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Summary and Conclusions 

Many of the experiments carried out in the field in coopera­
tion with Iowa farmers on some of the more extensive soil 
types in the state have been under way for 10 or more years. 
The average results secured on the Carrington loam, the Clarion 
loam, the Carrington silt loam, the Grundy silt loam, the 
Grundy silty clay loam, the Tama silt loam, the Muscatine silt 
loam, the Clinton silt loam, the Marshall silt loam and the 
Waukesha silt loam are presented and discussed in this bulletin. 

The results secured show that crop yields may be increased 
on many Iowa farms by adopting better methods of manage­
ment and treatment of the land. The Iowa system of soil man­
agement, which has been developed from extensive experiment­
al work and has been tested on many farms, points the way 
toward securing greater crop yields per acre and keeping the 
land permanently productive. 

The fertilizing value of farm manure and green manures is 
well known, but the results given in this bulletin and in other 
publications emphasize the importance of keeping up the supply 
of organic matter in soils. 

Liming is shown by these results to be important on all these 
soils. It greatly increased legume yields and brought about 
considerable gains in the yields of general farm crops. Far­
mers should have their soils tested and apply lime as needed 
if they expect to secure the best r esults. 

The use of a phosphate fertilizer is shown to be worth while 
on all these soil types. Either superphosphate or rock phos­
phate may be employed to advantage. Farmers should test 
both phosphate fertilizers on their own farms to determine 
which may be employed most profitably, because sometimes 
one and sometimes the other gives the greater increase. Rock 
phosph_ate usually gives the larger effect the second year, while 
superphosphate acts more quickly and gives returns the first 
year. The comparative tests must, therefore, be carried ove1· 
at least one rotation, before conclusions can be drawn. 

Muriate of potash has not been tested sufficiently to permit 
of conclusions. It may be used with value on some soils for 
certain crops. Interested farmers should test this fertilizer 
under their own farm conditions, on a small area before apply­
ing it to any extensive areas. 

Complete commercial fertilizers may be applied to some Iowa 
soils profitably, but it seems that superphosphate may give 
quite as good r esults and even greater profits. Farmers are 
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urged to test complete fertilizers on small areas in comparison 
with superphosphate before applying them extensively. The 
only way to be sure of the effects of the many complete fer­
tilizers is to test them on the farm. 

If Iowa farmers will use farm manure or green manures and 
apply lime and a phosphate fert ilizer, following also the other 
r equirements of the Iowa system of soil management, including 
drainage, cultivation and the use of a good crop rotation, they 
may profit materially in incr eased crop yields and they will 
also be building up and maintaining the fert ility of the land . 

• 
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More than 100 cooperative soil experiment fi elds are now 
maintained in various parts of the state by the Soils Section 
of the Iowa Agricultural Experiment Station, in order to study 
the needs of the more extensive soil types and to determine 
the value of certain fertilizer applications. 

These fields are laid out on land which is r epresentative of 
particular soil types. Th ey have been located in counties in 
which soil surveys have been made and hence there is a def­
inite knowledge of the soil conditions. The experiments are 
carried out in cooperation with interested farmers, who pro­
vide the land and perform the usual operations in connection 
with seeding and cultivation. The Soils Section lays out the 
plots, furnishes and applies the fertilizers and harvests the 
crops. 

Experiments Planned to Test the Iowa System of 
Soil Management 

The experiments are planned to test the Iowa system of soil 
management in a practical way on typical farms in the state. 
The treatments involved in this plan of soil management in­
clude : 

1. Drainage and cultivation. 
2. Manuring and green manuring. 
3. Liming. 
4. The use of phosphates and other fertilizers. 
5. The rotation of crops. 
The importance of drainage is generally recognized, and 

no special tests of its value arc included in these experiments. 
In locating the plots, precautions are taken, however, to in­
sure their adequate drainage. If the soil is not naturally well­
drained, artificial drainage must have been provided on the 
land selected. Proper cultivation of the soil is common prac­
tice on well managed farms. The plots are located on such 
farms and, hence, this factor is taken care of. 
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Good farmers practice a rotation of crops, and, since many 
rotations are quite satisfactory in Iowa, no attempt is made 
to carry on the experiment~ under a fixed rotation system. In­
stead the tests are located on farms with any good rotation, 
and t hus the r esults are secured under a variety of rotations. 
In all cases, however, arrangements are made so that a legume 
crop is included in the rotation. A substitute crop is employed 
if the r egular legume crop fails. 

The plan of the experiments provides for the testing of 
manure, lime, rock phosphat e, superphosphate and a complete 
commercial fertilizer on the livestock farms. The manure and 
the lime, when n eeded on the soil, serve as basic treatments. 
On the grain farms, crop r esidues serve as the basic treatment 
with lime, when n ecessary·, and the other fertilizers are used 
in addition. 

Most of th~ fi elds include 13 plots, with three checks. The 
arrangement of the plots is as follows : 

1. Check 
2. Manure 
3. Manure + lime 
4. Manure + lime + Tock phosphate 
5. Manme + ljme + superphosph'ate 
6. Manure + lime + complete commercial fe rtilizer 
7. Check 
8. Crop residues 
9. Crop residues + lime 

10. Crop residues + lime + rock phosphate 
11. Crop residues + lime + superphosphate 
12. Crop r esidues + lime + complete -commercial fertilizer 
13. Check 

In some fields under the livestock system of farming nine­
plot series are laid out. The arrangement of the plots in these 
series is as follows : 

1. Check 
2. Manure 
3. Manure + lime 
4. Manure + lime + Tock phosphat e 
5. Check 
6. Manure + lime + superphosphate 
7. Manure + lime + superphosphate + potass.ium 
8. Manure + lime + complete commercial fer tilizer 
9. Check 

The manure is applied at the rate of eight tons per acre 
once in four years. In the grain system, the crop residues arc 
employed as a basic treatment , the corn stalks being cut with 
a disc or stalk cutter and plowed under, and at least the second 
crop of clover is plowed down. In some instances the first 
crop of clover is clipped and allowed to r emain on the land 
to be plowed under with the second crop. Lime is added in 
amounts shown to be necessary by laboratory tests. Tests are 
made once in the rotation preceding the legume crop, and the 
lime is added only as needed. 
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Until 1925, the rock phosphate was applied at the rate of 
one ton per acre once in a four-year rotation. The application 
was then reduced to 1,000 pourttis once in four years. It is 
plowed under in the fal l. Superphosphate was added at the 
rate of 200 pounds per acre annually until 1923, when the 
application was reduced to 150 pounds per acre annually, three 
years out of the four in a four-year rotation. This phosphate 
is disced in just prior to seeding. It is not applied to the 
legume crop. 

Originally the old standard 2-8-2 complete commercial fer­
tilizer was employed at the rate of 300 pounds per acre, disced 
in before seeding. Since 1923, the 2-12-2 brand has been employed, 
200 pounds per acre being applied, thus providing an amount 
of phosphorus equivalent to that supplied in the 150 pounds 
of 16 percent superphosphate. When muriate of potash is 
used, it is applied at the rate of 50 pounds per acre annually, 
three years out of four in the four-year rotation. 

Field Results Secured 
Many of these experiment fields have now been in operation 

for 10 or more years. As there are a number of fields on each 
of the more extensive upland soil types, it is felt that the 
average results from the various fertilizer treatments will in­
dicate quite accurately the effects of the fertilizers used. The 
data from all fields and on all type-; are not included here as 
some fields have not been in operation long enough to yield 
dependable results, and on some of the minor types there are 
not a sufficient number of fields nor a large enough accumula­
tion of data. 

The average crop yields and the increases for the treatments 
are given for the Carrington loam, the Clarion loam, the Car­
ringtoh silt loam, the Grundy silt loam, the Grundy silty clay 
loam, the Tama silt loam, the Muscatine silt loam, the Clinton 
silt loam, the Marshall silt loam and the Waukesha silt loam. 
In each case the tables show the number of crops and the 
number of fields involved in each set of average figures. The 
yields of all the crops, including those for 1928, are figured 
in the averages. No attempt is made in this report to calculate 
the economic value or profit from the treatments. These may 
easily be determined from the increases given, with a knowl­
edge of the cost of the fertilizers and an assumption of an 
average market price of the individual crops. 

Results on the Carrington Loam 
The Carrington loam is found on much of the upland in 

north-central Iowa. The sketch map (fig. 1) shows roughly 
the area of the state in which this soil type occurs. 

The Carrington loam, when typically developed, is a dark 
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Fig. 1. Carrington loam is found on much of the upland in north-central Iowa. 

A, 

,, Hi_qh 
~CL.,CL!.~:.L<:.L<:.L<~~"-LLI 12 Acid 1\y 

Az 
ITn"TTrm,,.,,,.,TTTT.,..,,,r,nTTTTrn,,mffl 1 

B, 
-~~~~~~~~ .......... 4 

B Light yellowioh brown silndy 
Z or silty· cloy /com . fai nt iron 

......,_· ___ s_t o_ ,_n_s ___ ----l 32 

grayish-brown to black loam, 
8 to 18 inches in depth, aver­
aging about 10 inches. 'l'he 
subsoil is a brownish-yellow 
to light yellow sandy or silty 
clay loam. There is usually 
an intermediate layer of a 
light . brown friable heavy 
loam, grading into the lighter 
colored subsoil. Much glacial 
material is usually present . 
A typical Carrington loam 

~~f~lt';' profile is shown in fig. 2. 
Ther e are 12 experiment 

fi elds on this type in various 
counties, and the r esults giv­
en in table I are averaged 
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Fig. 2. Soil profile of Carrington loam. footnotes to the table. 
·The manure incr eased all crops on this soil. The increase 

was 8.0 bushels for corn, 5.8 bushels for oats, 0.27 ton for hay, 
0.12 ton for sweet clover and 0.65 ton for alfalfa . Lime with 



TABLE I. CARRINGTON LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl I Oats2 I Haya Sweet clover4 Alfalfa5 

! 
Treatment 

Clover, timothy and 
clover or timothy 

Increase InCrease Increase Increase Increase 
Av.yield for treat- Av.yield for treat- Av.yield for treat- Av.yield for treat- Av.yield for treat-
bushels mentbu. bushels mentbu. tons per menttons tons per menttons tons per menttone 
per acre per acre per acre per acre acre per acre acre per acre acre per acre 

Checks 45.5 ....... 47.4 HoOOo o 1.16 ·····- 1.11 ....... 0.71 . ...... 
Manure 53.5 8.0 53.2 5.8 1.43 0.27 . 1.23 0.12 1.36 0.65 

Manure+ lime 56.3 10.8 57.3 9.9 1.54 0.38 2.32 1.21 2.27 1.56 

Manure + lime + rock phosphate 58.3 12.8 60.4 13.0 1.87 0.71 2.51 1.40 2.66 1.95 

Manure + lime + superphosphate 59.3 13.8 64.7 17.3 1.96 0.80 2.73 1.62 2.57 1.86 

Manure + lime + superphosphate 
+ Potassium 61.1 15.6 67.5 20.1 ···-- ···--- ···- ·····- ....... . 

Manure + lime + complete commercial 
fertilizer 58.2 12.7 65.0 17 .6 2.11 0.95 2.86 1.75 2.59 1.88 

Crop residues 42.5 ....... 44.5 •...... 1.10 . .. .... 0.62 ···--- 0.89 0.18 

Crop residues + lime 46.5 1.0 50.5 3.1 1.27 0.11 2.93 1.82 1.74 1.03 

Crop residues -!- lime + rock phosphate 51.0 5.5 53.9 6.5 1.51 0.35 3.02 1.91 1.83 1.12 
Crop residues + lime + superphosphate 51.8 6.3 57.5 10.1 1.73 0.57 3.02 1.91 2.04 1.33 
Crop residues + lime + complete commercial 

fertilizer 51.6 6.1 58.9 11.5 1.79 0.63 2.96 1.85 2.33 1.62 

l Corn yields averaged from 42 crops on 12 fields, except the manure + lime + superhphosphate + potassium plot, which is averaged from 
15 crops on six fields, and the crop residue plots, which are averaged from 25 crops on six fields. 

2 Oat yields averaged from 29 crops on 12 fields, except the manure + lime + superphosphate + potassium plot, which is averaged from 
10 crops on six fields, and the crop residue plots, which are averaged from 18 crops on six fields. 

a Hay yields averaged from 15 crops on seven fields, except the crop residue plots, which are averaged from 14 crops on six fields. 
4 Swe~t clover yields averaged from two crops on tw~ fields, except the crop residue plot, "which involved only one crop on one field. 
5 Alfalfa yields averaged from three crops on one field . 
6 The yields given for the checks are the average of the yields on a ll check plots on all fields . 

I-' 
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manure increased appreciably the yields of corn, oats and hay, 
and it doubled the increase in the alfalfa and increased the 
sweet clover yield tenfold.• Rock phosphate with the manure 
and lime considerably increased all crops and especially the 
hay and alfalfa. Superphosphate with the manure and lime 
had a somewhat greater influence than the rock phosphate on 
the corn, oats, hay and sweet clover but showed a slightly less 
effect on the alfalfa. The difference in favor of the super­
phosphate was quite appreciable with the oats and sweet clover 
but was not so large with the corn and hay. Muriate of potash 
with the superphosphate, manure and lime increased the corn 
and oats yields when compared with the superphosphate, 
manure and lime treatment. The complete commercial fer­
tilizer with the manure and lime had a smaller effect than the 
superphosphate on the corn, about the same influence on the 
oats and the alfalfa and gave an appreciable increase in the 
hay and sweet clover. 

The crop residues showed no effect except on the alfalfa. 
Lime with the residues increased all the crops, the increases 
being small on the corn, oats and hay but large on the sweet 
clover and alfalfa. Rock phosphate with the crop residues 
and lime gave large increases on the corn, oats and hay but 
showed little effect on the sweet clover and alfalfa. Super­
phosphate with the residues and lime showed no greater effect 
than the rock phosphate on the sweet clover but gave much 
greater effects ori the corn, oats, hay and alfalfa. The com­
plete commercial fertilizer with the residues and lime produced 
greater yields than the superphosphate with all crops except 
the corn and sweet clover. The influence was much greater 
on the oats and alfalfa than on the hay. 

Evidently on the Carrington loam yields of general farm 
crops may be increased considerably by applications of manure, 
lime and a phosphate fertilizer. Lime had its greatest influence 
on the legume crops, as would be expected. Rock phosphate 
and superphosphate both increased crop yields, the super­
phosphate generally showing· somewhat superior effects both 
with manure and lime and with the crop residues and lime. 
The muriate of potash gave some indications of value. The 
complete commercial fertilizer had somewhat greater effects 
than the phosphates but hardly enough more to warrant its 
use, due to its higher cost. 

Results on the Clarion Loam 

The Clarion loam is an important upland soil in northwest­
ern Iowa. The occurrence of this type in the state is shown 
in fig. 3. 

The Clarion loam is a dark brown to deep black loam, averag-
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Fig . 3. Clarion loam is an important upland soil in northwestern Iowa. 
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Fig. 4. Soil profile of Clarion silt loam. 

ing 12 to 14 inches in depth 
but ranging from 10 to 20 
inches. The subsoil is a light 
brown to yellow or grayish­
brown silty clay loam to 
sandy clay loam. The sub­
surface soil is a dark brown 
to brown friable heavy loam 
to silty clay loam. It is very 
similar to the Carrington 
loam except that there is 
usuallv lime in the subsoil. 
This, however, does not pre­
vent a need for lime in the 
surface soil, which is gen­
erally distinctly acid in re­
action. A typical Clarion 
loam profile is shown in fig. 
4. 

There are seven fi elds on 
this type, and the average 
r esults are given in table II. 
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TABLE II. CLARION LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl Oats2 I Hays 

I 
Sweet clover 4 Barley5 

Treatment Clover, timothy a nd I 
clover or timothy 

Increase Increase Increase Increase Increase 
Av.yield for treat- Av.yield for treat- Av. yield fortreat- Av. yield for treat- Av. yield for treat-
bushels mentbu. bushels mentbu. ton s per ment tons tons per menttons bushels mentbu. 
per acre per acre per acre per acre acre per acre 1 acre per acre per acre per acre 

Check6 43.2 ·-····· 47 .7 ····•·· 1.34 ...... 1.00 

I 
....... 32.8 ····•·· 

Manur<! . 49 .1 5.9 55.3 7.6 1.16 ....... 1.11 0.11 35.2 2.4 

Manure + lime 50.8 7.6 57 .3 9.6 1.33 ....... 1.64 0.64 44.4 11.6 

Manure + lime + rock phosphate 54.0 10.8 56.7 9.0 1.82 0.48 1.71 0.71 42.6 . 9.8 

Manure + lime + superphosphate 53.2 10.0 61.3 13.6 2.11 0.77 1.82 0.82 46.6 13.8 

Manure + lime + super phosphate 
+ potassium 54.1 10.9 69.4 21.7 ·····- ···--·· 2.23 1.23 46.4 13.6 

Manure + lime + complete commercial 
fertilizer 54.1 10.9 63.8 16.1 1.98 0.64 2.09 1.09 43.7 10.9 

Crop residues 47.7 4.5 54.7 7.0 2.05 0.71 1.52 0.52 39.3 6.5 

Crop r esidues + lime 50.4 7.2 55.4 7.7 2.10 0.76 1.68 0.68 42.4 9.6 

Crop residues + lime + rock phosphate 53 .1 9.9 58 .3 10.6 2.56 1.22 1.50 0. 50 37.9 5.1 

Crop r esidues + lime + superphosphate 52.9 9.7 64.9 17.2 2.41 1.07 1.44 0.44 40.9 8.1 
Crop residues + lime + complete commercial 

fertilizer 53.1 9.9 66.6 18.9 2.59 1.25 1.29 0.29 42.4 9.6 

1 Corn yields averaged from 22 crops on seven fields , except the manure + lime + superphosphate + potassium plot, which is averaged 
from 11 crops on five fie lds, and the crop residue p lots, which are averaged from eleven crops on two fie lds. 

2 Oat yields averaged from 13 crops on six fie lds, except the manure + lime + superphosphate + potassium plot, which i s averaged from 
seven crops on four fi elds , and the crop residue plots, which are averaged from six crops on two fields. 

3 Hay yields averaged from six crops on five fields, except the crop residue plots, w hich are averaged from three crops on two fi elds. 
4 Sweet clover yields averaged from four crops on four fields, except the m anure + lime + superphosphate + potassium plot, w hich is 

averaged from three crops on t hree fields, and the crop residue plots, which involved only one crop on one field. 
5 Barley yields averaged from three crops on t hr ee fields, except the m anure + lime + superphosphate + potassium plot, which is averaged 

from two crops on two fields, and the crop residue plots, which involved only one crop on one field. 
6 The yields g iven for the checks are the average of the yields on a ll check plots on a ll fie lds. 

f--1 
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On this soil, manure increased the yields of corn, oats, sweet 
clover and barley but not of hay. Lime with manure incr eased 
the yields of all the crops, except the hay, showing lar ge effects 
on the corn, oats, sweet clover and barley. Rock phosphate 
with the manure and lime increased t he corn considerably and 
had a large effect on the hay crop. Small increases occurred 
on the sweet clover, but there was a decrease in the oats and 
the barley, probably due to some abnormal condition. The 
superphosphate with the manure and lime showed less effect 
than the rock phosphate on the corn but had a much gr eater 
effect on the oats, sweet clover , hay and barley. The muriate 
of potash with the superphosphate, manure and lime showed 
an increase on the corn, a large incr ease on the oats and sweet 
clover and no effect on the barley. The complete commer cial 
fertilizer with the manure and lime had the same effect as 
the superphosphate on the corn, it increased the hay crop and 
had no effect on the oats, sweet clover or barley. 

The crop residues increased the yields of all the crops. Lim e 
with the r esidues increased the corn and barley and had some 
effect on the oats, hay and sweet clover. Rock phosphate with 
the r esidues and lime still fur ther increased the corn, oats and 
hay yields but had no effect on the sweet clover and barley. 
Superphosphate with th e crop r esidues and lime showed a 
much greater effect than the rock phosphate on the oats and 
barley but had slightly less influence on t he corn, hay and 
sweet clover. The complet e commercial fertilizer with the 
residues and lime had a somewhat gr eater effect than the super­
phosphate on the oats, hay and barley, showed about the same 
ipfluence on the corn and had less effect on the sweet clover. 

This soil apparently r esponded in much the same way as 
the Carrington loam to additions of manure, lime and a phos­
phorus fertilizer. Lime was of large value, especially for the 
legumes. Rock phosphate and superphosphate gave very simi­
lar effects, altho the superphosphat e usually proved slightly 
superior. Muriate of potash seemed of some value. The com­
plet e commercial fertilizer in general gave only slightly gr eat er 
effects than the superphosphate. 

Results on the Carrington Silt Loam 

The Carrington silt loam is an important soil type in east­
central and northeast-central Iowa. Its location is shown 
roughly in fig . 5. 

The Carrington silt loam is a dark grayish-brown to nearly 
black friable silt loam, extending to a depth of 10 to 14 inches. 
The subsurface soil is a grayish-brown to dull brown r ather 
compact silt loam to silty clay loam. The subsoil at 20 to 24 
inches is a light brown or yellowish-brown silty clay loam to 
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Fig. 5. Carrington silt 1oam is an impol'tant soil type in east-central and norlh­
east-c2ntra l Iowa. 

sandy clay loam. lVIuch glacial material often occurs in the 
subsoil. A typical Carrington silt loam profi le is shown in 
fig. 6. 
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Fig. 6. Soil profile of Carrington silt loam. 

There are five fields on this 
type, and the average results 
are given in table III. Ma­
nure gave large increases in 
the corn, oats and hay, and 
small effects on barley. Lime 
with manure showed large 
effects on all the crops, hav­
ing the greatest influence on 
the grain crops. Rock phos­
phate with the manure and 
lime increased the yields of 
all crops. Super-phosphate 
with the manure and · lime 
had less effect than the rock 
phosphate on. the corn and 
oats but showed greater ef­
fects on the hay and barley. 
The muriate of potash with 
the super-phosphate, manure 
and lime showed a large effect 
on the corn crop. 



TABLE III. CARRINGTON SILT LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl Oats2 Hay3 Barley4 

Clover, timothy and 
· Treatment clover or timothy 

Increase Increase Increase Increase 
Av. yield for treat- Av. yield for treat- Av. yield for treat- Av. yield. for treat-
!>ushels ment bu. bushels ment bu. tons per ment tons bushels ment bu. 

per acre per acre per acre per acre acre per acre per acre per acre 
Check5 43.9 I ....... 44.0 . ...... 1.37 

I 
. ...... 

I 

34.2 I ---- ·-· 
Manure 53 .1 9.2 51.7 7.7 1.64 0.27 37.8 3.6 

Manure + lime 57 .1 13.2 57.8 13.8 1.76 

I 
0.39 44 .5 10.3 

Manure + lime + rock phosphate 63 .8 19.9 66.2 22 .2 2.22 0.85 48.9 14.7 
Manure + lime + supe1·phosphate 61. 5 17.6 62.8 18.8 2.39 I 1.02 51.6 17.4 . 
Manul'c + lime + superphosphatc + r:otassium 73.5 29.6 ····•·· .... ... . ...... I ·-·---· ..... .. ----•·· 
Manure + lime + complete commercia l fertilizer 62 .0 18.1 66.3 22.3 2 .21 I 0.84 51. 5 17.3 . 
Cl·op residues 

. 
45 .7 1.8 53.1 9.1 1.63 I 0.26 35.8 1.6 

Crop r esidues + lime 51.2 7.3 57 .1 13.1 1.81 0 .44 38.1 3 .9 
Cr,m res idues + lime + rock phosphate 53.7 9.8 63.2 19.2 2.05 0.68' 42.9 8.7 
Crop residues + lime + superphosphate 54 .9 11.0 62.2 18.2 2.09 0.72 42.5 8.3 
Crop residues + lime + complete commercial fert ilizer 53 .4 9.5 64.7 20.7 2.11 0.74 44.9 10.7 

----

l Corn yields averaged from ~3 crops on five fields, except the crop residue plots, which are averaged from 15 crops on three fields, and 
the manure + lime + superphosphate + potassium plot, wh ich involved only one crop on one field . 

2 Oat y ie lds averaged f1·om 11 crops on four fields, except the crop residue plots, which are averaged from six crops on two fields . 
3 Hay yie~ds averag€d from 12 crops on five fields , except the crop residue plots, which ure averaged from eight crops on three fields. 
4 Barley yields averaged f rom two crops on < .. ne field. 
5 The yields g iven fm· the checks are the avernge of the yields on all check plots on all fields. 

,.... 
00 ,.... 
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The complete commercial fertilizer with the manure and lime 
produced no greater yields than the phosphates. 

The crop residues had little influence on the various crops. 
Lime with the residues increased the yields of all crops but 
had the greatest effect on the corn and hay. Rock phosphate 
with the crop residu es and lime gave very pronounced gains 
on all crops, showing the greatest influence on the oats and 
hay. Superphospltate with the crop residues and lime had 
a greater effect than the rock phosphate on the corn and hay 
but showed slightly less effect on the oats and barley. The 
complete commercial fertilizer had no greater effect t han t he 
superphosphate, except on the oats and barley. 

The Carrington silt loam seemed to respond in a large way 
to applications of manure, lime and a phosphate fertilizer. 
Ther e seemed little choice between t he two phosphates. The 
complet e commercial fert ilizer did not produce any appreciably 
greater increases in yields than did the superphosphate either 
with manure and lim e or with crop r esidues and lime. 

Results on the Grundy Silt Loam 

The Grundy silt loam is a very extensive upland type in 
southern Iowa. Its location is shown in fi g. 7. 

The Grundy silt loam is a dark grayish-brown to almost 
black friable silt loam, extending to a depth of about J 2 inch es. 
Th e subsurface soil to a depth of 18 to 20 inches is a brown 

RUNDY SILT LOAM AREA 

.De.f•nd e .s >,•Y•!:jo:d bou .. dc,,.. 1. ir..s E::;:;;;J 

--,,. ob.sbl 11: bovndo ,.. ,cr..s ~ 

Fig. 7. Grundy sil t loam is a very extensive upland type of soil in southern Iowa. 
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to dark brown silty clay loam. 
The subsoil is a compact 
heavy silty clay to clay, light 
brown in color, mottled with 
gray, yellow or yellowish­
brown. A typical profile of 
the Grundy silt loam is shown 
in fig. 8. 

There are 13 fields on this 
type, and the average results 
secured are given in table IV. 
The application of manure 
gave definite increases in corn, 
oats, hay, wheat and alfalfa. 
Lime with manure more than 
doubled the increases in hay 
and alfalfa, which might be 
expected, but it also almost 

~------~r.0 doubled the increase in corn, 
Fig. 8. Soil profile of Grundy silt loam. which is rather surprising. 
Furthermore, it increased the oats and wheat yields. Apparent­
ly lime may increase not only the legume crops in the rotation 
but also the grain crops. The lime either has a direct influence 
on the crop growth, or brings about a secondary effect due to 
the increased legume residues. 

Rock phosphate applied with the manure and lime gave 
pronounced increases on all of the crops, the greatest effects ap­
pearing on the hay and the alfalfa. The superphosphate with 
the manure and lime showed somewhat larger effects than the 
rock phosphate on all crops, altho the differences were not 
great with corn, wheat and alfalfa . The muriate of potash 
applied with the superphosphate, manure and lime showed 
no increase over the superphosphate, manure and lime in the 
case of the corn and hay but gave an increase in the wheat. 
The complete commercial fertilizer with the manure and lime 
showed about the same effect on the corn and oats as that 
brought about by the superphosphate, but it had a greater 
influence than the rock phosphate in both cases. With the 
hay and alfalfa it showed much greater effects than the super-­
phosphate, but on the wheat it had less influence than either 
the rock phosphate or the superphosphate. 

The crop r esidues showed some 'beneficial effects on the crops 
grown. Lime with the residues increased the hay crops par­
ticularly, but it also increased the yields of all other crops. 
The lime showed up unusually well on the corn and oats. Rock 

• 
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TABLE IV. GRUNDY SILT LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
row A EXPERIMENT FIELDS. 

Cornl Oats2 Hay3 
I 

Winter wheat4 Alfalfa5 

Treatment 
Clover, timothy an) 
clover or timothy 

Increase Increase I Increase Increase Increase 
Av.yield fortreat- Av. yield for treat- Av. yield for treat- Av. yield for treat- Av. yield for treat-
bushels ment bu. bushels ment bu. tons per ment tons bushels m·ent bu. tons per menttons 
per acre per acre per acre per acre acre per acre per acre per acre acre per acre 

Check6 53 .0 ....... 42.5 . ...... 1.48 
\ 

....... 20.6 I ·---·-· 4.23 . ...... 
Manure 59.l 6.1 47.7 5.2 1.69 0.21 23.9 3.3 4.50 0.27 

Manure + lime 64.6 11.6 49.9 7.4 1.96 0.48 26.4 5.8 4.82 0.59 

Manure + lime + rock phosphate 67 .4 14.4 53.3 10.8 2.19 0.71 29.9 9.3 5.03 0.80 

Manuro + lime + superphosphate 68.6 15.6 57.6 15.1 2.35 0.87 30.9 10.3 5.11 • 0.88 

Manurn + lime + supervhosphate 
+ potassium 64 .6 11.6 ····•·· ....... 2.25 0.77 32.6 12.0 . ...... . ...... 

Manure + lime + complete commercial 
ferti li zer 69.4 16.4 57.2 14.7 2.44 0.96 28.7 8.1 5.29 1.06 

Crop residues 58.5 5.5 48.1 5.6 1.59 0.11 26.2 5.6 4.44 0.21 

Cro1> r esidues + lime 62.7 9.7 52.4 9.9 1.85 0.37 26.6 6.0 4.61 0.38 

C,·op residues + limo + rock phosphate 64.4 I 1.4 55.8 13.3 2.03 0.55 27.1 6.5 4.86 0.63 
Crop residue~ + lime + superphosphate 64.2 11.2 57.7 15.2 2.05 0.57 27.6 7.0 5.00 0.77 
Crop residues + lime + complete commercial 

fertilizer 63.3 10.3 56.4 13.9 2.09 0.61 27.7 7.1 4.94 0.71 

1 Co1·n y ields averaged from 48 c!·oI1s on 13 fields. except manure + lime + superphosphate + potassium plot. which is averaged from 18 
crops on 7 fields , and the crop res.idue plots , which are averaged from 30 crops on six fields. 

2 Oat yields averaged f1·om 22 crops on 13 fie lds, except the crop residue plots, which are averaged from 14 crops on six fields. 
3 Hay yields averaged from 19 crops on 10 fields, except the crop residue plots, which are averaged from 11 crops on five field s, and the 

manure + lime + superphosphate + potasaium plot, which is averaged f rom eight crops on five fields . 
4 Winter wheat yields avera~ed from seven crops on five fields, except the manure + lime + superphosphate + potassium plot, which is 

averaged from three crop:.; on two fie lds, and the t.!rop residue plots, which are averaged from four crops on three fields. 
5 Alfalfa yie lds averaged from five crops on one field. 
6 The yields given for the checks are t he average of the yields on a ll check plots on a ll fields. 
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phosphate with the crop r esidues and lime had a large effect 
on all of the crops grown. The influence on the hay and al­
falfa was particularly noteworth~. The wheat crop was in­
fluenced the least. Superphosphate with the crop residues and 
lime increased all of the crops, and except for corn these gains 
were slightly larger than those occasioned by the rock phos­
phate. The complete commercial fertilizer with the residues 
and lime had less effect than the superphosphate on the corn, 
oats and alfalfa, but it gave slight increases on the hay and 
wheat. It had a somewhat greater effect than the rock phos­
phate on the oats, hay, wheat and alfalfa. 

These results as a whole show the value of applying normal 
amounts of manure to this land, of adding enough lime to 
neutralize the acidity of the surface soil, and of treating the 
soil with a phosphate fertilizer. The beneficial influence of 
lime not only on the legume crops but also on the grain crops 
is especially noteworthy. The phosphate fertilizers gave ap­
preciable crop increases, the superphosphate generally show­
ing up slightly the better. Apparently either rock phosphate 
or superphosphate may be used successfully and profitably on 
this soil type. However, the results may vary under different 
farm conditions. The complete commercial ferti lizer seemed to 
have no greater effect on this soil than superphosphate. To 
prove profitable the complete fert ilizer should give much g-reat­
er increases tha1i the phosphate. There is some evidence of 
effects from the use of muriate of potash, but it is not definite. 
This material should certainly be tested in the fi eld before it 
is applied extensively to this soil. 

Results on the Grundy Silty Clay Loam 

The Grundy silty clay loam is an important soil type in 
southern Iowa, occurring on the level to depressed uplands 
in association with the Grundy silt loam. It is much heavier 
than the silt loam and more difficult to manage. When pro­
perly drained and cultivated, however, it is an extremely pro­
ductive soil. Its location is shown in fig. 9. 

The Grundy silty clay loam is a black silty clay loam, 6 to 
8 inches in depth. The subsurface soil is a pitch-black, plastic, 
tenacious silty clay. The subsoil is a bluish-gray to gray silty 
clay, mottled with yellow, yellowish-brown and rusty brown. 
A typical profile of this soil type is shown in fig. 10. 

There are two fie lds on this soil, and the average results are 
given in table V. Farm manure increased the corn and hay 
crops on this soil and had considerable effects also on the oats 
and wheat. Lime with manure further increased the corn and 
oats but had no effect on the hay or wheat. Rock phosphate 
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GRUNDY SILTY CLAY LOAM AREA 

D<z;f'i,iitct su r 'l''1.~C!:d bo,....dor111t.:. ~ 
Proboblo. boundor.-i.s ~ 

Fig. 9. Grundy silty clay loam is an important soil type in southern Iowa, oc­
cuning on the level to depressed u plands. 

with manure and lime gave some increase on the corn and 
wheat but showed a large effect on the oats and hay crops. 
Superphosphate with the manure and lime was somewhat more 
effective than rock phosphate on the corn and oats and def­
initely better in its effect on the hay and wheat. • The com­

o·· l Me dium 

~~"-<-<'.L.LLLL.LLLCL.t.'.LLLJ ,, I ~ldity 

Az 1 ~~~ e" A~tdity 
B, 

, , ', , . , I I I z.a'' 

Bz ~/~~lPc g:Sty 0 ~,1iJh!i2tt9~d 

C 

...,tfh yel/o"" ond yellovis h 
brown 

Fig. 10. Soil profile . of Grundy silty 
clay loam. 

plete commercial fertilizer in-­
creased the corn yields less 
than did the phosphates and 
had less effect than the super­
phosphate on the hay and 
wheat. It had a slightly 
greater influence on the oats. 

The crop residues affected 
the various crops little or not 
at all. Lime with the residues 
had no effect on any of the 
crops. Rock phosphate with 
crop residues and lime showed 
little effect on the corn and 
very slight effects on the oats 
and wheat. However, it in­
creased the hay crop. Super­
phosphate had a greater in-



TABLE V. GRUNDY SILTY CLAY LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMEN'T. 
IOWA EXPERIMENT FIELDS. 

Cornl 

Treatment 

Checks 
Manure 
Manure+ lime 
Manure + lime + rock phosphate 
Manure + lime + superphosphate 
Manure + lime + complet e commercial fertilizer 
Crop 1·esidues 
Crop r esiduea + lime 
Crop residues + lime + rock phosphate 
Crop residues + lime + superphosphate 
Crop residues + lime + complete commercial fertilizer 

1 Corn yields averaged from 11 crops on two field s. 
2 Oat yields averaged from five crops on two fields. 
3 Hay yields averaged from· two crops on one field. 

Av. yield 
bushels 
per acre 

54.1 
62.9 
64.5 
65.7 
66.8 
64.9 
54 .~ 
53 .7 
55.0 
55.8 
58.6 

4 Winter wheat yields averaged from three crops on two fields. 

Increase 
for treat-
ment bu. 
per acre 

....... 
8.8 

10.4 
11.6 
12.7 
10.8 
0.8 

.... ... 
0.9 
1.7 
4.5 

Oats2 Hays 

Clover, timothy and 
clover or timothy 

Increase I Increase 
Av. yield for treat- Av. yield for treat-
bushels ment bu. tons per ment tons 
per acre per acre acre per acre 

46.2 •······ 1.85 ·· ··-·· 
50.9 4.7 2.50 0.65 
51.3 5.1 2.28 0.43 
56.3 10.1 2.68 0.83 
57 .1 10.9 2.84 0.99 
57.8 11.6 2.70 0.85 
45 .6 ----··· 1.91 0.06 
43.8 ....... 1.81 ···---· 
49.4 3.2 2.74 0.89 
49.9 3.7 2.56 0.71 
50 .2 4.0 2.23 0.88 

5 The yields given for the checks are the average of the yields on all check plots on a ll fields. 

Winter wheaU 

Increase 
Av. yield for treat-
bushel s ment bu. 
per acre per acre 

15.4 . .... 
18.1 2.7 
17.7 2.3 
19.3 • 3.9 
21.5 6.1 
21.4 6.0 
16.9 1.5 
14.9 •·• ·· 

17.4 2.0 
20.2 4.8 
19.9 4.5 

I-' 
00 
-:i 



188 

fluence than the rock phosphate in all cases except on the hay 
crop. The complete commercial fertilizer increased the yields 
of corn and oats more than • did the phosphates, showed much 
less influence on the hay y~eld but had a greater effect than the 
rock phosphate on the wheat. It was slightly less effective than 
the superphosphate for wheat. 

These r esults show that the Grundy silty clay loam was 
benefited by manure. Lime with manure also proved of value. 
The phosphate fertilizers increased the yields more when ap­
plied with manures than with crop residues. The superphos­
phate generally seemed slightly superior to the rock phos­
phat e, but the differences often were not very large. Appar­
ently either phosphate may be used successfully on this soil 
with manure, but rock phosphate does not give as good results 
when used with crop r esidues without manure. A complete 
commercial f ertilizer may sometimes be used profitably on the 
soil , but t ests on small areas under individual farm conditions 
are desirable before ext ensive application~ are made. 

Results on the Tama Silt Loam 

The Tama silt loam is a rather extensively developed soil 
in central and eastern Iowa. It occurs on the more gently un­
dulating to slightly rolling uplands, coverin g· extensive areas. 
A map showing roughly the location and boundary of the area 
of Tama silt loam in Iowa is given in fig . 11. 

TAMA SILT LOAM AREA 

DeFt.l"l t. l~ su,.Vll.!,l"d Dou,.da.- .. u ~ 
"Prob<:1blc bovndo,..i,e.s ~ 

Fig. 11. Tama silt loam is rat.her extensively developed in the slightly rolling 
uplands of cen tral a nd eastern Iowa. 
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typical Tama silt loam pro-
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,__ ______ __, 60' tained are shown in table VI. 

L,qhl yell o..,,.h b,o..,n s olty } There are seven fields on 

Fig, 12. Soi l profile of Tama silt loam, The application of manure in-
creased the corn and oats 

crops appreciably and showed small effects on the hay. Lime 
with the manure increased the various crops ; it more than 
doubled the increase in oats and was much more effective on 
the corn and hay. Rock phosphate with the manure and lime 
had little effect on the corn but brought about a large increase 
in oats and a still larger increase in the hay crop. Super­
phosphate with manure and lime was more effective than the 
rock phosphate on the corn and hay crops but had a some­
what smaller influence on the oats. The muriate of potash with 
superphosphate, manure and lime, showed no effect on the 
corn but increased the oats and hay yields consider ably. The 
complete commercial fertilizer with manure and lime had more 
effect on the oats and a slightly greater effect on the corn than 
did the superphosphate. It had less effect on the hay than 
either the rock phosphate or th e superphosphate. 

The crop residues showed little effect on the crops grown. 
Lime with the r esidues improved the yields of hay, corn and 
oats. The rock phosphate with the r esidues and lime increased 
the corn crop considerably but had very little influence on 
the other crops. The superphosphate increased the hay crop 
more than t he rock, but it showed less effect on the corn and 
much less on the oats. The complet e commer cial fert ilizer had 
less effect than the phosphates on the corn, but it gave greater 
increases on the oats and hay yields. The beneficial effect was 
particularly great on the hay crop. 



TABLE VI. TAMA SILT LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl 
I 

Oats2 H ay3 

Treatmen t 
I Clover, t imothy and 

clover or timothy 

I 

. 
Increase Increase Increase 

Av. yield for treat- Av. yield for treat- Av. yield for treat-
bushels ment bu. bushels m ent bu. tons per ment tons 
per acre per acre per acre per acre acre per acre 

Check> 53 .9 -······ 55.2 ..... ... 1.51 ·-····· 
M anure 58.3 4.4 58.6 3.4 1.59 0.08 

Ma nure + lime 60.6 6.7 63.3 8. 1 urn 0.1~ 

Ma nure + lime + rock phosphate 60.8 6.9 69. 3 14.l 1.85 0.34 

Manure + lime + su per phosphate 62.2 8.3 67.4 12.2 1.91 0.40 

Ma nure + lime -!- superphosphate + potassium 61.1 7.2 72.6 17.4 1.95 0.44 

Manure + lime + complete commercial fertilizer 62. 3 8.4 71.0 15.8 1.84 0.33 
Crop residues 55.3 1.4 53.6 ....... 1.46 ....... 
Crop residues + lime 61 .7 8.8 61.6 6.4 1.97 0.46 
Crop residues + lime + rock phosphate 66.6 12.7 61.4 6.2 2.01 0.50 
Crop residues + lime + superphosphate 65.2 11.3 60.4 5.2 2.08 0.57 
Crop res idues + lime + complete commercial ferti lizer 64.4 10.fi 63.4 8.2 2.28 0.77 

1 Corn yielrls aver aged from 27 crops on seven fi elds, except t he m anure + lime + superphosphate + votassium p lot, w hich is averaged 
from 22 crops on s ix fields, and the crop residue p lots, which are averaged from five crops on one field. 

2 Oat yields averaged from 11 crops on seven fields, except t he m anure + lime + su perphosphate + potassium plot, wh ich is averaged from 
eight crops on six fields, and the crop residue plots, which a.re averaged from t hree crops on one fie ld. 

3 H ay y ie lds averaged from six crops on four fields, except the manure + lime + superphosphatc + potassium plot, which is averaged 
from four crops on three fi e lds , and the crop residue plots , which are averaged from two crops on one fie ld. 

~ The yields g iven for the checks are the average of the yields on a ll check plots on all fields. 
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This soil type was benefited by applications of manure. Lime 
increased the yields, not only of the legumes but also of corn 
and small grains. It gave even •larger effects with the crop 
residues than with manure. The phosphate fertilizers increased 
crop yields in all cases with manure and in all but one case 
with crop r esidues. The superphosphate was somewhat su­
perior to rock phosphate for corn and hay when used with 
manure but was less effective for corn when used with crop 
residues. The rock phosphate. showed up better on the oats. 
It seems that either phosphate may be used to advahtage on 
this soil, sometimes one proving superior and sometimes the 
other. The choice must, therefore, be made for individual con­
ditions. Some good complete fertilizer might be used to ad­
vantage on the soil, but t ests should certainly be carried out 
in the fi eld before any extensive application is made. 

Results on the Muscatine Silt Loam 
The Muscatine silt loam is an important soil type in east­

central Iowa. It is found in association with the Tama silt 
loam, occurring on the 'level areas adjacent to the more rolling 
Tama. Its location is shown roughly in fig. 13. 

The Muscatine silt loam is a dark grayish-brown to black 
mellow, friable silt loam, extending to a depth of 12 to 16 
inches. The subsurface soil is a grayish-brown to light grayish­
brown heavy silt loam. The subsoil is a gray compact silty 
clay loam, mottled with yellow and brown. A typical Mus­
catine silt loam profile is shown in fig. 14. 

MUSCATINE SILT LOAM AREA 

De ►iniht ,u..,ve.!,•d bo1,mda,-i<1~ ~ 
Probabl~ bQurida..,;._~ . . . ~ 

:Fig. 13. Muscatine siit loam is found on the level areas adjacent to the more 
rolling Tama silt loam. 
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There are four fields on this 
type, and the results secured 
are given in table VII. Ma­

Med;um nure increased the various 
A~\J~ty crops grown on this soil but 

only to a limited extent in the 
case of corn, oats, wheat and 
hay. It had a large effect, 
however, on the alfalfa. Lime 
with manure increased the 

Medium yields of corn, wheat, hay, 
Acidity d oats an alfalfa. Rock phos-

phate with the manure and 
lime increased the corn, oats, 

·c2 Yello,i,sh b, • .,n leno~ious fluence was most pronounced 
!5ilty c lay loom mottled with L 

42
) hay and alfalfa crops but had 

no effect on the wheat. Its in-

qroy 4 rusty brown iron5toms • Ac~Jty 011 the hay crop. Super-
phosphate with the manure 

60 
and lime had slightly greater 

F '-ig-. -1-4.- So-il-p,--o-fil_e_ o_f_M..,uscatine silt effects than the rock phos-
loam. phate on the corn, oats and 

hay but showed less effects on the wheat and alfalfa . Muriate 
of potash with the superphosphate, manure and lime showed no 
effect on the oats but gave an increase in the hay. The complete 
commercial fertilizer with the manure and lime had a smaller 
effect than the superphosphate on the corn, oats and hay, but 
showed a greater effect on the wheat and alfalfa. 

The crop rm::idues showed little or no effect on the crops 
grown except on the alfalfa where an increase was noted. 
Lime with the crop residues increased all crops, its effect be­
ing particularly noticeable on the alfalfa where the increase 
was almost fivefold. The rock phosphate with the crop residues 
and lime increased the yields of corn, oats, alfalfa and hay. 
It had no effect on the wheat. Superphosphate with the res­
idues and lime had less effect than the rock phosphate on the 
corn and alfalfa but a greater influence on the oats, hay and 
wheat crops. The complete commercial fertilizer increased 
the yields less than the superphosphate on the wheat but pro­
duced greater increases on the oats, hay and alfalfa. It had 
less effect than the rock phosphate on the corn and alfalfa. 

The Muscatine silt loam was somewhat benefited by the use 
of farm manure, but the effects were much less than those 
brought about on certain other soil types. Lime either with 
manure or crop residues increased all crop yields, showing as 
large effects on the grain crops as on the legumes. 'l'he phos-



TABLE VII . MUSCATINE SILT LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl Oats2 H ay3 Winter wheat4 Alfalfas 

Treatment 
Clover, timothy and 
clover or timothy 

Increase Increase Increase Increase I Inci·ease 
Av. yield for treat- Av. yield for treat- Av. yield for treat- Av. yield for treat- \ Av. yield for treat-
bushel s ment bu. bushels ment bu. tons 1>er ment tons bushels m·ent bu. tons per menttons 
per acre per acre per acre per acre acre per acre per acre per aero acre per acre 

CheckG 65 .8 -······ 43.1 ....... 

I 
1.73 ·-· ···· 22.7 ..... 0.94 ....... 

Manure 68.7 2.9 45.4 2.3 1.77 0.04 24.5 1.8 1.78 0.64 

Ma nure+ lime 72.7 6.9 51.8 8.7 1.91 0.18 29.4 6.7 2.67 1.73 

Manure + lime + rock phosphate 75.3 9.5 54.0 10.9 2.20 0.47 29.3 6.6 · 2.84 1.94 

Manure + limo + superphosphate 77.0 11.2 57.8 14.7 2.29 0.56 26.7 4.0 2.75 1.81 

Manure + lime + superphosphate 
+ votassium ···· •· · ·-····· 56.7 13.6 2.43 0.70 .... ... ·· •·· 

. ....... ... .... 

Manure + lime + complete commercial 
fertilizer 76.9 11.1 54.3 11.2 2.17 0.44 32.1 9.4 3.19 2.25 

Crop residues 67 .3 1.5 44.6 1.5 1.69 ....... 19.9 ..... 1.29 0.35 

Crop residues + lime 71.7 5.9 47 .1 4.0 1.90 0.17 26.6 3.9 2.49 1.55 
C,·op r esidues + li me + rock phosphate 76.7 10.9 54.0 10.9 2.12 0.39 25 .8 3. 1 3.03 2.09 

Crop residues + lime + superphosphat6 74.~ 8.7 5S.3 13.2 2.15 0.42 27.8 5. 1 2.76 1.82 
Crop r esidues + limo + complete commercial 

fert ilizer 74.7 8.9 56.4 13.3 2.19 0.46 25.8 ! 3.1 2.77 1.83 

1 Corn yields averaged from 16 crops on four fie lds, except the crop residue plots, which are averaged from 14 crops on three fields. 
2 Oat yields averaged from seven crops on four fields. except the crop residue plots, which are averaged from s ix crops on three fields, and 

the manure + lime + superphosphate •+ potassium vlot in w hich case only one crop on one fie ld is involved. 
3 Hay yields averaged from five crops on four fie lds, except the crop residue plots which are averaged from four crops on three fields atJ.d 

the ma nure + lime + superphosphate + votassium plot, which involved 011ly one crop on one fie ld. 
4 Winter wheat yields averaged from two crops on two fields. 
5 Alfalfa yields averaged from two crops on one field. 
6 T he yields g iven for t he checks a re t he average of t he yields on a ll check plots on all fie lds. 

I--' 
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phate fertilizers proved of value on this soil. The rock phos­
phate showed up bett er in some cases while in others super­
phosphate gave better r esult!;. Either phosphate may be dis­
tinctly profitable. Rock phosphate seems to give particularly 
large effects on this soil, probably due to its high content of 
organic matter. The use of a complete commercial fertilizer 
proved profitable on this soil in some cases. In other cases 
the superphosphate was quite as good. Any complete fer­
tilizer should be tested on a small area before being extensively 
applied. Tests of different brands of complete commercial 
fertilizers on this soil arc recommended. 

Results on the Clinton Silt Loam 

The Clinton silt loam is developed to a considerable extent 
in eastern, central and southern Iowa. It occurs on the more 
rolling to rough areas of upland. Formerly a wooded soil, it 
is light in color and relatively low in natural fertility. Its 
occurrence in Iowa is shown in fig. 15. 

The Clinton silt loam is a grayish-brown or gray friable silt 
loam, extending· to a depth of 6 to 8 inches. The subsurface 
soil is a buff to yellow or yellowish-brown friable silt loam, 
more compact t.han the surface. The subsoil is a heavy com­
pact, tough, buff, brown or yellowish-brown, mottled gray an<l 
brown silty clay loam to silty clay. A typical Clinton silt loam 
profile is shown in fig. 16. 

Five fields are located on this type, and the results secured 
on them are given in table VIII. Manure increased all the 
crops grown on this soil, the greatest influence occurring 
on the hay. Lime with the manure showed large effects, almost 
doubling or more than doubling the increases in the corn, oats, 
hay and winter wheat. Rock phosphate with the manure and 
lime increased all the crops. It had the largest effect on the 
corn, oats and wheat. Superphosphate with the manure and 
lime showed less effect than the rock phosphate on the corn 
and wheat but had more effect on the oats and hay. The 
muriate of potash with the superphosphate, manure and · lime 
gave a very large gain in the oats but had no effect on the 
corn and hay. 'l'he complete commercial fer tilizer with the 
manure and lime increased the corn more than did the super­
phosphate, had about the same effect on the hay and showed 
less effect on the oats and wheat. 

The crop residues gave increases in all the crops but had 
very little effect on the corn, hay and wheat. Lime with the 
r esidues increased all the crops, showing large effects on the 
corn, wheat and hay. Rock phosphate with th e crop residues 
and lime increased the yields of corn, hay and wheat but had 
no effect on the oats. Superphosphate with the residues and 
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Fig. 15. Clinton silt loam occurs on rolling to rough areas of upla nd in eastern, 
central and southern Iowa. 
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had more effect on the corn 
and wheat than did either of 
the phosphates. It had iess 
effect on the hay than did 
rock phosphate but had great-
er effect on wheat and oats 
than did the superphosphate. 

The beneficial effect of ma­
nure on this soil is evident. 
It is light in color and low 
in organic matter, and ma-

Med, v m nure would be expected to 
Acidity 

show large benefits. The 
crop residue treatment like­
wise had some effect. Lime 
gave enormous increases both 

Fig. 16. Soil profile of Clinton silt loam. with manure and with crop 
residues, on all the crops. The 

phosphate fertilizers showed especially beneficial effects on the 
grain crops and some also on the hay. The rock phosphate 
appeared to give slightly better results than the super-



TABLE VIII. CLINTON SILT LOAM. AVF.RAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 
IOWA EXPERIMENT FIELDS. 

Cornl Oats2 Hay3 Winter wheat4 

Clover, timothy and 
Treatment clover or timothy 

Increase Inet·ease Increase Increase 
Av. yield for treat- Av. yield for treat- Av. yield for treat- Av. yield for treat-
bushels ment bu. bushels ment bu. tons per ment tons bushels ment bu. 
per acre per acre per acre per acre acre per acre per acre per acre 

Check5 50.6 ....... 35.G ....... 1.25 ....... 22.9 

l 
. ...... 

Manure 57.l 6.5 41.4 5.8 1.50 0.25 27 .9 5.0 

Manure+ lime 62.3 11.7 50.8 15.2 1.83 0.58 31.6 • 8.7 

Ma nure + lime + rock phosphate 65.8 15.2 54.2 18.6 1.84 0.59 35.2 12.3 

Manure + lime + superphosphate 63.9 13.3 55.l 19.5 2.00 0.75 34.5 ll.6 
Manure + lime + superphosphate + potassium 61.3 10.7 63.4 27.8 1.96 0.71 ....... ....... 
Manure + lime + complete commercial fertilizer 66.l 15.5 54. l 18.5 1.99 0.74 32.5 9.6 
Crop res idues 52.5 1.9 46.l 10.5 1.28 0.03 23.6 0.7 
Crop residues + lime 63.4 12.8 46.2 10.6 1.76 0.51 27.8 4.9 
Crop residues + lime + rock phosphate 66.4 15.8 45.3 9.7 2.06 0.81 30.9 8.0 
Crop residues + lime + superphosphate 67.9 17.3 50.2 14.6 2.02 I 0.77 29.4 6.5 
Crotl res idues + lime + complete commercial fertilizer 69.4 18.8 49.2 13.6 2.05 I 0.80 32.3 9.4 

1 Corn yields averaged from 13 crops on five fiel<ls, except the manure + lime + superphosvhate + potassium plot, which is averaged from 
seven crops on three fields , and the crop residue plots, which are averaged from six crops on two fields. 

2 Oat yields averaged from seven crops on fi ve fielJs, except the manure + lime + su perphosphate + potassium plot, which is averaged 
from four crops on three fields, and the crop residue plots, which are averaged from three crops on two fields. 

3 Hay yields averaged from eight crops on five fields, except the manurs + lime + superphosphate + potassium plot, which is averaged 
from five crops on three fi e lds , and the crop residue plots, ·which are &veraged from three crops on two fields. 

4 Winter wheat yields averaged from three crops on two fie lds, except the crop residue plots. which are averaged from two crops on one fie!d. 
5 The yields g iven for the checks are the aver age of the yields on a ll check plots on all ftelds. 

,.... 
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phosphate except on the wheat and hay, but the differences 
were not large. It seems evident that one or the other of these 
phosphate fertilizers may be u5'ed to advantage on this soil. 
·which one should be chosen cannot be stated definitely at 
present; but farmers on this soil should test both materials 
on their farms. This soil varies widely in fertility on different 
farms, and, hen ce, the effects of all fertilizing materials may 
be expected to vary under different conditions. Muriate of 
potash used on this soil with superphosphate, manure and lime 
seemed of some value, and farmers may well test this fer­
tilizing material. The complete commercial fertilizer gave 
better results than the phosphates in several cases, particularly 
on the grain crops. Tests of any complete fert ilizer brand 
should, however, ahvays be carried out on small areas before 
extensive applications are made. 

Results on the Marshall Silt Loam 

The Marshall silt loam is ext ensively developed in western 
Iowa, being the chief upland soil in all the western counties. 
Its occurrence is shown in fig. 17. 

The M;1rshall silt loam is a dark grayish-brown friable silt 
loam, ext ending to a depth of 10 to 14 inches. The subsurface 
soil is a lighter grayish-brown heavy silt loam. The subsoil 
is a grayish-yellow or yellowish-brown heavy silt loam to silty 
clay loam. A typical profile of the Marshall silt loam is shown 
in fig. 18. 

ARSHALL SILT LOAM AREA 

Dd'l-,i.te lu""" !,lli'd bounda ,.•el ~ 
Probable bovndart ct .s ~ 

Fig. 17._ Marshall silt loam is the chief upland soil of western Iowa._ 
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There are eight fields on 
this type and the average re­
sults secured are shown in 
table IX. Manure increased 
all the crops . grown · on this 
soil, except the sweet clover. 
Lime with manure gave in­
creases on all crops, showing 
very large effects on the sweet 
clover, alfalfa, corn and hay. 
Rock phosph~te with the ma-
nure and lime showed no ef­
fect on the corn and sweet 

•s clover but gave increases on 

l the oats, hay, winter wheat 
C 

Po le yell o w o ,. ,g r oy i t.-h 
y e llow s rno oth si lt I com 
contoininq c.o n s id€ro ble 

c l ay 

sa0oc and alfalfa. It had the great-
est effect on the latter crop. 

~------_,•o· The superphosphate had more 
Fig. 18. Soil profile of Marshall ·silt loam. effect than the rock phosphate 

on the corn, oats, wheat, hay 
and sweet clover but smaller effects on the alfalfa. The com­
plete commercial ferti lizer with the manure and lime increased 
the yields more than the phosphates on the oats, hay and sweet 
clover crops, but it produced smaller increases than the rock phos­
phate on the alfalfa. It was less effective than either phosphate 
on the wheat -and about the same as superphosphate on corn. 

The crop residues increased the yields of all crops grown 
but only to a small extent. Lime with the crop residues in­
creased the yields of all the crops except the winter wheat. 
The largest effect was shown on the sweet clover and alfalfa. 
The rock phosphate with the residues and lime increased all 
the yields except that of sweet clover. The superphosphatc 
with the residues and lime had greater effects than the rock 
on the oats and wheat but showed less effect on the hay and 
sweet clover and gave about the same results on the corn and 
alfalfa. The complete commercial fertilizer with the crop 
residues and lime had about the same effect as the super­
phosphate on all the crops except the alfalfa . The small in­
creases with the latter crop were undoubtedly due to an ab­
normal soil condition in the alfalfa plot. 

The results as a whole show that the Marshall silt loam will 
respond to treatments of manure, lime and a phosphate fer­
tilizer. Lime was especially beneficial on the legume crops. 
This soil is usually not hig·hly acid, and the acidity is generally 
largely confined to the surface soil. In spite of t his fact the 
application of lime was apparently distinctly worthwhile. Lime 
benefited the grain crops as well as the legumes, and the effects 



T ABLE I X. MARSH A LL SILT LOAM. AVERAGE CROP YIELDS AND I NCREASES DUE TO F ERTILI ZER TREATMENT. 

Treatment 

Check7 
Manure 
Manure I lime 
Ma nure li me + rock phosphate 
Manure lime + superphosphate 
Manure lime + complete com-

mercial f er ti lizer 
Crop residues 
Crop res idues + lime 
C,·op l'esidues + lime + rock 

p hosphate 
Crop r esidues + lime + super­

p hos phate 
Crop r esidues + li me + complete 

commerc ial fer tilizer 

IOWA EXP E RIMENT FIELDS. 

Cornl I Oats2 H ay3 I Winter wheat4 I Sweet clover s I Alfalfa6 

C lover , timothy 
and clover or 

t imothy 

Increas<: I ncrease Increase Increase I ncrease I ncrease 
fo:· fo•: fo·_· fo:· fo:· fo --

A v. I treat- Av. t reat- Av. t reat- Av. t r eat- Av. t r eat- Av. treat-
yield men t yield ment yield men t yield men t yield m en t yield m ent 

bushels bu she ls bu shels bushels ton s ton s bushels bushels tons ton s tons tons 
per acre per acre per acre per acre per acre per acre per acre per acre per acre per acre per acre per acre 

49 .6 44.9 1.61 12.9 0.64 ....... 2.73 
53.0 3.4 G0.9 6.0 1.88 0.2"1 20.4 7 .5 0.58 2.95 0.22 
54.8 5,2 52 .7 7.8 1.90 0.29 20. 5 7.6 1.74 1.10 3 .'1 7 0. 74 f--' 
54 .9 5.3 54 .3 9.4 1.93 0.32 23 .3 10.4 1.53 0.89 4. 12 1.39 CO 
56.0 6.4 54.9 10.0 2.04 0.4 3 25.2 12.3 1.63 0.99 3.84 • 1.11 CO 

56.l 6.5 57. 5 12.6 2. 25 0.64 21.8 8.9 2.03 1.39 3.97 1.24 
53.7 4. 1 49.9 5.0 2.06 0. 45 18.2 5.3 0.90 0.2 6 2.74 0.01 
56.7 7. 1 54.4 9.5 2.18 0.57 18.2 5.3 1.92 1.28 3.22 0.49 

58 .1 8. 5 56.3 11.4 2.4 9 0.88 18.3 5.4 1. 83 1.19 3.38 0.65 

58.0 8.4 60.8 15.9 2.26 0.65 20 .4 7 .5 1.50 0.86 3.39 0. 66 

57.5 7.9 56.8 11.9 2.62 1.01 20.6 7.7 1.44 0.80 2.88 0.15 

1 Corn y ield s averaged from 28 crops on eight fields , ex cept the crop residue plots, which are averaged from 13 Cl'ops on three fi elds. 
2 Oat y ields averaged f rom 14 crops on eig ht fie lds, except the crop residue p lots , w hich a1·e averaged frmn f our crops on three fi e ld s. 
3 Hay y ie lds averaged from three crops on three fields , exce pt the crop residue p lots , w hich are avera ged from t wo crops on two fi elcl s. 
4 VVinter w heat yie lds averaged from three crops on one fi eld . 
5 Sweet clover yields aver aged from two cr·ops on t wo fi e ld s. 
6 A lfalf a yields averaged from· t wo crops on one field . 
7 T he yields g iven for the checks ar e the average of the yields on a ll check plots on a ll fi eld s. 
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were shown both where manure was employed and where the 
crop residues were used. Rock phosphate and supcrphosphatc 
general ly gave very sim i1ae effects. th e rock sh owin g up to 
1hc best adv,mtage som c1irn es nncl th e supc l'ph osplrntc in othrt 
in stances. 'l'hc choi ce betwee n the two materi al. must, 1l1 cre­
fo1·c, be made after tests ha,·c been cari:i cd out under individual 
farm conditi ons. 'l'hc complete commercial fertilizer showed 
grcatct cffrds 11inn the phospliatcs in so me cases, but in gcn­
et al it had 110 g1·cntcl' influence. Any brn ncl o:f: a complete 
f'ert il ize1· sl101lld be t rstt'd, thrrc fo1· c, brfol' c it is employed 
extensis ely on a :fa l'm. 1t rnny p l.'ove morn pl'ofHa lJle than a 
phosplint e in some instances. 

Results on the Waukesh a Silt Loam 

'J' li c , Vaukesl1 a s il t loam is an imporLanL soil type in the state, 
oe ·u1Ti 11 g 011 man.v hi gh stream tc traces or second bottorn­
land::; . It is found in all patts of t he state in sueh posit ions, 
bein g most extens ively developed, h owever, in the weste l' n 
counties in as-;ociat ion with the 1\1:ai·shall silt loam. 

']_'he "\\Taukcsha silt loam is a vc1·y da1·k gr ay ish-bl'Own silt 
loam, cxl t'mlin g to a depth of 12 to 15 in ches. 'l'h e subsul'faec 
so il is a brown to cl11rk grayish-brown silt loam to heavy si lt 
loam. 'l'hc subsoil is a yellowish-brown to yellow silt loam, 
lomn or silly clay loa111 , ol:tcn containing considerable snn<l. 
A typi cal , Ya11keslia silt lo11m profi le is sl1 own in fig. 19. 

'l'liC'te n 1·r, 1 wo Ji<·ld s on thi s type, and the 1·esnlts SC'Cntetl 
;in• µ;1w11 i11 l,1i> lr, X . .l\ l.1 11ut·c i1wreascd 1hc corn yield co 11 -

A2 

C ::1~?rtts•~1:t~1~~m s~~~Yed 
wi th qr;a y 4. ru!>ly b r O\.Jn 

iron e.toil"I S 

s iden1bly, showed smaJl ef­
fects on th e oats hu t 11one on 
the hay. Lime witl1 rnanm·e 
in creased tile corn and oats 
yields. Jt had no effect on 
1 li e .li ay crop . Ho('k 1,hos­
·phatc with manure and lime 
increased all the crops except 
the oats, showing a large in­
fluence on the hay crops. Su­
pcrpl1osphatc with th e m::1-
1111te :rnd ·1irnc h11d. a vcn· 
sim..ilar effect to I li e 1·0 -i~ 
p li o.'phatc on th e co1·n and 
oats. It showed no effect on 
the hay. 'l'h c co mplete com­
mercial fc ttilizer witlt t he rna­
nm·c and lime showed less ef­
fec ts than th e phosphates on 
the corn and hay but g-avc a 
pronounced inctcasc in th e 

F'ie. 19. Soi l pl'ufi le of W:iukesha si l t loam. onJs. 



TABLE X. WAUKESHA SILT LOAM. AVERAGE CROP YIELDS AND INCREASES DUE TO FERTILIZER TREATMENT. 

1"reatment 

Check• 
IV[anure 

Manure + lime 
Manure + li me + rock phosphate 
Manure + lim e + s uperphosphate 
l\'Ia nu1·0 + Hme + complete commercial fer tilizer 
C1·01l re5 idues 
Crop res idues + lime 
Cro p res idues + lime + rock phosphate 
Crop residues + lime + superphosphate 
Crop res idues + lime + complete commercial fertil izer 

1 Corn yie lds averaged from 13 crops on two field .:, . 
2 Oa t yields averaged fi·om seven crops on two fields . 
3 Hay yie lds aver ag;ed from four crops on t wo fields. 

IOWA EXPERIMENT FIELDS. 

Cornl 

I 

I 
Increase 

A v. yield for treat- Av. yield 
b ushels men t bu. bushe ls 
per acre l)er acee per acre 

54.7 ---··· · 52.8 
62.l 7 .4 53 .5 
63 .5 8.8 65.5 
64.7 10.0 61. 2 
64 ;7 10.0 62.1 
61.7 7.0 68.2 
54.8 0.1 5'1.3 
58.6 3.9 5'1.1 
60. 9 6.2 60 .9 
60 .9 6. 2 62.1 
57 .5 2.8 62. 5 

• The y ie lds given for t he checks are the &verage of the yie ld s on a ll check plots on a ll fields. 

Oatsz H ay3 

Clover, ti mothy- and 
c lover or timothy 

Increase 

I 
I ncrease 

for treat- A v. y ield fol' treat-
ment bu . tons per ment to ns 
per ac1·e acre per acre 

I ···· •·· 1.51 ....... 
0.T 1.26 ..... .. 

12.7 1.39 ·······• 
8.4 1.92 0.41 
9.3 1.80 0.29 

15.4 1.65 0.14 
1.5 I 1.71 0.20 
1.3 I 1.78 0.27 
8.1 I 1.88 0.37 
9.:1 I 1.91 0.40 
~-7 I 1.74 0.23 

~ 
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The r esidues increased the yields slightly in all cases. Lime 
with the residues brought about increases in the corn and hay 
but showed no effect on the oats. The rock phosphate with 
the r esidues and lime increased considerably the corn and oats 
and slightly increased the hay crop. Superphosphate with the 
r esidues and lime had about the same effect as the rock phos­
phate on the corn and hay but had more effect on the oats. 
The complete commercial fertilizer had less effect on the corn 
and hay than did the phosphates but showed as good an· effect 
on the oats. 

These results show that applications of manure were of value 
on the Vv aukesha silt loam for general farm crops. Lime was 
worth while as a basic soil treatment. A phosphate fertilizer , 
was effective on this soil, and either rock phosphate or super­
phosphate may be employed with profit. 'l'here was very little 
choice between these two materials according' to these tests. 
It is desirable that tests of the two phosphates be carried out 
on individual farms. A complete commercial fertilizer did not 
seem in general to be of any more value on this soil than the 
phosphates. 
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