
36.0 
17.0 

1.4 
u; 

58.0 
2.6 

Total 
bushels 
or tons 

~ 4,689,70<> 
3,357,799 

7,434 
64 

84,240 
306 

33,896 
4,800 

25,462 
387 

Average 
price 

$ 0.56 
0.32 
1.36 
1.30 
0.57 
0.80 

13.50 
10.50 

2.35 
17.50 

Total 
value of 

crops 
$2,626,234 

1,074,495 
10,110 

83 
48,016 

244 
457,596 

50,400 
59,835 

6,772 
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what less. There is some wi ld hay produced in the county and averaae yields of 
h . 0 

: IS ~I:op amounted to 1.5 tons per acre in 1925 .• Practically all of the hay crop 
IS utihzed on the farms, only a small portion being sold outside of the county. 
In the northeastern section some of the hay is baled and ·old in Waterloo . 

Potatoes_ are grown quite extensively and they are one of the important crops. 
Average yields amounted to 58 bushels per acre in 1925. In many seasons very 
much higher yields than this are reported. 'l'her e is a considerable sale of 
potatoes out of the county. 

Barley is grown to some extent and average yields of this crop in 1925 
amounted to 36 bushels per acre. Practically all of the crop is utilized for 
feeding purposes. 
. Wheat is grown to some extent, chiefly the winter varieties, and average yields 
m 1925 amounted to 21 bushels per acre. W11eat serves as a cash crop on the 
farms. Very little spring wheat is grown. 

Al~alfa is ~roduc~d only to a limited extent but it is a profitable crop. When 
care is taken m seedmg, tli e yields ar c quite satisfactory and it proves a particu
~arly va_luable crop on the dairy farm. For securing a good stand of alfalfa, it 
IS very Important that the soil , houkl he limed, if it is acid and that the seed be 
. ' moculatecl. In many case the appli cation of acid phosphate would also help in 
securing a good stand of alfalfa. Other precautions which must be taken in 
o~der to obtain a succe.-sful crop , are th e securing· of good seed, proper prepara
tion of the seed bed , thoro drainage of the area, and in general any soil treat
ment whicl1 is nece sary for good crop growth. Average yields of alfalfa in 
1925 amounted to 2.6 tons per acre. 

Crops of minor importance include rye , 
one farm popcorn :;erves as a cash crop. 
profitable industry in some areas. 

buckwheat, soybeans, and rape. On 
'l'he raising of sunflowers is also a 

Apples arc produced in all parts of the county but chiefly for home use. 
Most of the orchards are very small in size and the production of apples is gen
eral~y hardly adequat~ t? m~et the home demands. 'fhe W ealthy variety pre
dommates ; other Yarieti c rnclude th e Oldenburg, Greening and Whitney, 
Grapm; are produced on many farms to supply the home demand. Small fruits 
including strawberries, are produced to a considerable extent in the county'. 
There is very little sale of these crops, however, even on the local markets . 

'fHE LIVES'fOCK INDUS'l'RY I N GRUNDY COUNTY 

'l'he ~o~lowing figures taken from the Iowa lVIonthly Crop Report of July l, 
1926, g1vmg the January l , 1926 estimates of the Division of Crop and Live
stock Estimates of the U. S. Department of Agri culture, bow the extent of the 
livestock industry in the county: 

~~~~!:s . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11,~~~ tll cattle .... . ... . . . . . . . ... ... . . .. . .. . . .. . . .. .. ...... . . . .. ... 48,200 
ogs • • • . . ... . . ....... , ............ . .. . . .. . .............. . . .. 91,700 

Sheep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,100 

Dairying is probably t J1 e most important livestock industry. The value of 
dairy products is considerable. 'l'he Holstein , Gu ernsey and J ersey ar e the 
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principal dairy cows. Shor thorns ar e abo used to some extent. The milk is 
usually sold to cr eameri es which are located in the vicinity of the farms. There 
the milk is separated, the skim milk r eturned to the farms and f ed to the hogs 
and chickens. 

Th er e are many herds of beef cattle in the co unty. Aberdeen Angus, H ere
ford , Red Polled and Shorthorn are the favorite breeds. 'l'he f eeding of cattle 
is an important industry . Cattle are shipped into the county, fattened and later 
shipped to the Chicago market. 

Hogs are r aised and fed on the great majority of the farms. On January 1, 
1926, ther e were 91,700 hogs on the farms in the co unty. Th e income from th e 
·ale of hogs is very consider able tbruou t the a rea. 

Th er e are a few sheep in the county, but sheep rai sing is not an important 
industry. Some horses are raised on most of the fa rms, usually, however , to 
supply the home needs for work stock. Very few animals are sold. 'l'h ere are 
very few mules. 

The raising of poultry is gradually becoming a ra th er important industry 
and ther e are many fine Hocks. The most pop ular breeds are th e White Lrg
horns, Rhode Island Reds, Black l\Iinorca and Brown Leghorns. Oth er breeds 
that are favored are Barr ed Pl ymou th Roeks, ·whi te P lymouth Rocks and 8 il vc• r 
Laced Wyandottes. lVIany of tb c farms at the presen t time ar e deriving con
siderable income from th e sale of po11ltry and poultry products, and with more' 
a ttention to this industry , t he farm incom e may be considerably increased from 
this source. 

THE 1<'8R'l'ILT.TY Sl'r UATION l K GRUNDY COUN'l'Y 

The soils of Grundy County in general ar c qui te fer tile and crop yi elds in 
normal seasons are Yery sa ti sfactory . liowc,·e r, i t has been derno11 :,; t rated h_v 
some experimen tal work and by much fa rm ex perience, th a t consid c• rable in 
cr eases in the yields of general fa rm crops may be .·ecurcd by foll owin g proper 
methods of soil treatment. 

Some of the soil types in t he county a rc not as adequately d rained as would 
be desirable and wlt en this is t rue, the in stall ation of tile is very necessary. 
'l'he Clyde silty clay loam which occurs in cle r rcssions on the nplands, ancl th e 
Mu scatine silt loam whi ch is found in extensive level stretches thruout the 
county, ar e both in nee l of drainage in many ar eas, if they are to be made sat is
factorily productive. Ther e ar e likewise certain areas, small in size, occutTing 
in the 'l'ama silt loam an l th e Carrington silt loam, where the installation of 
tile would be of value. On the terraces or secon d bo ttoms, t he Fargo silty cla.,· 
loam is in need of drainage. On th e bottomlands, the Lamoure silty clay loam 
is very much in n eed of drainage, if it is to be cultivated. On all .of th ese ty pes 
1 he installation of ti le wi I l p1•o yc valuable fo r th e growing of genera l fa rm 
cr ops. 

All the upland soils in th e county are ac id in r eaction and in n eed of lim e if 
th e best growtl1 of general fa rm crnps , and parti cularly of legumes, is to hr 
secured. One of the terrace soils and one of the bottomland 1·ypes sho,,· a con 
tent of lime, but with the exception of tb ese, the F argo silty clay loam on th e 
te rraces ancl the Lamoure silty clay loam on tli e bottoms, th e soils of the county 
a re all ac id in r eaction. It is very import·an t, ther efore, tl1 at with t l1 e excepti on 
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of th ese two types, all the soi ls of the county be tested for acidity or lime needs 
and that the amount of lime shown to be necessary ac ording to the tests be 
applied. Only by the proper use of lime on such acid soils as these will it be 
rossible to sec ure satisfactory yields of leguminous crops. Not only will legu
minous crops be increased but frequently large increases are secured in the 
_,·ields of general farm crops from the proper application of lime to these ,1 cid 
soils. 

While the soils of the co unty are in general fairly well supplied wit h org,1ni c 
matter , there are one or two of the sanel y types which are rather low in this 
eonstitucnt. On these soils, the application of farm manure or the turn ing nn clcr 
of leguminous green manure crops would be particularly valna ble. But 
small applications of farm manure frequently bring about r esults on rL'0p y ields 
on some of the apparently rich er types also. The liberal application of fa rm 
mannre or tb e turning under of leguminous crops as gr een manu res is ve ry 
nccessm·y on the sanely soils of th e county, to build up and maintain tli c Sllpply 
of organi c matter . On the heavier types the use of small amounts of fa rm ma-
1111re will be of considerable value, but th e manure shonld not he ap pli ed on 
these heavy black soils preceding the small grain crop of the rotat ion, since it 
may cause the crop to lodge. Th e u, e of manure at other points in the rot·ation 
11·ill, however, be of considerable value and the application of sm~il l amounts 
will show particularly large effect. · on newly drained areas. 

'l'he supply of nitrogen is quite adequate in most of the so il types in th e 
county. Only in the case of the coarse-textured, sandy soils is there any inade
quate supply. On these soil. , the 11 se of some nitrogen-containin g fc rti l izer 
would be very desirable, but on all th e soils of the co11nty it is important in 
rlanning systems of permanent fert ility, to include the use of some nitrogen
containing fertilizer in order to ma intain the supply of this constitu ent in the 
BoiL Th e use of leguminous crops as gr een manures is t-l1 c very best and cheap
est means of supplying nitrogen to the soil and the application of co mmercial 
nitrogenous ferti lizers to th e soil s of t·he connt,v will w obably not be necessary . 
The nitrogen content may be more cheaply and quite as atisfactorily increased 
and maintained by tl1 e proper u1-ili za tion of leguminou s crops as gr een manL1rrs 
and the turning und er of farm manure and crop r esidu es. 

The soils of the co unty arc not well su pplicd with phosphorus and a ppli ca ti ons 
of phosphate fertilizers will cr r tainl,v be ve ry desirable in the near future. In 
many cases it would seem that th e w;c of' a phosphorus carrier would be valuable 
at the present time. Tests whicl1 have been carri ed out on some of the main 
soi l types in this county, have indi ca ted l11rge, profitable increases in crop yields 
from the use of acid phosphate or rock phosphate on these soils. In some of 
these experiments, acid phosphate has seemed preferable while in others, rock 
phosphate has given quite as good returns. It is not possible yet to say which 
ferti lizer will be the most desi rable for general use, and hence it is recommended 
that farmers test the needs of th eir 01rn soils for phosphorus and that in these 
tests they employ both acid phosphate and rock phosphate. Thus they may 
determine for thei r own conditions which fertil izing materials wi ll give th e 
nore profitable returns. 

'l'h c use of complete commercial fe r ti lizers on th e so ils of Grundy County 
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cannot be r ecommended at th e present time. In experiments which have been 
carri ed out, qui te as benefi cial effects on some of the main soils of this county 
baYe been secured from th e use of acid phosphate or rock phosphate as when a 
compl ete commercial fer tili zer was employed. Inasmuch as the phosphates are 
less expensive for application th an the complete fertilizer , it is apparent that 
th ey would be more desirable fo r use, unless the complete fe rtilizers bring abou t 
ver~- much larger crop increases th an those occasioned by the phosphates. Tests 
should be carried out on small ar eas before an extensive appli cation of any com
plete fe r tilizer is made. Such tests should compare the complete fertilizer with 
acid 11hosphate in order to determine which will be th e more profitable for use. 
There is no obj ection to the use of complete fe rtilizers if profitable crop in
cr eases ar e secured. 

P otassium fe r tili zers cannot be r ecommended for general appli ca ti on to th e 
soils of the county at the presen t time. Indi cat ions have been secured, in certain 
experiments thruout the state, of value from th e use of potash fcrtilir,ers but 
in general it " ·ould seem that there is sufficient potash present in the soils to 
supply all the needs of cro ps and the addition of commercial potassium ferti
lizers should not be needed. 'l' ests of potassium carriers may be carri ed out, 
however , on a small scale on any soil type and if profitable crop increases are 
secured, then the potassium fertilizer may be used on a co11siderable ar ea with 
the assurance of profit . Commercial potassium fertilizers should not be em
ployed until tests under the par ticular soil conditions have shown them to be of 
value. 

Erosion occurs to a limited extent in Grundy County, some of the more rolling 
areas of the Tama and Carrington soils showing the destructive effect of the 
washing action of water in many cases. 'l'he Shelby soils ar e part icularly in
jured by erosion . Wherever erosion is evidenced, some means should be taken 
to protect the soils from further injury and to r eclaim th e ::i reas which may 
have been injured by the formation of gullies or the carrying away of the sur
face soil. From among the methods suggest ed later in this r eport , some one 
may be chosen which will be suitable for use under any par ticular conditions. 
Th e prevention of the washing away of the surface soil and th e formation of 
gullies , and the r eclamat ion of badly washed or gullied land is very necessary 
for the most satisfactory crop production. 

THE GEOLOGY OF GRUNDY COUNTY 
The geological history of Grundy County is of little significance from th e 

standpoint of the present soil conditions in the county, except insofar as the 
deposits of glacial and loessial material are concerned. The native bedrock 
underlying the soils of the county has been so deeply buried by the deposits of 
glacial and loessial material of later ages, that there is no effect upon the soil 
conditions at the present time. The soils in the county are derived entirely 
from the glacial till or debris left by the glaciers or from the wind blown 
material known as loess. 

.At least twice during the glacial age, great ice sheets swept over the county 
and upon their r etreat ther e was left behind a gr eat mass of glacial till or debris 
which is known as drift. The earlier topographic features of the county were 
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largely obliterated by the first glacial deposit and the later glaciation has left 
very little evidence r emaining of the topographic conditions established in the 
earlier glacial deposits. 

The earlier glacier, which is known as the Kansan, deposited a thick layer of 
material, largely made up of boulder clay containing also sand and gravel and 
sometimes boulders. The Kansan deposit, in the deeper unoxidized portions, is 
a blue clay. Where it has been exposed and weathered, it has become a bright 
yellow to deep r eddish-brown. Pockets of sand and gravel occur quite com
monly. The depth of the deposit is extr emely variable, r anging from a few feet 
to almost a hundred feet in thickness in some places. The later glacial deposits 
and the coverings of loess have buried this deposit so deeply that there is no 
significant effect from it on the soils of the county and none of th e types mapped 
are derived in any part from the Kansan material. 

At a later date, a second glacier invaded the county, burying the :Kansan till, 
sometimes to a considerable depth. 'l'his glacier is known as the Iowan. The 
deposit left by it is r ather variable, usually, however, being not more than 10 
feet in thickness. It is a light to brigh t yellow in color and is somewhat sandier 
than the Kansan material. Boulders occur frequently . rrh e Io,rnn drift de
posit is exposed on the surface in all that part of tb e county north of the loess
covered area. 'l'h e drift soils of th e county are, therefore, derived from this 
Iowan drift material. Th e soil s of the Carrington series and the Clyde series, 
are of Iowan drift ori gin. rrhe Shelby gravelly sanely loam is formed from a 
gravell~· varia tion of this drift material. 

At a later date wh en climatic conditions were very differ ent than at present, 
there was deposited over the southern part of the county, a covering of wind 
blown material known as loess. 'l'h e deposit was made quite uniformly over the 
topographic features existing at that time. The Kansan and Iowan drift de
posits were covered, sometimes to considerable depths, by this loessial deposit. 
Considerable amounts of the loessial ma terial have since been washed away and 
at the present time th e deposit ranges in depth from a few inches to six or seven 
feet . In an unweathered condition , loess is an even-grained material composed 
mainly of silt. It ranges in color from a light grayish-brown to a yellowish
brown. Organic matter has accumulated in the loessial deposits in varying 
amounts, depending upon the plant growth conditions in the area. The soils of 
the 'l'ama and Muscatine series on the uplands are derived from this loessial 
deposit and they cover about two-thirds of the total area of upland in the county. 
The Tama soils have formed in the well drained, rolling areas of prairie. The 
Muscatine types have been formed in the more level, rather poorly drained 
prairie areas. 

The terrace and bottomland soils in the southern part of the county where 
the uplands are covered with loess, have been formed very largely from loessial 
material, but in the drift upland section of the county, the terrace and bottom
land soils contain considerable drift material. In practically all cases these 
soils show some admixture of drift and loess, the predominating material being 
determined by the character of the material on the adjacent uplands . 
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t 
Fig. 3. Map showing natural drainage system of Grundy County. 

PHYSIOGRAPHY AND DRAINAGE 

The county as a whole is a gently rolling prairie, cut by the shallow valleys of 
the streams and showing r ather extensive flat areas of upland between the 
streams and occasionally prominent ridges. Numerous ridges and hills known 
as "pahas," are found in the north"·estern part of the county. These extend in 
a northwest and southeast direction. Th ey ar e most noticeable northwest of 
Buck's Grove in Pleasant Valley and German Townships. In the northern part 
of the county where the drift soils occur , the topography is more rolling and 
boulders of considerable size are quite commonly noted. One which is located 
near the Black Hawk County line, two miles south of the Butler County line, 
is said to be the largest boulder in the state. Between Grundy Center and 
Conrad and in the areas about Conrad, there are flat to slightly depressed areas 
in the upland. These undoubtedly r epresent former lake beds. 

In general the slopes to the streams of the county arc gentle and smooth and 
there ar e no sharp topographic features. The valley of Black Hawk Creek bas 
an average width of three-fourths of a mile, with terraces ranging in width from 
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a few rods to a half mile or more on either side. Occasionally small ponds occur 
in the vicinity of the larger streams. In general the streams follow a winding 
ronrse and flow through shallow valleys. 

1'he drainage of the co unt-y is brought about mainly by Black H awk Creek and 
its tributaries. Beaver Cr ee k drain s th e northwestern part of the county, enter
ing from Hardin County northwest of 'Wellsburg and flowing northeasterly 
through Shiloh, German and Pl easant Valley Townships. With its chief tribu
tary, Middle Fork Beaver Cr eek, it drains the major portion of these three 
townships. Black Hawk Creek fl ows in a southeasterly direction through the 
central part of the county and . with i ts tributaries, it drains the central town
ships. Most of the tributary ·treams are small and r elatively unimportant, the 
largest being l\'Iosquito Creek in the extreme south eastern part of the county. 
'!'h e North Fork Black Hawk Creek with its tr ibutari es flows east and southeast, 
draining a large part of Colfax, Lincolll, Beaver, and Grant Townships, and the 
southwestern part of Fairfi eld Township. Hammers Creek, flowing north , pro
vides the drainage of the southwestern pa rt of the county, for Melrose, F elix 
and Clay Townships. ' 

In general the natural drainage system of the county is good, as is evidenced 
by the accompanying drainag·e map . The various str eams with their tributaries 
and intermittent drainageways, extend into practically all parts of the upland. 
Tn some places, however, the soils are not adequately drained and in such in
stances the installation of ti le will easi ly provide all the drainage that is neces
sary, outlets being r eadily secured. For instance much of the land in the south
western part of th e county, is in need of better drainage. Wherever the topo
graphic condition is level to flat or depressed, drainage conditions are poor. 
Thruout the central and northern parts of the county, natural drainage is much 
more satisfactory but even her e tl1 e installation of tile is frequently necessary to 
provide for the be t so il moisture conditions for crop growth. 

THE SOILS OF GRUNDY COUNTY 

1'he soils of Grundy County are grouped into four classes according to their 
origin and location. Th ese groups ar e known as drift soils, loess soils, terrace 
soils and swamp and bottomland so ils. Drift soils ar e those which have been 
formed from materials carried by the glaciers and deposited on the surface of 
the land when the glaciers retreated . 1'hey are variable in composition, con
taining pebbles and frequently boulders. Loess soils are fine dust-like deposits 
made by the wind at some time when climatic conditions were very different 
than at present. Terrace soils are old bottomlands which have been raised 
above overflow by a decr ease in the Yolume of the str eams which deposited them 
or by depressions in tlie river channel;:, . Swamp and bottomland soils are those 
occurring in low, poorly drained areas or along streams and subj ect to more or 
less frequent overflow. 1' he extent and occurrence of these four groups of soils 
in Grundy County are sho,rn in table II. 

Slightly more than one-quarter of the county, 27.2 percent, is covered by the 
drift soils. The loess soils cover a little more than half of the county, 50.3 per
cent. There is a small area in terrace soils, 5.7 per cent, while the swamp and 
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bottomland soils are rather important, coYering 16.8 percent of the total area of 
the county. 

There are eleven indiYidual soil types in the co unty, and these with the areas 
of meadow, make a total of twelve soil areas. 'l'here are four drift soils, two loess 
types, three terrace soils and three areas of swamp and bottomland. The 
var ious soil types are distinguished according to certain definite characteristics 
which are described more in detail in the appendix to this report. 'l'he names 
which are given to these soil types indicate certain g-roup characteristics. The 
areas covered by the various soil types are given in table III. 

The Carrington silt loam is by far the most extensive drift soi l, covering 23.8 
percent, or almost one-quarter of the county. The Clyde silty clay loam, the 
second largest drift soil, is very minor in extent, covering only 3.0 percent. 'l'he 
other two drift soils, th e Carrington fine sanely loam and the Shelby gravelly 
sandy loam are of minor occurrence, covering only 0.3 and 0.1 percent, respec
tively. 

The Tama silt loam is the most extensive soil type and the most largely devel
oped loess soil. It covers almost one-half of the county, 46.8 percent. It is 
found on the undulating to gently rolling uplands thruout the entire central 
and southern parts of the county. 'l'he l\Iuscatine silt loam is the second most 
extensive loess soil, covering 3.5 percent. 

The Waukesha silt loam is the most extensive terrace type, covering, however , 
only 4.5 percent of the total area. The Fargo silty clay loam and O'Neill sandy 
loam, the two other terrace types, are minor in extent, covering 0.9 and 0.3 per
cent of the total area, respectively. 

The Wabash silt loam is the most extensive bottomland type and the third 
largest soil area. It covers 12.1 percent of the total area of the county. The 
Lamoure silty clay loam, the second largest bottomland type, is much smaller in 
extent, covering 4.4 percent of the area. 'l'here is 0.3 percent of the area in 
meadow. 

There is considerable variation in the topography of the uplands of the county 
and a certain relationship is evidenced between the topographic conditions and 
the particular soil type. On the drift uplands, the Carrington silt loam occurs 
on the gently undulating to rolling areas. The Carrington fine sandy loam and 
the Shelby gravelly sandy loam are found on the more steeply rolling to rough 
areas of drift upland. The Clyde silty clay loam occurs in the depressions in 
the uplands and the type is poorly drained. On the loessial upland, the Tama 
silt loam is found on the undulating to rolling areas, while the Muscatine silt 
loam occurs on the level to flat upland. The terraces show only minor variations 
in topographic conditions. The Waukesha and O'Neill soils on the terraces are 
older and higher, but show little in the way of topographic features. 'fhe Fargo 

TABLE II. AREAS OF DIFl!'ERENT GROUPS OF SOILS IN GRUNDY COUNTY 

Soil Group 
Drift soils . .. ... . .. .. ........... .. .. . .......... .. .. . 
Loess soils ...... .. . .•... .... .•.. . . .. . . .... . ...... . .. 
Terrace soils ....... . .................. . ..... .. ..... . 
Swamp and bottomland soils ..... . . , , . ..... . ... . ..... . 

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

Acres 
86,784 

161,280 
18,624 
53,952 

320,640 

I Percent of total 
area of county 

27.2 
50.3 

5.7 
16.8 
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'l'ABLE III. AREAS OF DU'FEREN T SOIL TYPES I N GRUNDY COUNTY 

Soi l 
No. 

83 
85 

4 
J.!.)6 

75 
109 
126 

~6 
I Jl 
:20 

Soil Type 

DRIF'l' SOILS 
Carrington silt loam ................. . ........ . . 
Clyd e silty clny loam ... ..... . ...... . ... . . ..... . 
Carrington fine snndy loam . .. .. . .. ... . .. . . 
Shelby gravelly sandy loam. . . . . . ..... . ...... . 

LOESS SOILS 

Ar res 

76,160 
9,536 

832 
256 

T a ma silt loam . . . . . .. . .... ... . .. . .. .... . ... . . , I 150,016 
l\Iuscatin e silt loam . . . ... .. . .............. . . . .. j 11,264 

TER,RACE SOILS 
Waukesha si lt loam . ................... . ..... . . , I 
Fn.1·go silty clay loam ... . . . .. . . . ... . .. . ... . .... - I 
0 'Neill sandy loam. . . . . . . . . . . . . . . .. . ...... . -I 

J 4,528 
3,008 
1,088 

SW AMP AND BOT'l'Ol\ILAKD SOILS 
W:.1 bash silt loam, . . ......... . ......... . 
Lamoure silty clay loam . . . ... . . . . . .... .. . 
Meadow ....... . . .. . ...... . ..... . ... .... . . ... . 

'I'otal ..... . ..... .. . . ..... . . , .. ..... . . .. . . 

38,720 
14,272 

960 

320,640 

Percent of 
total a rea 
of county 

23.8 
3.0 
0.3 
0.1 

46.8 
3.5 

4.5 
0.9 
0.3 

12.1 
4.4 
0.3 
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silty clay loam on the terraces is found in the flat to depressed areas. Th e 
bottomlands show no topographic features which are of significance. 

THE FERTILITY IN GRUNDY COUNTY SOILS 

Samples were taken for analysis from each of the soil ar eas in the county 
except the Shelby gravelly sandy loam on the drift upland and the area of 
meadow on the bottomland. Th ese soils were not sampled because of their lim
ited areas and also because of the fact that they are of practically no significance 
agriculturally. 

The more extensive soil types were sampled in triplicate, but only one sample 
was taken from each of the minor types. The samplings were all made with the 
greatest of care that the sample should be representative of the particular soil 
type and that any variations due to previous treatments should be eliminated. 
The samples were taken at three depths, 0- 6 2/ 3 inches, 6 2/ 3 to 20 inches, and 
20 to 40 inches, representing the surface soil , the subsurface soil and the subsoil , 
r espectively. 

The samples were all analyzed for total phosphorus, total nitrogen, total or
ganic carbon, total inorganic carbon and limestone requirements. The official 
methods were followed in th e determination of the phosphorus, nitrogen and 
carbon and the Truog qualitatiYc test ,ms used fo r th e determination of th e 
limestone requirements. 'l'he fig·ures giYen in th e tables are the averages of 
duplicate determinations on all samples of each type. Th ey r epresent, therefore, 
th e averages of four or twelve determinations. 

THE SURF ACE SOILS 

'l'he results of the ana lyses of the surface soils are given in table IV. They are 
~alculated 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 686 pounds per acre in the O'Neill sandy loam up to 2,222 in tbe ·wabash 
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silt loam. 'l'her e seems to be very li t tl e r elati o11 shi p be tween the phosphorus 
content of the soils and the particular soil group, altho 1"lte terrace types and 
the s,rnmp and bottomland soils are a l it tle higher on the average than the up
land types. 'I'his might be expected inasmuch as there has been less production 
of crops on the bottomland soils and hence a smaller r emoval of the plant food 
consti tu ents. However , the di ffer ences are not very great and the number of 
soil types in t he various groups is too small t o permit of very defini te conclusions. 

'!'her e ar e, however , mu ch mor e defin i te indications of a r elationship among the 
Yarious soil seri es and soil ty pes. Thus on the drift uplands, the Clyde soils are 
higher than the Carrington : on th e loessial uplands, the lVIuscatine is a li t tle 
higher than th e Tama; on th e ter races, the Fargo is high er than the Waukesha 
and O 'Keill ; and there is l it tl e differ ence on the bo ttoms altho the Wabash is a 
little higher in phosphor us. 'l'he r elationshi p between th e phosphorus content 
of the soil and the soil t exture is not very clearly shown, inasmuch as th ere are 
only two soils of differ ent textmc mapped in the same seri es. The Carr ington 
silt loam on the drif t uplan ds is higher in pl1osphorus than the fin e sanely loam. 

In gen eral, it is apparen t that there is a distinct r elationship between t he 
phosphorus content of the . oil and those char acteristic.· which serve to clistin
g nish the various soil ·eries. The yari ations in pho phorus content undoubtedly 
refl ect the characteri tics whi ch erve to distinguish the so il series, especially the 
topography, color and subsoil character . Thus the Clyde soils al'e level to de
pressed in topography . 'J'hcy ar e darker in colol' and they have a heavier , more 
impervious subsoil, and their phosphorus con ten t is higher than that of the 
Carl'ington types. On the loessial uplands, the lVIusca tine silt loam has a more 
level topography, the surface so il is darker in color and the subsoi l is heavier. 
It is better supplied wi th pli osphorus in general than the Tama soils. On th e 
ter races, the l◄ argo silty clay loam is level to depres. eel in topography, black in 
color, and has a very heavy imper vious subsoil. It is higher in p hosphorus than 
the Waukesha and O'Neill types. 'l'h e '\Vaukcsba i. better supplied than the 
O 'Neill, due to its darker color and its heavier subsoil condition . There is little 

83 
So 

4 

120 
30 

7C 
J 09 
12G 

2G 
111 

'!' AHLE lV. PLA.N' l' J<'OOD IN" GRUKDY COUN'l'Y, 10WA, SOlL :::l 

Po 11 11 d~ pe r ane of' 2 lllilli o11 po unds of s u1·.facc so il (0- G% " ) 

So il 'L'_y pe 
I Tot:d I I 
I p hos • I 'l' ot:, 1 / 
I p hor us I nit rogen 

D IU P T SOILS 

Can i.n gton si lt Jo::un ....... I 1,42 7 I 3,8~0 
Clyde s ilty r lay lo:.1.111...... . 1,::, 22 7,4G0 
Ca rrington fine sanely loam ] 848 1,360 

l, OESS SOILS 

'l'a rn :J. s ilt lurr111... . I l , :2 79 I 4,586 
Muscat in e s il t Jua 11 1 . . . . . . . . J ,320 I 5,020 

'J'E JWACE SO [LS 

Waukesha. sil t . lo:1 11 1. '.' ' .. · 1 ~,41~ I :,,4:!0 
Fa rgo s il ty cl:Ly loa11 1. . . . . . ..l,00 I I 8,980 
O ' i\" cill samly 10:1111 .. ... . .. I G86 I 2,260 

SWA M P AN D l30'l"l'Or-[L AND 

Wabash s il t loa ,11 .. . ...... · / 2,222 I 9,3GO 
Lnmou 1·e silty c-lay loam. . . 2,033 I 11,480 

'l' utn l I 'l'ot:i I I Lim es tone 
or ga nic I inor ga ni.c ] r cq Lti r c 
ca rbon ] cai·bo11 I ment 

45, 780 
08,100 
18,530 

54,863 
GG,217 

64,582 
l 07,513 

26, 70::i 

111,180 
141,105 

19,744 

55,095 

8,000 
3,000 
8,000 

U,333 
4,000 

8,000 

6,00 0 

4,000 

] !'i 

difference in these characteristics bchl"er11 Ili c> \Va lrns h ;.ind Lamo11re types a nd 
li ttle diffe rence in phosphor us content. • 

The effect of 1-extnre on the phosphor us eonlen t is indicated only in the case of 
H1e Carring t-on silt loa m and t he fine san ely loam. I n general, however, thi s 
hears out previous conclu. ·ions in showing tb at soils which ar e finer in textu re 
are generally bette1· supplied with phosphorus. Silt loams are richer than loams 
and Randy loams whil e silty ch1y loams ar e usua ll y the h ighest in this con 
stituent. 

F rom the fig ures given i n the table it is r,· icl ent that there is no large su pply 
of phospborns in any of the soils of Grundy County. Phosphorus fertilizers 
will certainly be needed, ther efore, on these soils in the very near future if crop 
yields ar e to continue to be satisfactory. It is evident, however , from experi 
ments and from some farm experience, that the use of a phosphorus fertilizer 
might be very desirable on many of these soils at the present t ime. When the 
phosphorus conten t of soils is as low as it is in some of these typ es, there is a 
very inadequate produ ction of available phosphorus and hence in spite of the 
fact that i t would seem fro m these figures that there is sufficient phosphorus still 
left in these soils for many crops, the use of a phosphorus fertilizer will be de
sirable in order to supply available phosphorus. Either rock phosphate or acid 
pho phate should be used on many of the . oi ls in this county. Definite conclu
sions r egarding the relative Yalu e of the two materials have not yet been possible 
and it is urged that farm er test both materials on their own soils and determine 
fo r their particular conditions wl1i ch will be the more profitable for use. 

'l' her e is a considerable variation in the n itrogen conten t of the soils of the 
county, the amount r anging from 1,3 60 pounds in the Carrington fine sandy 
loam up to 11,480 pounds in the Lamoure silty clay loam. As was noted in the 
case of the phosphorus supply, there seems to be little relationship between the 
content of nitrogen in the soils of the county and the soil group, except fo r the 
fact that the terrace and bottomland soi ls are a little better supplied, on the 
average. Again this mio·ht be expected because of the lower yields of crops on 
these soils and hence the smaller r emoval of this plant food constitu ent. The 
largest supply of nitrogen is evidenced in the bottomlancl soils, but this is not 
entirely due to the particular soil group but to the fact that the two soils which 
ar e included in thi s group repr esent soil series in which the color , topographi c 
position and other characteristics naturally lead to a high content of nitrogen. 

The r elationship beh veen the nitrogen content of the soils and the various soil 
ser ies is evidenced by these analyses. The Clyde silty clay loam on the dr ift 
uplands is very much richer than the Carrington soils. The lVIuscatine on the 
loessial uplands is r icher than the Tama soils. The Fargo on the terraces is 
higher than the Waukesha and O 'Neill while the W aukesha is better supplied 
than the O 'Neill. On the bottom lands there is little difference altho the La
moure seems to be a lit tle het ter supplied than the W abash. Both. however, 
ar e very high in nitrogen . 

Again as in the case of phosphorus, it would seem that the characteristics, 
which serve to determine the Yarious soil ser ies, indicate in general the nitrogen 
0ontent . Soils which are dark in color, more level to flat in topography and with 
heavy subsoils ar e higher in this constituent. The Clyde silty clay loam is black 
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in color and level in topography and has a heavy subsoil. It is richer in nitrogen 
than the Carrington. Similarly the Muscatine is darker in color, level in topog
raphy, and heavier in the subsoil and it is richer in nitrogen than the Tama. 
The Fargo on the terraces is higher than the W aukesha while the Waukesha is 
better supplied in nitrogen than the O'Neill due largely to its heavier subsoil 
and darker color. The influence of the texture of the soil is evidenced only in 
the case of the Carrington fine sandy loam which is lower in nitrogen than the 
Carrington silt loam. This is the only case where there are two types of different 
texture in the same seri es and the only place, therefore, where a comparison is 
possible. 

In general it would appear from these results, that there is a distinct relation
ship between the color, topography, subsoil condition and the texture of soils 
and their nitrogen content. Soils which are dark in color and level to depressed 
in topography with heavy subsoils and with fin er-textured surface soils are bet
ter supplied in this constituent. 

While the soils of the county are in general fairly well supplied ·with nitrogen, 
this element must not be overlooked when systems of permanent fertility are 
planned for the county. The supply of nitrogen must be kept up by the proper 
utilization of some nitrogenous fert ilizing material at regular points in the 
rotation. In the case of the sandier soils, the addition of nitrogen-containing 
fertilizers would be helpful at present. 

F arm manure is the most important nitrogenous ferti lizing material which 
can be employed and the liberal use of this material will aid considerably in 
keeping up the content of nitrogen in the soils of this county. The proper use of 
all crop r esidues will also aid materially in supplying this constituent. The 
turning under of legnrninous crops as green manures may be very desirable in 
many cases to supplement the use of farm manure or as a substitute for that 
material in order to build up and keep up the supply of nitrogen. 

The organic carbon content of the soils of the county varies quite as widely as 
was noted in the case of nitrogen. It ranges from 18,530 pounds in the Carring
ton fine sandy loam up to 141,105 pounds per acre in the Lamoure silty clay 
loam. These are the same two types which showed the lowest and highest con
tent of nitrogen respectively. 

The same relationships which were noted among the various soil types and 
soil series in the case of nitrogen, are evidenced when the organic carbon content 
of the soil is considered. Thus it seems that there is a somewhat larger amount 
9f organic carbon in the bottomland soils than is present in the upland types. 
The differences are not very great in the case of the terrace soils. The relation
ships among the various soil series are very similar to those noted in the case of 
the nitrogen content. The Clyde soils are higher than the Carrington on the 
drift uplands ; the Muscatine is higher than the Tama on the loessial uplands ; 
the Fargo is higher than the Waukesha and the Waukesha is higher than the 
0 'Neill on the terraces; and the Lamoure is somewhat higher than the Wabash 
on the bottoms. The Carrington fine sandy loam is lower in organic carbon 
than is the silt loam of the same series. This is the only case whei:e a comparison 
of t exture to organic carbon content is possible. 

It is apparent that the soil characteristics which serve to distinguish series and 

GRUNDY COUNT Y SOILS 17 

types, are closely related to the organic carbon or organic matter content. Those 
types which are black in color, level in topograp)iy, with heavy subsoils and fin e 
textured surface soils are generally much higher in organic matter and also in 
nitrogen. Coarse-textured types, light in color and rolling in topography and 
with light textured subsoils are almost certain to be more poorly supplied with 
these constituents. 

The relationship between the carbon and nitrogen content of soils indicates the 
rapidity with which the plant food in the soils is being changed into an avail
able form. In some of the types in Grundy County this relationship is such that 
it is evident that there is too slow a production of available plant food to supply 
crops properly. In the Carrington fine sandy loam and the O 'Neill sandy loam, 
the poor relationship is particularly evident. Likewise, however, in the Car 
rington silt loam, the Tama silt loam and the bottomland soils, the relationship 
is such that there will not be the best production of available plant food. On all 
these types , therefore, the appli cation of farm manure would be particularly 
valuable, inasmuch as this material supplies the microorganisms which bring 
about a more rapid decomposition of plant food constituents and a more rapid 
production of available plant food. 

The use of farm manure is of very large value, however , on all the types in 
the county, and even when the supply of organic matter is not low and the soi l 
is dark in color, small applications of farm manure have been found to bring 
about large crop increases. On such soil types it should not be applied pre
ceding the growing of a small grain crop, since it may cause the crop to lodge, 
but small amounts may be appli ed with profit at other points in the rotation. 

Many experiments and much farm experience have demonstrated the value of 
applications of farm manure to the soil types mapped in this county. Crop 
residues should be thoroly utilized on the farms of the county as they aid mate
rially in keeping up the supply of organic matter in the soil. The use 
of leguminous crops as green manures will also be of value on many of these 
soils in increasing and keeping up the supply of organic matter. They also aid, 
as has been noted, in building up and maintaining the supply of nitrogen , hence 
they have a double value. The use of green manures is very desirable as a 
supplement to farm manure or as a substitute for that material. 

With the exception of the Fargo silty clay loam on the terraces and the 
Lamoure silty clay loam on the bottomland, the soils of Grundy County are all 
acid in reaction and show no content of inorganic carbon. The acidity in these 
types is considerable as is evidenced by the high limestone requirement figures 
given in the table. The soils are not only acid in the surface, but the acidity 
extends thruout the subsurface and subsoil. It is evident, therefore, that all the 
soils of the county except the Fargo silty clay loam and the Lamoure silty clay 
loam, should be tested for lime requirement or acidity and the amount of lime 
shown to be necessary by these tests should be applied, if the best crop yields 
are to be secured. The figl'lres for limestone requirement given in the table 
should be considered merely indicative of the needs of the soil. There is a wide 
variation in the lime requirement of various soils and even of soils in different 
fields, and hence before lime is applied to any area, the soils from that particular 
area should be tested in order that the proper appli cation may be made. 
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Not only sho11lcl LeRts he m11cl e on all 1hr so il s oE 1hr co1111 ty excert Hie Fargo 
11ncl L111noure at the present time lmt it will he ncrcssary, at r egular intervals in 
the f nture, to test these soils mH1 apply lime as ncrcl ccl , 11robably once in eve ry 
Four-year rotation. 1t is ver:v dcsirnhlc th<1 t the soils he tested at least once i 11 

Hi e four-year rotation just previous to tb c growing of the legume cror. In th is 
w11~· it will be po.-siblc to maintain the proper so il rraction for the best rrowth of 
lhe legume. Th e use of lime 01t acid soil s i.- always particularly profitable 
where legumes are to be gro,rn bnt consicl.erablc increases are frequently secured 
in the yields of other general farm crop. also. Tt should be empha ized that 
:ipplications of lime are very desirable on most oE thr so il s oE Gru ndy Co11nty in 
order to provide for the hest crop growth. 

TITE SUBSURFACE SOILS AND SUB SOILS 

The r esults of the analyses of t he subsurface soi l. and subsoils are given 111 

tahles V and VI. They are calculated on the ba is of: 4,000,000 pounds of sub
surface soil and 6,000,000 pounds of subsoi l per acre. 

Unless there is a very large amount of some plant food constituent present in 
I he lower soil layers, or a striking deficiency, there is Yery little effect on the 
fertility of the soil from the plant food present in the lower layers. In general 
the analyses of the surface soil may be consider ed to indicate fairly accurately 
the plant food content and crop producing powrr of the soil. 

The content of the variou. plant food constituents is not very high and neither 
is it strikingly deficient in th e soi.ls of Grundy County, hence these analyses will 
not be consid ered in detail. 

It may merely be noted here that the analyses of the snhs urface soils and suh
soils in this county serve to emphasize th e conclusions which have been drawn 
from the analyses of the sur face soils. It is evident that phosphorus f ertilizers 
will certainly be needed on these soils in the very near future and it would seem 
that they might prove of Yalue in many ca es at the pre ent time. The content 
of organic matter and nitrogen is not low in many of these soils, neither is it 
strikingly high in most eases. Apparently, therefore , care should be taken to 
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TABLE V. PLA JT FOOD IN GRUNDY COUNTY, row A, SOILS 
Pounds per acre of 4 million pounds o.f subsurface soil (6% " -2011 ) 

I Total I I Total I Total I Lim estone 
Roil Type I phos · I Total I organic I inorganic I require· 

i phorus I nitrogen I carbon I carbon I mcnt 

DRIFT SOILS 

Carrington siJt loam .. ... .. . I 2,208 I 4,000 46,870 8,000 
Clyde silty clay loam ... . ... I 2,316 I fi,240 67,760 · 1,000 
Carrington fine sanely loam .. I 1,534 I 3,440 47,415 6,000 

LOESS SOILS 

Tama silt loam . . ..... ... . - I 2,354 I 5,583 64,581 6,666 
MuscatinP silt loam ........ I 1,992 I :i,600 78 ,480 4,000 

TERRACE SOILS 

Waukesha silt loam ........ [ 1,966 I 5,360 56,135 6,000 
Furgo silty clay loam . . . .. . I 3,368 I 7,000 91,369 · 5,641 
O'Neill sanely loa m ........ I 1.642 I 3,640 43.600 6,000 

RWAl\[T' AXD BOTTO:\[LAKD SOILS 

W abash silt loa m ... . ...... I 2/i32 I 9,200 I 130,250 2,000 
Lamoure silty clay loam .... I 4,390 I 11,720 I 179,729 14,291 
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TABLE VI. PLANT FOOD I N GRUNDY COUN TY, I01VA, SOILS 
Pounds per aci·e of G million pow1cls of subsoil (2011-4011 ) 
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I 'rota] I I 'l'otal / Total [ Limestone 
Soil Typu I pho - I •robl organi c , inorganic I 1·equin• 

1 phorus I nitrogen cnrbon I crrr bon I mcnt 

DBIFT SOILS 

Carrington silt loum .. ...... I ~,74:i I 4,320 
Clyde silty clay loam .. . . . . . 2,988 3,720 
Carrington fine sanely loam. . 1,818 3,120 

LOESS SOILS 
Tama silt loam ..... .. .. . .. , 3,17 7 / 5,072 
Muscatine silt loam. . . . . . . . 2,787 2,880 

'!'EH.RACE SOILS 

44,14:i 
45,780 
42,510 

66, 762 
35,152 

Waukcsh_u silt loa m . . . . .. . I ~,667 [ 3,840 I 3G,970 
Fargo silty clay Joam . . . . . c!,24:! II 2

1 1
,95_29 00 _II 3J ,146 

0 'Neill sanely Jo:w1. . . . . . . 888 J 9,G20 

S\VAM L' AND BO1"l'OMLAND SO[LS 
Wabash silt lot, m .......... I '2,787 I Ci ,840 I 125,0 77 
Lamome silty clay lo,, 111. . . . G,0G0 7,080 177,631 

5,641 

564 

8,000 
1,000 
4,000 

6,333-
3,000 

G,000 

4,000 

] ,0 00 

keep up the content of these const ituents, if tl1e soils ar e to continue to be satis
factori ly productiYe. The proper use of farm manure, crop residues, and legu
minous green manures is very necessary in order to maintain the upply of these 
pl ant foods in all the soils and to add these element to certain of the sandier 
lypes. 'l'he soils of the county, with the exception of the Fargo and Lamoure 
1 ypcs are all acid in reaction, the acidity extending thruout the three-foot so il 
section . 'l'his means that additions of lime are very necessary on all the other 
soi ls and they should be tested regularly and the amount of lime shown to be 
necessary by the test should be applied if the best growth of general farm crops 
and particularly of legumes, is to he secured. 

GREENHOUSE EXPERIMENTS 

'l'\\'o greenhouse experiments were carried out on the soils from Grund.,· 
'ounty in the effort to determine something r egarding their ferti lizer needs and 

the value of the application of various materials. 'l'hc e tests were carried out 
on the 'l.'ama silt loam and the l\Iu catine silt loam, two of the more extensive 
soil types in the county. Experiments are also included here on the Tama silt 
loam from Hardin County, on the 'l'anm silt loam from Marshall County and 
on the Carrington silt loam from Black Ha,rk County, as these soils are the same 
as those occurring in Grundy County allCl the results may be considered to ind i
c:ate quite definitely the needs of the same soil types in tbi . county. 

'l'he fertilizer treatments employed were the same in all these experiments . 
and included the appli cation of manure, lime, rock phosphate, acid phosphate, 
and a complete commercial fertilizer. 'J'hcse materials were added in tbe 
a.mounts in which they arc applied in the field and hence the results serYe to 
i nclicate quite definitely what th e ferti lizer effects may be on the farm. 

Manure was applied at the rate of 8 tons per acre, lime was supplied in suffi
cient amounts to neutralize the acidity of the soil and supply two tons aclcl i
Lional, rock phosphate was added at the rate of 2,000 pounds per acre, acid phos
phate at the r ate of 200 pounds per acre, and a standard 2-8-2 complete commer
cial ferti lizer at the rate of 300 pounds per acre. ·wh eat and clover were grow l! , 
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Fig. 4. Greenhouse experiment with wheat on '£::llna silt loam from Grundy County. 

the clover being seeded about one month after the wheat was up. In some cases 
only the yield of wheat was secured while in other instances the yields of both 
crops were taken. 

'l'HE RESUL 'l'S ON THE TAMA SIL'l' LOAM 

'l'he results secured on the 'l'ama silt loam from Grundy County are given in 
table VII. 'l'he beneficial effects of applications of manure to this soil are indi
.cated by the increased yields secured in the wheat and clover grown in this 
greenhouse experiment. The effects of the manure were particularly evident on 
the clover altho there was an appreciable gain also in the yield of wheat. Lime 
applied with the manure increased the wheat yield considerably and also showed 
a gain in the case of the clover. Ordinarily lime would not be expected to have 
any particular effect on the wheat, but in this case a rather definite influence 
was noted. The application of rock phosphate or acid phosphate with the ma
nure and lime increased the yields of wheat to a very slight extent, and brought 
about a gain in the case of clover. The acid phosphate had a very appreciable 
effect on the clover but gave no effect on the wheat. The rock phosphate brought 
about a slight increase in the wheat and a gain in the clover. The complete 
commercial fertilizer gave an appreciable increase in the wheat but had less 
effect on the clover than did the acid phosphate. 

It would seem from this test that this soil type will respond to applications of 
manure, lime and possibly a phosphorus fertilizer. The acid phosphate s~ems to 
be more effective in this particular case than rock phosphate but until more 
definite field tests have been carried out with the two materials, conclusions as to 
the relative merits of the two phosphates should not be drawn. Tests of acid 
phosphate and rock phosphate are recommended on this soil, and applications of 
manure and lime are urged as basic treatments. It would not seem that a com
plete commercial fertilizer would be as desirable as acid phosphate for use on 
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'£ABLE VII. GREENHOUSE E X PERIMENT, TAMA SILT LOAM, GRUNDY COUNTY 

Pot 
No. 

1 
2 
3 
4 
5 
6 

Treatment . 

Check 
Manure .... . . . . .. .. .. . .. . . . .. . ....... . . . . 
Manure+lime .. . . . . . .. . ... . . . .. . . . . ...... . 
Manure+lirne+rock phosphat e . . .. ... ... .. . . 
Manure+lime+acid phosphate .. .... . ...... . 
Manure+lirne+complete commercial f ertilizer 

Weight of 
wheat grain 

in grams 
9.3 
9.8 

11.7 
11.9 
11.5 
13.0 

Weight of 
clover in 

grams 
11.8 
20.4 
21.2 
22.2 
24.5 
23.9 

this soil. However, tests should be carried out before any definite conclusions 
are drawn. 

THE RESULTS ON THE MUSCATINE SILT LOAM 

The results secured in the greenhouse experiment on the Muscatine silt loam 
from Grundy County are given in table VIII. 'l'he beneficial effects of manure 
on this soil type are evidenced by the increased yield of wheat and by the very 
large gain in the crop of clover. Lime with manure increased the wheat yields 
and also the clover yields to a very appreciable extent. Tlle rock phosphate and 
acid phosphate with the manure and lime increased the wheat yields and also 
showed an increase in the case of the clover. 'l'he rock phosphate gave somewhat 
better results than the acid phosphate on the clover , but had slightly less effect 
on the wheat. The differences, however , were not very large and should not be 
considered conclusive. The complete commercial fertilizer gave a larger gain in 
the wheat than did the phosphates, but showed less effect on the clover. 

On this soil type, apparently, the application of a small amount of manure at 
the proper place in the rotation would be very desirable. While the soil is high 
in organic matter and black in color, the use of manure has given a large 
increase in the crop yields. It should be emphasized, however, that manure 
should not be applied to this soil immediately preceding the growing of a small 
grain crop, since it may cause the crop to lodge. Small amounts applied at 
other points in the rotation are, however , very valuable. The use of lime is very 
desirable on this soil for increasing the y ields of legumes and it may also have a 
very beneficial effect on the grain crops. 'l' he application of a phosphate ferti
lizer is strongly to be r ecommended. ·whether rock phosphate or acid phosphate 

Fig. 5. Greenhouse experiment with clover on the Tama silt loam from Grundy County . 
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'I' ABLE VIII. GREENHOUSE EXPERIJ\IENT, MUSCATINE 
GHUXDY COUNTY 

Pot 
No. 

1 
2 
3 
4 
5 
6 

'I'rratn,cnt 

~i~~~l~l'e . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I 
l\1anure+l ime . . . . . . . . . . . . . • • • • • - I 
Manure+lime+rock phosphate . . . . - I 
Manure+lime+ncid phosphate ........... . . . [ 
Manure + lime+complete commercial fert ilizer ! 

Weight of 
" ·heat grain 

in grams 
7.3 
8.6 
!J.8 

10.5 
10.8 
11.7 

SILT LOAM, 

W eight of 
clo,er in 

grams 
7.9 

21 .4 
23 .4 
25.2 
24.1 
23.8 

should be employed cannot be definitely stated. Tests of the two material · 
should be carried out. The use of a complete commercial fertilizer would no t 
seem to be as desirable on this soil as the addition of a phosphate, owing to the 
gr eater cost of the complete mat erial and the fac t th at it does not bring about 
:ufficiently larger increases in crop yields. 

THE RESULT S ON THE TAMA SILT LOAJ\I PROM H ARDIN COUN'I'Y 

'l'he r esults secured on the Tama silt loam from Hardin County appear in 
table IX, only the weight of the wheat grain being secured. The beneficial 
effect of manure on this soil is riuite definitely shown by the increa. eel yield 
secured. The large influence of lime is also apparent. This is not ordinarily 
expected but in many cases lime seems to bring about increases in the yields of 
some of the grain crops. 'rhe rock phosphate, the acid phosphate and th e com
plete commercial ferti li zer all brought about increases in crop yields, the pho. ·
phates giving larger effects than the complete fer t ilizer. ~' he acid phosphate 
seemed to be slightly superior to the rock phosphate but the d ifferences were not 
large and definite concl usions cannot be drawn regarding the rela tive valu e of 
lhe two phosphates. 

:fig. 6. G1·eenl1ouse cxpcrim e 11 L with wheat on Mu5catine si l t loam from Gr undy 'o unt y. 
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Fig. 7. Greenho use cx pcrilll ent wil l, do1·cr ou Muscali 11 c silt "lo:1 111 from Gn1m1y Cuunly. 

These results bear 0 11t the conclu:ions dra wn from the tests on the Tama silt 
loam from Grundy County and indicate tli c va lue of manure to 1-his soil. 'rhcy 
show furth ermore that lime may he of considerable value not only in increa.· ing 
the legum e crop but in brino·ing about increases in the non-legumes. 'l'he use of 
a phosphorus ferti lizer will undoubl-ed ly be desirable on this soil and t ests of 
rock phosphate and acid phosplrnJc arc r ecommended to determine which wi ll 
g ive th e larger r eturns. TJ1c use of a compl ete commercial fe rtili zer is not r cc
ommcnclcd at the present tim e as it would seem probable that acid phosphate 
" ·ill be more profitable. 

'J'l l 1~ 1m , ULTS ON Tirn 'l'AJ,[A SIL'!' LOAM l!'.ROM MARSHALL COUN'J.' Y 

'!'he cl a1:a secured in the g rccnhou. e experiment on the Tama silt loam from 
l\Iarsl1all County ar c given in table X. Manure brought about a distinct in
cr ease in th e wheat grown on thi. soil but showed little effect on the clover . 
L ime in addition to manure increased the wheat yields slightly but brough t 
about a d istin ct increase in the clovrr. Th e rock phosphate lrnd a small effect on 
the wheat bu t showed a cli s1.inct increase on the clover. 'l'hc acid phosphate had 
a larger effect than the r ock pho:phate on both crops, the increase being· par ticu 
larly lar ge in th e case of th e clover. Th e complete commercial fer tilizer showed 
less effec t tlrnn the acid phosphate on both crops but had a sli ghtly larger effect 
than the rock phosphate on the clover. 

'l'hese results bear out t hose secured on the same soil type from Grundy ancl 
Hardin Counties. 'l'hcy indicate the very large value of applications of manure 
and lime to this soil and the profit which may r esul t from the use of a phosphate 

Pot 
No. 

1 
2 
~ 

4 

6 

TABLE IX. GREENHOUSE EXPER[l\[ENT 
1'::i.ma S il t Lonm~lfarclin Co unty 

1're:i.hne 11 t 

fi~~~~re . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I 
J\fanure + lim c . .... . ......... ... • • • • • . • • • • • • • · · · · · • · - I 
Maume + limc+roek p hos ph :il c · · · · · · · · · · · · · · · · · · 1 
J\ [anure+limc+acid ph osphate . . . .... . . . ...... ... . . . •.. .. 
Manurc+limc+eo 11 1plcre eo 11 1n1crei:1l fr r tilize r ... . . ...... . . .. [ 

W eight of 
wheat grain 

in grams 
8.203 
9.372 

10.897 
l 2.280 
l 2.800 
11.459 
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fertilizer. Whether rock phosphate or acid phosphate should be employed must 
be determined by special tests carried out on individual areas. 

THE RESULTS ON THE CARRINGTON SILT LOAM FROM BLACK HA WK COUNTY 

The results secured on the Carrington silt loam from Black Hawk County are 
given in table XI. On this type the beneficial influence of manure is shown 
both on the wheat and the clover. Lime brought about an increase in clover but 
showed no effect on the wheat. The rock phosphate with the manure and lime 
showed no influence either on the wheat or on the clover. The acid phosphate, 
however, used with the manure and lime, gave a decided increase in both crops, 
the effects being particularly evidenced in the case of the clover. The complete 
commercial fertilizer used with the manure and lime showed a greater influence 
on both the wh eat and clover than did the acid phosphate, the increase from the 
complete f ertilizer being particularly large in the case of the clover. 

It seems evident that this soil type will respond in a very definite way to 
applications of manure, lime, and phosphorus. The treatments in all cases 
showed up particularly well on the clover but there were also some distinct gains 
in the wheat crop. Only in the case of rock phosphate was no effect evidenced. 
From the fact that acid phosphate increased the yield of both crops, however, it 
would appear that phosphorus is n eeded on this soil. Field tests should be car
ried out before definite conclusions are drawn r egarding the relative value of 
acid phosphate and rock phosphate. While it seems from this test that the acid 
phosphate is much more desirable for use, field experiments might indicate 
superiority for the rock phosphate. Th e complete commercial fertilizer showed 
better results than the acid phosphate on the wheat and on the clover. It would 
not seem desirable, however, to usc a complete commercial fertilizer in the field 
until comparative tests have been carried out, because of the larger cost of the 
material and the possibility that the increased crop yields secured may not war
rant its use. 

FIELD EXP ERIMENTS 

A field experiment has been started in Grundy County but the results have 
not been secured over a long enough period of time as yet for the data to be of 
significance. Experiments have been under way, however , in counties · adjacent 
to Grundy County on the same soil types which occur extensively in this county. 
The results secured from these experiments will be included here, inasmuch as 
they indicate quite definitely the fertilizer effects which may be expected on 
these same soil types in Grundy County. Experiments on the Tama silt loam on 
the Hudson Field in Black Hawk County, on the Carrington silt loam on the 

TABLE X. GREENHOUSE EXPERIMENT, TAMA SILT LOAM, MARSHALL COUNTY 

Pot 
No. 
1 
2 
3 
4 
5 
6 

Treatment 

Check . . .. . ... . ..... . . . . ... . . .. . .. . . . . . . . · 1 

Manure .. .. .. .. .............. .. . . . .. . . . . . 
Manure+lime ... ... .. . ... . .. . .. .. . . . . . ... . 
Manure+lime+rock phosphate ..... ... . ... -I 
Manure+lime+acid phosphate . ... . .. ..... -I 
Manure+lime+ complete commercial f ertilizer ! 

Weight of 
wheat grain 

in grams 
19.75 
23.00 
23.50 
24.00 
27.50 
24.00 

Weight of 
clover in 

grams 
45.36 
45.36 
49.89 
54.43 
72.63 
63.50 

Pot 
No. 

1 
2 
3 
4 
!j 

6 
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TABLE XI. GREENHOUSE EXPERIMENT 
Carrington silt loam-Black Hawk County 

Treatment 

Check .......... ..... .... . ... . . . . .. . 
11anurc .... . .... . . ... .. ..... . . .. , . • • • • • • • 
Manurc+limc .... . . .. . ... . . . ...... . ...... . 
Manure+lirne+rock phosph ate . . . . . .. .... . . 
Manure+limc + acid phosphat e .. . . ... . . . ... . 
Manure + lime+complete commercial f ertilizer 

W eight of 
wheat grain 

in grams 
12.53 
14.76 
14.67 
13.93 
]5.22 
16.75 

Weight of 
clover in 

grams 
4.5 

15.5 
22.5 
21.0 
28.5 
36.5 

25 

Springville Field , series I and series II in Linn County, on the Carrington s ilt 
loam on the Osage Field in Mitchell County, on the Muscatine silt loam on the 
Delmar Field in Clinton County, and on the Lamoure silty clay loam on the 
Everly Field in Clay County are included here. 

'l'hese field experiments have all been planned with the objec t of determining 
the valu e of certain soil treatments and they are laid out on land which is r epre
sentative of the particular soil type. The fi elds include 13 plots, 155' 7" hy 
28' or one-tenth of an acre in size. Th ey are permanently located by the instal 
lation of corner stakes and all precautions are taken in the application of fe1·ti 
lizers and in th e harvesting of crops to insure the securing of accurate r esults. 

The fi elds include tests under the livestock system of farming and umler th e 
grain system. In th e form er system manure is applied while in the latter, cro p 
residues are employed . The other fertilizing materials which were tested incluclc 
limeston e, rock phosphate, acid phosphate and a complete commercial fert ilize1·. 
Manure is applied at the rate of 8 tons per acre once in a four-year rotation. 
The crop residues treatment consists of plowing und er th e corn stalks which 
have been cut with a disk or stalk cutter and plowing under at least the second 
crop of clover. Sometimes the first crop of clover is cut and allowed to remain 
on th e land to be plowed und er with the second. Lime is applied in sufficient 
amounts to neutralize the acidity of the soil. Rock phosphate is added at the 
rate of 2,000 pounds per acre once in a four-year rotation. Since 1925, rock 
phosphate has been applied at the rate of 1,000 pounds per acre once in four 
years. Aeid phosphate is employed at the rate of 150 pounds per ac re annual ly. 
Until 1923, the old standard 2-8-2 complete commercial fertilizer was used, appli 
cations being made at th6 rate of 300 pounds per acre annually. Since that tim e 
a new standard 2-12-2 brand has been employed, applications being mad e at-. 
the rate of 202 pounds per acre annually, thus applying the same amount of 
phosphorus as that contained in the 150 pounds of acid phosphate. 

THE HUDSON FIELD 

The results secured on the Tama silt loam on the Hudson Field , se ries If , i11 
Black Hawk County are given in table XII. 

The beneficial effect of a ppli cations of manure on this soi l type is eYidenced 
by the increased crop yields secured in every season . In some cases very large 
increases were obtained, as for example on the oats in 1919, on the corn in 1920, 
on the oats in 1922, on the oats in 1924 and on the timothy in 1926. In every 
case the manure brought about very profitable increases in yields of the general 
farm crops which were grown. The application of lime with the manure in
creased the yields still more in every season, the beneficial effect being particu-
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larl y cvjc1c11ccd on 1l1 c e·loYer arnl fono tl1.'" in 19:2.3. A pp r<'l:ia lllc crop in cr ea.·cs 
,n, re also sccHrccl , l1 owcYcr , 011 tli c t orn and oa ts g r011"n in t li c other seasons. 

'l'hc a pplicat ion of r ock pl1 os pl1nt c ' '"i11i tl 1c rn ,111111·<' n 11 <l l im e incr eased 1"11c 
~-iclcl s of cr ops in mos t· srasolls. 'J'li c lwndi r: ial effec t wa s pal'!i cnlarl y cvicl cnccd 
on tb c oats in HJ1 9, 011 tl1 c (·on1 i11 1():20. on 11i e onts in El~-~ nn<l 0111 11 c timo1'l1 .v 
in J9 :2 R. 'J'li c nr icl pl10s pl1;il c nppli c(l willi Il ic rn,rn11rc a 11< I li 111 c• sl1 owecl sli g lit l_,· 
la rgc1· effec ts thnn Ili c r ock pli os pl rn tP i11 OIi <' or 111·0 ('i! S('s li nt in µ: cn<' 1·nl Iii <' 
cli f'fc reill' CS hclwccn Ili c y ield s scc 11 rccl ''"i ll1 ll1 e two pli rn, pl1nt es " ·r 1·(• 1·e 1·.v sl.i g lil . 
0111.,· in 1li c rasc o r tl1 c rlovc 1· and limotli,v i11 10~:j was !11 r 1·,• n11 ,,· grl',1L rliffc l'e11 c·c· 
i11 f;ll'O L' of 1li c ac id ph os ph a te. '.l'l 1c co 111plr tc r:o 111mc1·eial fe rtili zer lia cl a h1q.:·c·1 · 
elfrc:L 1lrnn tl1 c pl1osplial cs in 011 c or two s<•nson s h11!. in rnai1 y cases ii. showed ;i 

small er hcn cfi cinl illfl uen cc !11n11 cli cl th i-l (' icl phos pli ntc. '.!'h e Oii ls in Hl33 ww, 
incr ca:cd con: i lcrahl _v h~· th e compl clc comni r rr ial f'r rti"li zcr. 'J'hc co rn in J 02:) 
showed a large r effect [ l'Om 1'h c compl ete ferti lize r lh an from tli c pl1ospli a l·e. 1" 11 
several sc.nsons the cliffcr cn ccs wc 1·e Yer. sli gl.1t-. 

'l'h e crop r csicln cs sl1 owcd lit Il e effect on 1l1 c crop ~-icl<ls, a benefi cial offed lll'
i 11 g cvicl cn ccc1 011 ly in on e or two cases. I iime with t li c Cl'OIJ r es idues i11 crrased 
lh c crop ~-ielcls in cvc1·:v scnson , hr inging nho ut vc r,v p1·onou 11r,e<l gnins in lli r 
cnsc of 1l1 c d ol'er and t irn oll1.v in HJ'.2:i mid 1h c li mot li .v i11 1926. In scvc rnl 
seasons lhe oa1 s ancl co rn were i11 cr cnsrcl lo fl Yc r.v largr rxtcn t hy t l1 c use of' 
li me, the effec t being t·li c grr nlcs t on ili c onl s in 1023 nncl 011 tli c co r1t in 1923. 

'l'h c r ock pli ospl1 a tc with (he cr op l' C'S iclurs a 11d lime hrn11gl1t ::thont incruaSl'S 
in cr op yiclcl .- in most scnsoii s. In g·e nr ral. tl1 c gai ns were 11ot Yery large, hut i 11 
scl'cr al scc1 sons fo cy wc1·c qnitc (lcfinil <'. ' l1 l1 c ncicl ]llio,c;pl111l c w illt crop r cs icfo c,,.; 

' l' !\BJ,'I~ X H . Ji'f" fi]T ,D F,XT''f<:Rl l\fl<:N 'I' , ' l'J\l\ l i\ , IT/ 1' T,OA\ r, l~r,AC [( HAWK CO LJ1'\ 'l' Y 
Jll ' DSON J<' fr;f,D R'P. IU l~R I I 

l' lot 
";{o, 

G 

7 
8 
!) 

10 

11 

]2 

13 

I heck . . . . . . . . . . . . . . . . I 
I ll fan11ro . ... ........ . · 1 

J\fanmo-j l im e . .. ..... - 1 
llfanuro+li mo + rork I 

phosph:iJo .......... , 
l\fanure+limo +:i.cid I 

I 

ph osph:it c . . . . . . . . . . I 
Manuro+lim c+rompleto I 

commcrci:i.l fert ili zer. -I 
heck . . . . .... . .... . . · 1 

Cr op r es.id 11 es ......... 
Crop rcs icl 11 es+li me ... 
Crop rcsi dues+ l im + I 

r ock phosphate . . . . . . I 
Crop rcs iflu cs + l im c+ 

\ acid pho phate . .. . . . 
Cr op rcs id urs+lime+ 

I eomplcto comm ercial I fer tilizer ... .. . ..... I 
Ch ock . ....... .... . ... J 

) 
1,q 

( I 
rn 
('01 
i ll 

·11 

I. 

per A. 

4,i.8 
40.:l 
54.4 

56.G 

57.4 

58.5 
fi6 .!l 
54.7 
57.!J 

62.8 

5G .6 

52.5 
fi4.5 

rn 1n 
Oa ls 
lttl , 

P C'l' . \ . 

4-7 .G 
54.7 
5!J.'.l 

64,!) 

G'.?.2 

57.5 
62.2 
62 .2 
64- .6 

58 .1 

55.8 

57.5 
;57,0 

J. Vou r ton s l ime. l l nil rl:un:t .!.rf' c1 c·<11·n . 
..., Yi eld on plot 7 evident l .v r111 rn·or . 
8 . Corn cut and put in s ilo . 
4. Not very ripe wh en cut. 
5. Dry senson . 

(3) (~) 
I D:!0 193 1 
Corn C o rr i 
bu. bu . 

J) C' I' . \ . prr ,\ . 

I G:l.2 I 
I G'.l.8 I 
I G7.1- I 

73.:l 

7:1.1 

72 .4 
44 .0 
(i!').3 

71.3 

7,f. !) 

74.0 

74- .l 
7Ul 

( I 
n 1. 

) 
~:! 

0 11.-.. 
h I. 

pc, . I . 

44. 
!i:l . l 
G!l .G 

58. 1 

!5 '.).:J 

6'.? .'.l 
41.4 
1.10 .() 

G'.?.4 

G!l .G 

64.4 

71.3 
5!J .7 

(5) 
103:l 1011 
Cor n Oa ts 
bu. bu. 

p er A . !) fl !' .\ . 

54.0 40.3 
50 .6 50. 6 
GG.2 52.'.l 

61.4 63.4 

50.G 63 .7 

(i8.4 60 .0 
!'54.1 50.6 
G1. l 4!l.G 
GG.7 57.7 

G.,.7 66 .4 

6'.? .8 GO .!J 

62.8 61.5 
50.2 48 .7 

fl. High yields on crop resi du e series due to low er gronnd and rnore mois ture. 

l !J:!5 ( I i ) 
Cl<wr :· I H'..! !i 

;111 d tinrn l 11 .\ 
1,i inot hy ton s 

tnn ~ per A . 
)lfl' . \ . 

1.43 0.8R 
J .64 J. I (i 
'.l .03 l .~ I 

2.0'.l ] _;,;; 

~.25 1.G I 

2.00 l .(;4 
] . 4 1.2 1 
J .GD 1 .'.?3 
2.27 I .(Hi 

2.32 ·1 .70 

2.36 ·1 .7 !1 

2.!i2 '.?. O:l 
J .94 1.4 ;; 
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]Tig. 8. A fil'l il of oat s u1 1 th o ' l':111i:1 silt loam. 

an d lim e Rhowctl sli glill .v lnrg-,' r <' i'l'<' r ls 111,1 11 1h r rork ph ospl1al c• in on e or bro 
c·ases but ill gcn r rnl. t-l1 r, y ir lcl s S<'c·11red 1,·<•1·c• ,·,•1·y s i111 il,1r lo 1hosc sec ured on LlH ' 
r ock pl1osplrnl·c trea lc< l pl ol,.; . 'J'l1 c <·ornp ld r <·0111 111 (•n· i,II 1·c r lil izc r with t he cr op 
1·es icl11 es all( !. l i111 c li ,1d ln:rgr l' dTN·l s ll1i111 I lic p l1os pl1al es i11 seyc ral cases. Pro
nouneccl g-nin s " ·err src m r cl on tli c Oiil s in JfJ:23. on l it e cloYr r and timothy in 
192G nrnl on lh c I imot h,1· in l !J'.?R. l 11 srYcral ol li er seasons 1h c co 1111)l te fo r Li li zc 1.· 
showed 110 g rcatrr .inf1 1wncc on til e y i(' ltl s I l1 m1 di <l t l1 c pl1ospl1 ai-cs . 

'l'h csc r cs 11 lts i11cli ratc qu i le cl r fi ni t r l,r 1 li e li r ncfi cial clfoct o[ nppli 'ati ons of 
manure, limr and a pJ1osphat-c fe rt ili ze r lo t he 'l'mn,1 .- il t lon m. 'J'l te va lue of 
manure is slJOwn 1rn 1:li culnrl y well i.n 1liis WO l' k, ve ry large in •.rcnscs .i n c l'Op 
y ields !win g- sccurPd f rom 111 c appl icati on of i lti s mal cr iaL 'l' l1 e use of l im e 
a lon g wi lli rn ,mu1·r is shmrn lo be Y <' l '.)' YalnaiJll', i1H'l'<'n srs in Ili c y ield s of' gc 11 -
<· 1·,1l .farm n ops l1 ci11 g· ohl'ai n rd in c1·r ry <·asc. ' l'l1 r ;iclc lili on of a pl1 os p li a t·e i'L•r-
1i lizer scr 111 s 1·0 hr o f' Yalue 011 111is ly pr, roek plt ospliah· n11cl ac id pl1osp.l1al e holli 
hri11ging aho11 t Jll'OllOHn cccl inC'l' r ascs in y ir l<l s o l' gcnr l' il l fa rm crops. r1 t so111 e 
(·ases t11 c ,-l<'i cl pl1 os pl1nl r src>rn s to lH' so 11w \\' l1nl. pr<' [Prnlile for 11sc1 h11 I. in gr 11,·1 ·,1I 
11i e :i11 c1·c,1scs in y i<•ld s from ili c 111'0 rn al r l' ial s nr<' YC I'.)' s i111 ilnr . l)di11.i! c co 11 clu
s ion s r rg-il 1·cli 11 g 111e Y,i"l11 c o f' !lie hrn pl1 os plin1 <·s ca111 1ol. tli r rcl'orl' , he d1·,1,1·11. 
' l'< :sh, on irnli1·i<iw1l fa rms a1·c• 1· rc·om 111 e1tcl rcl. 'J'li c use ol' a comp lete r n111111 <·1·<·ial 
r·crli lizr r clors 11 0L seem 1o IH' 11.~ drsi 1·nhl c as I li c a ppl i(·alion of' a pl1 os pli al r•. 
\Vhi lc in (' rensrs in C'1'o p y irld s ,ire S<'C111· rcl i1t rnnn _,, Cil S('S. Il ic i11 v1'(' ,1srs ,u·r 1101 
s u1Tic-i r 1ill .1· liirg,• lo wan ,1111. 111e gT <'1ll <' 1· ('OSI. o l' l l1 r rompll'l r l'r r l ili ze r. 

'11h r rrs1d ls SC'l·11r rd on ll 1e Cn r1·i11 g· lo11 s ill· lonm 011 lli n 8 pri11 g·yill <• l•' i<• ld . 
sr ri r. · ·1. in r1i1111 c ◄ nu nl y n1· <' g·i1·c 11 in l,1hl c X I 11 . 'J'l1 c ,1ppli ra ti o11 o r rn ,111111·p 10 
t l1i s soil lypc is a 1 p,n r 111.l .v of vr r,1· ln1·g·,, Yal 11r. Consid t' 1·,1l1lc imrr nsrs in r l'(lp 
:Yirl cls " ·e re secured in all hut 011c se,1 s011. I n some cases Ili c inereasrs " ·ere ve r y 
la rge, as for rxampl.i' . on 1h c co rn in J 9~0, on 1h c ron1 in 19:23, ancl on t·li c oa ts 
in] 92G . 'l'h c appl iration of lim e \Y ilh ihe mamll'c inncased t li e crnp y ield s i11 
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one or two seasons but no large effects were noted from the use of this material 
and in several cases no increases at all were secured. 

The application of rock phosphate with the manure and lime brought about 
very large crop increases in some seasons, as for example, on the clover in 1918, 
on the corn in 1920, on the clover in 1922 and on the oats in 1925. Increases 
were secured from the use of this material in all but two seasons. The acid 
phosphate with the manure and lime gave better r esults than the rock phosphate 
in several cases but in general showed very much the same effect. The corn in 
1919, the oats in 1921 and the clover in 1922 showed larger effects from the acid 
phosphate than from the rock phosphate but in several other seasons the latter 
seemed somewhat mo re beneficial. 'l'he complete commercial fertilizer had a 
slightly greater effec t than the acid phosphate in one or two seasons but in gen
eral the influence ,ras very much the same as that brought about by the two 
phosphates. 

Little effect from the crop r esidues was evidenced on the various crops grown. 
In one or two seasons small increases were noted, but in general the yields were 
influenced very little. The application of lime with the crop r esidues showed a 
!Jeneficial effect on the crops grown in several seasons. 'l'he largest influence was 
evidenced on the clover in 1922 and on the oats in 1925. In several other cases 
slight increases in crop yields were secured. In one OL' two seasons no gains at 
all were noted. 

'l'he application of rock phosphate with the crop residues and lime increased 
the crop yields in practically every season. In some cases very large increase8 
were secured, as for example on the clover in 1922, and on the corn in 1923. 

'l'ABLE XIII. FIELD EXPERIME~ 'l'--CARRING'l'ON SIL'l' LOAM, LINN COUN'l'Y 
SPRI NGVILLE l<' IELD- SERIES I 

(1 ) (2) (3) (4) (5) (6 ) 
!-' lot 1918 1919 19~0 1921 19 ~2 1928 1924 19l 5 1 92G 
~o. Tre at11u:nt Clo ver Corn Corn Oats Clover Corn Corn Oa ts CO l'II 

tons bn. bu . bu . IOllS lrn. bu. bu . Lu . 
per A. per A. pe r A. pel' A . oe r ..-\. ner A. per A . per:-\ . per A. 

1 \ Check . . . _. .. . ....... .. . · 1 2.25 I 58.6 46.5 44.8 

I 
1.37 40.2 . . . 53 .9 41.6 

2 Mauure + June .. .. ... .. . 2.47 I 64.8 63 .3 36.4 1.47 51.2 .. . 72.4 49.:1 
3 Manure . .. ...... .. .. ... 2.40 63.7 51.1 46.9 1.35 55.9 ... 57.4 46.4 
4 Mauure+lime + rock 1 

2. 70 160.8 
I 

phosphate ......... . . · I 66 .l 42 .8 I 2.02 60.2 . . . 71.G 50.4 
5 Mauure+lime+a.cid I I I I phosphate .......... .. 1 2.70 I 61 .1 60.8 I 46.3 2.14 59.7 . .. 68.G 47.4. 
G Mauure+lime +complete I I I 

commercial fertilizer . .. 2. 70 

I 
64.5 61.0 49.2 1.99 60.7 I . .. 74.1 47.-l 

7 Check . .... ............. Ui5 60.0 51.9 36.9 1.35 40.0 . .. 43 .6 34.-1 
8 Crop residues .... . .. ... . 2.05 62.5 55.0 42.8 1.10 46.2 . .. 47.4 37.8 
9 Crop residues+lime . .... 2.02 : 49.4 59.6 38.9 1.56 44.2 . . . 62 .1 38.!i 

10 Crop residues+ lime+ 
I rock phosphate . . . ' .... 2.16 55.7 58.5 43 .6 1.98 54.4 . .. 64.8 :l6.8 

11 Crop r esidues + lime + 
I acid phosphate ...... .. 2.47 55.4 58.5 48.4 2.10 43.5 . .. 62.2 37.0 

1 2 Crop r esidues+lime+ I complete commercial I 
fertilizer . .... ....... · \ 2.19 I 33.1 I 57.3 I 37.8 I 2.04 I 44.7 I . .. 72.4 38.G 

·13 Check .. . . . . . .. ... .. .... 1.80 I 45.7 41.1 I 36.0 I 1.51 I 36.1 I ... 45.3 30.!l 

1. Three and one-half tons lime--fall 1917. 
2. Plots 10, 11, 12 nnd 1 3 on low ground, poor sta11<1. 
3. Plot 2, small ditch, abnormal yield. 
4. Clover down badl y on 5 and 6, and 11 and 1~ . on ly 85 % co 11ld be cul . 
5. Season dry, , 
6 . Field was replanted and corn did not mature, no res ults taken. 
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The acid phosphate with the crop residues and lime had a larger effect than the 
rock phosphate in most seasons. In general, )lowever, the differences between 
the effects of these two phosphates were not very pronounced. The complete 
commercial fertilizer with the crop residues and lime, showed less effect than the 
acid phosphate in many cases. Only in one season was there any very large 
difference in the yields and this was in the case of the oats in 1925. In several 
other seasons the complete fertilizer gave slightly larger effects but the differ
ences were not definite. 

The results secured on the same soil type in series II in the same field are 
given in table XIV. H er e again the beneficial effect of the application of ma
nure is evidenced by the increased crop yields secured in every season. In some 
cases the increases were not very large but in general quite definite gains were 
noted. The clover in 1921, the corn in 1922 and the corn in 1923 showed the 
most pronounced effect from the application of the manure. The application of 
lime with the manure increased the crop yields in practically every season. The 
clover in 1921 was particularly benefited by the lime and the clover in 1925 
showed a very definite increase. In 1922 and in 1923 the corn was increased to 
a pronounced extent by the use of lime. 

The rock phosphate with the manure and lime increased the crop yields in 
every season. In some cases the gains were small but in general they were quite 
definite. Beneficial effects were noted particularly on the clover in 1921 and in 
1925. 'l'he acid phosphate with the manure and lime showed a larger effect than 
the rock phosphate in one or two seasons but in several other cases gave slightly 
smaller effects. In general the difference between the influence of these two 
phosphates was not very great. 'l'he complete commercial fertilizer with . the 
manure and lime showed slightly larger effects than the acid phosphate in most 
seasons. The differences, however, were not great and in general it may be con
sidered that the two materials gave very similar increases in the yields of general 
farm crops. 

The crop residues had little effect on the yields of the various crops grown on 
this field. Lime with the crop residues brought about increases in most seasons . 
In some cases very large gains were noted, as for example on the clover in 1925 
and on the corn in 1926. The rock phosphate with the crop residues and lime 
increased the yields to a considerable extent in several seasons. Beneficial effects 
were particularly evidenced on the clover in 1921. In several cases no gains 
were noted from the use of the rock phosphate. The acid phosphate with the 
crop residues and lime showed a larger effect than the rock phosphate in most 
seasons. In general, however, the differences were not very pronounced and the 
two phosphates seemed to have quite similar effects. The complete commercial 
fertilizer gave better results than the acid phosphate in one or two seasons but 
in several other cases it showed smaller effects. 

It is apparent from these results that the Carrington silt loam will respond 
very profitably to applications of manure, lime and a phosphate fertilizer. The 
value of manure on this soil type is very clearly shown. The use of lime seems 
to be desirable particularly where legumes are to be grown. 'l'he application of 
a phosphate fertilizer appears to be of value on this soil. Whether acid phos
phate or rock phosphate should be used cannot be determined from the data 
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'1'.AJ3L E X JY. ]TJE LD E XTEHUU~KT- CAHJU NG'l'OX S [LT LO J\j\[, LINN CO UN TY 
F\ P IH );G VT l,T,l~ .E' rF.L l)- ,,B Hfl•:i-; U 

( l ) ( ~ ) (:\) ( I ) (5) ( ti) 
l' lol 1910 I !J:!11 1921 1 !):.!~ 1923 l !):.!-t 1925 l9 ~G 
No. 'l'r'.::itn1 enl Corn Oai s CJoq•r Corn Cnr11 O af!'-l, () IOY('I' Co r n 

bu. bu. to11 s Lu. l, 11. bu. ton~ h11 . 

Jli't' . \ J}C l' i\ . J) CI' A . pr i- A. per A. per A. pr r :\ . per· :\ . 

1 I Chec· k . . . . . . . . . . ....... . ..... . (jL.l ,u .1 1 .16 62.6 32, 0 . . . 0.8 7 4.0.0 
2 .\ [:llllll' O . . ' . . ' .. . . . . . ... . ...... 6G.0 4.G .S J .42 76.0 40 .0 . . ' 0.90 41.0 
:l i\.[: L1Lu re + l i111 c . ' . . . . . . . . . . . . . . . 0G .'.l 48. 1.8G 82.8 46.(i '' . 1.30 40. 0 
± i\I:rn II re+l i rn c+ l'Ol' k phos ph ::tt,, 

'' fiG .:5 49.6 2 .29 84 .3 46.8 ' .. 1 .48 48 .0 
i.) i\ [,rnmc+l i.rnc+ :tc id phos ph:1 t·e '' G9.7 50 .8 '.l .:3G 78 .0 44.4 ' .. 1. 30 40. :1 
G j\ ra n urc + l i rn e+co rn p lctp ('() JJI · 

m e re i.nJ fer tili zN . . ... . . ... . . 64.2 43.4 2.ii0 79.1 47.4 I ' ' ' 1 .39 4 1.0 
7 Check .......... . .. .. .. . . . . . '. G7.J. -17.G 1 .51 62.9 33.5 '.' 0.95 3G.8 
8 Crop r es idues ........ .. . . . .. . ' :iG.9 47. 6 1 .17 (51 .7 3G.2 ... 0 .78 37.8 
9 Cr op r cs iducs + l irne . . .... ... .. . ;i~.1 ii8.9 1.27 G3.4 35.6 . . . 1.13 G0 .G 

70 Cr op r es iclucs +J i rn e+ rnl'k I 
p h osp hate .. .. . ... . . . . . ... . . (jJ.4 I 63 .7 2.31 

I 
G0 .6 34 .9 . .. 1.15 44.8 

11 Crop l'Csiuucs+J irne + :-it itl I I 
p h osph ate . . . . . . . . . . . . . . . . . . 62 .9 70 .6 2 .~4 :i9. l 38.1 . ' . 1.41 44.'.l 

) 2 Cr op r esi cl ues + lim e-j-co rn p lctc I 
cornme rdn.l fcTt il ize r ... . . . .. . G0 .0 I 50 .2 2.:?f) 74.7 44.9 . .. J.35 44 .2 

H Check . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.6 I J .3 :3 6 .J.. 8 40.0 . .. 0.43 4] .0 

1 . l' lot 1 3 rut l1)' m istak e. 
'' \ Vet spr in g rNl uccd crop 0 11 1n,.11111l'cd pl ot:-;: -I !0 11 :-. l inH• ~qd, 1 11i\ 1(• r . 
:1. P oo1· d rni na go m ade scr iei:; wee d y in spots. 
4 No re~u lts tnken. 
:i. C'a1T icd ns res idual ser ies . Ko applirnti o nf. mn tl r ~inrr spri ng of l !l'..! :L 
CT. P icld cl:l mngcd by hot win ds :ind d ry w e:i tht•r . 

g-iven ina smuch a th e two phosphate· brou 0 ·li t about ve ry sim ilar crop inceeases. 
In some cases th e acid phosphate wa s slightly preferable, while in other ca. es the 
rock pho ·ph at e O'ave quite as satisfactory r esults. 'l'csts of the two phosphates 
on individu al farms are r ecommended. Th e use of a, complete commercial fer
ti lizer was not as desirable as the appli cati on of a pho phate. Increases in crop 
yield s wer e Ol"dinarily secured bnt th e gains ar e not sufficiently larger than 
tho. e brou ght ahout by the 11hosplrnJes f·o warrant 1·hc g reater cost of t l1 e com
plete mater ial. 

THE OSAGE P TELD 

'l1 l1 e r es 11 lls seem ed on t.li c Caning ton silt loam on th e Osage Pi clcl , seri es T i11 
J\f itchell Counf _v, ar c given in table XV. Manure bronght about a ben eficial effect 
on the crops grown on thi . fi eld in nll bnt on e season . Tn some case. very lar ge 
yields were 11of·ed, as fo r example on 1 he oats in J 920, clover in 1 !)21, corn in 
1922, co1 ·n in 1923, clover ;rnd timofJ1 y in J 925, and on tl1c corn in J !)26. Li me 
with th e mannrc increas d th e rrop yields to an appreciable exf·ent in most sea
sons, and in several cases very cons icl el'able increase.· were noled, as for exarnplr. 
on tl1 corll :in ] 923 ancl o:n th e clover in ]!)21 and J92!':i. 'l'h e iMrrasccl y ields in 
the oth er seasons were in g-cn era l quilc definit e. 

'rl1 e use of l'Ock ph ospliaf e with 1li e manure and lime increased t·he crop y ielcls 
in practically every season . In some cases the gain s were q1 1itc defin ite but in 
severnl cases Yrry small incr cnsrs were secured. 'J'h e ac i<l pl, os rliat·e witl1 tl1 r 
manure and 1-iine showed hetter r es11 l ts than th e r ock ph ospliaJ-e in seYeral sra
sons, as, for example, on the oa1 s ·in 1924 and on th e clover nnd timot-hy in J 92::i . 
In one or two other seasons th e r ock phosphate seemed to give slightly la rger 
effects but in th ese cases th e differ ences wer r not great. 'l'he complete commercial 
ferti lizer with th e manure and lirn r had a larger effect on th e crop y ields in 

1 
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several seasons but in general the differ ences were not very grea t and in one or 
two cases the effect<;; were less defin ite than t.li ose b rought about by the phos
phates. 

'l'he crop residu es had little eff c<.:l on the yields of the various crops grown on 
t his fi eld. Lime with th e crop r esidu es increased th e crop yields and in general 
t.he incr eases were very prononncecl , as fo l' example, on th e corn in 192:3, the 
oats in 1924, the clonr and timothy in 1925, and the corn in 1926 . 

'J'he rock phospliate with the crop r esidues and l ime in creased the yi elcl s in 
practically eYery season. Considerable gains ,rc l'e noted on th e oats in J 920, 
and on th e clover and timothy in 1925. In mo ·t of the other seasons, the ga ins 
were less defin ite. 'l' he ac id phosp hate with tl1e crop r es idues and l ime bro ugh t 
about better r esults t-lian th e rock phosphate in one or two cases but in several 
instan ces had a less benefi cial influence. 'l'h e differ ences were not ve ry large 
and i t would seem that the two plto ])hates had very much the same effect on the 
variou s crops g1·own. Th e compleJ- e commercial fertili zer with t l1 e crop r es idues 
and lime showed definite increases. 'l'h e d ifferences were quite definite in on e 0l' 
two cases. In a few instances th ere was less benefi cial effect from the complete 
Certilizer , ho,rnvei·, than from the p l1 osphatcs. 

'J'he r esults sec ured on this fi eld bear out the con clusions drawn from tl1 r 
previous fi eld experiments and ind icate the large value on the Carrington silt 
loam of applications of manure, l ime and a p hosphate ferti lizer . 'l'.he large 
increases in the yields of ge11rral !'arm crops following th e application of manure 
ar e very defin itely shown. Lim e ll' it h t li e manu re b rings about benefi cial effec ts 

'J'AHUJ XV . .F.I l•J LD K\'YE lt l i\ Um T-CA IW. IC'IG'l'ON SIL'l' LOAM, i\ lT'l'CH:ELJ, CO LJ N'L' Y 
OSAG I~ .l ◄ 'J l•J I ,D- 8EH,IE S .I 

( l ) (3) (3) ( 4 ) (5) ( G) (7) 
1 9 1 ti 1 91.D ] 920 l 921 I V~ :.! 1923 10~ -I l H:! G J V:! U 

Plut 'l1reatm cnL 10 1'1l Cu rn O11 1s Ulo,·cr C' Ol'tl ('o rn O11ts C IO\'C I' Cu rt1 
Nu. bu. bu . bu . tons bu . lJ U . bu . and uu . 

per 1\ . pe 1· A. per A . pel' A. per i\ . JW r .·\ . per A. ti1 11u tli ,\' pel' A . 
to ns 

JJ(' I' :\, 

L J Check .......... . .. . ... -lli. ::i ,-.,-,.8 X-1 .G I .OH I G8.8 42 .3 72.4 0.97 37.;, 
'.! Ma m1re . . . . .. ..... . . . . G:! .8 uU.0 60,;-l 1.5:, I G8 .0 50.8 7.1. 0 1.25 Gl. 5 
:l Marr ul'e+limc .... .. . ' .' :i :.!.8 7U .l' [j (i.;-l U lS 68.0 6±.J. 8:!, 1.64 :, 6.U 
4 l'lfanuro+Iirne+ roc k 

ph osph a te . .. ' .. . . . . ' :i .J. 8 7 :!, 0 (i I .~ l.!l.J 7.J. ~ 70. 7 6.G l. G8 G7. 0 
[i Ma nure+lim e+:-ic id I 

-ph osph a t e . .. . . . . . .. . :iG . .J 77.fl Ii I .~ 1.8:2 70.0 70. 7 98.0 J.!lO [i[i , 7 

G l\fanu re+ l irn e+r· onrpl etc 
CO lllttl Cl'Cia] fe rtili ze r . . 4.J.. :i 7!l. 0 (ii, :! I .G:-l 72.3 70.2 I 02 .9 :r .9'.l G0.S 

7 Check ... .. . . ' ... ' . . . . ;1:< .8 li 7. 0 :rn. 1.-1-8 ::i 0.0 I G3 .7 74. 3 ·1.12 <j(j _(j 

8 Crop res idu es ..... . ' . .. '.3 7, 7 (i:i. 0 :i :,.U I .:i:i ::i ·l .-l I 52 .0 7] .8 J .H .J. 1. 3 

9 Crop r cs iclucs+Iirn e .... :19 .-1 'i -1.U :ill.:-l I .:l:'i ss .::i I G::i .2 8 1. G 1.G3 :i2.0 
10 Crop r esidue + l ime+ I 

r ock phosphate . ... ... 4 7. 4 ,.,.n (i i ., 7 .:i :i ii7. 7 I G4.4 90 .:l J _9 ,1 ;j~ _t) 

]l Crnp r es iclucs+Jirne+ I 
:ccid phosph a t e . ' .. ... H .2 78.0 .i !) ,8 I.H G:U I G-1.9 78 .4 2.07 fi "I. ~ 

] 2 C rop r esiclucs+Jirn c+ 
I comp let e co m rne rc i::Ll 

fc1-tilize r . . . . ... .. .. . 48.8 78.0 li7. 3 ·r .79 G:i .:i I (if) ,9 8 7:1 1. s:; ,, 0 .9 
13 Check .. ' . .. . ....... . .. 3D .7 G7 .0 :i:l. I 7 ,:i !l fi ~.3 I s::i .2 I 75 .G 0 .88 .J.J. 0 

1. l'our tons lim e appli ed . 
::! . Plot ] , low yield , onts down Un<ll y; four t.ons lime appl il• d in R,•pl e111bcr. 
:1 . Clove r pastured heavil.v in spr ing. 
4. Corn dow n b :i dl _v on ch ecks a nd crop rel-ii du e plols. 
5. D ry weat her redu ced yields. 
6. Poor stand on plot 11 du e lo p ocket go phers. 
7 . I ce sheet killed ou t most of th e clove r in spr ing of 192 J, goo t.l sta 11 J of t i rn ol hy. 
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Fig. 9. L evel topography of the Muscatine silt loam. 

not only on the legume crops of the rotation but also on general farm crops. 
The use of a phosphate fertilizer is certainly very desirable on this soil. Whether 
rock phosphate or acid phosphate should be employed cannot be definitely 
stated as both phosphates seem to give very similar r esults. It is r ecommended 
that farmers test acid phosphate and rock phosphate on their own soils, under 
their particular conditions, to determine which will be the more profitable for 
them to use. It would not seem that a complete commercial fertilizer should be 
r ecommended for use on this soil as acid phosphate or rock phosphate will prob-

'l'ABLE X VI. FIELD E XP E RIMEN'l'-MUSCATINE SILT LOAM, CLINTON COUNTY 
DEL MAR FIELD 

+ti 
( 1) 192 3 1924 (2) 

I 1918 1919 1920 1921 1922 Clover 1925 1926 
l ' lot 'l'reatment Co rn Corn B arley Wi nter Ccr n Oats a nd Co rn Oats 
No. bu . bu. bu . wheat bu . bu. t imo th y bu . \J u. 

per A . p er A. per A . bu . per A. per A. tons pe r A . per A. 
p er A . J) Cl' .A .. 

1 Check . . . . . . . . .. ... .. . 77.7 69.6 25.3 33.5 55.4 49.3 1.04 74.4 15.4 
2 Manure .... . . . ... . . . .. 81.1 65.8 28.1 28.4 65.1 54.3 1.08 78 .9 17.4 
3 Manure+lime ... .... . .. 83 .3 76.1 24.9 34.9 64.6 61.1 1.08 82.7 15.6 
4 Manure + lime+rock 

phosphat e .. . . .... . . . 88 .8 75.3 32 .7 30.0 71.1 61.1 1.57 91.2 23.0 
G Manure+lime+ acid 

phosphat e . . .. . . . . ... 81.1 I 72.2 32 .7 25.8 71.6 56.1 1.52 96.5 23 .2 
(j Manure+lime+corn]_.l lete 

I 
commercial fer til izer .. 75 .0 77.4 40.3 32.9 73.6 67.7 1.44 94.9 28.3 

7 Check . . .. . . . . . ....... . 66.6 73 .1 27.2 25.8 68.8 42.5 1.08 82.1 12.7 
8 Crop resid ues ... ' . . .. . . 75.0 65.8 27.2 19.1 68.8 44.2 1.02 80.5 9.8 
9 Crop r esidues + lime . . .. 76.6 70.9 27.2 33 .6 67.4 45.8 1.17 88.0 17.2 

10 Crop residues+lime+ 

I 
rock phosphate . . .. . . . 78.3 69 .2 34.9 27.6 70.0 62.8 1.31 94.9 17.2 

11 Crop r esidues+lime+ 
acid phospha te . . . ... . 'i(i.6 71.4 32.2 31.3 75.7 69. 7 1.44 92.2 23.u 

1~ Crop r esidues+lime+ I 
complet e commercial I 
fe rtilizer .. . .. . . . . . . . 70 .5 70.5 32 .7 29.1 I 73.4 61.1 1.56 89.6 ~O.G 

l:.l Check . .. . . .. . . . . . . . . . . G4.4 67.5 24.5 23 .4 I 68. 0 45.8 0.98 73.6 15.6 

L. Wheat very un even, m ixed with ry e, clov er poo r an d pl ow ed und er . 
.... Oats w ere late in ripen in g and bndl y lodged du e to ru st . 

P lot 
No. 

GRUNDY COUN 'l'Y SOI LS 

TABLE XVII . FIELD EXPERIMENT- L AMOURE SILTY CLAY LOAM, 
CLAY COUN TY 

EVERLY F rE LD-StRIES II 
( 1 ) ( 2 ) ( 3 ) ( 4) 
191 9 1920 19 21 1922 1923 1924 19 25 

'I'reatmeut Clover Cor n Corn Oats Clover Corn Co rn 
ton s bu. bu . bu . bu . bu. bu. 

33 

1926 
Oats 
bu . 

per A. per A . per A. per A. pe r A . per A. per A. per A. 

1 Check . . . . . .. . . . . . .. . . . . .. . . .. 1.45 74.6 65.8 35.6 0.57 31.8 57.9 47.4 
2 Manure . . .. ... . . ... . .. . . .. .. . 1.45 . . . 75.3 54.1 0.71 58.2 68.6 62.9 
3 Manure+acid phosphate+ 

potass ium chloride .. ... .. . .. . 1.60 83.2 75.8 70.4 1.83 69.4 58.8 76.8 
4 Manure+r ock phosphate .. ... . . 1.67 

I 
83.2 70.0 64.1 1.25 61. 7 55.1 76.8 

5 Manure+ acid phosphnt e . . . . . . . 2.03 80.8 68.1 70.2 1.75 67.2 55.8 83.0 
6 Manure+ complet e co mmer cial 

fer tilize r . . . . . . . . .... .... .. . 1.79 80.8 63.2 68.4 1.26 60.8 54.0 71.1 
I 

7 Check ... .. . .. . . . ' .... .. .... . . 1.68 I 66.9 54.5 58 .3 0.77 43 .2 44.0 54.7 
8 Crop residues . . . . . ' . . .... . . ... 1.56 I . .. 54.7 52.8 0.87 39.6 43.4 53.4 
9 Crop residues+ acid phosphate + 

potassium chloride . . . .. . .. .. 1.56 
I 

70.4 61.9 61.1 1.47 56.5 44.2 71.6 
10 Crop residues+rock phosphate .. . 1.68 73.6 60.4 57.7 1.14 61.2 42.2 72.4 
11 Crop residues+ acid phosphate . . . 1.56 83.4 60.8 62.8 1.59 57.7 44.7 77 .6 
12 Crop residues+complet e 

commercial fertilizer . . .... . .. 2.03 77.8 64.7 78.4 1.73 56.4 57.7 76.5 
13 Check . ... . . . . .. .. . . .. ... . .. . . 1.68 61.2 54.0 48.5 0.8 3 35.7 53.5 50.4 

1. Olover kill ed ou t in spots. 
2. Soil bas ic and no lime applied. Corn on vlots 2 and 8 not husked. 
3. Acid p hospha t e and p ot ass ium chlori de (50 p ounds per acr e ) appli ed to plot s 3 a nd 9. 
4. F irs t cuttin g onl y. 

ably bring about quite as large crop increases owing to the greater cost of the 
complete fer tilizer. 

'l' H E D J~LMAR FIELD 

The r esults secured on the Muscatine silt loam on the Delmar Field, in Clinton 
County, are given in table XVI. Th e application of manure to this soil brought 
about increased crop yields in most seasons. In general the incr eases were not 
very large but in one or two cases, as for example on the corn in 1922, pro
nounced gains in crop yields were secured. The application of lime along with 

Fig. 10. A field on the Waukesha silt loam. Note the gent le rise to the uplands 
in the background. 
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m an u r e proved valuahlc on 1his soi l. bringing- nbonl in reasecl yields in most· 
sc•;:isons. ] n se1·cn1 I c·asrs Y(•ry pro1101rnc- r d g-:1 i 11 s " ·c· r r srr urccl. 

'l'J1 c rock phosphat e with t he m;:inure and li111 c i1H·rpased th e crop y ields in 
practically all cases. Y er)· p rono111H.: ecl. g;:i im; we re secured on the barl ey in 
1920, the corn in 1922, th e elo1·cr and t i moth)· i 11 ] 92-l and t he corn in 192:'i. 
'l' he ari 1 phosphate \\·ith th e numu re and lim e sh owed 110 greate r effect thaH t-lie 
r ock pho. phate in most cases and i n scYeral seasom; ha<l a s malkr in An en e(' . In 
gene ral, J1oweYer , th e d iffer ence.· between the (' ffects oE these hrn ph os pl1 ah·s 
" ·e1·c not Yery large. 'l'h c co mplete r ommPr cia l frrti l izer with the nurnn rr and 
lime sl1owed a greater effect than th e phos phat es in on ' or two cases but in 
ge1icral thr differ en ces ,l'erc not YCr)· 1,treat an l in sen•1·al season. thPre was l rss 
effect from the complete fe rtilize r than from th e pho ·ph111 es . 

Th e crop r esidues had liHle pffed on the Ya rious crops grown Oil this fi r l(l . 
Lime w ith th e r esidu es in creased tl1 c c rop >·iel cl s to a consid erabl e ext r nl- i n somr 
season s, ns for cxamplr , on th e \l'i nl er \\·he11 t in 1021, :l ll(l on t he c· lOY(• 1· and 

t imothy in 1924. 
'l'h e rock phosphat e with t h e C' l'Op r esidu es anc l lime showrcl a ben efi cial dl'<•d 

on the r rops g ro1rn in mos t season. . J n so me r nsrs ve ry p 1·on o1mcrcl ga in s w Pr1' 
srcu r ed, a,; for example, on 1.hc oats in ]0:2:l a ncl t he cloYcr nnd tirnot-hy in 10:!-l-. 
fn scyeral cases n o lnrge effects we re eY i<lrnred l'rom tl1 e r ock phos pl1nte. 'l'h c 
ac id phosphate wilh th e crop rrs idu rs ancl lim e sho" ·ecl a lnrger rffrct. 011 th e 
crops g r own in eYer al s asons, hut no Yc r,1· l::irgc <liffr rc llces were notPd . 'J'h r 
c·omplete commr r cial ferti li zrr with 1hc rrop wsidu cs arnl lim e hacl a l rssr 1· r fl'e(•t 
t. han t he ac id phosphat in most senson s. 

'l'h e rrsnlts secured on 1his fi eld ind icate that, alt-ho th e t.y pc is hl ack in 
<·o'lor , nrn l high in organ ic matt.r 1·, it will r es pond to ;1pplicat- ions o f' fa n n ma
rnn·c. ·1nc l'eases in crop yields will grncrall y follow th e appl ication of t hi s 
m:iJcrial and in many r ase: Yr 1·y lar ge in creasrs ma y h e S<'<· 11rrd. Lime is Jl ('(•cs
sary on th e so il as i t is a id in rrac-tion. Not only wi ll th _1·iel rh; of legumi11011s 
c· 1·ops h r in cr casctl lJy th e u se of lirn r lin t i1w rens('S will h P sc•e nrcd in many eases 
in 1.h c Yi c lcl. of othe r grn r ral farm C'l'ops. 'J'h r 11 se of: a ph os phate fr rtili zl' r is 
Ycry cl~s inibl c on this soi l and 1r s1s on in ]i1· icl ual farm s of r oc· k phosphat1' and 
acid phospl1 al e a rc r ecorn111 r 1Hled . I 11 some r·a srs ::i c i(l ph osphate src ms to lw 
prrfc rabl e but in ot l1 er in s t11n cps 1·oek 1d1osphatc g ives q11it·c as goo<l r r11un s. 

D efinit e ron clnsiom; r c•ga l'(lin g ih c relah,·c Y11l1 1r of th ese hro materi a ls ca1111ot 
yet he clra\l·n. ]t wo11lcl n ot see m tlrnt a rom ple tr eo rnrn e rcial fcrt"i li ze r wo 11l d li t• 
as clcs ira hl c for use on thi: so il as a p l1osphatr inasmneh as t·l1 e inc reasrs sc•<·111·pd 
,~1·e not s 11 ffic icntly g r rat to waiTant th e nsc or: lh e m ore cost I_,· nrnJrria l. 

'l'h e r rs uHs srcu rr<l on th e Tiarnou1· t' s ilt_,. (•l a_,· loa m 011 tl1 r E ve rl y Field , sc' ri rs 
Ir, in Clay Co unty nrc giYcn in lahlc XV I r. 'l'h c :ipplira t ion of mnnm·c to thi s 
soil type brong-l1 t. ab nt di stiJ1 ct. in c reases in r rop _1·il' lcls in mos1- sea,-;ons. \ 'e ry 
la r ge ga ill s we re n ot·rcl on tl1 c c rn in 102] , th , oa ts in 1.022, t hr elm·r 1· :in 19~:l , 
th e corn in 192-l ancl 192!"':i m1cl t h e oats in 1926. '.l ' h is so il was lrns ir in r eact ion 
and no lime was applied . 'J'l1 c r ock pl1 os ph ate ,rill! I lic rn,1 111 1l'C was brn efir ia l rm 
th e Yariou s cr ops grown on t lii s so il ill p ractic·all.1· l•1·c 1·y srnson. T11 some casPs 
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very large incr eases " ·er e sccul'ed. as for exa mpl e Oil lh e clove r in 1923, and on 
th e oats in 1926. In i:ren r al t hr inc reasPR ~-er e Yc 1·.1· pronounced from th e usr 
of: tli c r ock phosphat e. 'J' hc nc icl pl1osphntc applied with th e manure sho\\·ecl a 
larp:r l' effect than tl1 e rock ]lhos phat·r in pra ct ira ll y CYe ry season. In s vr rnl 
casps Yc 1·.v large cliff<'rc11 ers we re 110trd. as fo l' exam ple 0 11 t·h e clover in 1919 and 
on th r. C' lovcr in 192:L ' l' hp potnss i1rn1 chlorid e ap pli ed w ith tl1c acid ph os phat e 
;111cl rn a1111rc incr ease (] th r c·rnp .,·iplds in practi ca l l_,· eve ry srason hnt tJ1 r <li ffe r
PIH• r,-; we r(' not yc1·y h1rg-r . 'l'h c <·n111pl ctP rommc rc ial. fcrt ilizcr appli ell ,rit h the 
1n;11 11 11·r slHnrnd l ess rffo ct 011 th r nops gT01rn t-lia n ili cl t-h ac id phosphate. 

'l'h c nop r es idu es sholl'rcl littl r rfTec t· on 111 c Yario11s crops g-rown on this fi 0ld. 
'!'h e 1·oek phosphate with tl1r c·1·op rcsic11 1<•s in c reasrcl the crop yields in pra c
t ir:i 11_,. c1·r 1·y . ca:on , in sc1·r1·:il <· H,-, PS sholl'i ng- very pronounced gains, as for 
rxa rn pl c on tl1 c clover in 1 !)28. 0 11 t hr co rn in 1024, a nd on the oats in 1 926. 
' l'h c a cicl phosphate with 1·hc r 1·op r rsicln cs had a large r effect on the val'iou s 
r 1·ops g l'own than tli c rock pl1 osplrn le in pr;1cti cfl 11 ,v every . eason. In some c:i srs 
1·pr.1· pronounced gains wr re notc<l :i s for rxamplc on th e corn in 1920, arnl the 
l' lOl'e 1· i11 1923. 'l'h c 111uri,it c of p otash nppli r cl wit h t he acid pl1 os phatc ancl 
c rnp r es idu es ·li o\\·ec1 n o rffcct. on th e vnrio us e rnps grown. 'l'hc complete com
m erc ial frrti li zcr with tl 1c c rop r es idues sl1 0ll'Pd a large effect on the c rop y ields 
in sc1·rral soason s, 11nrt ie ulnrl_,· on t lir r lo1·er in 1019, on th e oats in 1922, on th e 
e lo1· r r in ] 923 and on t l1 e co rn in 1925. 

It: is apparent t l1 at- altlio thi s soil 1_1'p e is hii:rh in oqrani c matter and bl:i ek in 
C'o lo r it wi ll r espond to appli eat ions of farm manure. Small amounts appli d at 
proprr points in th e rotM ion so t·lrnt th er e may h e no clanger of cau sing lodµ;ing 
of tl1 r small grain, wi ll hr in g abo nt i ncr ea, cs in Ili c y ields of general fa rm c rnps. 
' l' li c nsc of: a 11hospliate fc rhli zr r w ill h e w ry cl cs irahle on t·J1is soil as rock p h os
pliat e a nd acicl. phospl1atc li :ive l>n1'h b0en forrncl to bring aho ut large increases in 
e.1·op )·irkls. Jn several cnsrs ::iC'icl pl1 ospl1nte seemed to h e prrferable for use but 
in rn ;1 111· in s t11nces rock phospl1nt c p:;11·e q11il c as large cr op incr eases. Farmer s 
a 1·c 111 ·;cc1 to compare th e Ynl11 r of' rnck phosph a te and acid pho. phate on theit
o1nt so il s before th e_,· make :i drfinit c choice between thee two . '!.'he u.-c ol' 
111uri;it c of pot ash along ,rith nc·icl phosphat e g-arn indications of slight crop in
r 1· r:isc·s in seY ral cases lrnt tes ts of this mat e ri al on a small scale are r ecom
n1rn(led befor e a ny considr rahlc ;imo1mts arc appl ied. Complete commer cial 

fcr til ir.crs cmrn t h e r ecornm c ncl ccl !'o r 11sc over acid p hosph a.t-e or rock phos phat·c 
inasmuch as th e yiclcls secured " ·er e not suffi cir ntly g reater to warrant the hi ghe r 

cost of th e materi als. 

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

From the la. I orat-or.1· and greenhouse studies on the soils of Grundy County 
and from th e l'esults secured in the field exp eriments on the same . oil types 
occurring in adjacen t counti es . som e general co nclu. ions rna ,1· he drawn r egard
inn• th e n eeds of 1-l1 c so ils of th e co 1111 t_1·. 'J'l1 c r es nHs certainly indi cate r a the r 
cl <'fin it ely the returns whicl1 mn ~· b e securrrl from t he 11 t ili zat.ion of cc r tai n 
fertil izing material s on t he 1rn1jor so il s occnrring in this co unty. 'l'he treatments 
r ecommended are based on th e prac·t iral xp eri en ce of mnn y fa 1·mers as well as 
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on experimental data, and no suggestions are offered except such as have been 
shown to be of value by practical experience . 

Tests of certain fe r tilizing materi als are recommended in some cases and these 
a re such as may be carried out qui te r eadily on any farm. It should be empha
sized that farmers are quite generally testing th e value o.f cer tain fertilizing 
materials on their own soils mid they are secu1·ing some very interesting and 
valuable r esults from such tes ts . Sim ple experiments can be carried out on any 
farm and in thi s way, it may be determined for the particular soil conditions 
whether or not any ferti li zing materi al will be valu able or wheth er one material 
will have a superior value over another. Wherever definite conclusions cannot 
be drawn r egarding the response of different soils to .fertilizer treatments, tests 
on small areas are r ecommended. 

LIMING 

The soils of Grundy County except th e Fargo silty clay loam on the terraces 
and the Lamoure silty c]FJ~' loFJm on th o bottoms are all acid in reaction and 
therefore, in need of lime. For th o best g-r owth of legumes such as clover and 
alfalfa and in general for th o most satisfactory yields o.f general farm crops, 
lime should be present in th e soil. It is important, therefore, that all the upland 
soils in Grundy County and all th e terrace and bottomland types except tho 
Fargo and Lamoure should be tested for acidity. Lime should be applied as 
th e tests show it to be necessary, if th e lwst yield s of farm crops and particularly 
of legumes, are to be secured. 

Th e fig ures given in th e tab.J es em·li er in t hi s report indicate only roughly t hr 
lime needs of the various soi l types. 'l'here is a wid e vai~iation in th e acidity 
and lime r equirements of soils and even soils of the same type from different 
areas may show a wide divergence in lime requirement. It is necessary, there
fore , that the soil in any field be tested. for i ts lime needs before any appli cation 
is made. Only in this way will it be possibl e to supply the proper amount of 
lime and thus secure the best r esults. F armers may test their own soils for 
acidity but it will usually be much more satisfactory for them to send a small 
sample to the Soils Section of th e Iowa Agri cultural Experiment Station where 
it will be t ested free of charge And r ecommendations made regarding treatment. 

Experimental data secured in th o greenhouse and in the field as l1 as been 
pointed out earlier in this report have shown some rather striking increases in 
crop yields where applications of lime have been made to the acid soils of this 
county. The benefi cial effects of lime on crop yields have been shown likewise 
in considerable farm experience and wherever the soils are strongly acid, as is 
the case in this county, th e use of lime has been found to be of large economic 
value. It is certainly evident, tli erefore, from ex perimental data and from 
experience that the use of limo on the acid soils of Grundy County will bring 
about very profitable effects. 

Further information regarding the use of lime on soils, losses by leaching and 
other points connected with liming are given in Extension Bulletin No. 105 of 
the Iowa Agricultural Experiment Station. A list of companies prepared to 
furnish this material is also given in this bulletin. 
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MANURING 
The soils of Grundy County are in generaJ. fairly well supplied with organic 

matter and they are quite generally dark in color. In one or two cases there 
seems to be a very satisfactory supply of this constituent and particularly 011 

the bottomland soils the supply of organic matter is high. In one or two cases, 
however, wher e the soil is coarse in texture as for example in the Carrington 
fine sandy loam and the Shelby gravelly sandy loam on the uplands and th e 
0 'Neill sandy loam on the t erraces , the supply of organic matter it not high. 
On the two most extensive upland soils, th e Tama silt loam and the Carrington 
silt loam, there is no very large content of organic matter altho the supply i,: 
sufficient to give these soils a dark bro,vn to black color . It is very necessary, 
however, that organic matter be added to all the soils in the county at r egular 
intervals if the supply is to be kept up. On those types which are rather low in 
this constituent the addition of fertilizing materials supplying organic matter is 
particularly necessary at the present time. 

The most important natural f ertilizing material which can be employed on 
the farm at the present time is farm manure. 'l'his plays a large part in the 
increasing, and maintaining of the supply of organic matter in the soil. It is 
valuable on those types which are sandy in t exture and low in organic matter, 
but it also brings about large crop increases on soils which are apparently 
better supplied with organic matter and darker in color. The application of 
manure has been found to be ext remely valuable on th e Tama silt loam and tho 
Carrington silt loam on th e uplands of this coun ty as well as on the Muscatine 
silt loam, ·which is blacker in color and rich er in organic matter. Increases have 
also been secured on the Lamoure silty clay loam on the bottoms, a soil type 
which is very dark in color and high in organic matter. The effect of farm 
manure would be very large on the fine sandy loams and sandy loams on the 
uplands and terraces. On the heavy types , dark in color and rich in fertility , 
small amounts of manure may be of value. 'l'he application of the manure 
should not be made to such types immediately preceding' the growing of small 
grain crops since it may cause the crop to lodge. When applied in small amounts 
at other points in the rotation, however , profitable crop increases are secured 
from the use of manure. 

The ordinary application of manure to soils amounts to about 8 to 10 tons per 
acre once in a four-year rotation. Larger applications than this are rarely 
desirable except where the soils are very coarse in texture or where truck crops 
are to be grown. On average soils where general farm crops are to be grown 
the largest increases in crop yields per ton of manure are secured when 8 to 10 
tons are employed. 

All the crop residues produced on the farm should be r eturned to the land as 
they aid materially in keeping up the supply of organic matter and they also 
return to the soil considerable amounts of plant food constituents which have 
been removed by the crops grown. If they are burned or otherwise destroyed 
there is considerable loss of valuable f ertilizing constituents. On the livestock 
farm, the residues may be used for feed or bedding and r eturned to the land 
with the manure. On the grain farm, they may be stored and allowed to decom
pose partially before being applied to the land or they may be applied directly. 
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Green manuring is frequently a very desirable farm practice. On graiu 
farms ffl1 ere farm man ure is not produced it is absolutely necessary if the 
supply of organic matter in th e soils is to be kept up. On the livestock farms it 
is an import;:m t practice as a snpplemeHt. to the nse of far m manure. It is gen
erally m ucl1 more des inthl e to nsc lcg-11mes fo 1· g reen ma nuring purposes because 
of tl1e fac t·. 1'11at tl1ey not 01ily irnpp lr Ol'p_-a 11i c ma tter but when well inocul ate(l 
they tr1 ke n itr ogen from th e atmosphel'e FJ ncl t·hns th ey serve to increase t:.hc su p
ply of. this constituent in the soil. T here, a1·e many cases where t he nse of leg umes 
as green rn:rnurcs is very desirable in Grnn cly Co unty. Care should always be 
rxe rcisecl , li mrcver, when U1is pract·ice is foll owed as un desi rable r esults may 
occur if the conditio11 s in the soi.I a l'e not sa tisfa(; tor _v l'o l' t-he best decomposit ion 
of the gl'een material. 

THE USE OF COMMERCIAL FERTILIZERS 

T he pl1osphon1 s content of: the so ils of Grundy Connty is genera lly qu ite low 
Fi nd i t· is a ppa rent, t l1 er rfo re, that 11li ospl1oru s ferti li zers will be n eeded on the 
so ils of iJ1e co unty in the vel'y Hea r future. l<'urtl1crmo rc it wo uld seem qnitc 
p1·obahl e t-l1 at in m:rny cases phos pl1 on1 s can·i er s might be of Ycry h1rp;e va lne a t 
t l1e present time. Grecnhonse Fi nd fi el(l ex prr imcnt-s car r ird ont on tl1e lead in g 
soil t.1· pes ocenrr illg in t his co11 nty haYC incl ica t·ecl qnite defin itely t·l1 c value of 
th e a ppli cati on of pl10spl1 orus fe rti li zers on these so ils. 

Th ere Fire two 11hosphoru.· f erti lizers which may be employed, rock ph osplrnt e 
and acid phosphate . The acid · phosphate prov.i des the element phosphorus in 
the fo rm immediately av,1 ila!Jle fo r plant iise. :rt is appliec1 at the rate of abo ut 
l fiO to 200 poun ds per acre annu all y. Rock pl1 osphate, on tho other hand . car r ies 
the element phosphorns in a form from wh ich it is only slowly macl e available in 
the so il. 'l'l1 c r ock pl1 ospl1 atc is appli rd at th e rate of onr-lrn lf to one ton pe r 
a,cr e once in a four-y ear rota ti on, acco rding to common p ract ice. '\Vhile the acid 
pl1 ospl1::tt c costs mo re per ton tl1c largrr applica.t- ion of th e rock 11hosphate causes 
a g reaJer outlay of money for the a ppli cat ion. To determin e tbe r elat ive val1 1c 
of the h vo ph os ph ates, tests must he ca1Ticcl out oYcr at least one four-year roh1-
t ion. The total cost of the appli cation of: tl1 e hro materials mnst he compar rd 
with t.he YFJ ln e of th e crop increases secu red. 

E xper:i ments which have heen rrpor tccl on tl1 e ma in so il types occurring in the 
co nn t_v have compared the valn e of rock pl1 osphate and acid pl1 osplrn te hnt def
inite conclu sions cannot be drawn from these d::t t·a. Jn some cases the acicl 
phosphate seem.s to be pr eferable for use but in other instances th e rock p li os
pl1 a te has g iven quite as s::t ti sfactor _v rrs ults. It is u rged, therefore, that farrnc l's 
t est t he t wo phospliate fertili zers on their own soils and thus determine for their 
particular conditions which mater i::tl will be the more profitable. Simple tests 
may be carr ied out qu ite r eadi ly on any farm. Direc tions which may be fol
lowed in the conclncting of such i es ts ar e given in circular 97 of 1·he Iowa J\ gr i
cnltural Experiment S tation . 

While most of tli e so il s of Grnncl _v Conn t-y ar e fa irly well suppli ed with n itro
gen, there ar e one or brn cases where the content is not high and in tl 1ese 
instances tbe addi tion of fertilizing materials containing nitrogen is very neces
sary. Even on tl1ose ty pes wl1 ich arc hett-cr Rnppliecl , th e 11se of nitr-ogen-cou -
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taining fertilizers at regular intervals will be very necessary for the maintenance 
of permanent fertility in the soils of thi s county. 

On livestock farms, the proper preservation and use of the farm manure will 
aid mater ially in keeping up the supply of nitrogen in the soil. On the grain 
farms some other nitrogenous ferti lizer must be employed. In many cases on the 
livestock farms there is not sufficient manure produced to supply the needs of 
all the soils and in such cases some other nitrogenous fe rtilizer must be used. 

'l'he use of leguminous crops as gr een manures is the best method of snpplying 
nitrogen to the soil. When the legume is well inoculated, it takes a large par t of 
its nitrogen from the atmosphere and hence when the crop is turned under ill 
the soil as a green manure ther e will be a correspondingly large increase in the 
n itrogen content of the soil. 'l'her e are many cases in Grundy County where t he 
turning under of legumes as green manures would be very profitable as a supple
ment to the use of farm manure or a ubstitute for that material. 

'J' he proper use of all crop r esid nes wi ll aid considerably in keeping up the 
supply of nitrogen in the soils of the county as the. e materials r eturn to the 
Janel considerable amounts of th e elements which have been removed from the 
so il by th e crops grown. 

:rt does not seem likely tha t commercial nitrogenous fertilizers will prove 
valuable on the soils of Grundy County a t the present time. 'l'he nitrogen sup
ply in the soils of the county may be bu ilt up and maintained more cheaply by 
!he proper use of leguminous green manures, farm manure and crop re.siclues. 
Small amounts of nitrates as top dressings might be of value in some cases but 
f"or general farm crops it is not likely that sufficiently large crop increases would 
lie secured to warrant the cost of the application. 

Earlier analyses have indicated that the soils of Grundy County are very well 
supplied with potassium and it would not seem that potassium ferti lizers would 
prove profitable for general use at the present time. In some cases reports have 
.indicated that small amounts of muriate of potash have yielded profitable crop 
increases on some of the soils of this county but from the experimental data 
which has been discussed earlier it would not seem that the increases ar e sufli
cjently large to warrant the cost of the potassium fer tilizer . It may be that 
potassium fertilizers may be used with profit in some cases and it is r ecom
mended, therefore, that tests be carried out on small areas if farmers are inter 
ested in the use of these ferti lizers. Applications sho uld not be made to lar ge 
areas until tests have indicated. defini te value for tl1e use of tlrn I articula r 
potassium fer tilizer . Small amounts as top dressings might be desirable ju 
some cases and in general i t may be said t l1 aL wh erever tests on small areas have 
in dicated profit from the applica ti on , t he partieu lar fertilize r may be applied 
<:xtensively with t l1 e assurance of profit. 

'l'he gen eral use of complete commercial fe rtilizers in the (;0Unty ca1rnot be 
recommended at the pr esent time. E xper iments which have been djsc ussetl 
earlier in this report have indica ted quite a· beneficial effects from the appli
ea tion of phosphate fertilizers as from the use of complete commercial fert ilizers . 
Inasmuch as the latter materials ar e much more expensive for application i t is ob
vious that they must bring about very much larger increases in crop yields than 
those occasioned by the phosphates if they are to prove economically more profit-
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able. 'l'ests of complete fertilizers may be carried out on the farm in comparison 
with the phosphates, however , and if beneficial effects are secured and the results 
from the use of the complete fertilizers prove them to be economically profitable 
then there can be no possible objection to their application. Before there is any 
large use of a complete commercial fertilizer, however, for general farm crops it 
is urged that tests be carried out on small areas in comparison with a phosphate. 
For truck crops and garden crops, certain brands of complete commercial fer
tilizers are of considerable value and may often be used with distinct profit. 

DRAINAGE 
The natural drainage system of Grundy County is very well developed as has 

been indicated by the map given earlier in this report. The streams in the 
county with their tributaries and intermittent drainageways extend into prac
tically all parts of the uplands. There are many areas, however, where the 
installation of tile would be o"f considerable value for improving the drainage 
condition. The Clyde silty clay loam which occurs in level to flat or depressed 
areas in the upland, is naturally poorly drained. The Muscatine silt loam which 
occupies broad level areas, on the loessial upland possesses a rather heavy im
pervious subsoil and drainage of this type is frequently very desirable. On the 
terraces the drainage of the Fargo silty clay loam is very necessary. The 
bottomland types are all poorly drained. There are some areas in the more 
extensive Tama and Carrington silt loams on the uplands also where drainage 
would be of help. The installation of tile is valuable in many places in this 
county. In general it may be said that wherever the soils are too wet, good 
crop yields will not be secured and the first treatment needed for satisfactory 
crop production is the installation of tile. 

'riling may be somewhat expensive but the results secured always warrant the 
outlay. Farmers in Grundy County should see that their land is well tiled out 
if they wish to secure the best crop yields. The application of fertilizers will 
g·ive no returns if the areas are poorly drained. Considerable data are available 
to show the benefits of tiling out wet land and in many cases it may mean the 
difference between a crop failure and very satisfactory crop yields. In general 
it will mean the difference between a fair to poor crop yield and a very satis
factory one. 

THE ROT A TION OF CROPS 
It has become a very well recognized fact that the continuous growing of any 

one crop will very rapidly r educe the fertility of the soil and the yields of that 
crop will very quickly decline. Sometimes, however, the economic value of some 
crop will induce farmers to grow that crop on the same land year after year. 
Very quickly they will note decr eases in crop yields, and soon the growing of 
the crop will become unprofi table. When a rotation is practiced the yields do 
not decrease so rapidly and even if the different crops grown in the rotation are 
somewhat less in money value, the total value of all the crops grown over a 
period of years will be very much greater where a rotation is practiced. For 
permanent fertility the rotation of crops is absolutely essential. 

A number of rotations are being followed successfully in various parts of the 
state and while no particular tests have been carried out in Grundy County, 
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these rotations may be suggested and from among them some one may be chosen 
which will be suited to the condit ions of th.is county. No one rotation can be 
recommended as the best rotation, but almost any one will serve provided it 
contains a legume crop and the money crop. From among the following sug
gested rotations some one may be chosen or a modification may be worked out 
for a suitable rotation for use in Grundy County. 

J. SI X -Y EAR ROTA'l'ION 
First year- Corn 
Second year-Corn 
Third year-Wheat or oats (with clover, or clover a nd 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 r otation may be reduced to a fi ve -year rotation by cutting out either the second or sixth 

year and to a four -year rotation by omi tting t he fif th and si., th years. 

2. FOUR OH :i,~r vE-YEAR ROTATION 
F-irst year-Corn 
Se cond year-Corn 
Third year- Wheat or oa ts (wi th clover or with clover and timothy) 
Fourth year-Clover (If timothy was seeded with the clover t he preceding year, the rotatiou 

may be extended to five years. 'l'he last crop will consist principally of timothy) 

3. FOUR-YEAR RO 'l'ATION WITH ALPALFA 
Firs t year- Corn 
Second year-Oats 
Third year-Clover 
Fourth year- Wheat 
Fifth year-Alfalfa ('l'he crop may remain on the land five yeal'S. 'rhis field should the11 

be used for the four-year rotation outlined above and the alfal fa shifted to one of the 
fields which previously was in the f our -year sys tem) 

4. FOU li -YE AR RO 'l' A'l'IONS 
First year- Wheat (with clover ) 
Second year-Corn 
Third year-Oats (with clover ) 
Fourth year-Clover 

First year- Corn 
Second year-Wheat or oats (wit.h 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. •rHREE -YE AR ROTA'l'IONS 
First year- Corn 
Second year- Oats or wheat (with clover seeded in the grain ) 
Third year- Clover (in grain farmin g, only the grain and clover seed should be sold; most 

of the crop residues such as corn st over and straw should be plowed under. The clover 
may be clipped and left on the land t o be returned t o the soil aud only the seed take11 
from the second crop ) 

First year- Corn 
Second year-Oats or wh eat (wi th swee t clover ) 
Third year- Sweet clover (The clover may be mi.xed clovers and used largely as pas t ure and 

green manure.) 
('l'his may be changed t o a two -year rotation by plowing the sweet clover under the foll ow-

ing spring for corn.) 

First year-Wheat (with alover ) 
Second year-Corn 
Third year- Cowpeas or soybeans 
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THE PREVENTION OF EROSION 

E rosion is the carryi ng a,rn,r of soil b.,· t he free movement of water over the 
snrface of the land, kno,rn as sheet er osion or the ,rnshing away of the soil with 
th e formation of gullies, gulches or ravines. 

Erosion occurs only to a limited extent in Gnmdy Coun ty but ther e are a 
number of areas in t he upland wher e consider able washing has occurred. 'l'he 
Carrington fine sandy loam and th e Shelby gravelly sandy loam are ~sually 
somewha t er oded . 'l'here ar e ar eas in the Tama silt loam and t he Carrmgton 
silt loam wher e the topograpby is more rolling an d hei e consider able erosion ha::; 
taken place. 'i'h e washing away of the surface soil has occurred to some extent 
and fr equently gullying is noted. \\Ther ever t hese effects of erosion occur some 
means of prevention or con trol of the c.l estrn ctive action should be adopted . 

Various methods are followed for t he contr ol and pr eYention of erosion i11 
Iowa. 'l'b ese methods differ somewhat depending upon the type of erosion. 

ldb " l .. ,, Erosion occurring due to '' dead funows'' may be control e y p owrng m , 
by '' staking in '' or by the u se of ear t h dams. 

Small gullies may be fill ed by the '' staking in '' operation , by t he use of str aw 
dams, eart h cl ams, Christopher or Dickey dams, Adams dams, stone dams, rub
bish dams woven wire clams, or concrete dams. They may be prevented from 
occurring 'by thoro drainage or by the use of sod strips. Large gullies ar e simi 
larly fill ed or prevented from occurring. E r osion in bo t tomlands is prev~nted 
by straightening the s treams, by tili ng and by planting tre_es up the dramage 
channels. Hillside erosion is controlled by t he use of or gam c matter , by grow
ing cover crops, by contour discing, by t erracing, by deep plowing and by 1'1w 
11se of sod strips:x, 

INDIVIDUAL SOIL TYPES IN GRUNDY COUNTY t i: 
'l'here are 11 soil types in Grundy County and these with the ar ea of meadow 

make 12 separate soil ar eas in t he county. They ar e divided into four groups on 
the basis of t heir origin and location known as drift soils, loess soils, t errnce 
soils, and swamp and bottomland soils. 

DRIFT SOILS 
Ther e ar e four d ri ft soil types in t he county classified in the Carrington . 

Clyde and Shelby ser ies. Together they cover 27. 2 percent of the total area of' 
the county . 

CAJmING'l'ON SIL'l' L OAi\I (83 ) 
'l'he Caning ton silt loam is the mos t extensively developed clrif t soil in 1 lit• 

county and the second largest soil type. It covers 23 .8 per cen t of t ~e total ar e_cJ . 
lt is the chief upland type in the northern par t of the county, bem g found J11 
extensive areas thruout F airfield, Bcayer, Pleasan t Valley, German , and Grai1L 
Townships. Ot her extensive areas of the type are found scatter ed thruout til l' 

*See Bulletin 183, Soil Erosion in I o wa, I_o wn Agr_icultu Tal E ~pcriment S tation , also E xte ns ion Servic e 
Bull etin 9 3, 94, 9 5, 96. Agricultural E xtens ion S er nce, Town S tate College. 

t Gruncly Cou n ty adj oin s B bck H aw k Co un ty on the cas t a nd Mars hall Cou nt y on the south: l 11 

l · . t i e 8 0 ·1 maps of these nreas do not agree al ong the bound an es. A part of the Tama s ilt lo.u11 a.-. 
~1;~~~J~d \n B\ ack H awk County is classed with the Carrin g ton_ s il t loa m in G1:undy c,.~unty as __ the l~~x~ 
over the drift is now con si dered too s hallow to nllo_w tho soil to be pla c~d 1n the I ama se1Ies. . l '.ll. 
Carrington loam as mapped _in 1\'Iars_ha ll County occupies s uch a small area 111 Gru ndy County t hat 1t ha ,';; 
been inclu ded with the Carrm~ton s ilt_ loam. . 

tThe descrip tions of indivi dual so il types give n in thi s secti on of the r eport very closely fo llow those 
of the Burea u of Soils R epor t. 
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11plamls in oth r r pa rts of t he count.y. It is the chief upland type in the drif t 
soch on of the county which occupies abou t ~me-thi r d of t he total ar ea. In t he 
lorssial upland secti on of t he county , constit uting tl1e southern two-thirds, small 
a rras of the Carrington silt lo,1m a r e foun d ad jacen t to the bottomlands along 
1h e str eams or intermitten t drainageways which extend thruout the v ario11 s 
parts of the county. 

The S\1r face soil of 1·ho Carrington loam is a cl,1rk brown silt loam , extending 
1o a depth of about 12 inches . Th e upper snbsoil is a br own silt loam to silty 
t• l,1 y lo~m1. Th e lower subsoil is a yellowish-brown gravelly silty clay loam, 
1•xtonding to a (l eptli of: three for t or more. In places i t contains much coarsr, 
materi,11 , pebbles and bonlder s. Tn 1-he north eastern part of the county anrl 
a long th e Black H awk County line boulders are very common. 

In topography the Ca r ring ton silt loam is undulating to gently rolling bu1 
th er e are a few areas wher e th e topography is fl at to level. Occasionally the 
t,vpe becomes stron gly r olling in topography. 'l'his is t he case in many ar eas of 
th e type in German and Pleasant Valley Townships. The drainage of the soil is 
,·ery well deYeloped in general but 1-h ere are a number of level or poorly dra inecl 
areas. 

All of the type is in cultivation . Corn is th e chi ef crop grown, followed by 
oats, clover and timoth y . 'fhe yielcl s of gener al farm crops are very much th e 
same as those secnred on the Tama silt loam. Corn aver ages 45 bushels per acre, 
oats about 50 busbels per acr e. and l iay 1½ to 2 tons p er acre. 

Increa. eel crop yields may he secured by proper methods of t reatment of t he 
Carrington sil t loam. Experiments " ·hi ch have been r eported earlier have indi
cated the large value of applications of manure to t his type. Increases in th e 
yields of gener al fa rm cro11s ar o considerable when manure is applied in orcli
nary amounts. The t ype is acid in r eaction and will respond to additions of 
lime. It should be te. ted regularly fo r lime needs and the amount of lime 
necessary should be added fo r the bes t growth of gener al farm crops and partic
ularly for securing satisfactory yields of legumes. The type will r espond in a 
profitable way to appli cations of a phosphate fe rtili zer . Tests of rock phosphate 
and acid phosphate ar e r ecommended. The exper iments which have been r e
ported wher e these two phosphates have been applied to this soil have indica ted 
the r esponse to phosphorus f ertili zers but th ey have not shown defini tely whether 
acid phosphate or rock phospha te will be more profitable for use. Complete 
commercial fertili zer s do not seem to be as desirable on this type as th e use of a 
phosphate. 

CLYDE SI L'l'Y CLAY LOA~I (85) 

The Clyde silty clay loam is th e second largest dr ift soil, covering 3.0 per cent 
of the total area. It is developed in small areas in practically all parts of th e 
county. Th e most ex tensive development of the type is found in the northern 
part of German Township , near Stout in Beaver Township, east and northwest 
of Dyke near the Black Hawk County line north of Zaneta, and northeast of 
Lincoln Cen ter . Many small ar eas ar e found thruout the southern t wo-thirds 
of the county . H er e the type occurs along small draws extending for some dis
tance up the slopes and into th e uplands. In the drift ar eas it is found in de
pressed areas in the uplands. 
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'I'he surface soil of the Clyde silty clay loam is a black heavy silt loam or silty 
clay loam to a depth of 5 to 6 inches. Below this point and extending to a depth 
of 10 or 12 inches there is a subsurface layer consisting of a black rather heavy 
silt loam to silty clay loam. The upper subsoil is a black silty clay loam to 
heavy silty clay, sticky when wet but breaking into a granular structure wh en 
dry. This passes into a dark gray and then into a gray silty clay loam, which in 
turn is underlaid by a grayish to light grayish silty clay, mottled with yellow 
and brown. Pebbles, sand and gravel occur in the subsoil and in many areas 
there are numerous boulders upon the surface and in the subsoil. 

Included with the type there are many small areas where the drainage is poor. 
Here the surface soil is a black silty clay loam to a depth of 8 or 10 inches, 
underlaid by a gray to light gray heavy silty clay to clay, mottle<l with gray and 
yellow and in places with r eddish-brown or r ed. Many of these areas are covered 
with boulders and utilized only for pasture. Another variation of the type con
sists of small areas in which there are no boulder s, the drift or glacial material 
appearing only in the lower part of the three foot section. 

In topography the Clyde silty clay loam is flat to level or depressed. Natural 
drainage is inadequate because of the topographic position and because of th e 
rather impervious nature of the soil. 

Most of the Clyde silty clay loam is cultivated, the remainder being utilized 
for pasture. Corn is the most important crop and in favorable seasons satis
factory yields are secured. Red clover is grown and soybeans and rape are 
sometimes produced. 

Yields of general farm crops on this type may be considerably improved by 
proper treatment. The soil needs first of all to be well drained and the installa
tion of tile is the first treatment needed to make it satisfactorily productive. 
Small applications of farm manure will be of value in stimulating the produc
tion of available plant food. Manure should not be applied to this type immedi
ately preceding the growing of the small grain crop. Small amounts applied at 
other points in the rotation, however , will be of considerable value. The type is 
acid in reaction and will respond to lime for the best growth of legumes. The 
application of a phosphate fertilizer is strongly to be recommended. Tests of 
acid phosphate and rock phosphate are urged on this soil. 

CARRINGTON FINE SANDY LOAM (4) 

The Carrington fine sandy loam is a minor type in the county, covering only 
0.3 percent of the total area. It is developed in a number of small areas in the 
northern drift section of the county, being found along the Butler County line 
in Fairfield Township, south of W ellsburg. near the Hardin County line west of 
Conrad, southeast of St. P etersburg. northeast of Buck Grove and near Salem 
Church. None of the areas of the type are very extensive, the largest being 
those near Salem Church. 

The surface soil of the Carrington fine sandy loam is a dark brown fine sandy 
loam, extending to a depth of about 10 inches. The subsoil is a brown to yellow
ish-brown, rather heavy fine sandy loam, grading into a yellowish-brown fine 
sandy loam. The lower subsoil usually contains rather coarse sand to loamy 
sand. In many places the soil below 8 inches is a pale yellow silt loam. In 
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topography the type is undulating to rolling and drainage is good to excessive. 
Practically all of the soil is under cultivation, some of it being used for grow

ing watermelons and other early truck for the local markets. Corn, oats and 
other general farm crops are grown occasionally. The yields of general farm 
crops are rather low on this soil owing to its comparatively low fertility and 
sandy nature. Where it is used for general farm crops or for truck crops liberal 
applications of farm manure are very desirable. The turning under of legumi
nous crops as green manure would help the soil to r etain moisture and to be 
more productive. The application of fertilizers would be valuable on the type 
for general farm crops and the use of acid phosphate would undoubtedly prove 
profitable. Where truck crops are to be grown applications of a complete com
mercial fertilizer would undoubtedly yield profitable returns. The type is acid 
in reaction and if legumes are to be grown the application of lime is necessary. 
The treatment most needed on this soil is the incorporation of organic matter and 
the addition of farm manure or the turning under of green manure. 

SHELBY GRAVELLY SANDY LOAM (196) 

The Shelby gravelly sandy loam is a minor type in the county, covering 0.1 
percent of the total area. It is found in the southwestern part of Lincoln Town
ship, occurring in the region of the '' pahas'' on slopes where the sandy under
lying drift material is exposed. There are several small areas of the type. 

The surface soil of the Shelby gravelly sandy loam is a brown gravelly. sandy 
loam to an average depth of 10 inches. The subsoil is a yellow to r eddish-brown 
gravelly sandy clay or sticky gravelly sandy loam. In many places the surface 
soil and subsoil contain large amounts of coarse sand. Where the sand is of a 
finer texture the surface bas a dark brown color. In topography the type is 
sharply rolling and drainage is good to excessive. 

General farm crops are grown but the yields are usually low on this soil, as 
it is apt to be drougbty. When it is to be cultivated it needs first of all to have 
liberal applications of farm manure applied. The turning under of leguminous 
crops as green manures would be of large value in making this soil more pro
ductive. The type is acid and should be limed for the best growth of legumes. 
The application of a phosphate fertilizer undoubtedly would be valuable for the 
growing of general farm crops. Tests of acid phosphate are recommended. The 
incorporation of organic matter with this soil will reduce the danger of crops 
suffering from drought and will mak e the soil more productive. 

LOESS SOILS 
There are two loess types in the county, the Tama silt loam and the Muscatine 

silt loam. Together they cover 50.3 percent of the total area of the county. 
TAMA SILT LOAM (120) 

The Tama silt loam is the largest individual soil type in the county and the 
most extensively developed loess soil. It covers 46.8 percent of the total area. 
It is the chief upland type in the southern two-thirds of the county, occurring 
in extensive areas thru all parts of the upland. 

The surface soil of the Tama silt loam is a dark brown to almost black friable 
silt loam, 10 to 12 inches in depth. This is underlaid by a dark brown to brown 
heavy silt loam or clay loam. The subsoil at about 20 inches is a brown or 
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yellowish-brown fria hle s ilty clay loam. T n some places a loose mellow dark 
brown silt loam extenrls from 1-h e surfa C'e to a depth of 16 or 38 inches. In 
other areas at a depth of to 10 inches th e soil has a slightly reddish tinge which 
continues downward to the yell ow ish lower subsoil. 

In topography the 1~ama silt loa m is gently unclnl ating to slightly rolling, but 
in a few areas it is shaq,ly r olling in topography. The drainage of the soil is 
naturally good but in some indi.Yidual areas where the topography is morn nearl y 
level, drainage conditi ons may be improved thrn th e installation of tile. 

Practically all of the Tama silt loam is under cultivation. Corn , oats and 
clover ar e th e chief crops grown . Corn yields ahont 45 bushels per acre on th e 
average, and in favorable seasons it ~·ielcls 50 t o GO bushels per acre. Oats yield 
about 60 bushels per acre, fr equ ently, howeve r, showing very much larger yields. 
Red clover averages about 13/ 1 tons per ac re : clover and timothy about 1% to 2 
tons per acre. 

Altho this is naturally a very productive soil it will respond readily to 
applications of cer tain f ertilizer t reatments. The r esults given earlier in this 
report have indicated how valuable the application of farm manure is to this 
soil. Increased yield: of general farm crops are quite commonly secured. Th e 
type is acid in reaction and will r espond to applications of lime. The use of a 
phosphate fertilizer is r ecommended and tests of acid phosphate and rock phos
phate under individual farm conditions are very desirable. E xperiments r e
ported with these two phosphate fer tilizers have not permitted drawing definite 
conclusions regarding their valu e. In some cases acid phosphate seems prefer
able while in other instances rock phosph ate is quite as good. It is safe to say 
that one or the other of these phosphates will certainly prove profitable for use 
on this soil wliere general farm crops ar e to be grown. 

MUSCATINE SILT LOAM (30 ) 

The Muscatine silt loam is the second largest loess soil in the county, covering 
3.5 percent of the total ar ea. It occurs in a number of r ather extensive areas in 
the southwestern part of the county. 'l'h e largest developments of the type ar c 
found in Palermo, Clay and F elix Townships. Other small areas occur in 
Melrose and Shiloh Townships. 

The surface soil of the Muscatine silt loam consists of a very dark brown to 
almost black mellow silt loam, extending to a depth of 10 to 16 inches. This is 
underlaid by a brownish-gray, clrab or slate colored silty clay loam to silty clay, 
faintly mottled with brown, yellow or gray. Th e st1bsoil to a depth of 36 inches 
is a compact brownish -gray or drab silty clay, mottled with brown or gray. 
Included with the type there ar e some small sli gh tly elevated areas where the 
soil is very much like the Tama silt loam. 'l' hese ar eas ·were too small to separate 
on the map. In them the surface soil is darker in color than the typical Tama 
and the subsoil is somewhat heavier in texture. 

In topography the Muscatine silt loam is level to depressed, occurring where 
there were former shallow lakes. In most cases the topography is fl.at to de
pressed and hence the drainage is poor. The heaY_v subsoil condition also tends 
to limit the natural drainage. 

Practically all of the type is under cultivation and in favorable seasons very 
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satisfactory crop yields ar e secured. General farm crops grown include corn , 
oats, timothy and clover. AYeragc yields of c rn are from 50 to 60 bushels p er 
acr e, oats about th e same and cl0Yc1· and timothy about 2 tons per acre. 

The n eeds of this soil to malrn it more productive include first of all adeq uate 
drainage which can r eadily be accomplished thru the proper installation of 
tile. Only when the type is well drained " -ill th e large y ields which i t is capable 
of producing be secured. The soil is acid in r eaction and additions of lime are 
11 ecessary for t l1 c best growth of legumes. ·while t l1 c type is high in organic 
matter and dark in color, small amounts of fa rm manure have been found to be 
of consid erable value for th e gr o,Yth of general fa rm crops. This materi al should 
not be applied preceding th e grm1·in g of th e small gr ain crop of the rotation but 
applications of small amounts at other point. · in the rotation ar e of value. rrh e 
use of a phosphate fertili zer is stron gly to be r ecommended. Tests w ith acid 
phosph ate and rock phosph ate haYe indicated large r eturns from the use of one 
or the other of th ese phosph ates. J\ defini te choice between th e two cannot yet 
be made_ F armers are urged to tc. ·t both acid phosphate and rock phosphate 
under th ei i- own conditi ons to determine which will be the more profitable for 
use. 

TERRACE SOILS 
'l'h er e are three t errace ty pes in th e county classified in the Waukesha, Fargo 

and O'Neill seri es. Togeth er the.v cover G.7 percent of th e total area of th e 
C'OUntr. 

WAUKE SHA , 1L'l' LOAM (75) 

Th e , Vaukesha sil t loam is the most extensively developed terrncc soil, cover 
ing 4.5 percent of the total ar ea. It occurs in numerous areas on the 
high terraces along the various str eams of the county. rl'he, most extensive 
occurrences ar e found along Black Hawk Creek, North Fork Black Hawk Creek, 
and Beaver Cr eek. Th e largest ar eas of the type occur in the vicinity of Dyke, 
Reinbeck, J\Iorrison and wh er e Beaver Creek leaves the county. Other ar eas are 
mapped along· H ammers Creek, Beaver Creek and Black H awk Cr eek and its 
tributari es. 

Th e surface soil of the W aukesha silt loam i. a dark gray ish-brown s ilt loam, 
C' xtending to a depth of about 12 inches. The Sllbsoil is a brown to li gh t brown 
si lty clay loam. In some places the surface soi l is a black silt loam and th e sub
surface layer is a much darkC' r brown than in th e t?pical so il. rl'he subsoil is 
brown in color. 

Small areas of g-ravelly material. which were not la rge enough to map sepa
r ately haYe been in cluded with th e \ \Taukesha sil t loam on th e outer edg·es of the 
terraces along th e str eam bottoms. ,Vhere these areas are of sufficient s ize· they 
are mapped as the O'Neill sanely loam. With the W aukesha silt loam, ·mall 
ar eas are also in clu ded where th e lower subsoil is com posed of a gr it ty sandy 
loam. In topography the type is nearl~r level to gently undulatin g. 'L'he natural 
drainage is good but there ar e a few places where the areas occur in low basin
like situations wl1ich ,rere formerly sl1 allow lakes. Th ese areas would be im
proved by tiling. Th e type occurs on the second bottoms well above overflow. 

The Waukesha silt loam is all under cultivat ion , general farm crops including 
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corn , oat:; and hny being growl1. 'J'lie yirld s of these crops are very much the 
same as those sec ure<l on the Tnma silt loam on the uplands. 

Th e type wi ll r espond in aver~· Jnrge way to appli cations of farm manure and 
li bera l nmounh; of this material shonld be employed. It is acid in r eactiol1 and 
acklitioJ1s of lime will be of Yalue where leg ume crops are to be grown. 'l'he 
addition of a phosphate fert ilizer \\·ill be usefu l on this soil and tests of acid 
pl1osphate anrl rock phosphate arc recommeJ1cl ed . 

FARGO STL'rY CLAY LO .UI ( 100 ) 

'l'h e FHgo silty clay loam is the second lal'gest tenace soil in the county, cov
ering 0.9 percent of the total ar ea. It occurs in numerous small areas in various 

!.)arts of tJ1e county th e laro·e,;t developments of th e type being found in the 
• l b 

,1·estem townships, particularly in Shiloh and l\Ielrose Townships. There is a 
rather considerable development of the type also north of the North Fork Black 
Hawk Creek in Beaver and Fairfi elc1 Townships. Th e largest individual area of 

the type is north of Stout. 
rrhe surface soil of the Fargo silty clay loam is a black silty clay loam to a 

depth of 6 to inches, underlaid by a black silty clay, extending to a depth of 
14 to l8 inches. The subsoil is a yellow and gray or drab mottled silty clay, 
high in content of lime. The subsoil is heavy when moist and upon drying 
assumes a granular structure. In some places the surface soil shows a white 
coating in dry seasons. These spots arc 1ocally known as ''alkali'' spots. In 
topography the soil is flat to level or depressed and the natural drainage condi-

tions are poor. 
Practically all of the Fargo silty clay loam is under cultivation and, in favor-

able seasons, good yields of general farm crops ar e secured. The type needs, 
fil'st of all, to be thoroly drained if crop yields are to be entirely satisfactory. 
vVh en this is accomplished the application of small amounts of farm manure will 
be of value in stimulating the production of avai lable plant food. Farm manure 
should not be applied to the soil , however , preceding the growing of small grain 
crops, since it may cause the crop to lodge. 'l'he type will undoubtedly respo~d 
to applications of a phosphate fertilizer and tests of rock phosphate and ac~d 
phosphate are r ecommended. vVhere the so-called.'' alkali'' conditi~n occurs m 
this soil the treatments needed are the thoL'O dramage of the particular areas 
where tl; e ''alkali'' has appeared. Following thoro drainage, the plowing under 
of larO'e applications of fresh horse manure or the turning under of sweet clover, 
red c:over or other green crops has been found to be very desirable in stimu
lating the removal of the excess content of salts which characterizes these spots. 

O 'NEILL SA1'DY LOAM (126) 

The O'Neill sandy loam is a minor type in the county, covering only 0.3 per
cent of the total area. It is found in irregular narrow strips on the high ter
races along the east side of Beaver Creek, west and south of Dike, south of 
Zaneta, northwest of l\Iorrison, near Lincoln Center, northwest of Wellsburg 

and south of Beaman. 
rrhe O'Neill sandy loam is a dark brown sandy loam, extending to a depth of 

about s inches. The subsoil is a dark brown heaYy sandy loam, underlaid at 
about 18 inches by a yellowish-brown sandy loam. In places the underlying 
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material seems to be a coarse sand or g ravel. Th e type mapped near Dike con
sists of a cl ark browu to black silt loam smfacc soi l to a depth of 8 to 10 inches, 
underlaid b~- 10 or J 2 in ches of a brom1 silt l; am or bro,Yn to light bro,vn silty 
clay loam, which in turn .is underlaid b~· a gravelly fine sanclj· loam to gravelly 
loam. In topograph:,· the soil is lewl but in genera l the drainage is gooc1 to 
excessive. 

All the type is either in cul ti n11 ion or in pasture, corn and clover being the 
chief cro ps gr-o,1·n ,rith some oats. r., ·e ancl so:·beans. '.!'li e type is well suited to 
mrlons and other truck crops. 

'l'h e crop yields on th e O '~ eill sand.,· loam are rather low owing to the 
droughty character of the so il. Tt wiJl 1·espond rertdi ly to applications of farm 
man ure and liberal amounts of this rnaterinl should be employed. The turning 
under of leguminous crops ns green manure " ·o ulcl be valuable in .improving the 
condition of this soi l for crop growth. The appli cation of lime is necessary for 
legume growth rts the soi l is acid. 'l' he use of a phosphate fertilizer would be 
very desirable for general farm crops and tests of acid phosphate are recom
mended. \\There truck crops are to be grown the use of a complete commercial 
fertili zer would undoubtedly prove valuable. 

SW AMP AND BOTTOMLAND SOILS 
rrher e are two swamp and bottomland soils in th e county, classified in the 

'v\Tabash and Lamoure series, and an area of meadow. Togeth er they cover 16.8 
11ercent of the total area of the county. 

WABASH 81L'r LOA:\[ ( '26 ) 

The \¥abash si lt loam is the largest bottomlancl soil and the third most exten
sively developed type, coveriJ1g 12.l percent of the total area. It is extensively 
developed on the bottomlancls along the streams in practically all parts of the 
county. The largest development of the type is found along Black Hawk Creek 
and Nor th Fork Black Hawk Creek in the eastern part of the county. There are 
also r ather extensive areas of the type along Beaver Cr eek in Pleasant Valley 
To~vnship . 

The surface soil of th e \¥abash silt loam consists of a dark brown to black 
friable mellow silt loam, extendin g to a depth of about 13 inches. rrhe subsoil is 
a black silty clay rather stiff and sticky wh en wet but granular under ordinary 
moisture conditions. In some areas the subsoil i · a dark drab to gray heavy 
si lty clay loam. In the lower part of the 3 foot section there may be a somewhat 
sandy material of a yellowish-brown color with faint mottlings. In some areas 
which are included with the type, the surfac ' soil consists of a black silt loam to 
an average depth of about 12 inches, overlying a grayish sand to very fine sandy 
loam. In the area along the Black Hawk County line near Hicks the type is 
less well drained and the soi l is a rather heavy silt loam to silty clay loam. In 
topography the soil is flat to depressed and natural drainage is fairly well estab
lished. Where the soil is protected from overflow it is fairly well drained. 

The major part of the vVabash silt loam supports an excellent pasture. When 
it is cultivated general farm crops are grown, corn and oats and hay being pro
duced chiefly. Corn yields from 40 to 60 bushels per acre, oats about the same 
and hay l½ to 2 tons per acre. This type needs first of all to be protected from 
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overflow if general farm crops are to be successfull y grown year in and year out. 
Some of the areas of the type need to be drain ed after protection from overflow 
has been pro\'ided. Small appli cations of farm manure will be of value on this 
soil in increasing · th e yields of genera l farm crops. Large applications should 
not be made preceding th e gro\\'ing of the small grain crop. Small amounts at 
other points in the rotation will bring about la rge crop increases. '!.'he type is 
acid and applications of lime will be of value. 'l'he use of a phosphate fertilizer 
would undoubtedly be valu able on this soi l and tests of acid phosphate and rock 
phosphate are recommended. 

LA?l[Ol'RE SILTY CLAY LOAM (111 ) 

The Lamoure silty clay loam is th e second largest bottomland soil, covering 4.4 
percent of the total area. It occurs rather extensively in various parts of the 
county on the fi rst bottoms along some of the smaller str eams and smaller tribu
taries of th e larger streams. The largest developments of the type are north of 
Colfax Center Church , north of l\Iorrison, south 11-est of Lincoln Center, east and 
northeast of Fern, and between Fredsville and Stout. 

The surface soil of the Lamourc silty clay loam is a dark brown to black heavy 
friable silt loam or silty clay loam, extending to a depth of about 12 inches. 
'!'his is underlaid by a dark drab or black silty clay to a depth of 36 inch es. In 
some areas, in the lo,rnr part of t he three foot section there are faint mottlings 
of drab or gray and yellowish-brown . Lime occurs in considerable amounts 
thruout ·the entire soil section. 

In the areas where the soi l is more poorly drained, the subsoil is rather plastic 
and mottlings occur extensively . In th ese areas the surface soil is often a rather 
heavy silty clay loam. In some of the better drained locations, the type consists 
of a heavy silt loam to a depth of nearly three feet, and the color is 11sually 
black from the surface thruout the entire soil section. 

In topography the Lamoure silty clay loam is nearly level but there are some 
slight depressions or basin-like, poorly drained areas. The natural drainage of 
the soil is poor owing to the topographi c position and to the heavy, impervious 
character of the subsoil material. 

Practically all of the Lamoure silty clay loam is under cultivation, only the 
poorly drained areas being left in pasture or in native hay. Th e most important 
crops grown are corn, oats and hay. Some alfalfa and sweet clover are pro
duced. Crop yields are good on this soil when it is well drained and seasonal 
conditions are satisfactory. The first treatment needed for better growth is the 
installation of tile and the thoro drainage of the soil. Small applications of 
manure will be of value on this soil as has been indicated by the field experiments 
discussed earlier in this r eport. l\fanurc should not be applied preceding the 
O'rowinO' of small grain crops but small amounts at other points in the rotation 
~ill brfng about pronounced increases in the yields of general farm crops. 'l'he 
application of a phosphate fertilizer would undoubtedly be valuable and tests of 
acid phosphate and rock phosphate are r ecommended. The data presented have 
indicated greater value from the use of acid phosphate but in many cases rock 
phosphate might be quite as desirable for use. Farmers are urged to test both 
phosphates under their ovm individual conditions. 
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MEADOW (20) 

There is a small area of meadow in the co1,mty, covering 0.3 percent of th e 
total area. It has been mapped in narrow strips of land which is subj ect to 
overflow, on the bottoms northeast of Reinbeck, along · Black Hawk Creek and 
along the North Fork Black Hawk Creek and in a narrow strip 5 miles long on 
Beaver Creek. 

Meadow consists of bottomland soils which are so variable in texture that it is 
impossible to separate them into distinct so il types. It includes soils ranging 
from sands to clays. The sands often occur in patches varying in depth from 
10 inches to 2 feet or more. 

Most of the area in meadow is used for pasture and blue grass seems to pro
vide a very good pasture. In a few areas where it is cultivated, fairly satisfac
tory crop yield s are secured. In these areas larger yield might be secured by 
proper methods of treatment. The land should, first of all, be well drained and 
protected from overflow, it will th en respond to small applications of farm 
manure, th e application of lime to r emedy acid conditions and th e use of a phos
phate fertilizer. 
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APPENDIX 

THE SOIL SURVEY OF IOWA 
What soils need to make them high ly productive a nd to keep them so, and how their needs 

may be supplied, are problems which arc met consta ntly on the fa rm today. 
To enable every farmer to solve these problems for his local condition~, a ~omplete s~rvey 

and study of the soils of the state has been undertaken, the results of winch will be published 
in a series of county reports. Th is work includes a detailed survey of the soils of each county, 
following which all the soil types, streams, roads, railroads, etc., are accurately located on a 
soil map. This portion of t he work is bein g carried on in cooperation with the Bureau of 
Soils of the United States Depar tment of Agr iculture. . . 

Samples of soils are taken a nd cxa111ined mechanically a nd chemically to determme their 
character and composition and to learn their needs . Pot experiments with t~e?e samples are 
conducted in the greenhouse to ascertain th e value of t he use of manure, f ertilizers, lime and 
other materials on the various soils . 'l'hcse pot tests are followed in many cases by field 
exper iments to check the results secu red i 11 the greenhouse. The meagerness of the funds 
available for such work has limited the extent of these field studies and tests have not been 
possible in each county su rveyed. Fair ly con1plcte results have been secured, however, on the 
main types in the la rge soi l arens. 

Following the survey, systems of soil ma nagement which should be adopted in the var~ous 
counties and on the different soils :nc worked out, old methods of treatment are emphasized 
as necessary or their discontinuance ndvisecl, and new methods of proven value are sugges ted. 

J<'ig . 11 . \ l: 1p of l <,11":1 sl1011·i11g th e rnu 11 ti(•s su1·,·pycd. 
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PLANT FOOD I N SOILS 

Fifteen different chemical elements are essential fo r. plant food, but many of these occur 
so extensively in soils and arc used in such small quantities th at there is practically no danger 
of their ever running out. Such, for exam ple, is the case with iron and aluminum, past 
experience showing th at the amo unt of these elements in the soil remains pradically constant. 

Furthermore, there can never be a shortage in the elements which come primarily from th e 
aiT, such as carbon and oxygen, for the supply of these in the atmosphere is practically in· 
exhaustible. The same is true of nitrogen, which is now known to be taken directly from the 
atmosphere by well-inoculated legumes and by certain microscopic organisms. Hence, altho 
many crops are unable to secure nitrogen from the air and are force d to draw on the soil 
supply, it is possible by the proper and frequent growing of well -inoculated legumes and their 
use as green manures, to store up sufficient of this element to supply all the needs of succeed · 
ing non-legumes. 

THE '' SOIL DERIVED'' ELEMENTS 

Phosphorus, potassium, calcium a.ncl surfur, known as '' soil derived'' elements, may fre 
quently be lacking in soils, and then a fertilizing method carrying the necessary element must 
be used. Phosphorus is t he element most likely to be deficient in all soils. 'l'his is especia.lly 
true of Iowa soils. Potassium frequ ently is lacking in peats and swampy soils, but normal 
soils in Iowa and elsewhere aro usually " ·ell supplied with this element. Calcium may b e low 
in soils which have born e a heavy growth of a legume, especially alfalfa; but a shortage of 
this element is very unlikely. It seems possible fr om recent tests that sulfur may be lacking 
in many soils, for applications of surfnr fertilizers ha,·c proved of value in some cases. How 
ever, littl e is known as yet r egarding the relation of t his olement to soil fertility. If later 
studies show its importa nce for plant growth and its deficiency in soils, surfur fe r tilizers may 
come to be considered of much rnJue. 

AVAILABLE AND UNAVAILABLE PLANT FOOD 

Frequently a soil a nalysis shows the presence of such abundance of the essent ial plant foods 
that th e coMlusion might be dra,rn that crops should be properly supplied for an indefinite 
period. However, applications of a fe r t il izer containing one of th e elements present in such 
large quantities i n the soil may bring about an appreciable and even p rofitable increase in 
crops. 

Th e explanation of this pec uLlar sta te of affair s lies in the fact th at all the plant food 
shown by analysis to b e present in soi ls is n ot in a usable fo rm; it is said to b e unavailable. 
P lants cannot take up f ood unl ess it is in solution; hence available plant food is that which 
is in solution. Analyses show not only this solution or available poi·tion, but also the very 
much larger insoluble or unavail able part. The total amount of plant food in the soil may, 
therefore, be abundant for numerous crops, but if it is not made available rapidly enough, 
plants will suffer for proper food. 

Bacteria and molds are the agents whi ch bring about the change of insoluble, unavailable 
material into available form. If conditions in the soil are satisfactory for their vigorous 
growth and sufficient tota l plant food is present, t hese organisms will bring about the pro 
duction of enough solubl e material to support good crop growth . 

REMOVAL OF PLANT FOOD BY CROPS 

The decrease of plant food in the soil is the direct result of removal by crops, altho the1·e 
is often some loss by leaching also. A study of th e amounts of nitrogen, phosphorus, and 
potassium removed by some of the common farm crops will show how rapidly th ese elements 
are used up under average farming conditions. 

The amounts of these elements in various farm crops are g iven in table I. The amount of 
calcium and surfur in the cr ops is not included, as it is only r ecently that the removal of these 
elements has b een considered important enough to warrant analyses. 

The figures in the table show also the value of the three elements contained in the different 
crops, calculated from the market value of f ertilizers containing them. Thus the value of 
nitrogen is figured at 16 cents per pound, the cost of the element in nitrate of soda; phos
phorus 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 common farm crop without 
returning these three important elements will lead finally t o a shor tage 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 t aken from the soil. If these legumes are 
inoculated as they should be, they will take most of their nitrogen from the atmosphere. 
The figures are therefore entirely too high for the nitrogen taken from the soil by these two 
crops, but the loss of nitrogen from the soil by removal in non-leguminous crops is consider
able. The phosphorus and potassium in the soil are a lso rapidly reduced by the growth of 
ordinary crops. While the nitrogen supply may b e kept up by the use of leguminous gree• 
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TABLE I. PLANT FOOD IN CROPS AND VALUE 
Calculating Nitrogen (N) at 16c (Sod ium Nitrate (NaNO3) ), Pho8phorus ( P ) at 12c 

(Acid Phosphate ) , a nd Potassium (K ) at 6c (Potassium Chloride (KCl) ). 

P lant Food, Lbs. Value of Plant Food Total 
Value 

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

Nitrogen phorus sium gen phorus sium Food 

Corn, grain 75 bu. 
I 

75 I 12.75 
I 

14 

I 
$12.00 

I 
$1.52 I $0.84 $14.37 

Corn, stover 2.25 rr. 36 I 4.5 39 5.76 0.5 4 2.34 8.64 
Corn, crop . . .. .. 111 17.25 53 17.76 2.07 3.18 23.01 
Wheat, grain 30 bu. 42.6 7. 2 7.8 6.81 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 0.48 6.42 
Oats, 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 2.04 14.70 
Barley, grain 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61 
Barley, straw 0.75 T . 9.5 1 13 1.52 0.12 0.78 2.42 
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 0.72 0.46 5.88 
Rye, straw 1.5 T. 12 3 21 1.92 0.36 1.26 3.54 
Rye, crop . . .... 41.4 9 28.8 6.62 1.08 1.72 9.42 
Potatoes 300 bu. 63 12.7 90 10.08 1.25 5.40 17.00 
Alfalfa, hay 6 T. 300 27 144 48 .00 3.24 8.64 59.88 
'l'imothy, hay 3 T. 72 9 67.5 11.52 1.08 3.95 16.55 
Clover, hay 3 T. 120 15 90 19.20 1.80 5.40 16.40 

manure crops, phosphorus and potassium must be supplied by the use of expensive commercial 
fertilizers. 

The cash value of the plant food r emoved from soils by the growth and sale of various 
crops is considerable. Even where the grain alone is sold and the crop residues are returned 
to the soil, there is a large loss of fertility, and if the entire crop is r emoved and no return 
made, the loss is almost doubled. It is evident, therefore, that in calculating the actual in 
come from t he sale of farm crops, the value of the plant food removed from the soil should 
be subtracted from the proceeds, at lease in the case of constituents which must b e replaced 
at the present time. 

Of course, if the crops procured are fed on the farm and the manure carefully preserved 
and used, a large part of the valuable matter in the crops will be returned to the soil. This 
is the case in livestock and dairy farming where the produci:6 sold contain only a portion of 
the valuable elements of plant food r emoved from the soil. In grain farming, however, green 
manure cr ops and commercial fertilizers must be depended upon to supply plant food de
ficiencies in the soil. It should be ment ioned that t he proper use of crop residues in thiB lat 
ter system of farming reduces considerably plant food loss. 

REMOVAL FROM IOWA SOILS 

It has b een conservatively estimated that the plant food taken from Iowa soils and shipped 
out of the state in grain amounts to about $30,000,000 annually. This calculation is based on 
the estimate of the secretary of the W es tern Grain Dealers' Association that 20 percent of 
the corn and 35 to 40 percent of the oats produced in the state is shipped of!' the farms. 

This loss of fertility is unevenly distributed over the state, varying as farmers do more or 
Jess 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 cer
tain necessary plant foods . Eventually, however, all soils are depleted in essential food 
materials, whatever system of farming is followed . 

PERMANENT F'ERTILITY IN IOWA SOILS 

The preliminary study of Iowa soils, already reported, revealed the fact that there is not 
an inexhaustible supply of nitrogen, phosphorus a nd potassium in the soils of the state. 
Potassium was found in much larger amounts than the other two elements, and it was con
cluded, therefore, that attention should b e centered at the present time on nitrogen and phos 
phorus. In spite of the fact that Iowa soils are sti..11 comparatively fertile and crops are still 
large there is abundant evidence at hand to prove that the best possible yields of certain 
crops a re not b eing obtained in many cases b ecause of the lack of nooessary plant foods or 
because of the lack of proper conditions in the soil for the growth of plants and the produc
tion, by bacteria, of available plant food. 
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Proper systems of farming will insure the production of satisfactory crops and the main 
tename of permanent fertility and the adoption of such systems should not be delayed until 
the crop y~elds are 1_1rnch lower, for _then it. ':ill involve a Jong, tedious and very expensive 
figl_,t to bnng t!ie soil back to a fertil e cond1twn. If proper methods are put into operation 
wlul~ comparatively large amounts of certain plant foods are still present in the soil, it is 
relatively easy to keep them abundant and attention may be centered on other elements likely 
to be limiting factors in crop production. 

Soils may be kept permanently fei-tile by adopting certain practices which will be sum 
marized here. 

CULTIVATION AND DRAINAGE 

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

The moisture in soils is one of the most important factors governing crop production. If 
the soil is too dry, plants suffer for lack of water necessary to bring them their food and a lso 
for lack of available plant food. Bacterial activities are so restricted in dry soils that the 
?rod~ction of available plan food practically ceases. If too much moisture is present, plants 
likewise refuse to grow properly b ecause 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 excessive moisture in restricting plant growth by stopping aeration and limiting 
beneficial decay processes. 

While the amount of moisture in the soil depends very largely on the rainfall, any excess of 
wa ter may be removed from the soil by drainage and the amount of water present in the soil 
may be conserved during the periods of drou th by thoro cultivation or the maintaining of a 
good mulch. The need for drainage is determined partly by the nature of the soil but more 
particularly_ by the subsoil. If t_he subsoil is a heavy, tight clay, a surface clay Jo~ will be 
rather readily affected by excessive rainfall. On the other hand, if the surface soil is sandy, 
?- heavy _subsoil will be of advantage in preventing the rapid drying out of the soil and also 
m checkmg losses of valuable matter by leaching. 

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 of 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. 

'l'here is a third explanation of the value of rotations. It is claimed that crops in their 
growth produce certain substa!1ces called ''toxic'' which are injurious to the same crop, but 
have no effect on certain other crops. In proper rotation the time between two different 
crops of the same plant is long enough to allow the "toxic" substance to be disposed of in 
the soil or made harmless. This theory has not b een commonly accepted, chiefly because of 
the lack of confirmatory evidence. It seems extremely doubtful if the amounts of these 
"toxic" substances could be large enough to bring about the effects evidenced in continuous 
cropping. 

But, whatever the reason for the bad effects of continuous cropping, it is evident that for 
all good systems of_ farming some definite rotation should be adopted, and that rotations 
should always contarn a legum e, because of the value of such crops to the soil. In no other 
way can the humus and nitrogen content of soils be kept up so cheaply and satisfactorily as 
by the use of legumes, either as regular or ''catch'' crops in the rotation. 

MANURING 

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

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

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

By using all the crop residues, all the manure produced on the farm, and giving well-inocu-
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lated legumes a place in the rotation for green manure crops, no artificial means of maintain
ing the humus aud nitrogen content of soils need b e resorted to. 

THE USE OF PHOSPHORUS 

Iowa soils arc not abundantly supplied with phosphorus. Moreover, it is possible by the 
use of manures, grncn manures, crop r,esidues, straw, stover, etc., to return to the soil the 
outire amount of t hat element removed by crops. Crop residues, stover and straw merely 
return a portion of the phosphorus removed, and while their use is impor tant in checking the 
loss of the element, they cannot stop it. Green manuring adds no phosphorus that was not 
used in th e growth of green manure crop. F arm manure returns part of the phosphorus 
removed by crops which are f ed on the fa rm, but not all of it. While, therefore, immediate 
scarcity of phosphorus in Iowa soils cannot be p ositively shown, analyses and result sof 
experiments show that in the more or less distant future, phosphorus must be applied or crops 
will suffer for a lack of this element. Furthermore, there are indications that its use at 
present would pr0YC profitable in some instances. 

P hosphorus may be applied to soils i n three commercial forms, bone meal, acid phosphate 
and rock phosphate. Bone meal cannot be used generally, because of its extremely limited 
production, so the choice rests between rock phosphate and acid phosphate. Experiments are 
now under way to show which is more economi ca l for farmers in the state. Many tests must 
be conducted on a largo variety of soil typos, under widely differing conditions, and thru a 
rather long period of years. It is at present impossibl e to make these experiments as complete 
as desirabl e, owing to small appropriat ions for such work, but the results secured from the 
tes ts now in progress will b e published f rom time to time in t he 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 ,my they can determine at fir st hand the rela tive value of the two materials. 
Information and suggestions regarding t he 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 
aud 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 lim e. Therefore, the addition of lime to soils in which it is 
lacking is an important principle in permanent soil fertility. All soils gradually become acid 
because of the losses of lime and other basic materials thru leaching a nd the production of 
acids in th e decomposition processes co nstantly occurring in soils. Iowa soils are no exception 
to t he general rule, as was shown by th e tests of many representa tive soils reported in Bulletin 
No. 151 of this station. Particularly a re the soils m the Iowan drift, Mississippi loess and 
Southern Iowa loess areas likely to be acid . 

All Iowa soils should therefore be tested for acidity before the crop is seeded, particularly 
when legumes, such as alfalfa or red clover, are to be grown. Any farmer may t est his own 
soil and determine its need of lim e, acco rding to simple directions in bulletin No. 151, referred 
t o above. 

As to the amount of lime needed for acid soi ls as a general rule sufficient should b e applied 
t o neutralize the acid ity in the surface soil and then a n additional amount of one or two tons 
per acre. 

SOIL AREAS IN IOWA 

'fhere are five la rge soil areas in Iowa, the Wisconsin drift, the fowan drift, the Missouri 
Ioess, the Mississippi loess and the Southern Iowa Ioess. 'l' hese five divisions of the soils of 
the state are based on the geological forces which brought about the formation of the various 
soil a reas. 'rh e n ll'ious aJ"eas arc showr. in the 11,ap, fig . 1~. 

With the exception of the north eastern part of the state, the whole surface of Iowa was in 
ages past overrun by g reat contiu ental ice sheets. These great masses of ice moved slowly 
over the land, crushing and grinding the rocks beneath and carrying along with them the 
material which they accumula ted in thei r progress. Five ice sheets invaded Iowa at different 
geological eras, coming from different directions a nd carrying, therefore, different rock 
material with them. 

'l'he deposit, or sheet, of earth debris left after the ice of such glaciers melts is called 
• • glacial till'' or ''drift'' and is easi ly distinguished by the fact that it is usually a rather 
stiff clay containing pebbles of all sorts as well as large boulders of "nigger heads." Two of 
these drift areas occur in Iowa today, th e Wisconsin drift and the Iowan drift, covering the 
north central part of the state. Th e soils of these two drift areas are quite different in chem
ical composition, due primarily to tho different ages of the two ice invasions. The Iowan drift 
was laid down at a much earlier period and is somewhat poorer in plant food than the Wis-
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consin drift soil, having undergone considerable leaching in the time which has elapsed since 
its formation. 

The drift deposits in the remainder of the state hiwe been covered by so-called loess soils, 
vast accumulations of dust-like materials which settled out of the air during a period of 
geological time when climatic conditions were very different than a t present. These loess 
soils are very porous in spite of tho fine texture and they rarely contain large pebblea or 
etones. They present a strong contrast to the drift soils, which are somewhat heavy in t exture 
and filled with pebbles and stone. The three loess areas in the state, t he Missouri, the Missis
sippi a nd the Southern Iowa, are distinguished by differences in texture and appearance, and 
the_y v?-ry considerably in value for farming purposes. In some sectio ns the Ioess is very deep, 
wlnle in other places th e underlying leached till or drift is very close to the surface. Th e 
fertility of these soils and th eir needs a re greatly influenced, therefor e, by their depth. 

It will be _seen that the soils of the state may be r oughly divided into two classes, drift soils 
and loess soils, and tha t furth er division may then be made into various drift and loess sails 
because o! differe~ces in period of format ion, charact eristics and general composition. More 
accurate mformation demands, however, t hat further divisions be made. The different drift 
and loess soils contain largo numbers of soil types which vary among themselves and each of 
these should receive special attention. ' 

THE SOIL SURVEY BY COUNTIES 

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

This is what is accomplisheil by the soil survey of the state by counties and hence the needs 
of ~dividual 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 
separat~d on the bas~s of t_heir geological origin. In other words, while the unit in the general 
survey 1s the geological lnstory 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 fi e!~, altho some l?-~01:atory_ study i~ nec_essa~y _for final disposition. Usually the Iino of 
separation between a d.1orning soil types 1s qmte d1stmct and it is a simple matter to locate the 

.SOIL AREAS Of IOWA 

Pig. 12. :l[ap sholl'i ng Jll'i n<·ip:11 soi l :Lr c;is in Iowa. 
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type boundaries. In some cases, however, there is a graduation from one type to another and 
then the boundaries may be fixed only with great difficulty. 'rhe error introduced into eoil 
survey work from this source is very small and need cause little concern. 

The factors which must be taken into account in establishing soil types have beeu 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, colluvial 
or cumulose. 

2. The topography or lay of th e 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 mat ter which they co ntai n. 

5. The texture or porosity, granuhtion, 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 

Organic matter { All partially destroyed or decomposed 
vegetable and animal material. 

Very coarse sand-2.0-1.0 mm. I 
Stones-over 32 mm,* 
Gravel-32-2.0 mm. 

Inorganic matter Coarse sand-1.0-0.5 mm. l Medium sand-0.5-0.25 mm. 
Fine sand-0.25-0.10 mm. 

l Very fine sand-0.10-0.05 mm. 
Silt- 0.05-0.00 mm. 

SOILS GROUPED BY TYPES 

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

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

clay. 
Mucks- 25 to 35 percent of partly decomposed organic mntter mixed with much clay and 

some silt. 
Clays-Soils with more than 30 percent clay, usu ally mixed with much silt; always more tha n 

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

sand. 
Sandy Clays-20 percent silt a nd small amounts 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, coarse sand and medium sand, much silt and a little clay; silt and 
clay 20 to 50 percent. 

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

Very 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 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. 

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

Coarse Sand-More than 25 percent very coarse, coarse and medium sand, less than 50 per -
cent 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-More than 50 percent very coarse sand. 
Stony Loams-A large number of stones over one inch in diameter. 

METHODS USED IN THE SOIL SURVEY 

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

*25mm equals 1 in . tBureau of Soils Book. 
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As h3;1 been indicated the_ completed map is intended to show the accurate location and 
boundaries, not only of all soil types but also of the streams roads railroads etc 

The first step, therefore, ~ the choice of an accurat base' map ~nd any officia.i map of the 
c~unty may be chosen for this p~rpose. Such maps are always checked to correspond correctly 
with the land survey. The location of every stream, road and railroad on the map is likewise 
carefully verified and corrections are frequently necessary. When an accurate base map is not 
available the field party must first prepare one. 

The section is the unit area by which each county is surveyed and mapped. The distances 
in !he ~oads are ?etermined by an od~met~r attached to the vehicle, and in the field by pacing, 
w~ich is done with accuracy. The duections of the streams, roads, railroads, etc., are deter
mined by the use of the compass and the plane t able. 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 i:nd. the subsoil. The boundaries of each type are then ascertained accurately in the section 
and mdica:ed on the map. Many samplings are frequently necessary, and individual sections 
may_ contam sever:i,l soil types and require much time for mapping. In other cases, the entire 
section may contam 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 t~ea, streams, etc., in that section is then checked with their location in the adjoining 
area Just mapped. Careful attention is paid to the topographic features of the area or the 
'' lay of the land,'' for the character of the soils is f ound to correspond very closely to the 
conditions under which they occur. 

The field party is composed of two men, and all observations measurements and soil type 
boundaries are compared and checked by each man. ' 
. The 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. 
Wh_en _the entire co~ty is complete~, all the section maps of field sheets are assembled and any 
variations or quest10nable boundaries are verified by further observations of the particular 
area. 

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




