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SUMMARY 

This report presents detailed crop yield esti­
mates developed for 67 Iowa soil types and phases. 
The yield estimates represent long-time average 
yields of corn, soybeans, oats and hay believed 
obtainable under two different levels of manage­
ment. The management levels include (1) a low 
lev el which should result in yields near the low 
side now experienced by many farmers and (2) a 
high level which should result in yields near the 
maximum that most farmers could produce profit­
ably. In general, other yield levels resulting from 
other management assumptions would then fall 
within these limits. 

For soil types not included in the list of 67 soil 
types, a general evaluation of productive capacity 
is presented in Appendix B. In this presentation 
each soil type is placed in a yield group at only 
the high level of management. 

Average crop yields in Iowa vary widely among 
soil types. Highest yields are believed obtainable 
on Muscatine soils. Average yields per acre on 
Muscatine silt loam soil under the high level of 
management are estimated to be 90 bushels for 
corn, 32 bushels for soybeans, 56 bushels for oats 
and 3.6 tons for hay. Clarinda silty clay loam is 
one of the lowest-yielding soils, and average yields 
per acre at the high management level are esti­
mated to be 20 bushels for corn, 15 bushels for 
oats and 0.8 ton for hay. The average yields per 
acre on a large group of Iowa soils are estimated 
to range as follows: corn, 65 to 80 bushels; soy­
beans, 20 to 30 bushels; oats, 35 to 55 bushels; 
and hay, 2 to 3 tons. 

There are many factors which influence crop 
yields, such as soil type, slope, erosion, cropping 
system, fertility, crop varieties, planting rates 
and timeliness of operation. These factors are 
evaluated as specifically as possible to show their 
yield effect or the contribution which they make 
to the total crop yield. With this information, 
the yield estimates presented, which are based on 
rather specific conditions, can be adjusted to fit 
other soil and crop conditions or management as­
sumptions. Furthermore, a method is presented 
for developing estimated yields for a particular 
field or farm, based on information in this report 
plus other available information. 

The yield estimates presented are approximate 
values only and should be considered so. It is 
recognized that numerous factors may cause the 
estimates to be either too high or too low for a 
given field or farm. The estimates are based on 
the best information available at the present time, 
however, and can serve as a useful guide to per­
sons concerned with problems of primary pro­
duction on Iowa farms. 
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Everyone interested in agriculture is concerned, 
to some degree, with estimating crop yields. Esti­
mated yields are a basis for appraising farmland 
and frequently are used for establishing rental 
arrangements and determining farm sale and 
loan values. They also are used in planning the 
farm business and in developing various agricul­
tural programs. 

Factors and interactions of factors which de­
termine crop yields are complex, and information 
regarding them often is inadequate. Research 
during past years has helped greatly to evaluate 
these factors and to aid in understanding the 
many interrelationships involved. In the future it 
can be expected that research and experience will 
continue to provide additional information on fac­
tors of crop production. Consequently, any set of 
crop yield estimates must be considered tentative 
and subject to periodic revision to keep pace with 
the development of new and more precise facts 
and interpretations and changes in production 
technology. 

This report should be considered a progress re­
port; however, it contains the most accurate infor­
mation available at the present time. It can serve 
as a useful guide to persons concerned with prob­
lems of primary production on Iowa farms . 

The report is presented in two, sections. The 
first section presents the crop yield estimates for 
the major Iowa soils plus information to aid in 
understanding and evaluating the estimates. The 
latter information includes a discussion of the 
sources of yield information, a summary of im­
portant properties of the soils concerned and a 
description of the management assumptions on 
which the yield estimates are based. 

Section 2 discusses the effect of various soil, 
climatic and management factors on crop yields. 
This information forms the basis for predicting 
yields on other soils and under management con­
ditions not included in the specific estimates given 
in Section 1. Finally, a procedure is outlined for 
estimating the yield potential for a specific field 
or farm. 

Section 1. 
CROP YIELD ESTIMATES FOR MAJOR 

IOWA SOILS 

PRESENTING THE YIELD ESTIMATES 

Table 1 presents rthe corn, soybean, oats and 
hay yield estimates developed for 67 Iowa soil 
t ypes and phases. In addition, ·an index of the 
probable year-to-year variation in yield for each 
crop except hay is provided. This index of vari­
ability indicates that, in about 2 out of 3 years, 
the yields for large areas can be expected to be 
within the plus or minus range stipulated. 2 

The yields in table 1 represent long-time aver­
ages (at least 10 years) believed obtainable under 
two different management levels. The two man-
l P rniects 1148, 1151, 1189 an d 1205 of t h e Iowa Agricultural and H ome 
Economi cs Experimen t Statio,n . 

2The indi ces of vari ability are take n from t he coefficien ts of va riation 
for a nnu al county y ields in the soil association a1·eas. H ence t he vari­
a bili ty indi ces w ill fit closely for relatively large areas such as a 
county, bu t the va riabili ty on indi vidu al fi e lds wi11 be g reater. Per­
haps in only half of t he years will the y ield of a g iven fi eld fa ll 
w ithin the rang e indicated. I t is f e lt t,hat t he indi c.._.!') of variability 
are a good indicat ion of rela t ive va riability among soils within a soil 
association area and among different areas. 

agement levels are briefly described as follows: 
1. A low level, which should result in yields 

near the lower limits now experienced by many 
farmers. 

2. A high level, which should result in yields 
near the maximum level that most farmers could 
produce. 

At the low yield level, the fertilization prac­
tices, cropping system, corn planting rate and 
erosion control are insufficient for high yields. 
At the high yield level, these same practices are 
applied to, an extent which favors high yields. A 
detailed description of management practices and 
assumptions considered in making the yield esti­
mates are given in Appendix A. 

In table 1 the yield estimates are listed by soil 
types in alphabetical order. The soil association 
area ( or areas) in which each soil type occurs is 
given in the table, and its location in Iowa is 
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TABLE 1. ESTIMATED LONG TIME AV E RAGE YIELDS OF SELECTED CROPS ON PRINCI PAL IOWA SOILS U N DE R SPECIFIED L E V E LS OF MANAG E ME NT. 

Estimated yields and an index of probable year to year yield fl uctuations 

Corn Soybeans Oats !fay 

Management levels Management levels .Management levels Management levels 
Mappin~ Slope Soil l~rosion --------- ------

unit phase Erosion Association control Low Jl igh Low High Low High Low High 
No.a Soil type (o/,) phascb area practices (bu ./a.J" (bu./a.)d (bu .fa.)• (bu .ju.) 1 (bu ./a.)• (bu.fa.)" (tons/ a.) i (tons/a.) i 

192 Adair (Lagonda) silty clay loam . 5- 9 SS E, SG II , SSW Without 20 (6)k 25 (7) 15 (5) 0 .8 
With 20 (6) 25 (7) 20 (6) t. 0 

156 Albaton silty chy 0- l 0 n 40 ( JO) 50 (13) 20 (6) 22 (7) 26 (8) 32 (9) 2.0 2 . 2 
260 Dcckwith (Marion) silt lo.un . 0- 1 l WL 25 (7) •JO (10) 12 (3) IG (4) 20 (7) 28 (9) 0 .8 1. 4 
130 Belinda si lt loam . 0- 1 0 SS E, WL 30 (7) 50 ( 10) 15 (3) 20 (4) 24 (7) 36 (10) 1.5 2 .2 
222 Clarinda silty clly loom . 5- 9 SG II , S,' \V Without 15 (5) 20 (6) 10 (3) 0 . 6 

With 15 (5) 20 (6) .. ...... , . . 15 (5) 0 .8 
138 Chtrion loam . .. 2- 5 cw Without 48 (9) 68 ( t4) 21 (4) 36 (7) 2.4 

With 52 (9) 72 (14) 2 (5) 52 (10) 3. 0 
0 Cli nton silt loa m . . 5- 9 2 CL Wi thout 36 (7) 56 ( 10) 20 (4) 30 (7) 2.0 

With 40 (7) 60 (JO) 24 (5) 44 (10) 2. 
84 Clyde sil ty clay loam 1-2 0 cc ,J.I (8) 72 (13) 19 (3) 25 (4) 36 (8) 48 (10) 2. 2 3.0 

133 Colo sil ty cl:ty loam 0 All 60 (10) 70 (12) 26 (4) 29 (5) 42 (7) 52 ( ) 2. 3 .0 
7 3 Crrsco loam . .. .... 2- 5 CKC Wi thout 35 (12) 60 (13) 13 (3) 30 (7) 1.8 

With 35 ( 12) 60 (13) 19 (4) 40 (9) 2.8 
175 Dirkinson fine sa ndy loam . .... 2-5 CW, CC Without 32 (7) 45 (1 0) 15 (•!) 25 (6) 1.4 

With 35 (7) 48 (10) 18 (5) 36 (7) l. 8 
162 Uowns silt loam . . . 2-5 F, FDS, T D Without 50 (7) 75 ( I I) 24 (5) 36 (6) 2 .5 

With 54 (7) 78 (11) 29 (6) 50 (9) 3. 2 
162 Downs sil t loam. b- 9 2 F, FDS, TD Without 43 (6) 71 (1 0) 22 (5) 33 (6) 2. 2 

With 48 (6) 75 (10) 27 (6) 46 (8) 3. 0 
211 Edina silt loam .. 0- 1 0 SSE 34 (8) 62 ( 13) 20 (4) 26 (5) 28 (8) 38 (11 ) 1. 6 2. 2 

163 Fayette silt loam . 2-5 JI, FDS Without 41 (6) 70 ( 11 ) 22 (5) 33 (0) 2.2 
With 46 (6) 74 (11) 2 (6) 48 (9) 3.0 

163 Fayette silt loam . 5- 9 2 F, FDS Without 36 (6) 67 (11) 20 (5) 30 (0) 2.0 
With 4 t (6) 72 ( I I) 26 (6) 44 (8) 2.8 

198 Floyd loam . . . . 1- 3 0 cc 45 (8) 75 (13) 20 (3) 26 (2) 38 (7) 53 (3) 2 .4 3.2 
310 Galva si lt loam .. 2- 5 G PS, MPS Without 45 (8) 60 (11 ) 20 (4) 35 (6) 2.-1 

With .J9 (8) 65 (11 ) 25 (5) 50 (9) 3 .0 
II Garwin silty cla)' loam. 0-1 0 TM 6 ( tO) (13) 25 (5) 30 (6) 40 (9) 55 (11) 2 . 3.4 

6 Glencoe silty clay loam ... 0 0 CW 45 ( ) 60 (20) 18 (3) 20 (5) 35 (7) 40 (8) 2 .2 2.5 . 
:;04 Grundy silt loam .... 2- 5 SGlf, G il Without 36 (7) 6-l (12) 22 (4) 30 (8) 2.0 

With 40 (7) 66 ( t2) 28 (5) 42 ( II ) 2. 6 
41 Hagener (Thurman) sand and loamy sand . 2- 5 All Without 16 (5) 32 ( I I) 14 (5) 15 (4) 1. 2 

With 18 (5) 35 ( II ) JS (6) 25 (6) 1. 6 
362 Haig silt loam . ......... . ... . .. . 0- 1 0 SG H , G H 40 (9) 65 ( t4) 22 (4) 28 (6) 30 (9) 42 (J 2) 2.0 2. 6 
95 Harpster loa m 0- 1 0 CW 35 (8) 00 ( 15) 15 (3) 24 (5) 30 (6) 40 ( ) 1.0 2.5 

168 Hayden loam ...... 5- 9 cw Without 32 ( tO) 51 (12) 28 (8) 1. 8 
With 36 ( 10) 55 (12) . .... ... ... 40 ( tO) 2. 6 

38 Haynie fine sn ndy loam .. 0-1 0 B 45 (8) 53 (10) 16 (5) 18 (6) 28 (7) 32 (9) I. 2. 2 
137 Haynie si lt loam .. 0- 1 0 ll 55 (7) 70 ( 12) 24 (6) 26 (7) 35 (8) 52 ( 11 ) 2 .0 3. 0 
269 Humeston silt loa m. 0- l 0 S ~. SG lI , WL. SHW 40 ( IC) 50 ( t2) 18 (5) 22 (6) :;o (9l 40 (12) I. 2.2 

Ida si lt loam .. 9- 14 3 Mi ll Without 16 (4) 43 (10) 15 (4) 0 .5 
With 20 (4) 51 (10) 32 (8) 2 .4 

i8 1 Ka on loa m .. . ... . . . . . . . . . . . . . . 2- 5 KC Without 27 (6) 52 (12) 12 (3) 25 (6) I. 
With 27 (6) 52 (12) 17 (4) 35 (9) 2.4 

Kenyon (Carri 11 gton) lo=im .. .. .... ..... .. 2- 5 cc Without 38 (7) 70 ( 13) 19 (3) 36 (7) 2 .0 
With 42 (7) 75 (13) 25 (4) 50 (9) 3.2 

76 Lado~• si lt lo:im . .. 2-5 MT , CL,SSW Without 42 (9) 60 (13) 17 (5) 30 (7) 2 .2 
With 46 (9) 67 (13) 24 (6) 40 (10) . . . 3 .0 

65 Lindley loam .... 9- 14 3 C L, WL Withou t 18 (5) 35 (9) 15 (5) 0 .8 
With 20 (5) 38 (9) 26 (8) 1.4 

60 Luton silty clay and clay ... .. . . . . . . . . . . . . 0-1 0 n 38 (JJ ) 4.5 (13) 20 (7) 22 (7) 24 (8) 28 (9) 2 .3 2.4 
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bThi s expresses the a.mou nt of erosion on the la nd: 0 = s lig ht or no appa re nt e1·os ion (over 12 inches of topso il ): 1 = s lig ht to mode rate e1·os ion, w ith lit.ti or no subsoiJ ex i)osed (7 to 12 i nches 
0,f topsoil ); 2 = mode rate to severe erosion w it h 3 to 7 inches of topso il and in cludes a reas of surface soil mixed w ith s ubsoil and some a1·eas of expose-cl s ubsoil ; 3 == severe e 1·os io n incl uding 
e ros ion o f t h e subsoil ( less t ha n 3 in ches of topsoil } . 

csecond-yea r con1 after not more tha n 1 year o,f 1n eadow. L ittle or no fertili zer used. 
clF irs t-year co rn a f te i· at least l year of meadow. Fertili zer app lied i n a mounts near the optimu m for t his management level . 
cSoybeans in a rotation with less than l year of meadow in 5 yea rs. L ittle or no fertili zet· used . 
fSoybea ns in a rotation with at least 1 y ar of meadow in 5 ye3 rs . Fertili zer app lied i n amou nts n ea r the optim um Jor- this manageme nt level. 
gQats after 2 years o,f corn w hic h foll owed 1 or mo re years of meadow. L ittle o r no fertili zer used. 
hQats afte r 2 years of co1 .. n whi ch f o l1owed 1 or more years of meadow. Ferti li zer applied in amou nts ne ar the optimum for t hi s management level. 
'First-year hay yields w ith three cuttings. rap is aJfalfa-brome whenever adapted, otherwise red clover-timothy if y ield would be greater. Li tt le or no fet· t ili ze r used in rotatio n. 
JFirst-yea r hay y ields with three cuttings. rap is alfa lfa-b ro me whe never adapted, otherwise red clover-timothy if yields would be greater. F e rtil ize r applied in amounts near the OJJt imum for 

this management level. 
......, kN umbers in parentheses are indices of average year-to-year variation expressed in bushels. 



shown in fig. 1. The estimated effect of conserva­
tion practices on yield is indicated for sloping 
land. 

To supply yield information on soil types not 
included in table 1, Appendix B has been pre­
pared. This provides a general evaluation of the 
productive capacity of most established soil types 
in the state. Each soil type is placed in a yield 
group at only the high level of management. 

DISCUSSION OF YIELD ESTIMATES 

The estimates given in table 1 show that aver­
age yields vary widely among soil types. Under 
the high level of management, average corn yields 
of 90 bushels per acre are obtainable on the Mus­
catine soils. On Clarinda soils under this same 
level of management, corn yields are expected to 
average about 20 bushels per acre. Average yields 
of 65 to 80 bushels per acre are obtainable on a 
large group of Iowa soils under a high level of 
management. 

In general, corn yields are estimated to average 
about 20 bushels per acre greater under the high 
level as compared with the low level of manage­
ment. These increases in yields are considered to 
be obtainable primarily by using proper fertiliza­
tion, heavier planting rates, proper cultural prac­
tices and needed conservation practices. The 
amounts of fertilizer and the kinds of other prac­
tices needed will vary with soil type. 

On some soils, yield increases of more than 30 
bushels of corn per acre are indicated as resulting 
from improved management. In other cases only 
a 5-bushel increase is considered possible. For 
example, it is believed possible to increase aver­
age corn yields on the Ida soils from 16 to 51 
bushels per acre by improved management. At 
the other extreme, it is believed that improved 
management on the Clarinda soils would probably 
increase corn yields only from 15 bushels per acre 
under poor management to 20 bushels per acre 
under good management for a 5-bushel increase. 
Ida soils yield lower than the average because 
they are very low in nitrogen and phosphorous, 
but when these nutrients are added yields are 
greatly increased. Clarinda soils have low yields 
primarily because of fine textures and poor drain­
age, and there is no economical method now 
known for correcting this condition. 

Oat yields are generally some 20 bushels per 
acre lower than corn yields. As oats are of lower 
value per bushel than corn, oats will probably 
continue in a poor competitive position with corn. 

Soybean yields on a bushels-per-acre basis are 
estimated at about one-third to one-half as high 
as corn yields. Responses to management are 
somewhat less for soybeans than for the other 
crops, but, in general, the soils that produce high 
corn yields also produce relatively high soybean 
yields. 

SOIL PROPERTIES DESCRIBED 

Some of the major soil properties that are con-

8 

sidered to be of the most importance in determin­
ing yield potentials are listed in table 2. This 
table is designed to furnish a general understand­
ing of the properties of the soils classified in 
table 1. 

More detailed descriptions of these soils are 
available in Principal Upland Soils of Iowa, 3 Un­
derstanding Iowa Soils4 or in the soil survey re­
ports of the various counties. 

Further information concerning properties of 
the soils is furnished in table 3 which pre ents 
the average soil tests of the different soils. 

FERTILIZER LEVELS AND SOIL TESTS 

Crop yields at the low-management level shown 
in table 1 are assumed to be possible with the use 
of little or no fertilizer. No accurate estimates of 
soil fertility for each soil type are available for 
this fertility level. Table 3, however, includes the 
average soil tests based largely on summaries of 
over 300,000 soil samples tested by the Iowa State 
University Soil Testing Laboratory. 5 The aver­
age soil test, as shown, is probablv slightly higher 
than that assumed for the low-fertility level on 
most soils, but it is the best available indicator of 
the present fertility sfatus of the soils. The aver­
age soil tests furnish a base from which general 
fertilizer recommendations can be made, but the 
recommendations apply only to the specific soil 
tests that are shown in table 3. Recommendations 
for a particular field should be based on soil tests 
from that field. 

FERTILIZER NUTRIENTS REQUIRED AT THE 

HIGH YIELD LEVEL 

The fertilizer nutrient rates specified for the 
high yield level in table 3 are the rates that are 
believed to be needed annually to raise the fertil­
ity of the soil from the level specified in the aver­
age soil test to a level sufficiently high to produce 
the yields listed under the higher management 
level. 

An important consideration in the fertilizer 
nutrient requirements is that the amounts of 
N, P 20 n and K20 listed in table 3 are those addi­
tional quantities believed to be needed by that 
crop on that particular soil for 1 year. These 
quantities may come from commercial fertilizer, 
green manure, barnyard manure, meadow crops 
or residual carryover of previously applied fer­
tilizers or manures. Excellent meadows should be 
credited with 60 to 90 pounds of N per acre, and 
green-manure catch crops and average meadows 
with about half that much. A ton of manure may 
be considered to provide about 10 pounds of N, 5 
pounds P 20 5 and 10 pounds of K20. Nitrogen 
carryover from previously applied quantities in 
8Rieck en , F. F. and Smith, G. D . Principal upla nd soils of Iowa. 

Ag r on. 49 Iowa Staie Universit y, 1949 (mimeo). 
4Simonson , R . W., Ri ecken , F. F . and Smith , G. D. Understanding 
Iowa soils. Wm. C. Brown, Dubuque, fowa. 1952. 

5Ag ron. 350. (Mimeo. ) 1956. The authors wish to acknowledge the 
help of Dr. J . J . Hanway, Iowa State Universi t y Soil T esting Lab­
oratory, in m aking the estimates for the individual soil series . 
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TABLE 2. SOME BASIC PROPERTIES AND SITE CHARACTERISTICS OF SELECTED IOWA SOILS. 

Soil type 

Adair (L,igonda) sil t loam . 
Al baton silty clay ... 
Beckwith (Marion) si lt !01m. 
Belinda silt loam .. 
Cbrinda silty clay loam. 

lnrion loam , . 
Clinton silt loam ... 
Clyde silty clay loom. 
Colo silty clay loam . 

rcsco loam .. ... . . . 
Dickinson fine s11ndy lo:im . 
Downs silt loam . . . 
Downs silt loam . . . 
gdina silt loam. 
)1'n.yctte sil t loa m .. 
l<ayctt c silt loam. 
Ji'loyd loam . . ... 

Galva sil t loam . 
Garwin silty chy loam. 
Glencoe silty clay loam . 
Grundy silt lo:1111 ..... 
llagcncr (Thurman) sand and loamy sand .. , .. .... . •. 
Haig silt lo:un . 
Harpster lonm .... 

I laydcn loam .. 
I laynic fine sandy lo:un . 
II aynie silt loom .. 
11 umcston sil t lo,m . 
Jda silt loam .. 
Kasso 11 loam . .. 
Kenyon (Carrington) IJ .1 m . 
Ladoga silt loam .. . . 
Lindley loam .. 
Luton silty cloy and ch y .. 
Mahaska silt lo'1m . 
Marcus silty clay lo:nn . 
Marshall sil t loam . 
Marshall si lt lo:un .. 
Ma rshall si lt loam . 
Monona. silt lonm. 
Monona silt loam. 
.Monona silt loam. 
Moody sil t loam .... 
Muscatine silt lo:un .. 
Nicollet loam. 
Nodaway silt lo:un . .. 
Onawa silty clay lo:im . 
Otley silt loom. 
Otley si lt loam .. . . 
Pershing silt loam . 
Primghar si lt loam. 

ac silt loam . . 
Salix silt loam .. .. 

Slope 
plrnsc 
(%) 

5-9 
0-1 
0- 1 
0- l 
5-9 
2-5 
5- 9 
1- 2 
0- 1 
2- 5 
2- 5 
2- 5 
5- 9 
0-1 
2-5 
5-9 
1-3 
2- 5 
0- 1 

0 
2- 5 
2-5 
0-1 
0- 1 
5-9 
0- 1 
0-1 
0-1 
9- 14 
2- 5 
2-5 
2- 5 
9- 14 
0-1 
1- 3 
0- 1 
2-5 
5- 9 
9- 14 
2-5 
5- 9 
9- J4 
2- 5 
1-3 
1- 3 
0- 1 
0- 1 
2- 5 
5- 9 
2- 5 
1-3 
2-5 
0- 1 

Erosion 
phaseb 

0 
I 
0 
2 

0 
l 
0 
0 

0 
0 
0 
3 

I 
3 
0 
0 
0 

3 
l 

0 
0 

0 
0 

2 
0 
1 

0 

Soil 
Association 

area 

SSE, SG II , SW 
B 
WI, 
SSE, WL 
SG H, SSW 
CW 
CL 

C 
All 
CKC 
cw.cc 
F, FDS, TD 
F, FDS, TD 
SSE 
F,FDS 
F, FDS 
cc 
GPS, MPS 
TM 
CW 
SG II, G Ii 
All 
SG I-1, Gil 
CW 
CW 
13 
ll 
SSE, GI[, WL, SS W 
MIH 
CKC 
cc 
MT, CL, SSW 
CL, IVL 
B 
MT 
GPS, MPS 
M 
M 
M 
MllJ 
MIH 
MIH 
MO 
TM 
CW 
All 
B 
TM 
TM 
WL 
MPS, GP 
MPS, GPS 
B 

Parent 
rnaterialc 

IV cathered till 
Alluvium 
Locss 
Locss 
Gumbotcl 
'l'-1 
Locss 
T-2 
Alluvium 
1'-2 

and 
Loess 
Locss 
l.iOCSS 
Looss 
Locss 
T-2 
Loess 
Locss 
T-1 
Loe 
Sand 
Loess 
T-1 
T-1 
Alluvium 
Alluvium 
Alluvium 
l~oess 
'l'-2 
1'-2 
f.JOCSS 

T-3 
Alluviu m 
1.iOCSS 
Locss 
Loess 
Locss 
r.ioess 
l.iO::!SS 
Loess 
Loess 
Loess 
Locss 
T-1 
Alluvium 
Alluvium 
Lo~ss 
Loess 
Locss 
Locss 
Shallow loess over T-2 
Alluvium 

Natural 
vegetation 

Prairie 
Prairie or forest 
l~orcst 
Prairie-forest transition 
Prairie 
Prairie 
Forest 
Marsh grass 
Prairie or forest 
'Prairie 
Prairie 
Prairie-forest transition 
Pr::i. il'ic-forcst transition 
Prairie 
Forest 
Forest 
Prairie 
Prairie 
Marsh grass 
M~1rsh grass 
Prairie 
Prairie 
Marsh grass 
Prniric 
Forest 
Prairie or forest 
Prairie or forest 
Prairie or forest 
Prairie 
Prairie-forest transi tion 
Prairie 
Prai rie-forest transition 
Forest 
Prairie or forest 
Pruirie 
Marsh grass 
Prairie 
Prair ie 
Pruirie 
Prairie 
Prairie 
Prairie 
Prairie 
Prairie 
Prairie 
Prairie or forest 
Prairie or forest 
Prairie 
Prairie 
Prairie-forest transition 
Prairie 
Prairie 
Prairie or forest 

Organic 
rna.tter 
levcld 

).i[od. low 
Mod. low 
Low 
Low 
Moderate 
Moderate 
Low 
Very high 
Mod . high 
Moderate 
Mod. low 
Mod. low 
Mod . low 
Mod . low 
Mod. low 
f.JOW 

Mod. high 
Moderate 
High 
Very high 
Mod. high 
Low 
lligh 
High 
Low 
Mod . low 
Mod. low 
Mod. low 
Low 
Moderate 
Moderate 
Low 
Low 
High 
Mod. high 
l-ligh 
Moderate 
Moel. low 
Moel . low 
Moclcrato 
Mod. low 
Mod. low 
Moderate 
Mod. high 
Mod. high 
Mod . low 
Moderate 
Moderate 
Mod. low 
Low 
Mod. high 
Modern.le 
Modera te 

Subsoil 
permeability 

\"cry slow 
Very slow 
Very slow 
Very slow 
Very slow 
Moderate 
Mod. slow 
Mod. slow 
Mod . slow 

low 
Rapid 
Moderate 
Moderate 
Very slow 
Moderate 
Moderate 
Moel . slow 
Moderate 
Moderate 
Slow 
Slow 
Very rapid 
low 

Moderate 
Moderate 
Mod. rapid 
Moderate 
Slow 
Mod. rapid 
Slow 
Moderate 
Moderate 
Slow 
Very slow 
Mod. slow 
Moderate 
Moderate 
Moderate 
Modcrnte 
Mod. r:ipid 
Mod. rapid 
Mod . rapid 
Moderate 
Moderate 
Moderate 
Moderate 
Rapid 
Mod. slow 
Mod . slow 
Slow 
Moderate 
Modera te 
Mod. rapid 

Natural 
internal 
aeration 

Erosion 
hazard 

F'air to imperfect Severe 
Poor ~one 
Very poor 
Very poor 
Poor 
Good 
Good 
Poor 
Poor 
li'air to poor 
Very good 
Good 
Good 
Very poor 
Good 
Good 
Fair to poor 
Good 
Poor 
Very poor 
]mpcrfcct 

Very good 
Poor 
Poor 
Good 
Good 
Good 
Poor 
Good 
Fair lo poor 
Fair 
Good 
Fair to good 
Very poor 
Imperfect 
Poor 
Good 
Good 
Good 
Good 

None 
None 
s ~vcre 
Moderate 
Severe 
None 
None 
Modera te 
Moderate 
Moderate 
Severe 
None 
.Moderate 
S::iv re 
Sligl,t 
Moderate 
None 
None 
Mod rate 
Moderate 
~one 
None 
S::i vcre 
None 
None 
None 
Very severe 
Modern to 
Moderate 
Moderate 
Very sever, 
None 
Slight 
None 
Moderate 
Severe 
Very severe 
tvlodcrate 

Good evcre 
Good V cry severe 
Good Moderate 
Imperfect Slight 
Fair light 
Fair lo imperfect None 
Good None 
lfair rvlod erate 
Fair 
Imperfect 
Imperfect 
Good 
Good 

Severe 
Severe 
Slight 
Moderate 
None 

Subsoil 
group0 



237 Sarpy loamy sand and sand . (H 0 B Alluvium Prai ri e or forest Low Rapid Good None 
312 Seymour silt loam ... 2- 5 SSE Locss Prairie Moderate Very slow Imperfect evcre 
370 Sharpsburg silt loam .. 2- 5 1 SSW Locss Prairie Moderate Mod. slow Fair Moderate 
370 harpsburg silt loam . 5- 9 2 SSW Loess Prairie Moderate Mod. slow .li'ajr Severe 

24 Shelby loam . 9- 14 2 SSE, SCH, S IV, MT T-3 Prairie Mod. low Mod. slow Fair to good Very severe 
62 Storden loam . . . 9- 1~ 2 CW T-1 Prairie Low Moderate Good Severe 

279 Taintor silty clay loam .. 0- 1 0 MT Locss Marsh grass High Mod. slow Poor None ···••·· · ··· · 
120 Tama silt loam . . 2- 5 l TM Loess Prairie Moderate Moderate Good Moderate 
120 Tama silt loam .. 5- 9 2 TM Locss Prairie Moel. low Moderate Good Severe 
172 Wabash silty clay . ····-·••···· 0- l 0 All Alluvium Prairie or forest High Very slow Poor None 
108 Waukegan loam, moderately deep .. l- 2 1 CW, CC, TM Outwash Prairie Mod . low Very rapid Very good Slight 
107 Webster silty clay loam . 0- 1 0 CW T-1 Marsh grass Very high Moderate Poor None 
132 Weller si lt loam . :?- 5 2 WL Locss F'orest Low low Im perfec t Severe 
369 Winterset silty clay loam .. 0- l 0 SW Loess Marsh grass lligh Mod . slow Poor None 

aThis number is used to cl ·ig nate areas of t his so il type on soil maps. 

hT hi s exp resses t he a moun t of e ros ion on t he land: 0 == s li g h t o r no a ppal'ent ros ion , over 12 in ch es of topso il re ma in ing: 1 = s lig ht to moderate rosio n w it h li ttle o r no s ubso il ex posed, 7 to 12 
in ches of topsoil rema ining; 2 = moderate to seve re erosion w it h 3 to 7 in ches of topsoil re ma in in g a nd in c ludes a reas of surface soi l m ixed w it h subsoil a nd a reas olf exposed s ubsoil ; 3 == severe 
erosion including e rosion of t h e subsoil , less t han 3 in ches of topsoil re mai n in g . 

CParent materi al: T- 1 = g lacial till of Jate Wisco nsin age. 
T- 2 = g la c ia l t ill of Iowan a ge. 
T - 3 = g la c ial Lill of Ka nsan a nd N bra s ka n age. 

dQrganic matter level : L ow == less t han 1% Ol'ga ni c matte r 
Mod. low = 1 - 2 7c organ ic matte r 

Moderate = 2 - 3% o ,·gan ic rnatter 
Moderate hig h = 3 - 4o/0 org-a ni c matter 

csubsoil g roup: 1 = subsoil textu re about sa me as surface soil textu re . Not more t han about 34 pe rcen t clay. ubsoils fa vorable for crop g rowt h . 
2 su bso ils moderately unfavorable for crop g rowth because of s lo,w permea bility or hig h plasticity. 
3 == subsoils very unfavorable for crop growth. S il ty clay a nd cl:.ty textures. Very s1vw permeabili ty a nd very hi g h p lastic ity. 

H ig h = ,1 - 5% orga ni c malter 
Vet·y hig h == over 5% org a nic matte r. 



TABLE 3. AVERAGE SOIL TESTS AND ADDITIONAL FERTILIZER NUTRIENTS REQUIRED AT THE HIGH MANAGEMENT LEVEL. 

Fertilizer nutrients (pounds per acrc)d 

Mapping lope Soil A veragc soil test c Corn oybeans Oats llay 
unit phase Erosion Association --------

P,O, I K,O 

---- --
P,O, I K,O No.a Soil type (%) phascb area, N p K N N P,O, K, O N P,O; K,O N 

192 Adair (Lagouda) silt loam . .. ····· ... ··•· .... 5- 9 2 SSE, SG B, SSW 1·~ v~ M- 110 ~5 0 ...... ..... ...... 35 35 0 0 10 0 

156 Albaton silty clay ............... ... ....... ......... ....... 0- 1 0 B 1.,+ M 11 + 65 10 0 0 0 0 25 0 0 0 JO 0 

260 Beckwith (Marion) silt loam . ................ . .. ... 0- 1 1 WL l'L+ 1~ M- I 10 35 30 0 30 0 35 35 0 0 20 JO 
130 Belinda silt loam . ..... ...... ........ .. ...... ··•····· ... .. ······ 0- 1 0 SSE, WL L- L M- 95 30 25 0 20 0 35 30 0 0 10 10 

222 Clarinda silty clay loam . ····· .......... ··•·· .. ,. 5- 9 2 SG!-1, SSW L- VL+ M- 95 45 0 .... 35 35 0 0 10 0 

138 Clarion loam . ....... .. ..... ... ...... ....... ..... ..... ······ 2- ,5 1 cw 1~ L- M 95 60 20 0 30 0 35 35 0 0 25 20 

0 Clinton silt loam ... ..... .... ..... .... ........ . ........ . ........ 5- 9 2 CL L L M- 0 25 20 0 20 0 30 30 0 0 10 JO 
4 Clyde silty clay loam ... . . . . . . . . . . . ··•····· 1- 2 0 cc M- L+ ,~ 55 45 60 0 10 30 25 25 JO 0 15 45 

133 Colo silty clay loam ... ... ····••· ..... . . . . . . . . . . . ....... 0- 1 0 All M M 11 + 45 20 0 0 0 0 20 20 0 0 10 0 

783 Cresco loam ......... ... . . . . . . . . . . . . . . ...... ········· . ........ 2- 5 1 CKC L ,~ L 80 60 50 0 30 20 30 35 0 0 25 ~5 

li5 Dickinson fi11e sandy loam . ····· ··•· ·············· ········••· 2- 5 I cw.cc VL+ \ ' L+ VL 110 65 75 0 40 50 35 35 30 0 25 45 
162 Downs silt loam ..... . . .. ············· ... . ...... . . . . . . .... 2- 5 I l', FDS, TD J.+ L M+ 65 30 10 0 20 0 25 30 0 0 10 0 

162 Downs silt loam .... ....... ...... . . . . . . . . . ·-· · ···· · · ·••· ...... 5- 9 2 F , l'DS, TD L L M SJ 30 15 0 20 0 30 30 0 0 10 0 
21 l Edina silt loam ......... ... ...... ...... . . . . ' . . . . . . . . . . . . . . 0- 1 0 s E L L M- SJ 30 20 0 20 0 30 30 0 0 10 10 

163 Fayette silt loam ....... .... ·••· ···••· ··•· 2- 5 1 ~'. FDS L- L+ M-j 95 25 10 0 10 0 35 25 0 0 10 0 
163 Fayette silt loam .......... ·········· .. ...... .......... . ...... ... 5- 9 2 l', l'DS VL+ L+ M 110 25 15 0 10 0 35 25 0 0 10 0 

l98 Floyd loam ... · · ··· ........ ......... ...... ...... . .... . . ... 1-3 0 cc M- L L 55 55 50 0 20 20 25 30 0 0 20 45 

310 Galva silt loam ..... . . . . . . . . . . . . . . . . . . ..... .. 2- 5 I GP , MPS L L II 80 55 0 0 20 0 30 30 0 0 20 0 
ll Garwin silty clay loam . .. . . · · •··· · ··•· ··· · ·••· ......... ·••···· ... 0- 1 0 TM M M- M 45 20 15 0 0 0 20 15 0 0 10 0 

6 Glencoe sil ty clay loam ... .......... ... . . . . . ' . . ·· ······ 0 0 CW M L- M 50 GO 45 0 30 0 20 35 0 0 25 35 
364 Grundy silt loam ........ ... ··••·•· ..... .. ....... 2- 5 1 SG lf , GH L+ ~ M+ 65 25 10 0 JO 0 25 25 0 0 10 0 

41 Hagener (Thurman) sand and loamy sand . ·••·· · ••···••· ·····••·· 2- 5 1 All VL+ v~ VL 110 65 75 0 40 50 35 ;35 30 0 25 45 

362 Haig silt loam .. ... . .... .......... . . . . ' . ·•·· ····•····· 0- 1 0 SGH , Gl:l .M- ~ M 55 25 l5 0 10 0 25 25 0 0 10 0 

95 Harpster loam ... .... ..... . ... ..... . . . . . . ... ... 0- 1 0 CW M- VL+ L 55 75 70 0 40 20 25 ?5 0 0 50 45 

168 Hayden loam ............ .... ········ ........ .. ....... . . . . . . . . . .. . 5-9 2 CW YL+ L- L+ IJO 60 40 0 30 10 35 35 0 0 25 30 

38 Haynie fine sandy loam .. . . . . . . . . ... .. ........ ....... ... 0- 1 0 B L+ M ll+ 65 30 0 0 0 0 25 0 0 0 15 0 
137 Haynie silt loam . . . . . . . . . . . . . . . . . . . . . ..... .. ·••····· . ....... 0- 1 0 B L+ H 11+ 65 0 0 0 0 0 25 0 0 0 0 0 
269 Humeston silt loam ..... ... ... ········· ...... . .... ····•·· 0- 1 0 SS I,, SGH, WL, SSW L+ I[ 11 + 65 0 0 0 0 0 25 0 0 0 0 0 

1 Ida silt loam .. ....... ···- ........ ...... .... 9- l4 3 Mlll VL+ \'L fl- 110 85 0 .... .. ... .. 35 -10 0 0 60 0 
781 Kasson loam. ..... ·••···· ......... · · •······ ....... 2- 5 I CKC L- L vr.+ 95 55 65 0 20 40 35 30 20 0 20 45 

83 Kenyon (Carrington) loam . . .... ·••··- ···••· ... .. .. 2- 5 I cc L+ L 65 55 40 0 20 10 25 30 0 0 20 30 
76 Ladoga silt loam .. .. 2- 5 1 MT, CL, SSW L L+ II 80 25 0 0 10 0 30 25 0 0 ► 10 0 . . . . . . . . . . . ... ··•·••- .. . ... ·••· 

65 Lindley loam .. . . . . . . . . . . . . . . . . . . . . . ...... .... .... .... 9- 14 3 CL, WL VL VL+ M- 130 65 oO 40 35 0 0 25 10 
66 Luton silty clay and clay . . . . . . . . . . . . . . . .... ......... ······••·· .. 0-1 0 B L+ M fl - 65 10 0 0 0 0 25 0 0 0 l0 0 

2 0 Mahaska silt loam ..... ..... ... ....... ·········· ···••···- l- 3 0 MT M- L- M 55 35 15 0 30 0 25 35 0 0 10 0 

92 Marcus silty clay loam . ..... ...... ..... . . ...... . ······ . ... . .... 0-1 0 GPS, MPS ~ L II 65 55 0 0 20 0 25 30 0 0 20 0 

9 Marshall silt loam . .... . . ......... ..... ...... ... . .... ···· · ····••· 2- 5 I M L+ M II 65 JO 0 0 0 0 25 0 0 0 10 0 
9 Marshall si lt loam . ... .. ~ .. - ... . . . . ' . . ...... . . . . . . . . . 5-9 2 M L L+ H 80 25 0 0 10 0 30 25 0 0 LO 0 

9 Marshall silt loam . . . . . . . . . . . . . . . ' ......... , ..... , ·······•·· .. 9- 14 2 M L- L 11 95 30 0 ... . .. .... 35 30 0 0 10 0 
10 Monona silt loam ....... .. ··· · ·· ·····•·· . ..... ... 2- 5 l Mfl-l L+ M- H 65 20 0 0 0 0 25 15 0 0 10 0 
l0 Monona silt loam . ....... ......... ..... .. .. . ... .. 5- 9 2 ~fill L ~ H 80 25 0 0 10 0 30 25 0 0 10 0 
10 Monona silt loam . .... . ....... . . . . . . . . . . . ........ . . ..... . . . ... . . 9- 14 3 MIil L- L H 95 30 0 ··• · 35 30 0 0 l0 0 

4JO Moody silt loam ... .... .... ......... . .... . . .. . ........ . .... 2- 5 I MO L- L- H 95 60 0 0 30 0 35 :i5 0 0 25 0 
JJ9 Muscatine silt loam. ... ··••· ·········· ..... .... 1-3 0 TM M M- M 45 20 15 0 0 0 20 15 0 0 10 0 
55 Nicollet loam . . .... . . . . . . . . . . . . . ..... . ... ····· 1- 3 0 C W L+ L- M 65 60 20 0 30 0 25 35 0 0 25 20 

220 Nodaway silt loam .. . . . . . . . . . . . ···•· . ....... .......... ······· 0- 1 0 All L M- II- 0 20 0 0 0 0 30 15 0 0 10 0 
144 Onawa silty clay loam ... ······· .. . . .. .. ..... .... .. . .. . ........... 0- 1 0 n M u + 65 IO 0 0 0 0 25 0 0 0 JO 0 
28 l Otley silt loam . .... .. ........... .... . . .. , .. .... .. , ........ . .... 2- 5 I TM 1 + L-- M- 65 35 20 0 30 0 25 35 0 0 10 10 

281 Otley silt loam . ... . . . . . . . . . . . . . .... ·•••··•· 5- 9 2 TM L- r~ M- 95 35 20 0 30 0 35 35 0 0 10 10 
13[ Pershing silt loam . ... ........ ··• •··· ·· ···· ······· .. ... .. ········ 2- 5 2 WL 1~ L- M- 95 35 25 0 30 0 35 35 0 0 15 10 

9l Primghar silt loam .. ..... ... .. .... ..... ....... ..... .. . .. . . 1-3 0 MPS, GP L L+ 11 80 45 0 0 JO 0 30 25 0 0 15 0 
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excess of 40 pounds of N per acre varies from 20 
to 33 percent depending on the season, while P 20 5 
carryover ranges from 40 to 60 percent. The 
carryover of K2Q applied to grain crops when 
straw or stover are not removed may be as high 
as 60 to 90 percent, but carryover from nominal 
rates applied to hay crops is insignificant if the 
hay is taken from the field. This also is true of 
grain crops if stover or straw is removed . 

Recommendations for hay are those in addition 
to fertilizer needed for the oats companion crop. 
Often it is more pract ical to apply enough P 20 5 
and K20 to the oats and legume seeding to carry 
the first hay year. On some soils, such as Ida silt 
loam and even Harpster silty clay, i,t is not pos­
sible to achieve desired results without fertilizing 
the oats-legume seeding. On some other soils, 
good stands may be obtained without fertilizing 
the companion crop and legume seeding. 

In almost all cases, part of the fertilizer recom­
mended for corn should be applied in the hill or 
row at time of planting with the fertilizer attach­
ment on the corn planter. This is also true for 
soybeans. The balance of the P 20 ~ and K~O appli­
cation should be plowed under or placed at plow 
depth in bands. Additional N may be plowed un­
der, disked under after broadcasting or side­
dressed . 

SOURCES OF YIELD INFORMATION AND THEIR 

RELATIVE SUITABILITY 

All available sources of yield information were 
fully ut ilized in preparing the yield estimates for 
this report, including data from the federal cen­
sus, Iowa farm census, Iowa Farm Business Asso­
ciations' records, experimental farms, cooperative 
experiments with farmers and from on-farm ex­
perience by extension workers, soil surveyors and 
others. 

Yield information from the Bureau of the Cen­
sus and the annual Iowa Farm Census records 
was of primary importance in establishing rela­
tive yields among the different major soil areas 
of the state. It was also of value in setting some 
benchmarks of average yields and in studying 
yearly fluctuations in yield. Information taken 
from the Iowa Farm Census is summarized in 
figs. 2, 3 and 4. Estimates of the reliability of 
these data are not available, but they are believed 
sufficiently reliable for the purposes outlined. 

Data from the Iowa Farm Business Associa­
tions' records are too limited in number to be of 
great value. They served primarily as "spot 
checks" or case studies of yields under known 
farm conditions. 

Yield records from the experimental farms in 
Iowa are the most valuable sources of yield infor­
mation on a soil-type basis. The length of record 
for these farms varies, but continuous records are 
available for over 40 years on one site, over 10 
years at two sites and for over 5 years at eight 
additional sites. The location of the experimental 
farms is shown in conj unction with the soil asso­
ciation areas in fig. l. Since each farm was 
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F ig . 3. Mean oat. y ields by coun• 
t ies for t he period 1940 to 1956 and 
the coefficient of variation of county 
yields as a perc ntuge ol 1-he mean. 

Fig. 2. Mean corn yields by coun­
ties for t.he period 1940 to 1956 and 
the coefficient of variation of county 
yields as a percentage of the mean. 

Fig. 4. Mean soybean yields by 
coun t ies for t he per iod 1940 to 1966 
a.ncl the coef-f-i ·ien t of var iatiorn of 
coun ty yie lds as n percentage of t he 
mean. 



originally selected to represent an important soil 
type or types, the yield information obtained from 
research studies is very useful in preparing yield 
estimates such as are presented in table 1. 

Yields obtained on experimental plots are com­
monly somewhat higher than yields obtained by 
farmers. This is mainly because experimental 
plots are hand picked and gleaned. Consequently, 
adjustments usually are necessary when making 
estimates based on small plot yields. Yield esti­
mrutes in table 1 are at least 10 to 15 percent 
lower than those found in experimental farm re­
ports mostly because of harvesting losses that 
commonly occur with field equipment. 

The farmer cooperative field trials with fer­
tilizers are a valuable supplement to the experi­
mental farm data. They often include a wider 
range of feritility levels for some of the same 
soil types found on the experimental farms, as 
well as for soil types not found on the experi­
mental farms. Such trials, however, usually are 
of short duration, and some adjustments are often 
needed to arrive at long-time-average yields. 

On-farm experience of various technicians helps 
greatly to evaluate and interpret the yield data 
available from the different sources. The obser­
vations of soil surveyors furnish valuable clues 
as to the relative yield potential of different soils 
and the suitability of various soils for different 
crops. 

It should be apparent that information on rela­
tive yields among soil association areas, soil types 
and management practices is more reliable than 
is information on absolute yields. 

USES AND LIMITATIONS OF THE YIELD ESTIMATES 

The yield estimates presented in table 1 are 
designed to serve as guides in making yield pre­
dictions. They are approximate values only and 
should be so considered. Numerous factors may 
cause the estimates to be either too high or too 
low for a given field or farm. 

The estimates are based primarily on a pro-

jection of yield records and experience from about 
1940 to 1957. There is evidence that yields have 
increased gradually with time. A study by 
Thompson, Johnson, Pesek and Shaw6 indicates 
that average corn yields in the United States for 
the period 1940 through 1958 have increased 
about 1 bushel per acre per year. This upward 
trend was not projected in preparing the esti­
mates. 

The estimates in table 1 are the predicted aver­
age yields for a period of 10 or more years under 
average weather conditions. They are averages 
for the entire area occupied by the designated soil 
type. On some fields or farms managed by ex­
ceptionally able farmers , the long-time average 
yields may exceed the estimated yields by at least 
10 percent. For example, there are records avail­
able that show long-time average corn yields of 
about 100 bushels per acre on a few outstanding 
farms in the Muscatine soil area. The 90-bushel 
yield estimated in this report for the Muscatine 
soil is believed to be as high as can be expected 
as an average over the entire soil type area. 

Yield differences of only a few bushels are indi­
cated among some soil types. These small differ­
ences show mainly that there are reasons to 
believe that one soil may be slightly less produc­
tive than another, even though the difference 
may be less than the probable error range for 
either estimate. 

Most of the major soil types in Iowa are listed 
in table 1, but this list represents only about 25 
percent of all soil types recognized in the state. 
Yield information for many of these other soil 
types is too meager to justify attempting detailed 
yield predictions such as are given in table 1. A 
generalized grouping of probable yields for most 
soil types in Iowa has been developed, however, 
and is presented in Appendix B. This grouping 
indicates in a general way the relative productiv­
ity of all soils under one system of management. 
UThompson, Louis M. , J ohnson , Iver J ., Pesek, J ohn T., Jr. and Shaw, 

Robert H . Some causes of recen t hig h y ields of feed g rain s . In, Pro­
ceedings of t he feed -li vestock worksh op, Feb. 16-18, 1959. Iowa State 
U niversity, College of A g ri culture, 1959. 

Section 2. 
ADJUSTING YIELD ESTIMATES TO FIT 

DIFFERENT SOIL AND MANAGEMENT SITUATIONS 

The yield estimates presented in table 1 and 
in Appendix B are based on rather specific soil 
conditions and management assumptions. Never­
theless, these yields can serve as benchmarks for 
predicting average yields for many other situa­
tions common to Iowa farms. To do this, it is 
necessary to evaluate, as specifically as possible, 
the yield effect or contribution of the many indi­
vidual factors composing the whole. With this 
information at hand, the benchmark yields can be 
adjusted in accordance with deviations from the 
conditions assumed for estimating the benchmark 
yields in table 1 and in Appendix B. 

Most of the important factors influencing yields 
are discussed in Appendix B. Specific informa­
tion will be provided wherever possible to aid in 
adjusting the yield estimates presented in Section 
1 to different conditions of soil, climate and man­
agement. 

EFFECT OF GEOGRAPHIC LOCATION ON SOIL 

TYPE YIELDS 

In general, there is no need to correct the aver­
age yield estimates in table 1 because of variations 
in climate, geographical location or soil profile 
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properties within a soil type. Where an individual 
soil type covers a large geographic area, however, 
some yield variation within the type may be ex­
pected. Such a variation exists in Iowa on the 
soils of the Clarion-Webster soil association area 
which extends from Des Moines to the Minnesota 
state line. A study made in this area some years 
ago7 indicates that average corn yields on com­
parable soils decrease about 1 bushel per acre for 
every 15 miles north from the southern limit of 
their occurrence. The estimates for the Clarion­
Webster soils in the yield table ( table 1) are for 
the latitude in the vicinity of Fort Dodge. 

Fayette, Tama and Downs soils of eastern Iowa 
also extend for a great enough distance north and 
south so that some yield differences resulting from 
geographical location and climate should be ex­
pected. The yields in table 1 are for the approxi­
mate center of this large soil area. The same 
correction for latitude as suggested for the Clar­
ion-Webster soils can be used on the Fayette, 
Tama or Downs soils. 

In addition to the north-to-south changes in 
yields observed in the state, there are east-to-west 
changes as well. These changes, which are thought 
to be the result of diminishing annual rainfall as 
one moves west in Iowa, amount to an average 
decrease of about 1 bushel per acre for every 
25 miles as one moves from east to west. This 
should apply within soil association areas, but 
not between areas. 

The change from one soil-type area to another 
often is not a sharp line but is a gradual change. 
This area of change is called a transition zone. 
Where the transition zone between different soil 
types is less t han a few hundred feet in width, 
there usually is no advantage to be gained by 
attempting to adj ust a yield estimate to fit the 
transition, rather than the modal, soil type. Where 
t he trans~tion zones extend over several miles, 
however, some adjustment in the yield estimates 
may be desirable. 

The largest group of soils where soil properties 
change slowly over many miles is found in south­
western and southern Iowa. Here, wide belts of 
soils derived from loess are found. Their proper­
ties change slowly from west to east. The Monona, 
Marshall , Sharpsburg, Grundy and Seymour soils 
found in this area are all members ·of the same 
sequence, and each type grades into the next over 
several miles. The yield estimates for these soils 
shown in fab le 1 are for the modal, or middle of 
the range, conditions-roughly for the conditions 
which occur near the center of the particular soil 
area. In estimating yields at a particular site, its 
location with reference to the location of the mode 
can be determined and an appropriate correction 
made. 

•In an unpublished study made in 1949 by A . R. Aandahl, t hen Re­
search Associate, Iowa State University, now Regional Soil Correlator, 
ARS, Lincoln, Nebr., the following regress ions were obta in ed: The 
regression for corn is Y = 58.7 - 0.4042X, and t he regression for 
soybeans is Y = 23- 0.211X; w here Y is the yield and X is t he town­
ship tier. 
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EFFECT OF SLOPE ON YIELDS 

Differences in slope frequently result in yield 
differences within any one soil type, primarily 
through the effect• of slope on past and current 
erosion, on the amount of water that infiltrates 
into t he soil and on the ease and efficiency of ma­
chine operations. 

Soil erosion by water is direotly related to the 
percentage and length of slope. Erosion rates on 
comparable slopes differ greatly, depending on 
soil type and plant cover. Most Iowa soils are 
subject to some erosion when slopes greater than 
2 to 3 percent are used for row crops. Erosion 
losses are frequently excessive when slopes 
steeper than 6 to 8 percent are cultivated without 
the use of special erosion-control practices. 

Loss of crop stands through sheet erosion, rill­
ing and siltation are more severe on steep than 
on gentle slopes. Long slopes also are much more 
likely to be damaged in this way than are short 
slopes. No es,timates as to the extent of yield 
reduction from these erosion effects are available, 
and only the direction of possible adjustment can 
be estimated. 

The rate at which water infiltrates a soil is not 
greatly influenced by slope itself but is affected 
by the depth of topsoil. Removal of topsoil by 
erosion usually reduces water infiltration. The 
amount of reduction varies considerably among 
different soil types. There is no reliable data for 
evaluating this factor . 

Most modern machinery is best adapted to level 
or gently sloping areas. Uniform slopes up to 8 
to 10 percent and without gullies usually present 
no serious problem. As slopes become steeper 
and more irregular, machinery problems increase 
rapidly. Machinery operation problems on s.teep 
land are more severe for row crops than for small 
grain or meadow crops. Yield reductions fre­
quently occur as a result of inadequate land prep­
aration, poor initial stands, loss of stand during 
cultivation and harvesting difficulties. 

Most of t he steeper slopes in Iowa that are 
used for cropland are in the Monona-Ida soil area 
in the western part of the state and in the Fay­
ette area of northeastern Iowa. These soils can be 
terraced, thus lessening reductions in yield from 
problems of machine operation. This assumes 
that terrace backslopes are not farmed on slopes 
steeper than about 12 percent. 

EFFECT OF SURFACE SOIL THICKNESS ON YIELDS 

Thickness of the original, dark-colored surface 
horizon varies considerably in Iowa. Some soils 
originally had thick, dark-colored surface horizons, 
while, in others, the surface horizon was never 
more than a few inches in depth. On nearly a ll 
of the sloping land, erosion has removed a part or 
all of the original dark-colored surface soil. 

Nearly all nitrogen originally present in most 
soils was in ,the surface layer. Thus, when the 
surface soil is removed and no additional nitrogen 
added, crop yields are reduced. Furthermore, as 



surface soil is lost, yields and crop response to 
treatment become closely associated with texture, 
permeability and consistence of the subsoil. As 
an indication of the amount of damage associated 
with loss of topsoil, the subsoils have been classi­
fied into three groups based on texture, con­
sistence and permeability. The subsoil groups 
for soils that are subject to erosion are given in 
table 2 and are described as follows : 

Subsoil Group 1 includes those soils with sub­
soils only a little finer textured than the surface 
soils. In no case is the subsoil finer textured than 
a silty clay loam. This group of subsoils can be 
fertilized and tilled so that yields will not be 
appreciably below the uneroded soils of the same 
t ype. Production costs usually are higher, how­
ever. Some examples of soil in this group are Ida, 
Monona, Tama, Marshall, Galva and Clarion. They 
range from Ida, with the most permeable subsoil, 
to Marshall silt loam which has a light silty clay 
loam subsoil. 

Subsoil Group 2 includes those soils with sub­
soils that are considerably finer textured than the 
surface soils. These subsoils are largely in the 
light silty clay range, but some till-derived soils 
with clay loam subsoils are included. These sub­
soils can be farmed with ordinary tillage methods. 
Grain yields on the eroded sites will be much 
lower than on the same soil t ypes uneroded , re­
gardless of the fert ility program followed. 'fhe 
soils are hard to work, and seedbeds difficult to 
prepare. Meadow crops are more difficult to es­
tablish, but once established yields are not much 
influenced by lack of urface soil, provided fertil­
ity needs are met. Examples of the soils found in 
this group are Grundy, Shelby, Lindley and Clin­
ton. 

Subsoil Group 3 includes soils with heavy silty 
clay or clay textured sub oils. When the surface 
soil is removed by erosion these soils have low 
value as cropland. Even though heavy fertiliza­
tion is practiced, tillage and other problems are so 
severe that satisfactory grain yields are doubtful. 
Meadow crops do relatively better than grain 
crops, but alfalfa is not well suited. Returns for 
any crop will probably be low on severely eroded 
soils in this group. Seymour, Adair (Lagonda), 
Clarinda and Weller soils are examples of this 
group. 

There are other soil conditions on which ero­
sion can be very serious. Soils that are shallow 
to bedrock can become completely nonarable if the 
soil mantle is lost. The groupings previously sug­
gested, however, are designed to serve as guides 
for adjustment of yield estimates within different 
soil types. Loss of soil down to bed rock would 
result in the area affected being classified as a 
different soil type. The decreased yield potential, 
in this case, would be reflected in the yield esti­
mates for the new soil type. 

EFFECT OF CROPPING SYSTEMS ON YIELDS 

Only two cropping and treatment situations are 
considered in table 1. There are, of course, many 

other combinations of crop rotations and soil 
treatments which can and are being used in Iowa. 

On most soils, it is difficult to predict the effect 
of cropping sy~ems on yields without a knowl­
edge of the fertility level. Nevertheless, on soils 
that have adequate lime, phosphorus and potas­
sium added according to crop needs indicated by 
soil tests, it is possible to predict the probable ef­
fects of different cropping systems with and with­
out additional nitrogen. Data obtained from ro­
tation experiments at 10 different experimental 
fields in Iowa provide basic information for mak­
ing such predictions.8 

The relative yields of corn that can be expected 
under a number of different cropping ystems are 
indicated in table 4. Relationships shown in this 
table can be expected to be valid only under the 
fertility conditions that are specified and only if 
erosion is controlled. Predictions from this table 
should also be limited to soils moderate to high in 
organic matter similar to those on most of the 
experimental farms. 

Table 4 is based on long-time results from field 
experiments with and without nitrogen fertilizer 
but with adequate levels of lime, phosphorus and 
potassium. The data in table 4 show that corn 
yields are increased slightly with nitrogen appli­
cations, even when the corn follows a grass-leg­
ume meadow crop. First-year corn yield are all 
quite similar, regardless of length of the meadow 
stand. On low-fertility soils, however, first-year 
corn yields sometimes are higher in rotations 
which have more than 1 year of meadow. 

Second-year corn yields are slightly lower than 
first-year yields. Second-year corn yields are also 
slightly lower following 1 year of meadow com­
pared with following 2 years of meadow. 

The difference in corn yields that results from 
differences in cropping systems is small if proper 
fertility treatments are used. 

EFFECT OF FERTILITY LEVEL ON YIELDS 

The fertility level of a field or soil area has a 
large effect on crop yields. It is a property that 
BUnpu bli shed data, Departmen t of Agron omy, Iowa Agri cul t u ral an d 
Home Economics Experi ment Station . A mes, Iowa. 

T ABL E 4. RE L ATIVE EFFECT OF CROPPI NG SYST EMS 
ON E TIMATED CORN YIELDS IN IOWA. 

Relative yield" 

No nitrogen Ni tro,1,?;cn used 

COMM ..... 
COM. 
CCOMM . . . ............. . 
CCOMM .. .............. . 
CCOM . ... .................. .. ........ .. .... . 
CCOM . . . . . . 
CSbO M ........ . . ....... . .. . .....•..... 
CSbCOM .. ... . .......... . . . ..... . ..... .• .... . . 
CSbCOM . . . . . . . .... .... •.• ... . . . . . . .. .. .. .. . .. 
CCOsd ... .. ...................... .. ... . .. 
CCOs<l .. . . .. . 
Continuous corn . ....... . . . .............. . 

94 
93 
93 
90 
93 
82 
93 
93 
3 

80 
75 
50 

100 
100 
JOO 
100 
JOO 
98 

100 
JOO 
98 
98 
98 
95 

nJt is assumed that t he soil is adequately su pplied w ith mineral nu­
trie nts. Where nit rogen is used the ra te would vary according to the 
requirements of the particular rotation system . A relative yield of 
100 percen t w ould occur when cor n f ollowed 1 or 2 yea rs of legume 
mea dow wi th some extra nitrogen applied. 
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cannot be predicted from the soil type, except in 
a general way. It can be evaluated by means of 
a soil test together with other information. 

There are 13 essential elements that plants 
must get from the soil. Iowa soils generally con­
tain sufficient quantities of all but four of the 
essentia l elements in a form available to plants. 
The elements that most frequently limit plant 
growth in Iowa are nitrogen, phosphorus, potas­
sium and calcium (lime). These are the elements 
that are measured in the standard soil test. Other 
elements which have been observed to limit yields 
on a few minor soil conditions in Iowa are iron, 
manganese and boron for soybeans, oats and 
alfalfa seed, respectively. 

To have meaning, any yield prediction has to 
be based on some assumed soil fertility level. The 
level used in table 3 is an average soil test level, 
based on summaries of soil samples received by 
the Iowa State University Soil Testing Labora­
tory. The estimates for the low level of ferti lity 
in table 1 are based on fertility only slightly be­
low t his. Since the soil test in any particular 
field in a specific soil area will pr obably deviate 
from the average, a soil test is needed to relate 
the particular soil to the yields in table 1. If 
soil test results for any of t he elements tested are 
below the average results reported in table 3, the 
yield estimates for the low level should be lowered, 
but if all t est results are equal to and some are 
above the average reported, these estimates should 
be raised. To achieve the high yield levels shown in 
table 1, it is necessary to add more fertilizer to 
the soils below the average in soi l test as given 
in table 3, and, conversely, less fertilizer is needed 
on fields testing higher than the average. 

OTHER SOIL AND SITE FACTORS 

The table of yields r eflects only yields of the 
actual soil area in crops. The estimates assume no 
reduction in yield resulting from the following or 
similar factors: (1) inaccessibility, (2) flood 
hazard, ( 3) gullied areas, ( 4) waterways, ( 5) 
streams, (6) drainage ditches, (7) levees, (8) 
rock outcrops, (9) gravel pits and (10) terrace 
backslopes and outlets. 

Since these factors are not considered in the 
estimates, they should be taken into account when 
figuring yields for a particular field or farm. For 
example, a 14-acre field of Marshall silt loam with 
11 percent slope and moderate erosion ( erosion 
phase 2) may contain 1 acre of grassed water­
ways. The yield estimate for such a soil might be 
60 bushels per acre. The yield from t he field 
would not be 14x60 = 840 bushels, but 13x60 = 
780 bushels. Thus, the average yield per acre for 
the entire field is not 60 bushels, but 55.7 bushels. 
Reduction due to other factors can be calculated 
in a similar manner. Soil survey maps may show 
these trouble spots by symbols but may not indi­
cate the area involved. 

Flood hazard must be taken into account when 
planning production on bottomland soils. The 
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Soil Conservation Service farm planning soil sur­
vey maps carry an overscore symbol, such as 87, 
indicating t hat the soil is subject to flooding . It 
does not indicat1t the frequency or magnitude of 
the problem. The experience of local people can 
be very helpful in estimating the flood hazard and 
probable yields of such soils and in helping to de­
termine the proportion of years when the yield is 
likely to be nil. 

The presence of small areas of related, but 
significantly different, types of soil within the 
boundaries of a mapped soil area may also in­
fluence field yields. The areas may be too small 
to map but could reduce or increase yields on a 
field basis. 

Estimating crop yields and applying these esti­
mates to fields and farm conditions require care­
ful consideration and good judgment. 

WEEDS, I NSECTS AND DISEASES 

Weeds are an ever-present problem in most 
crops and can seriously reduce yields unless con­
trolled. The yield estimates given in this report 
(table 1) are based on the assumption that weeds 
are well controlled; a downward adjustment w ill 
be required for moderate to excessively weedy 
fields. 

Recent studies at Iowa State University have 
shown that, for corn, an average loss of 7 to 8 
bushels per acre is a good estimate of the loss 
suffered by having only a moderately weedy field, 
where weeds were controlled between rows but 
not in the row, as compared with a weed-free 
field.9 For soybeans, a moderately weedy field may 
cause average losses of about 4 bushels per acre. 10 

Small grain and hay yields are not commonly re­
duced because of weed infestation. The presence 
of certain weeds, such as quackgrass, Canada 
thistle and wild garlic, however, may greatly re­
duce the value of the crop. 

In addition to weeds there are many diseases 
and insects which hinder the growth and develop­
ment of crop plants and influence yields. The yield 
estimates in this report assume that the degree of 
control of these hazards will be about the same as 
that accomplished by skillful farmers at the pres­
ent time. For corn, this means fairly complete 
control of insects and diseases. Omission, when 
needed, of any of the seed, soil and plant treat­
ments commonly used can be expected to result in 
decreased yields. 

Control of oat diseases has been far from com­
plete in the past, and it is assumed that yields will 
be reduced from this cause by about as much in 
the immediate future as they have been in the 
recent past. Development of more resistant oat 
varieties might justify an upward adjustment in 
yield estimates. On the other hand, the introduc­
tion or evolut ion of new and more virulent oat 
diseases could have the reverse effect. 
9Stan ifo r t h . D . W .• Sylvester. E . P. a nd L ovely, W . G. W eed con trol 

in co1·n . Iowa Farm Sci. 11 :487- 490. 1957. 
lOSta nifo rth, D. W. Soy bean-foxta il competit ion under varying soi} 

moistu re condi t ions. Agr on . J ou r . 50 : 13-1 5. 1958. 



Soybeans and meadow crops in Iowa are af­
fected by diseases or insects, and control measures 
are sometimes used. Resistant varieties have been 
a great help in preventing diseases. Sometimes 
insects such as cloverleaf weevil, aphids and spit­
tle bug become a serious problem on legumes and 
require control measures. Grasshoppers, especi­
ally in dry years, may do considerable damage 
to grasses, legumes and corn unless controlled 
with effective insecticides. 

SEED QUALITY AND R ATE OF PLANTING 

In general, most farmers use good seed, but re­
ductions in yield can be caused by seed of low 
quality or of the wrong variety. Losses may be 
slight to severe, depending on how poor t he seed 
is or how poorly adapted t he variety might be. 

The best planting rates for most crops have 
been well worked out through research and farm 
experience. F armers probably am using satisfac­
tory rates for oats and grass-legume seedings. 
These crops have a wide range in quantity per 
acre which results in satisfactory stands and good 
yields. Although many farmers might be able to 
save some seed by using more precise seeding 
methods, most farmers plant sufficient seed, and 
yields are not greatly affected by the variation in 
rates used. 

F or soybeans and corn, planting rates are more 
critical and are an important factor in resulting 
yields. F or both crops, yields may be reduced by 
seeding rates which are either too light or too 
heavy. 

Soybeans normally should be p lanted to give 
one good seed for every inch of row. This necessi­
tates a change in quantity per acre with different 
row widths. The quantity of seed used allows for 
losse from the use of weed-control equipment. 

The most desirable stand of corn per acre varies 
with the soil fertility level and available water 
supply. The moisture r eserve in the soil as well 
as the seasonal rainfall are important factors in 
any given year . Consequently, corn planting r ates 
may vary considerably on different farms but will 
usually be within a range of 12,000 to 20,000 seeds 
per acre. Stands of 14,000 to 18,000 per acre usu­
ally are needed for best yields on productive, well­
managed soils. Planting ra;tes must be keyed 
closely to the soil type, fertilizer rates and the 
amount of moisture stored in the soil , plus ex­
pected seasonal rainfall. The number of corn 
plants per acre at harvest will usually be 10 to 20 
percent lower than the number of seeds planted 
because of seedling mortality. 

TIMELINESS OF OPERATION 

Timeliness of operation can affect yields from 
seedbed preparation through crop harvest. It is 
a factor which is difficult to define properly, and 
its effect on yields is difficult to determine. Yet it 
is an important factor and must be considered 
when estimating expected yields for an area of 
land . 

Plant ing at the right time is an objective of all 
farmers. Research and experience have estab­
lished t he range of planting dates for most crops 
and have shown. its influence on yields. For 
example, oats should be planted in the spring as 
soon as a good seedbed can be prepared. This pe­
r iod usually ranges from about April 1 to April 
15. Studies in central Iowa have shown that oat 
plantings between April 16 and May 7 were re­
duced by approximately 1 bushel per acre for each 
day's delay after April 16. 

Grass and legume seedings, when seeded in oats 
or alone, a lso seem to do best when made during 
the April 1 to 15 period. They can often be seeded 
successfully, however, in the late summer from 
about mid-August to mid-September. 

The average planting date for corn in Iowa is 
May 15. Highest yields normally are obtained 
when the crop is planted near this date. Nearly 
equal yields, however, can be expected from plant­
ings made during the period May 5 to May 25. 

The best time to plant soybeans is during t he 
last half of May but, preferably, not later than 
May 25. F or plantings extending into June, earlier 
maturing varieties outyield the adapted varieties 
planted on the same date. 

Timeliness of operation is very important in 
the control of weeds, diseases and insects. Weeds 
can best be controlled early when they are small. A 
few days' delay in cult ivation of corn and soy­
beans can allow weeds to get out of hand and 
seriously reduce yields. The same applies to the 
control of diseases and insects. Control measures 
must be applied to prevent infestation or timed to 
insure control before the problem becomes out of 
control. Even short delays can mean substantial 
yield losses. 

PROCEDURE FOR ESTIMATING YIELDS ON A 

PARTICULAR FIELD 

E stimates of long-time average crop yields for 
the major soils in Iowa under two management 
situations have been presented in table 1. The 
effect on yields of slope, erosion, drainage, over­
flow, soil and crop management and various other 
factors have been discussed. Some general guides 
have been given for estimating the probable fer­
t ilizer needs (table 3) . Furthermore, a somewhat 
more general evaluation of the productive capacity 
of all the established soil types in the state is 
given in Appendix B. By making use of this and 
other information, it is possible to establish fairly 
reliable ranges of probable yields in nearly any 
part of the state. 

To estimate the yield potential of a specific 
field anywhere in the state, information in this 
bulletin should be supplemented by t he following: 
(1) a detailed soil map of t he area in question to 
indicate soil type, slope, erosion, general land 
use and to give some information on drainage con­
ditions; (2) a complete soil test and fertilizer 
recommendation such as can be obtained from the 
Iowa State University Soil Testing Laboratory; 
(3) a general history of land use for at least the 
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TABLE 5. METHOD OF CALCULATING PROBABLE AVERAGE PRODUCTION ON THE 40-ACRE AREA S HOWN IN FIG. 5. 

Percent adjustment for: Adjusted 
base Yield 

Soil Corn Manage- Average yield Area X 
unit yiclda Slope Erosion Drainagcb Past usec Locatiand Fcrtilizcr 0 men~ adjustment (bu./a.) (acres) area 

6-1- 0 .... 60 0 0 - 50 0 

ii 
0 - 10 - 55 27 1.2 32 . 0 

55- 2- 1. . 7 0 0 0 0 0 - 10 - 5 74 9. 6 710 .4 
95- 1- 1 60 0 0 - 10 0 - 10 - 10 - 25 45 2. 5 l 12 . 5 
107- 1-0. 76 0 0 - 15 0 0 - 10 - 20 60 17 . 8 1,068. 0 
138-3-2. i2 - 5 - 5 0 0 0 - 10 - 15 61 7.4 451.4 
Turn rows . .. .. 0 . . ... . . .. . 1.5 0 

40 2,374 .3 

Average yield for fie ld - 2,374 / 40 = 59 bu. / a. 

•Corn y ield for high management level. (See table 1.) 

bDra inage on thi s tract is poor i n the pot holes and somewhat imperfect on the leve] areas. 

cPast use. The field has been in a corn -corn-oats-meadow rotation, so no adjustment is needed f or first-yenr corn. Second-year corn y ields will 
be reduced by 2 percent. (See table 4.) 

dLoca.tion. The location is near the southern edge of t he Cladon-Web3ter area. 

eFertilizer. Recommend ed rates of fertili zer are used on aJl except the Harpster aYea. Less than the recommended rate is used on this area be­
cause a special application for thi s are.a woul l be 1·equi red. 

'Man agement. Manager is short on 1abor, so yields are 1iab1e to be reduced. 

past few years; ( 4) a record of drainage and 
overflow conditions and ( 5) a record of various 
other factors such as location and size of inacces­
sible areas, amount of land in gullies or grass 
waterways and similar conditions which might 
affect cropping. 

When this information is assembled, probable 
yields under various systems of management can 
be estimated. The precision of rthe estimation may 
be rather low for some of the minor soil con­
ditions, but in most cases, a fairly accurate esti­
mation of probable average yields should be ob­
tainable. 

In some cases it may be possible to determine 
the probable average yield directly from the table, 
but usually some adjustments may be necessary. 
The degree of detail necessary in making these 
adjustments will depend somewhat on the use to 
be made of the information, but the precision of 
the estimate is not sufficient to warrant concern 
about a few bushels difference in yield. 

Very few fields in some soil association areas 
consist of only one soil condition. For example, 
Clarion, Nicollet, Webster, Glencoe and Harpster 
soils occur in the Clarion-Webster soil area. 
Not only are there yield differences among these 
soil types, but a specific soil type may have a dif­
ferent yield potential in one part of the field than 
in another. For example, yields on the Glencoe 
pot holes are extremely variable depending on 
drainage conditions, and some adj ustment in the 
estimated yield may be necessary for each sepa­
rate area. 

An example of the type of analysis that might 
be used in evaluating the probable productivity 
on a 40-acre field in the Clarion-Webster area is 
given in fig. 5 and table 5. Some of the adjust­
ment factors may be applied uniformly over the 
entire tract, others will vary with the soil con­
dition. 

The calculations in table 5 illustrate several of 
the factors that operate to establish the average 
yield on a field basis. The low yield on the Glen-
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Scale a"= I mile 

MAPPING 
~ SOIL NAME SLOPE ER OS ION AREA 

6-1-0 GLENCOE SILTY CLAY LOAM 1% NON E 12 ACRES 

55-2 - 1 NIC OLLE T LOAM 2% SLIG HT 9 .6 ACRES 

95 - 1-1 HARPSTER CLAY LOAM 1% SLIG HT 2.5 ACRES 

107- 1-0 WEB STER SILT Y CLAY LOAM 1% NONE 18 8 ACRES 

138 · 3 - 2 CLARION LOAM 3•.4 MOD ERATE 7. 9 ACRES 

F ig. 5. Soil map and a soil inven tory of a selected 40-acre field in t he 
larion-Webste r soil association area in Iowa. 

coe spots, the lack of any yield on the 1.5 acres 
of turn rows (which allows for a 20-foot t urn row 
on two sides of the field) , a slight reduction in 
yield on the Webster soils because of poor drain­
age, and a slight reduction in yield resulting from 
somewhat poor management {lack of labor) -all 
operate to set the average yield of the 40-acre 
field at an average of 59 bushels per acre. Im­
provement in management ( extra labor in this 
example) could raise this yield to 65 bushels per 
acre, but this would still be about 13 bushels per 
acre below the yield that is estimated as being 
obtainable on the best soil in the field. Improve­
ments in drainage on the Glencoe and Webster 
areas, plus special fertilizer applications on the 
Harpster area, would be needed to bring the aver­
age yield on this 40 acres up to its estimated 
maximum potential of 7 4 bushels per acre. 

On more steeply sloping land, the area lost in 
drainageways and on gullies may be enough to 
lower appreciably the average yield of a field . It 
should also be remembered that the skill of the 
farm operator in carrying out various practices 
will also affect yields. 



Each field is different and must be judged on its 
own potential. Adjustments of the yields given in 
table 1 will have to be made to fit conditions as 
they exist. An analysis of the factors of produc­
tion will not only indicate why the yields are 
below the potential, if such is the case, but will 
furnish information that can be used in increas­
ing production if it is economical to do so. 

APPENDIX A-MANAGEMENT 
ASSUMPTIONS 

This study assumes two general levels of man­
agement-a low management level and a high 
management level. The first would produce yields 
near the low side now experienced by many farm 
operators. The second would produce about the 
maximum yields over a period of time that would 
seem obtainable at the present time by most good 
farmers . In this way the most practical yield 
range would be bracketed. In general, other yield 
levels resulting from other management assump­
tions would then fall within these limits. It would 
be expected, however, that a small number of ex­
ceptional farmers might exceed the high yield 
level by about 15 percent. 

GENERAL ASSUMPTIONS 

For all yield estimates, it is assumed that the 
respective management systems have been applied 
for a sufficient period of time (at least 10 years) 
so that yields reflect the major effect of practices. 

There are several practices which are generally 
used by most farmers and which are unusually 
difficult to define sharply except at a high manage­
ment level. Consequently, these practices are 
presented as they would apply to the high level of 
management. At the low management level, it is 
assumed that the practices are generally followed 
but receive somewhat less attention by the oper­
ator. Thus, yields would be slightly reduced at 
the low management level as a result of occasion­
ally failing to do an effective job on one or more 
of these practices : 

1. For soils where tile or surface drainage is 
recommended, the systems have been installed 
and are working properly; 

2. Recommended varieties are always used ; 
3. Weeds will be fairly well controlled using 

normal tillage and cultivation practices, and 
herbicides will be used as a secondary measure 
when conditions warrant; 

4. Diseases and insects will be controlled in a 
manner now used by good farm operators- oats 
and corn seeds will be treated, corn rootworm 
controlled, and corn borer and grasshopper con­
trol will be carried out in accordance with current 
recommendations ; 

5. All farming operations will be timely within 
practical limits, since weather conditions occasion­
ally cause delay and inconvenience even for the 
best operators; and 

6. Flooding will be controlled on soils where 
it is a problem. 

C:&OPPING SYSTEMS 

To keep the influence of cropping systems on a 
basis which meets the requirements of the low and 
high levels of management selected for this study 
the following assumptions are made: 

1. For corn-The high yield level is based on 
the first corn crop following 1 or more years of 
meadow. This does not mean that high yields are 
restricted to first-year corn, however (see table 
4). The low yield level is based on second-year 
corn following 1 year of meadow. 

2. For soybeans-The high yield level is based 
on a cropping system which includes at least 1 
year of meadow in 5. The low yield level would 
apply when meadow occurs less than 1 year in 5. 

3. For oats-A cropping system is assumed in 
which oats follow 2 years of corn which followed 
1 or more years of meadow. 

4. For meadow- All hay yields are based on 
first-year stands and three cuttings during the 
year. The meadow crop is assumed to be alfalfa­
brome on all soils where alfalfa is adapted. On 
other soils not well suited to alfalfa and where 
red clover would be higher yielding, its use with 
timothy as the grass is assumed. 

FERTILITY LEVELS AND CORN PLANTING RATES 

Application of lime, fertilizer and manure 
sharply influence crop yields. Definite assump­
tions must be made regarding such applications if 
yield estimates are to be meaningful. 

Lime-Many Iowa soils require lime for best 
crop yields. Liming is a relatively low-cost practice 
and should always be one of the first considera­
tions in any soil-fertility program. On acid soils 
its use brings about many direct and indirect 
benefits. The indirect benefits, such as its influence 
on soil organisms and the fact that it increases 
the availability of nitrogen and phosphorus, make 
liming difficult to evaluate as a single practice. 
For these and other reasons, it was assumed that 
adequate lime was present or applied on all soils 
under both the high and low management levels. 

Fertilizer and Manure-For low management, 
it was assumed that little or no commercial fer­
tilizer was applied on any crop in the rotation. 
Most crop residues or comparable amounts of 
manure, however, are returned to the land. Corn 
stands at this management level were assumed to 
be 10,000 to 12,000 stalks per acre. 

At high management, the rates of fertilizer 
nutrients specified in table 3 are used. They would 
be applied in accordance with soil test recom­
mendations and at a level between the medium 
and high rate now established by the Iowa State 
University Soil Testing Laboratory. Most crop 
residues or comparable amounts of manure would 
be returned to the land. Corn stands at this fer­
tility level were assumed to be 14,000 to 16,000 
stalks per acre. 
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APPENDIX B 

ESTIMATED LONG-TIME AVERAGE YIELDS OF SELECTED CROPS ON IOWA SOIL S FERTIWZE D AT THE OPTIMUM RATE FOR THE 
HIGH MA NAGEMENT LEVEL AND EROSION CONTROL PRACTICES USED WHEN NECESSARY• 

Mapping 
unit 

192 
3 l 

156 
167 
29l 
260 
130 
267 
265 
193 
57 
·14 

166 
•13 
50 
3 

105 
142 
63 

222 
138 
69 
0 

152 
84 

302 
133 
87 

783 
246 

11 
221 
175 
285 
284 
283 
204 
104 
22 

162 
1 2 
I 3 
211 
253 
163 
198 
3 10 
382 
118 
75 
6 

26 
313 
103 
36,1 

41 
:J62 

95 or 107aa 
168 

22 

3 
137 
269 

1 
219 

8 
781 
224 
225 
226 
212 
83 

I 0 
76 

124 
125 
126 
236 

65 
66 
67 

280 
60 
92 
9 

15 [ 
70 
49 

149 
LO 

410 
184 

Soil name 

Adair (Lagonda) silty cby loam . . . .. ..... . .. .... ........... . . . 
Afton silty clay loam .. . . . . . . . . . . . . . . . . • . . . . . . . ...... . 
Al ba ton silty clay and clay ... 
Ames silt loam . . .. . 
Atterberry silt loam . .. . .. . ... . . . 
Beckwith (Marion) silt loam .. .. . 
Belinda silt loam . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bertrand grou p, 15-18 inches to sand or gravel. ... 
Bertrand group, 24-30 inches to sand or gra.vcl. . 
Bertrand ~roup, 36 inches + to sand or gravel . . 
Berwick silt loam . ....... . 
Blencoe silty clay . . . . . 
Blockton silt loam .. . . . 
Bremer silty clay loam . . .. . . . . . .......... .. .... . .. . 
Carrington S..'l.ndy loam . 
Castana silt loam .. . 
Chariton silt loam . .. . 
Chaseburg si lt loam ... . 

helsea loamy fine sand . 
Cla rinda silty clay loam . 
Clarion loam . . . . . ... 
Clearfield silty clay loam .... .. . . . 
Clinton silt loam . . .. ......... . .... . . . .. . ......... . .. . •. 
Clyde & Marshan group, 36 inches to sand or gravel . .... . 
Clyde silty clay loam . . ..................... , . 
Coggon loam .. 
Colo silty clay loam . . . . 
Colo-Zook group . . 
Cresco loam . . . . . . . . ....... . .. .. .... . 
Curran silt loam .. .. . .. . ................. , .. 
Dark colored alluvial-colluvial complex ....... . 
Deep muck . ... . . ... . .. . .. . . . . ... . 
Dickinson fine sandy loam . .. ......... ... . .. . . 
Dickinson group, 15-1 8 inches to sand or gravel. 
Dickinson group, 24-30 inches to sand or gravel. 
Dickinson group, 36 inches + to sand or gravel . 
Dodgeville silt loam, deep phase ... 
Dodgeville silt loam, shallow phase 
Dow silt loam . . . .. 
Downs silt loam. . . . . . . . . . . . . . . ... .. ... . . 
Dubuque silt loam, deep phase . 
Dubuque silt loam, shallow phase . . 
Edina silt loam . ....... . .. . 
F'arrar (Clarion) S..'l ndy loam . ......... . . ... . . . 
l' ayettc silt loam . 
f,'!oyd loam . ... 
Galva silt loam . 
Garwi n-l ike silty clay loam, sha llow to Iowa n drift .. 
Garwin silty clay loam .. 
Givin silt loam .. . . . .. . ... . 
Glencoe silty clay loam .. . 
Glenwood silt loam . 
Gosport silt loam . . . . . ............. . 
Gravity sil t loam and silty clay loa m. 
Grundy silt loam .. . ............. . ........... . . .... . .... . . . . . 
Hagener (Thurman) sand and loamy sand . 
Haig silt loam . . . ... . 
Ha rpster loam ... . . 
ll aydcn loam . . . ... . .... .. ...... . ... . .. . ........ , ....... . 
Haynie fine sandy loam . . . 
ll aynie silt loam . .... 
Humeston silt loam . 
lda silt loam . .. . .......... . . . ..... . ........ .. .. . . . .... . . 
Jackson group, 36 inches + to sand or gravel. 
Judson silt loam. . . ... • ........... .. ...•............. 
Kasson loam. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . ... . . 
I<ato group, 15- 18 inches to sand or gravel. ... . ... . . .. . .. . .. . .. . . .... . . .. . .. . .. . . . .... . .. .. . . . 
Kato group, 24-30 inches to sand or gravel 

~:~~~~i~r,f~o~:hcs -~ to-~ ~d _o_r_ g'.avel_ 
Kenyon (Carrington) loam . . 
Keomah sil t loam .. . . . . .... . ... ... ..... . 
Ladoga SIi t loam . . . . . . . . 
Lamont group, 15- 18 mchcs to sand or gravel. 
Lamont group, 24- 30 mchcs to sand or gravel. 
Lamont group, 36 inches + to sand or gravel . 
Lester loam . .. . .. . 
Lindley loam .. . . ....... . 
Luton silty clay and clay . . . . . ... . . .... . .. . 
Luton silty clay, silty cla,y loam substn-itum phnsc . 
Mahaska silt loam . 
Malvern silt loam . ... . . 
Marcus silty clay loam . . ... . .. . ..... . . . . . 
Marshall silt loam ......................... . 
Marshan group, 24- 30 inches to sand or gravel . 
McPaul-Dorchcstcr group .... 
Modale fine sanely loam . . 
Modale silt loam . .. 
Monona silt loam . . 
Moody silt loam ................................ . . ... . . . . 
Muscatine-l ike silt loam shallow to Iowan till ..... . ... .. .. ... .. . .. .... . . ... .. . .. .. ..... .. . . .. . 

Slope 
phase 
(%) 

5- 9 
0- 1 
0-1 
1- 2 
1- 2 
0-1 
0- 1 
1-2 
1- 2 
1- 2 
0- 1 
0- 1 
0- 1 
0- l 
2- 5 
9- 14 
0- 1 
2- 5 
5- 9 
5- 9 
2- 5 
2- 5 
5- 9 
0-2 
1- 2 
2- 5 
0- 1 

l 
2- 5 
0-1 
1- 5 

0 
2- 5 
1- 2 
1- 2 
1- 2 
2- 5 
5- 9 
9- l•J 
5- 9 
9- 14 
9- 14 
0- 1 
2- 5 
5- 9 
1- 3 
2- 5 
0- l 
0- J 
1- 3 

0 
9- J<J 
9- 14 
2- 5 
2- 5 
2- 5 
0- 1 
0- 1 
5- 9 
0-1 
0- J 
0- J 
9- J<J 
J- 2 
2- 5 
2- 5 
1- 2 
1- 2 
l- 2 
0- 1 
2- 5 
2- 5 
2- 5 
1- 2 
J- 2 
1- 2 
2- 5 
9- 14 
0- 1 
0- 1 
1- 3 
9- 14 
0- 1 
5-9 
0- 1 
0- 1 
0-1 
0- 1 
9-14 
2- 5 
1-3 

Erosion 
phase 

2 
0 
0 
l 
J 
l 
0 
1 
l 
I 
1 
0 
1 
0 
l 
I 
l 
I 
2 
2 
1 
I 
2 
0 
0 
I 
0 
0 
1 
I 
0 
0 
I 
I 
1 
1 
1 
2 
3 
2 
2 
2 
0 
I 
2 
0 
I 
0 
0 
I 
0 
2 
2 
1 
I 
1 
0 
0 
2 
0 
0 
0 
3 
I 
0 
l 
J 
1 
0 
0 
J 
J 
I 
1 
I 
l 
J 
3 
0 
0 
0 
2 
0 
2 
0 
0 
0 
0 
3 
I 
0 

Estimated yields 

Corn Soy bca os Oats Hay 
(bu .fa .) (bu .fa .) (bu ./a .) (tons/ a .) 

< 27 
62--69 
45-53 
45- 53 
70- 77 
36- 44 
45- 53 
27- 35 
36-44 
62--69 
45-53 
54-61 
54- 61 
62- 69 
45- 53 
54-61 
54-6 1 
62- 69 
< 27 
< 27 
i0- i7 
54- 61 
54-61 
70- 77 
70-77 
45-53 
70- 77 
54- 77 c 
54-61 
45- 53 
54- 77 c 

0- iib 
45-53 
< 27 
27- 35 
45- 53 
54- 61 
36- 44 
45- 53 
70-77 
45- 53 
27- 35 
62- 69 
45- 53 
70- 77 
70- 77 
62- 69 
78- 85 
86- 92 
62- 69 
0-69" 

54-6 [ 
< 27 
62- 69 
62--69 
3(H4 
62- 69 
54- 61 
5 61 
•15- 53 
70- 77 
45- 53 
45- 53 
62- 69 
70-ii 
•15- 53 
27- 35 
3 44 
62- 60 
70- 77 
70-77 
54- 6 [ 
62- 69 
< 27 
27- 35 
36- 44 
62- 69 
36- 44 
45-53 
45- 53 
78- 85 
27- 35 
70- 77 
62--69 
54-61 
62--69 
45- 53 
54- 61 
54- 61 
54-61 
7$-85 

25- 28 
19- 24 
19-24 
29- 32 
< JS 
19- 24 
< 18 
< JS 
25- 2 
19- 24 
19- 24 
19- 24 
29- 32 
< 18 

19- 24 
25- 28 
< JS 

25- 28 
19- 24 
19- 24 
25- 28 
25- 28 
19- 24 
29- 32 
26- 32 
19- 24 
19- 24 
26- 32 
0- 32" 
< 1 
< 18 
< 18 
19- 24 
25- 28 
< l 

· 25:2s 

25- 28 
< l8 
25- 28 
25- 28 
25- 28 
29- 32 
29- 32 
25- 28 
0- 32" 

29- 32 
25- 28 
< I 
25- 28 
19- 24 

< JS 
25- 28 
19- 24 

25- 28 
29- 32 
< 18 
< 18 
19- 24 
20- 32 
29- 32 
25- 28 
19- 24 
19- 24 
< 18 
< 18 
< 18 
25- 28 

19- 24 
19- 24 
29- 32 
< I 
25- 28 
25- 28 
25- 2 
25- 28 
< 18 
25- 28 

19- 24 
29-32 

< 25 
41- 49 
25-32 
33-40 
50- 56 
25-32 
33- 40 
25- 32 
33-40 
41-49 
33- 40 
25-32 
33-40 
50- 56 
25- 32 
33- 40 
25- 32 
41-49 
< 25 
< 25 
50-56 
33-40 
41 - 49 
50-56 
41-49 
33- 40 
50- 56 
50-56 
33-40 
33- 40 

5~=~~b 
33- 40 
< 25 
25- 32 
33- 40 
50- 56 
33- 40 
25- 32 
41- 49 
33- 40 
25- 32 
33- 40 
25-32 
41-49 
50- 56 
50-56 
50- 56 
50- 56 
41- 49 
0- 56" 

33- 40 
< 25 
50- 56 
41- 49 
25-32 
41 - 49 
33- 40 
33- 40 
25- 32 
50- 56 
33-40 
25- 32 
41-49 
50- 56 
33- 40 
25- 32 
33-40 
50- 56 
50- 56 
50- 56 
41-49 
33- 40 
< 25 
25- 32 
25- 32 
41- 49 
25- 32 
25- 32 
25- 32 
50- 56 
25- 32 
50- 56 
33- 40 
50- 56 
50- 56 
25- 32 
41-49 
33- 40 
41-49 
50- 56 

< 1.2 
2. 4-2 . 9 
1.8-2 .3 
1 .8- 2 .3 
3 .0- 3 .5 
1.2- 1.7 
1.8- 2. 3 
1.2- 1.7 
1. 2 .3 
2. 4- 2 . 9 
J. 2 .3 
1.2- 1.i 
1.8- 2 .3 
3 .0- 3 .5 
1.8- 2 .3 
2. 4- 2 .9 
1.2- 1. 7 
3 .0- 3 .5 
< 1.2 
< 1.2 

3 .0- 3 .5 
1 .8- 2 .3 
2 . 4-2 . 9 
3 .0- 3 .5 
3 .0- 3 .5 
I. 2 .3 
3 .0- 3 .5 
3. 0- 3 .5 
2. 4- 2 . 9 
1.8- 2 .2 
3 .0- 3 .5b 
1.2- 2.9 
1. - 2 . 2 
< 1.2 

1.2- 1. 7 
1.2- 1.7 
2 . 4- 2 . 9 
J. S-2.3 
I. 2 . 3 
3 .0- 3. 5 
2 . 4- 2.9 
1. 2- 1.7 
I. S-2 . 2 
1. 8- 2 .2 
2 .4-2 .9 
3 .0-3 .5 
3 .0- 3 .5 
3 .0- 3 .5 
3 .0- 3 .5 
3 .0- 3 .5 
l.2- 2 .9b 
2 . 4- 2 .9 
< 1.2 

3 .0-3. 5 
2 . 4- 2 .9 
1.2- 1. 7 
2 . 4- 2 .9 
2 .4-2 .0 
2. 4-2 .9 
1.8- 2 .3 
3 .0- 3 .5 
1.8- 2 .3 
2 . 4- 2 .9 
2 . 4-2 .9 
3 .0-3 .5 
2 . 4- 2 . 9 
J. 2- 1.7 
1.8- 2 .3 
3 .0- 3 .5 
3 .0- 3. 5 
3 .0-3 . 5 
2 .4-2.9 
3 .0-3 .5 
< 1.2 

I. 2- 1. 7 
1.2- 1.7 
3 .0-3.5 
1.2- 1.7 
2 .4-2 . 9 
l.S-2 . 2 
3 .0- 3 .5 
1.2- 1.7 
3 .0- 3 .5 
2 . 4-2 .9 
2 . 4-2 . 9 
3.0-3 .5 
1. 8- 2 .2 
2.4- 2 .9 
2.4- 2 .9 
2. 4- 2 . 9 
3. 0- 3. 5 



I 

Mapping 
unit 

119 
12 
55 

220 
90 

273 
146 
144 
28 1 
131 
61 

282 
91 

247 
471 
171 
213 
214 
274 
205 
207 

74 
77 
46 
36 

237 
148 
312 
21 

370 
93 
24 

412 
33 

•133 
62 

165 
279 
120 
377 

27 
164 
172 
160 
176 
177 
178 
108 

7 
107 
132 
369 
249 

Soil name 

Muscatine silt loam . 
Napier silt loam ... . 
Nicollet loam ..... . 
Nodaway silt loam .. 
Okoboji sil t loam . . .......... .. ...... .... ....... . 
Olmitz group ........... . 
Onawa silty clay and clay .. 
Onawa si lty clay loam . . . . . . 
Otley sil t loam .... . .... . . 
Pershing silt loam ....... . 
Phil by loam . .. . .. . . .................. . 
P rimghar si lt loam, shallow to ti ll phase . . 
Primghar si lt loam .. . . . . .. . .... . . . 
Quandahl silt loam ........ . ... ... . 
Racine group, imperfectly drained . . 
Racine loam . .... . ........... . 
Rockton loam, deep phase .. . . . . ....... . ... . 
Rockton loam, shallow phase . . . . 
Rolfe silt loam ................. . 
Roseville si lt loam, deep phase ... . 
Roseville silt loam, shallow phase . . 
Rubio silt loam . .. .. . .. . 
Sac sil t loam ... . . . . .. . . 
Salix silt loam ...... .. ...... . 
Salix sil ty clay loam .... . ... . 
Sarpy loamy sand and sand . 
Schapville silt loam . . 
Seymour sil t loam . 
Sha llow muck . ..... . 
Sharpsbu rg sil t loam . ... .. . .... . 
Shelby- Adair-Clarinda complex .. 
Shelby loam ... . .......... .. .......... .. . 
Sogn group ..... . 
Steinauer loam . ........ . 
Storden light clay loam .. . 
Storden loam ....... . 
Stronghurst silt loam ....... ..... . 
Tain tor silty clay loam .......... . 
Tama silt loam ........................ . 
Tama~like silt loam, shallow to Iowan till. . 
Terril loam . . ... . 
Traer silt loam ......... . 
Wabash silty clay ... . . . . . 
Walford si lt loam ........................... . 
Waukegan group, .1 5~18 inches to sand or gravel. 
Waukegan group, 24~30 inches to sa.nd or gravel. ... . 
Waukegan group, over 36 inches to sand or gravel .. 
Waukegan loam, modera tely deep . . .. .. ... . . 
Waukesha si lt loam ......... . 
W ebstcr si lty clay loam. 
Weller sil t loam .......... . 
Winterset silty clay loam .. 
Zwingle silt loam .... 

•See t able 1 for explanation of column h eadings. 

bYields hig hly va riable as a r esult of dra inage diffe r en ce. 

CYields variable because of dissect.ion , fl oodin g and drainage difference. 

dSee ind iv idu al soil types, 

Slope 
phase 
(%) 

1- 3 
5- 9 
1-3 
0- 1 

0 
2- 5 
0-1 
0-1 
2- 5 
2- 5 
9- 14 
1- 3 
1- 3 
9- 14 
1- 2 
2- 5 
2- 5 
2- 5 

0 
2- 5 
2- 4 
0- 1 
2- 5 
0- 1 
0- 1 
0- 1 
2-5 
2- 5 

0 
5- 9 
9-14 
9- 14 
5-9 
9- 14 
9- 14 
9- 14 
1- 2 
0- l 
5- 9 
2- 5 
2- 5 
0- 1 
0- 1 
0- 1 
1- 2 
1- 2 
l - 2 
1- 2 
1- 2 
0- 1 
2- 5 
0- 1 
0- l 

Erosion 
phase 

Estimated yields 
1-----,------------

Corn Soybeans Oats flay 
(bu./ a.) (bu./a. ) (bu./ a.) (tons/ a. ) 

---->----,----- --------
0 
1 
0 
0 
0 
0 
0 
0 
l 
2 
2 
0 
0 
1 
I 
1 
l 
1 
0 
l 
l 
1 
l 
0 
0 
0 
1 
l 
0 
2 
2 
2 
2 
2 
2 
2 
1 
0 
2 
1 
0 
1 
0 
1 
1 
1 
1 
1 
l 
0 
2 
0 
1 

86- 92 
70- 77 
78- 85 
70- 77 
0- 85 

70- 77 
54-6 1 
62-69 
78- 5 
45- 53 
45- 53 
70-77 
70- 77 
54-61 
62- 69 
62- 69 
54-61 
36- 44 

0- 6l b 
45- 53 
27- 35 
54- 61 
62- 69 
70- 77 
62-69 
< 27 
45- 53 

5t ~}b 
62;j69 

45-53 
< 27 
45- 53 
45- 53 
45- 53 
62- 69 
78- 85 
78-85 
78-85 
70- 77 
54-6 1 
•15-53 
54- 61 
27- 35 
36- 44 
62- 69 
36- 44 
78- 5 
70- 77 
36-44 
70- 77 
36-44 

29- 32 
25- 28 
29-32 
29- 32 
0-32 

29-32 
19-24 
25-28 
29- 32 
19- 24 

25- 28 
25- 28 

. 25- 28 
19- 24 
25-28 
19- 24 
0- 2 b 

19- 24 
< 18 
19- 24 
25- 28 
25- 28 
25- 2 
< 18 
19- 24 
25- 28 
0-32b 

25;i28 

< 18 

... 25~28 
29-32 
29-32 
29- 32 
29- 32 
19- 24 
19- 24 
25- 28 
< 18 
.19- 24 
25- 28 
19- 24 
29- 32 
29- 32 
< 18 
25- 28 
< 18 

50-56 
41- 49 
50-56 
50- 56 
0- 56 

50-56 
33-40 
50-56 
50- 56 
33- 40 
33-40 
50-56 
50- 56 
41- 49 
41- 49 
41- 49 
50- 56 
33- 40 

0- 49b 
41- 49 
25- 32 
33- 40 
50-56 
50-56 
50-56 
< 25 
33- 40 
33- 40 
0- 56b 

33d40 

24- 32 
< 25 
25- 32 
33- 40 
33- 40 
41- 49 
50- 56 
50- 56 
50-56 
50- 56 
41- 49 
25- 32 
41- 49 
25- 32 
33-40 
50- 56 
33- 40 
50- 56 
50- 56 
25- 32 
50- 56 
25- 32 

3. 0- 3 . 6 
3. 0- 3 .5 
3 .0- 3 .5 
3. 0- 3. 5 
l. 2- 2. 9 
3 .0- 3 . 5 
1. 8- 2 .2 
3 .0-3. 5 
3 .0- 3 .5 
1. 8- 2. 2 
1.8- 2. 2 
3. 0- 3 .5 
3. 0- 3 .5 
2 .4- 2 .9 
3. 0- 3 .5 
2 .,1- 2. 9 
2 . 4- 2. 9 
l . 8- 2.3b 
1. 2- 2. 9 
2 .4-2 .9 
l . 8- 2.3 
2 . 4- 2 . 9 
3 .0- 3 .5 
3 .0- 3 .5 
3 .0-3 .5 
1. 8- 2 .2 
1.8- 2.2 

~:tub 
2 ,4;i2,9 

1. 8- 2. 2 
< 1.2 

1.8- 2. 3 
I. 8- 2 . 3 
1. 8- 2 .3 
2.4-2 .9 
3 .0-3. 5 
3 .0- 3 .5 
3. 0- 3 .5 
3.0-3 .5 
2 .4-2 .9 
2 .4- 2.9 
2 .4- 2 .9 
1. 2- 1. 7 
1. 8- 2 .3 
2 .4- 2 .9 
1 . 8- 2 .3 
3 .0- 3 .5 
3. 0- 3 .5 
1. 8- 2 .3 
3. 0-3. 5 
1. 2- 1.7 
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