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Abstract: Multiple tools exist today to guide sustainable land use, including soil maps, market 
analysis, and producer input, but we often forget they were also available in the past. During 
the 1930s hundreds of Iowa farmers met to discuss how to maintain productivity and reduce 
soil erosion. This review, based on three Iowa State University library sources that compiled 
county agricultural planning committee activities, provides useful perspectives for current 
agricultural land use questions. Ninety-seven percent of the committees concluded that less 
than half of the farmers in their respective areas were using land-improving practices, although 
41% thought soil conservation and erosion control could be adequately addressed through 
individual actions. Corn (Zea mays L.) and soybean (Glycine max [L.] Merr.) were planted on 
600,000 ha more than they recommended, while grasslands were grown on 900,000 fewer 
ha. The agricultural committees recommended rotations that most commonly included four 
crops but ranged from one (monoculture) to eight. Their discussions included recommen-
dations for which crops were best for various soil series and/or landscape positions. There 
were no identifiable differences in crop rotation length across landscape position, with the 
most common rotation (45%) being two years of corn, followed by oat (Avena sativa L.), and 
then one or more years of alfalfa (Medicago sativa L.). Crop production practices have changed 
since the 1930s. However, reexamining these discussions echoes contemporary soil and water 
conservation conversations and aligns with farmer response data regarding improving soil 
productivity, reducing nutrient losses, and maintaining economic vitality.
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What to produce, where to produce it, and 
which farming practices to use are agri-
cultural questions requiring continuous 
evaluation and often resulting in evolving 
answers. To address those questions, effec-
tive farming systems must balance a range of 
soil and agronomic factors, including slope, 
soil type, drainage, tillage, crop sequence, 
and economic return; and balance the pro-
ducer’s time, energy, knowledge, skill, ability, 
and willingness to make changes. Soil ero-
sion is one example of a timeless agricultural 
management issue that must be addressed 
(Bennett and Chapline 1928; Montgomery 
2007). Reducing and controlling soil ero-
sion was a primary motivating factor in the 
United States’ nationwide soil conservation 
efforts, particularly in the 1930s (Nelson 
1997; Helms et al. 1996; Walker and Brown 
1936). The soil erosion survey conducted 
in Iowa found that erosion was widespread 
across the state with pronounced effects in 

western and southern Iowa (Walker and 
Brown 1936).

Erosion concerns in the 1920s and 1930s 
significantly influenced development of 
land capability classes by the USDA Natural 
Resources Conservation Service (NRCS; 
then the Soil Erosion Service and the Soil 
Conservation Service) (Helms 1992). Land 
capability, however, reflects much more than 
erosion potential through factors such as soil 
water availability, root zone characteristics, 
and climate (Klingebiel and Montgomery 
1961). Therefore, when looking across an 
individual farm or landscape, land capabil-
ity classes provide information about how 
soil management practices may need to be 
changed to best match inherent soil char-
acteristics (Soil Survey Staff 2018). Another 
example of established land use planning 
resources is Agriculture Information Bulletin 
106 (Soil Conservation Service 1955), which 
provides a historical example of how conser-

vation classes and plans were communicated 
to farmers. Land capability classes in com-
bination with soil erosion calculations and 
judgements have also been used to estimate 
historical erosion rates from the 1930s and to 
project differences among various cropping 
systems (Helms et al. 1996).

Multiyear crop rotation was one of several 
land management approaches available to 
farmers in the 1930s who wanted to reduce 
soil erosion and maintain soil nutrient lev-
els. Other practices included use of grassed 
waterways, contour farming, strip cropping, 
and terracing. Plot-scale soil erosion research 
conducted in Iowa during the period from 
1933 to 1942 reported annual soil losses of 
between 83 and 112 Mg ha–1 for continuous 
corn (Zea mays L.) and 25 Mg ha–1 for a corn, 
oat (Avena sativa L.), and clover (Trifolium sp.) 
rotation (Browning et al. 1948). This ero-
sion research was the basis for many land use 
conservation practice recommendations for 
Iowa (Browning et al. 1947). Crop rotations 
were a recognized soil conservation practice 
throughout agricultural history (Bullock 
1992; Karlen et al. 1994) and can improve 
yield stability (Gaudin et al. 2015), agroeco-
system functioning (Liebman and Schulte 
2015), weed management (Liebman and 
Dyck 1993), and yield, often with minimum 
or even no fertilizer additions (Bullock 1992; 
Page and Willard 1947). Rotations may also 
provide greater economic returns, but this 
effect depends on the assumptions used in 
the calculations (Delate et al. 2003; DeVuyst 
et al. 2005; Chilcott 1910; Hays et al. 1912; 
Karlen et al. 1995, 2006).

Crop rotations by themselves are not suf-
ficient to sustain soil resources. Furthermore, 
they may not be effective at all, as noted by 
researchers in the Canadian prairies during 
the early and middle twentieth century when 
annual rainfall was very low (Janzen 2001). 
Combining reduced tillage intensity with 
more diverse crop rotations has been shown 
to improve soil quality over time (Karlen et al. 
2017; Jokela et al. 2011). However, excessive 
plowing, disking, or other intensive tillage 
practices between crops can reduce soil ben-
efits (i.e., carbon [C] accumulation) accrued 
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from an extended crop rotation, such as those 
occurring following multiple years of pasture 
or reduced tillage (Grandy and Robertson 
2007; Necpálová et al. 2013; Reicosky et al. 
1995). Furthermore, tillage generally creates 
a soil disturbance continuum with more 
aggressive practices disrupting long-term 
crop rotation benefits and leaving the soil 
prone to increased runoff and sediment loss 
(Reicosky 2015).

In addition to tillage frequency and inten-
sity, the effect of crop rotations on maintaining 
productive agricultural systems and soils is 
also directly influenced by where rotations 
are used on the landscape. Soil changes due 
to landscape position under various crop-
ping systems are generally most evident on 
exposed steeper slopes where water or wind 
erosion is most prevalent. An example pre-
sented by Beehler et al. (2017) showed that 
cereal rye (Secale cereale L.) increased soil par-
ticulate organic C on sloping and summit 
positions, but not in depressions. Similarly, 
using various combinations of tillage and 
slope position, Cambardella et al. (2004) 
found greater soil C (30 Mg C ha–1) across 
slope position within a watershed managed 
using ridge tillage than in two other water-
sheds managed historically with moldboard 
plowing and more recently with deep disking 
(25 and 24 Mg C ha–1, respectively). Across 
all three watersheds, foot-slope samples had 
higher soil quality index values compared 
to shoulder slope samples (Cambardella 
et al. 2004). Soil microbial properties were 
less affected by management practices when 
compared to interactive effects of manage-
ment and landscape position, particularly for 
sloped areas (Wickings et al. 2016). Paired 
soil profile evaluations from pedons through-
out Iowa indicated summit and backslope 
positions had greater topsoil losses than other 
positions. Some of this topsoil was translo-
cated further down the slope and deposited, 
as evidenced by an increase of 42 cm in the 
depth to mollic colors within profiles for 
foot and toeslope positions (Veenstra and 
Burras 2015).

Erosion, crop rotations, and landscape 
position field management were only a few 
of the issues farmers faced in the 1920s and 
1930s. In summarizing the efforts of the Iowa 
county agricultural planning committees, 
Folken (1937) noted the committees were 
working under several economic challenges. 
All available farmland in the country was 
already in farms, thus limiting farm expan-

sion. Domestic and international markets 
for agricultural output were not growing 
quickly, potentially limiting farm incomes. 
The economic situation in the 1920s limited 
employment opportunities as well. Finally, 
farm ownership in Iowa was transitioning 
from owner-operated systems to tenant-
based production. Three-fifths of all farm 
land in the state was rented and one-half of 
the farm families were tenants. With these 
issues in mind, the central question posed to 
the agricultural planning committees focused 
on cropping systems that would control ero-
sion and maintain fertility (Folken 1937).

Passage of the Agricultural Adjustment 
Act in 1933 led to the creation of volun-
tary county agricultural committees in 
Iowa as a cooperative effort between Iowa 
State College’s Extension Service and the 
Agricultural Adjustment Administration 
(Folken 1938). The Agricultural Planning 
Committees were formed in 1935 and con-
sisted of 15 to 30 farmers in each of Iowa’s 
99 counties. The reason they were formed 
was to improve community understanding 
of how farmers were managing soils and 
crops at the landscape scale (Folken 1937). 
Additionally, these farmer committees were 
involved in discussions about the develop-
ment of the state’s soil conservation districts 
(Folken 1938).

This paper enhances the agricultural com-
mittees’ results and conclusions from the 
1930s with additional analysis pertaining to 
recommended crop rotations by landscape 
position. Additionally, the committees’ sur-
vey responses are compared with current 
farmer survey responses to similar soil and 
water conservation questions. Though the 
data analysis methods have changed, the soil 
and water conservation questions remain 
strikingly similar. Folken (1937) noted each 
farmer committee was visualizing and recom-
mending farming practices that would result 
in a “permanent agriculture best suited to the 
county’s resources and people.” This paper 
reexamines that episode in Iowa soil conser-
vation history and provides an example that 
may be of interest to researchers in soil and 
water conservation regarding our continuing 
agricultural land use allocation questions that 
underlie stable agricultural systems.

Materials and Methods
This study utilized three sources available 
from the Iowa State University Parks Library 
in Ames, Iowa (County Agricultural Planning 

Committees 1937; Folken 1937, 1938). 
Farmers in Iowa met at the county-level 
in 1936 and 1937 as members of agricul-
tural planning committees to recommend 
farming practices that would keep the land 
productive. Their summaries were published 
in leaflets titled “Plan to Use Your Soil and 
Keep It Too” and distributed to farmers in 
each county (County Agricultural Planning 
Committees 1937). Ninety of these leaflets 
are currently available on microfilm reports 
and in print. Herbert G. Folken, listed as 
an Iowa State College Extension Assistant, 
wrote an extension circular published in 
1937 that summarized the results from these 
county agricultural planning committee 
meetings (Folken 1937). This circular may be 
available at other libraries that maintain a col-
lection of university extension publications. 
Folken, identified later as the Secretary of the 
State Committee on County Agricultural 
Planning, provided a summary in 1938 of 
committee reports relating to land use rec-
ommendations and soil conservation districts 
(Folken 1938). Writing in 1938, he noted 90 
leaflets were submitted to the State Planning 
Board Committee on Soil Conservation for 
their information and records (Folken 1938). 
This description suggests that no leaflets have 
been lost from the original submissions out 
of Iowa’s 99 counties.

Each of the 90 leaflets followed a similar 
format. The reports included a table of crop 
rotations grouped by soil series and several 
pages of instructions on how to best uti-
lize the information on individual farms. 
The instructions suggested using terracing, 
contouring, grassed waterways, and strip 
cropping to protect the soil. The reports sug-
gested farmers select rotations that fit their 
individual livestock and market situation, 
provided sufficient crop yields, and reduced 
soil erosion. County-level conservation prac-
tice recommendations, including estimates 
for the number of farms that would need to 
adopt certain practices such as applying lime 
and using grassed waterways, were included 
in each report as well. As Folken (1937) 
noted, the recommended practices and their 
respective areas were intended to keep soils 
productive and control erosion. The com-
mittees may also have been considering the 
economic and farm situation at the time 
(Folken 1937).

When making their recommendations, 
the committees focused on four land use 
classifications: intertilled crops, small grains, 
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rotated grasslands, and permanent vegeta-
tion. Intertilled crops included corn, soybean 
(Glycine max [L.] Merr.), sorghum (Sorghum 
bicolor [L.] Moench), truck crops, and others. 
Truck crops included fruits and vegetables. 
Small grains included oats, wheat (Triticum 
aestivum L.), rye, barley (Hordeum vulgare 
L.), and others. Rotated grasslands included 
crops used in a rotation for improving the 
soil only and were kept in place for at most 
five years before plowing. Permanent veg-
etation included permanent pastures and 
meadows, timber, and game management 
areas (Folken 1937). Based on the descrip-
tions of rotated grasslands and permanent 
vegetation, pastures or meadows that were 
plowed at intervals of five or fewer years 
would be considered rotated grasslands, and 
those that were plowed less frequently would 
be considered permanent vegetation.

When deciding how to allocate lands 
among the four classes (intertilled crops, 
small grains, rotated grasslands, and perma-
nent vegetation), the committees identified 
first how many acres (1 ac = 0.405 ha) in 
each soil group should be kept in perma-
nent vegetation. Next, they discussed how to 
distribute intertilled crops, small grains, and 
rotated grasslands among the remainder of 
the acres. When the committees were con-
sidering the total number of acres to assign 
to each practice, the number of acres in 
buildings, roads, water, etc. were deducted 
from the total number of acres in the county 
(Folken 1937).

The crop rotation by landscape position 
data presented in this study used data from 
a table found in each of the 90 leaflets titled 
“Land Use and Cropping Recommendations 
for Various Soil Types.” An example of those 
tables is provided in figure 1. Each row was 
transcribed and evaluated for a different soil 
type. Therefore, throughout this paper, the 
term “soil type” refers to those rows from 
the land use and crop recommendation 
tables. Figure 1 contains four soil types. The 
term soil series refers to the individual soil 
series listed in the second column of the 
table (i.e., Shelby and Lindley in figure 1). 
When discussing results, the terms rotation 
and crop sequence are used interchange-
ably. Each county’s recommendation table 
used the same format, although the length 
and complexity varied due to the number of 
soil types within a given category and the 
number of recommended rotations. Once 
transcribed for the 90 counties, there were 

Figure 1
Example table from Audubon County, Iowa, that was included in each county report from the 1930s.

583 identified soil types, 146 unique crop 
rotations, and a total of 1,522 recommended 
rotations. Using the same land use and crop-
ping recommendations data, Folken (1937) 
provided a different analysis of the results 
than just described. His approach and find-
ings are discussed as well to provide context 
for this current study’s methods.

The total land area under permanent 
vegetation for each county was calculated 
summing the product of percentage land 
(figure 1, column 1) and percentage perma-
nent vegetation (column 3) for each soil type. 

In 5 of the 583 listed soil types (<0.1%), two 
percentages for percentage permanent veg-
etation were included within a single table 
row, potentially due to separation among 
individual soil series. These five instances 
occurred in five counties. If two permanent 
cover values were listed that appeared to cor-
respond to separately listed soil series, then 
the average of these two permanent cover 
values was used to estimate land area under 
permanent vegetation for that soil type. In 
two cases, two permanent vegetation cover 
values were listed, but only one soil series 
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Table 1
Soil series and other key words used in the 1930s committee reports organized into five contemporary landscape groups.

Landscape group Soil series Other key words

Bottomlands (B) Cass, Fargo, Genesee, Lamoure, Ray, Sarpy, Wabash Bottomland, marsh, meadow, muck, peat, 
     residual, riverwash
Terraces (T) Bertrand, Bremer, Buckner, Calhoun, Chariton, Davenport, Hancock, Terrace
    Jackson, La Crosse, O’Neill, Osgood, Roseville, Waukesha
Upland, sloping soil (US) Boone, Carrington, Clarion, Clinton, Dickinson, Dodgeville, Dubuque, Upland
	 			Fayette,	Gasconade,	Judson,	Knox,	Lindley,	Marshall,	Miami,	Plainfield,
    Shelby, Sioux, Sogn, Sparta, Tama, Union, Weller
Upland, outcrops (UO) Crawford, Hagerstown, Pierce, Thurston Upland, rough stoney
Upland, level soil (UL) Afton, Clyde, Conover, Edina, Floyd, Grundy, Marcus, Marion, Millsdale, Upland
    Muscatine, Putnam, Scott, Webster

was noted. The vegetation cover value on the 
same line as the soil series name was used 
because details were lacking as to why two 
cover values were listed.

Crop rotations were grouped into 13 cate-
gories based on the initial two or three crops 
in each rotation (table S1 found at https://
doi.org/10.25380/iastate.6333104.v1). The 
number of crops included in a recommended 
sequence were counted based on the number 
of embedded dashes (–), such that in figure 
1, the C–O–Cl rotation would be counted 
as three crops. Most likely the C–O–Cl 
sequence referred to corn, oat, and clover, but 
as noted, the letter “C” could also represent 
corn, soybean, or other intertilled crops, and 
the letter “O” could refer to oats or other 
spring-sown small grains. The recommended 
crop rotations can also be interpreted as 
crop sequences (i.e., intertilled crops, small 
grains, hay, or other crops) rather than exact 
prescriptions for what was to be grown. 
Furthermore, oat can also be planted in the 
fall as a cover crop. Some crop sequences 
were repeated in a given county for more 
than one soil type (table row in figure 1). 
Data for all crop rotations and unique crop 
rotations were generated for each county.

Originally, major soil types were grouped 
with their respective minor soil types (Folken 
1937). For the current analysis, soil series 
were grouped by landscape position follow-
ing the USDA NRCS Official Soil Series 
Descriptions (OSDs) (USDA NRCS 2017a). 
However, several soil series that existed in the 
1930s (e.g., the Carrington series) no longer 
exist because they were reclassified over time 
(Riecken et al. 1948). Nicollet, a common 
soil throughout Iowa and Minnesota, was 
not included in the results because it was not 
described until 1949. If an OSD did not exist 
for a soil series, or if additional information 
was needed, historic soil surveys from the 
USDA NRCS were used (USDA NRCS 

2017b). Additional classification data, such as 
the “terrace soils” landscape position descrip-
tion included in figure 1, were taken from 
the county committee reports.

Based on the landscape positions and 
language used in the 1930s reports and soil 
surveys, soil series were grouped into five 
categories, including bottomlands (B), ter-
races (T), and uplands. Uplands were divided 
into sloping areas (US), level areas such as 
interfluves (UL), and outcrops (UO) (table 
S2 found at https://doi.org/10.25380/
iastate.6333104.v1). Soil series were grouped 
based on landscape position, parent material, 
and slope. This classification reflects gen-
eral slope position using both current and 
historic information. Soil series and their 
respective slope positions are listed in table 
1. Recommended crop rotations for a given 
soil series, or groups of soil series such as the 
“Bottom” soils grouped in figure 1, were 
assigned to a landscape position based on 
the landscape position for that soil series. 
Rotations could be listed in more than one 
landscape position.

Spatial data, including county shape-
files and county land areas were used from 
the Topologically Integrated Geographic 
Encoding and Referencing (TIGER) data-
base (US Census Bureau 2017). The specific 
file downloaded was the 2016 County 
and Equivalent file. ArcGIS 10.4.1 (Esri, 
Redlands, California) was used for mapping. 
Agricultural data were compiled for the late 
1930s (1938 to 1940) and present (2014 to 
2016) using applicable Census of Agriculture 
data (USDA 2012a, 2012b, 2012c, 2012d, 
1940a, 1940b, 1940c, 1940d) and yearly 
production data (USDA NASS 2018). All 
transcribed data are available (https://doi.
org/10.25380/iastate.6333104.v1) and were 
analyzed using Microsoft Excel (v. 2013) and 
R (R Core Team 2017).

The results and discussion are presented 
in three sections. First, Folken’s analysis of the 
committee recommendations is summarized 
to document how these data were originally 
used (Folken 1937). Next, the current crop 
rotation by landscape position analysis is pre-
sented to expand on Folken’s results. Finally, 
farmer responses to soil and water conser-
vation questions are compared between the 
agricultural committees (Folken 1938) and 
present day Iowa farmers using recent Iowa 
Farm and Rural Life Polls (Arbuckle 2013, 
2016, 2017a, 2017b) for current perceptions. 
These polls are conducted annually with 
about 2,000 farm operators. This survey is a 
panel survey and contacts the same group of 
potential survey respondents each year (Iowa 
Farm and Rural Life Poll 2018). Collectively, 
these analyses demonstrate how farmer- 
recommended soil and water conservation 
practices from the 1930s and today are linked.

Results and Discussion
Folken’s Analysis. Folken’s (1937) analysis 
focused on the distribution of the four land 
use classifications; the types of rotations rel-
ative to the amount of time soil was under 
intertilled crops, small grains, and grassland; 
and land use recommendations by soil group. 
Folken was primarily interested in grouping 
responses by seven farming regions in the 
state, though he also included county com-
parisons as appendices (Folken 1937). Many 
of the regions were grouped by livestock 
uses, such as northeast dairy, western live-
stock, and south-central livestock. Across the 
entire state, 23% of the farmland (28% of total 
county area when including buildings, cities, 
etc.) was recommended to be in permanent 
vegetation. The remaining 72% of land was 
recommended to be in rotated grass (21%), 
small grain (21%), and intertilled crops (30%). 
Regional variation occurred in these land 
use recommendations. Counties in southern 
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and southwest Iowa were recommended to 
have between 30% and 46% permanent veg-
etation, and counties in central Iowa were 
recommended to have 18% to 19% (Folken 
1937). The areas with higher permanent veg-
etation cover experienced greater erosion 
rates (Walker and Brown 1936).

When analyzing the crop rotation recom-
mendations, Folken (1937) focused on how 
the rotations distributed land use between 
intertilled crops, small grain, and grassland. 
For example, a rotation of C–O–S–W was 
considered to be 50% intertilled crops (corn 
and soybean) and 50% small grain (oat and 
wheat). Folken compiled a list of 29 rec-
ommended crop rotations (including one 
continuous corn) across all county reports 
and listed them by percentage time in each 
of these three land uses. Next, Folken aver-
aged these land uses across all recommended 
rotations that were being applied to the 72% 
of land listed above. The recommended crop 
rotations distributed the three land uses to 
rotated grass (29%), small grain (29%), and 
intertilled crops (42%). Across the seven state 
regions, rotated grass ranged from 23% to 
37%, small grain 25% to 31%, and intertilled 
crops 36% to 46%. Folken noted there were 
county-level variations in the recommenda-
tions, as locations in central and northwest 
Iowa had lower erosion risks than areas in 
western and southern Iowa (Folken 1937).

Next, Folken evaluated the recommended 
crop rotations by soil groups (figure 2). 
Though he presented average values, Folken 
noted there was a range of variation within 
the same soil group across the counties for 
recommended permanent vegetation cover. 
The soil series with the lowest recom-
mended permanent vegetation cover and 
the higher percentages of intertilled crops 
were soils common to north-central Iowa 
on lower slope positions, including Webster, 
Marshall, Carrington, and Clarion. Soils 
more prone to erosion, such as Shelby and 
Lindley, were recommended to have greater 
percentages of permanent vegetation. Both 
these soils are located in potentially more 
erosion prone areas in the southern half of 
Iowa. Shelby soils occur in southwest Iowa, 
and Lindley occurs in southeast Iowa (Soil 
Series Extent Explorer 2018). These trends 
mirrored the county-level trends in perma-
nent vegetation that Folken analyzed across 
the state (Folken 1937).

One of the final pieces of the report 
compared the committee recommendations 

to the statewide and county-level land use 
in 1929 and 1935 (Folken 1937). The rec-
ommendations were consistently lower in 
intertilled crops and higher for hay areas. 
Relative to 1929 crop data, the commit-
tee recommendations were 12% lower for 
intertilled crops, 4% lower for small grains, 
27% higher for hay areas, and 9% higher 
for all pasture. Compared to 1935 produc-
tion data, committee recommendations were 
8% lower for intertilled crops, 3% lower for 
small grains, 45% higher for hay areas, and 
1% higher for all pasture. In a later report, 
Folken (1938) compared the committee 
results to 1937 crop data and found a similar 
result. Committee recommendations were 
13% lower for intertilled crops, 4% lower for 
small grains, and 44% higher for grasslands. 
When the 1937 data were expressed as total 
hectares, intertilled crops were 600,000 ha 
above committee recommendations, small 
grains were 200,000 ha above the recom-
mendations, and grassland was 900,000 ha 
below recommendations.

Folken (1937) recognized these rec-
ommendations were preliminary and 
contributed to land use discussions among 
farmers in these communities. This initial 
step of identifying how cropland use and soil 
conservation could look in each county was 
one piece of broader conversations about 
farm incomes, crop prices, and adopting 
conservation practices on individual farms. 
Due to lack of time and data availability, the 
agricultural committees’ efforts did not take 
into consideration how livestock production 
would have to change to meet the land use 
recommendations. Identifying types of soil 
conservation practices for each county was 
an initial step, but there were broader eco-
nomic and social issues that would affect 
how these committee recommendations 
would be implemented (Folken 1937).

Linking 1930s Analysis to 2018 Analysis. 
The previous section described analysis con-
ducted by Folken during 1937 and 1938. 
These results are important for understand-
ing how the results were summarized and 
interpreted when they were collected. The 
land use recommendations were generated 
by farmer committees at a key agricultural 
and economic time for the United States. 
The agricultural committees were mak-
ing recommendations that would protect 
soil, while also ensuring economic viabil-
ity of farms. All of these recommendations 
and discussions were intended as a starting 

point, particularly reinforced by the sub-
title to Folken’s report (1937): “A First 
Approximation.” The next sections of this 
paper provide what could be considered a 
second approximation of the agricultural 
committee recommendations by focusing on 
the crops included in the rotations and evalu-
ating how crops varied by landscape position. 
The results conducted today are intended to 
supplement and expand on Folken’s analysis.

Statewide Data. The average number of 
crops included in the recommended rota-
tions was 4.2, but ranged from 1 to 8 with 
a median of 4. The number of rotational 
crops followed a normal distribution, with 3, 
4, and 5 being the most common (figure 3). 
The most frequently recommended starting 
points for the crop rotations were C–C–O 
(45%) and C–O–Cl (24%) (table 2). Focusing 
on the first two crops, the C–O– sequence 
(44%) and the C–C– sequence (53%) were 
the most common. These two starting points 
accounted for 97% of all initial crop rec-
ommendations. Farmers in most counties 
recommended between 7 and 12 unique 
crop rotations (figure 4). Eleven counties 
included more than 12 and up to 25 different 
crop rotations. As Folken (1937) identified, 
the farm committees in southern Iowa rec-
ommended a greater percentage of land stay 
in permanent cover compared to committees 
in other parts of the state. Even with these 
regional variations in percentage permanent 
cover, the total number of recommended 
crop rotations remained consistent through-
out the state. Figure 4 shows that the number 
of recommended crop rotations did not clus-
ter in a similar manner to the percentage 
permanent cover data.

Landscape Position. Crop rotation length 
was consistent across landscape position 
with four crops being the most common. 
However, the percentage permanent cover 
varied by position (table 3). Bottomland 
and upland sloping areas had approximately 
20% higher permanent cover than terrace 
and upland level areas. Bottomlands could 
have been wetter or less accessible for farm 
equipment, and upland areas with greater 
slopes would require greater proportions of 
landscape cover to protect soils. Relatively 
flat soils found in terrace and upland areas 
would have a greater likelihood of increased 
cropland use and a lower percentage perma-
nent cover. These results are similar to those 
provided by Folken (figure 2) in which soils 
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Figure 2
Table from Folken (1937) demonstrating the range in land use by common soil groups.

such as Peat and Muck and Bottomland had 
greater percentages of permanent vegetation.

Sample sizes for data presented in table 
3 were calculated in two ways. When crop 
sequences were assigned to a landscape posi-
tion, the number of sequences increased to 
1,710 because some listed soil types (table 
rows) included multiple landscape positions. 
Sixteen percent of all 583 listed soil types 
included more than one different landscape 
position. For those instances, the recom-
mended crop rotations were assigned to 
both landscape positions, with the assump-
tion being that the crop rotation was suitable 
for that location. For percentage permanent 
cover, the 16% of soil types that included two 
or more different landscape positions were 

deleted to avoid making assumptions about 
the relative percentage permanent cover in 
multiple landscape positions. Recommended 
rotations for upland outcrops were consistent 
with other upland landscape positions. With 
no soil types assigned only to the upland out-
crop position, percentage permanent cover 
data for this position were not available.

Recommended crop rotations were 
evaluated based on the most frequently rec-
ommended sequence for each landscape 
position and separately by the landscape 
position for which a particular crop sequence 
was most frequently indicated (table 4). 
Crop sequences starting with C–C–O– 
occurred more frequently than any other 
combination for bottomlands (55%), terrace 

(51%), upland level (56%), and upland slop-
ing (37%) areas. For upland outcrop areas, 
C–O–Cl– was the most common sequence 
(40%). The most frequently referenced land-
scape position was upland sloping areas with 
49% of all assigned positions.

Evaluating table 4 by row totals instead of 
column totals indicated the most frequent 
location for each crop sequence. Bottomland 
and upland sloping areas were the most fre-
quently recommended locations. The truck 
crop rotation separated most clearly with 
87% of all recommended truck crop rota-
tions occurring on bottomland soils. Of all 
the C–O–A– recommended rotations, 68% 
occurred on upland sloping soils. Other rota-
tions separated to a smaller extent based on 
landscape position. The rotation C–C–W– 
was most common in bottomland soils, but 
this only accounted for 33% of all C–C–W– 
recommendations. Rotations containing oat 
were more commonly suggested for upland 
sloping areas than bottomland soils. With 
several frequencies close to or below 50%, 
many suggested crop rotations were suitable 
across landscape position.

Connecting Historic and Current Soil 
Conservation Efforts. How applicable are 
historic soil conservation and crop rotation 
recommendations from the 1930s to our cur-
rent agricultural systems? As demonstrated 
by the crop data Folken summarized, the 
committee’s recommendations had smaller 
percentages of intertilled crops and higher 
percentages of grasslands and pasture than 
was actually used on the Iowa landscape at 
the time (Folken 1937, 1938). As noted above, 
Folken saw these crop recommendations as 
preliminary and required additional economic 
and social discussions about their useful-
ness. The committees’ recommendations fit 
within broader Agricultural Adjustment 
Administration efforts across United States 
agriculture regarding stabilizing farmer 
incomes through crop allocation. For exam-
ple, Pierre (1946) contains a summary table 
of recommended acreages of intertilled crops 
for Illinois, Indiana, Iowa, Missouri, and Ohio 
that were developed by State Agricultural 
Production Adjustment committees.

In addition to their crop recommenda-
tions, the agricultural committees’ efforts 
link to today’s agricultural system through 
their contributions to establishing soil con-
servation districts in the state by providing 
feedback on draft legislation (Folken 1938). 
Nearly all committees (94%) supported 
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Figure 3
The number of crop rotation sequences with the number of crops recommended in the 1930s reports.

Se
qu

en
ce

s 
(n

)

600

500

400

300

200

100

0
 1 2 3 4 5 6 7 8

Crops in recommended sequences (n)

Table 2
Agricultural committee-recommended cropping rotations from the 1930s categorized by  
common leading sequences.

Rotation starting with* Total Percentage of total

C–C–O– 678 45
C–O–Cl– 361 24
C–O–A– 136 9
C–O–other 92 6
C–O–Scl– 81 5
C–C–W– 58 4
C–C–C– 39 3
C–W–other 20 1
C–C–other 17 1
Truck crops†– 15 1
Continuous crop 12 1
Other 7 <1
Wheat– 6 <1
Total 1,522 100
*Crops include corn (C), oat (O), clover (Cl), alfalfa (A), sweet clover (Scl), and wheat (W).
†Truck crops include fruits and vegetables.

Table 3
Crop sequence length and percentage permanent cover as recommended by the committees in 
the 1930s grouped by contemporary landscape position.

 Crop sequence length  Percentage permanent cover

Landscape position n Median Mean n Median Mean

Bottomlands 283 4 3.99 127 39 43
Terrace 244 4 4.12 79 10 17
Upland-level 306 4 4.30 71 9 17
Upland-outcrop 42 4 3.98 0 — —
Upland-sloping 835 4 4.17 211 30 40

having some kind of legislation passed that 
would help establish soil conservation prac-
tices. In 2016, 62% of farmers somewhat 
or strongly trusted USDA/NRCS/soil and 
water conservation district service centers for 
information about soil and water conserva-
tion with 33% neither trusting nor distrusting 
these sources (Arbuckle 2017a). Further, 
61% of farmers in 2016 reported having a 
conservation plan that was created through 
collaboration with NRCS (Arbuckle 2017a). 
The agricultural committees were involved 
in a soil and water conservation legacy that is 
carried forward today.

Farmers in both time periods recognized 
erosion was a significant natural resource 
concern. Almost all of the surveyed commit-
tees throughout the state (98%) noted erosion 
was a problem in their respective areas. They 
categorized the erosion as being moderate 
(45% of all committees), moderate to serious 
(24%), and serious (22%). Nearly all commit-
tees (95%) agreed that efforts were needed to 
reduce erosion, but only 41% of committees 
thought soil conservation and erosion could 
be controlled by individual action. Similarly, 
all committees indicated maintaining soil 
fertility and productivity was important, even 
on soils that were not susceptible to erosion. 
However, 52% of committees thought these 
fertility and productivity goals could be met 
by individual action (Folken 1938).

Not surprisingly, controlling erosion 
and maintaining soil productivity remain 
important to farmers. In 2015, when 
describing their motivations for using soil 
and water conservation practices, 73% of 
farmers surveyed indicated that maintaining 
or enhancing productivity was important 
or very important. A similar 71% indicated 
maintaining or improving soil health was an 
important or very important motivation. As 
to why soil and water conservation impair-
ment issues continue to be a problem, 72% 
of farmers agreed or strongly agreed that 
tillage increased soil susceptibility to erosion 
(Arbuckle 2016).

In addition to responses about erosion, 
farmers in the 1930s and the 2010s provided 
feedback on trajectories of soil productivity 
and soil health. The agricultural commit-
tees responded to four questions related 
to their crop rotation and land use recom-
mendations, including their perceptions of 
(1) the proportion of farmers following 
their land use recommendations and the 
proportion of farmers following land use 
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Table 4
Suggested initial crop rotation sequences as recommended by the committees in the 1930s 
grouped by contemporary landscape position.

 Landscape position†

Rotation starting with* B T UL UO US Total

C–C– 10 3 0 0 5 18
C–C–C– 21 8 5 2 5 41
C–O– 12 11 14 3 61 101
C–O–Scl– 9 11 22 4 48 94
C–C–O– 155 124 170 10 307 766
C–C–W– 21 15 11 0 16 63
C–O–A– 5 17 21 5 103 151
C–O–Cl– 18 46 56 17 273 410
C–W– 5 4 4 1 9 23
Truck crops‡– 13 2 0 0 0 15
Wheat– 4 1 1 0 1 7
Continuous crop 9 2 0 0 3 14
Other 1 0 2 0 4 7
Total 283 244 306 42 835 1,710
*Crops include corn (C), oat (O), clover (Cl), alfalfa (A), sweet clover (Scl), and wheat (W).
†Positions include bottomlands (B), terrace (T), upland-level (UL), upland-outcrop (UO), and up-
land-sloping (US).
‡Truck crops include fruits and vegetables.

practices that would (2) improve soil pro-
ductivity, (3) maintain soil productivity, or 
(4) decrease soil productivity. The answers 
were grouped into four categories: 0% to 
25%, 26% to 50%, 51% to 75%, and 76% to 
100% (Folken 1938) (table 5).

The agricultural committees described a 
situation in which soil erosion was a wide-
spread natural resource issue. They perceived 
farmers in their areas were not always follow-
ing soil conservation and land use practices 
that would improve soil over time (table 5). 
Eighty percent of the committees indicated 
50% or less of farmers in their areas were fol-
lowing the committees’ recommended land 
use practices. Ninety-eight percent of the 
committees responded that 50% or less of 
farmers in their areas were following land use 
practices that would improve soil productiv-
ity over time. Ninety-four percent of the 
committees perceived 50% or less of farm-
ers were maintaining productivity, and 68% 
of the committees saw 50% or less of farm-
ers were reducing soil productivity (Folken 
1938). In Hardin County, the committee 
surveyed 175 farmers with similar questions. 
These farmers responded that approximately 
one-third of farmers in their county were 
in each of the three categories of improv-
ing (31%), maintaining (34%), or reducing 
soil productivity (35%) over time (Folken 
1938). Folken himself noted these questions 
were difficult to answer because committees 
could interpret the questions as if the farmers 
were actively practicing soil conservation or 
if they would but were unable to do so due 
to a current farming situation (Folken 1938).

Farmers surveyed in the 2010s pre-
sented a varied picture of soil productivity 
and improvement as well (table 6). Farmers 
in 2013 reported similar trajectories of soil 
health across Iowa and within their respec-
tive counties. At the individual farm level, 
soil health was reported to remain the same 
(36%) or be improving (55%) more fre-
quently than declining (9%) (Arbuckle 2013). 
At the county level, the farmer responses 
from 2013 are similar to the distribution of 
farmer responses from Hardin County in the 
1930s. However, the 2013 farmer responses 
are higher than the percentages provided by 
the agricultural committees (Folken 1938).

These survey questions asked farmers to 
visualize soil health from two different per-
spectives. First, farmers responded considering 
their own farm, and second, farmers visual-
ized other groups of farmers at the county 

Figure 4
Number of unique crop rotation recommendations by the county agricultural committees in  
the 1930s.
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and state level that did not necessarily include 
themselves. In surveys, self-assessments tend 
to lead to what is known as the "better than 
average" effect (Arbuckle 2017b). For exam-
ple, when responding to questions about 
following soil conservation practices, 69% of 
farmers self-assessed their ability to control 
soil erosion as above or far above average 
compared to farmers in their area (Arbuckle 
2017b). This better than average effect does 
not make these data invalid; rather, the ways 
in which individuals respond to natural 
resource questions may vary based on the 
perspective they are asked to take from a 
question’s structure.

The agricultural committees saw crop 
rotations as a valued aspect of maintaining 
soil productivity as evidenced by the range of 
rotations recommended. Farmers recognize 
these same benefits today, but they are just 
as aware of potential economic limitations 
that Folken (1937) noted. In 2017, 77% of 
surveyed farmers agreed or strongly agreed 
that reductions in mixed grain and live-
stock farming caused forage and small grain 
production to be more difficult (Arbuckle 
2017b). Seventy percent of farmers agreed 
or strongly agreed that rotations were per-
ceived as risky because there were not always 
markets for the crops grown in extended 
rotations. If these markets were available, 
67% of farmers indicated they would be 
willing to consider using extended rotations. 
Developing strong small grains markets was 
noted as important or very important by 
90% of surveyed farmers (Arbuckle 2017b).

Survey Responses in the Context of 
Agricultural Change. The similarities in 
survey responses between the farmers and 
agricultural committees in the 1930s and 
2010s are in contrast to the changes that 
occurred in agricultural production between 
these two time periods. Even with all these 
changes, farmers in both time periods saw 
erosion as an important issue; perceived 
that some soils were improving, remaining 
the same, and decreasing; and recognized 
the potential economic limitations to using 
long-term crop rotations. Iowa was an agri-
cultural state in the 1930s and remains one 
today. Numerous changes occurred, such as  
land use, tile drainage, crop yields, technol-
ogy adoption, and fertilizer use. Throughout 
the Midwest, increases in soybean produc-
tion coupled with smaller increases in corn 
production matched decreases in small grain 
and grassland production (Jackson 2008).

A comparison of selected crop and 
drainage data illustrates that although Iowa 
was an agricultural state during both time 
periods, the allocation of land resources 
changed (table 7). Land in corn and soybean 
production increased while oat and hay pro-
duction decreased. Total farmland decreased 
10%, but harvested cropland increased 25%. 
Concurrent with this change, the amount of 
tile-drained land increased six-fold and land 
drained by ditches increased by 100,000 ha. 
Tile drainage changed how landscape posi-
tion affected crop suitability and soil profile 
water status by increasing areas that might be 
used for particular production practices (James 
and Fenton 1993). Multiple factors, including 
landscape position, soil texture, and precipi-
tation amount and timing, affect whether 
or not undrained or drained soils produce 
higher yields in any given year (Nash et al. 
2015; Schwab et al. 1966). A similar increase 
in tile drainage occurred nationwide. In 2012, 
2 × 107 ha were tile drained compared to 3 × 
106 ha in 1940 (USDA 1940b, 2012c). Even 
with these changes, there are some broad 
regional differences in Iowa that existed 
both in the 1930s and today. Southern Iowa 
still tends to have a greater area in pasture 
than north-central or western Iowa (USDA 
NASS 2016; USGS 2016).

In addition to these acreage changes, crop 
yields increased. When comparing statewide 
average crop yields from 1928 to 1937 with 

data from 2008 to 2017, corn yields quintu-
pled, soybean yields tripled, oat yields tripled, 
and hay yields doubled (USDA NASS 2018). 
These increases are approximate values as 
year-to-year variability occurred. The fol-
lowing values are the lowest and highest 
average annual corn yields for the two time 
periods. Farmers from 1928 to 1937 in Iowa 
were averaging corn yields of between 1.3 
and 2.8 Mg ha–1 (assuming shelled corn 
weights), while farmers from 2008 to 2017 
averaged yields from 8.6 to 12.7 Mg ha–1. In 
these same time periods, statewide oat yields 
increased from 0.5 to 1.3 Mg ha–1 up to 2.2 
and 2.8 Mg ha–1. Soybean yields increased 
from 0.8 to 1.3 Mg ha–1 up to 3 and 4 Mg 
ha–1. Hay yields increased from between 2 
and 3.6 Mg ha–1 up to 5.6 and 7.8 Mg ha–1 
(USDA NASS 2018).

Technology adoption increased, and fertil-
izer costs rose. Though 90% of farms reported 
having an automobile in 1930 and 1940, only 
29% of farms reported a tractor in 1930 and 
55% did so in 1940, accounting for 66,258 
and 128,516 tractors, respectively. In 1940, 
the total number of farms reporting having a 
tractor was 117,932 (USDA 1940d). In 2012, 
232,016 tractors were reported from 70,810 
farms (USDA 2012d). These values reflect 
both the increased mechanization in agricul-
tural production and the change in the sizes 
of farm. Fertilizer use, including lime and soil 
conditioners, cost approximately US$2.6 bil-

Table 5
Folken's (1938) summary of the number of agricultural committee responses to four  
survey questions.

  Farmers in the county (%)

Question 0 to 25 26 to 50 51 to 75 76 to 100

Following committee  39 31 12 5
recommendations
Is soil productivity…    
 Improving 65 20 3 0
 Maintaining 20 62 6 0
 Reducing 16 43 28 1

Table 6
Farmer responses to 2013 survey questions about soil health trajectories in Iowa from the Iowa 
Farm and Rural Life Polls (adapted from Arbuckle 2013).

Question Survey respondents (%)

Is soil health… Statewide County Individual farm
 Improving 38 40 55
 Remaining the same 38 38 36
 Declining 24 21 9
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Table 7
Cropland use and tile data for Iowa for 1938 to 1940 and 2014 to 2016.

 1938 to 1940 2014 to 2016

Comparison Hectares × 106  Source

Corn planted 4.0 5.6 USDA NASS (2017)
Soybean planted 0.4 3.8
Oat planted 2.4 0.05
Harvested hay 2.4 0.4
Total land in farms 13.8 12.4 USDA (1940a, 2012b)
Harvested cropland 8.1 9.9
Drained by tile 0.8 5.1 USDA (1940b, 2012c)
Drained by ditches 0.6 0.7

lion in 2012 (USDA NASS 2018) compared 
to commercial fertilizer and liming materials 
expenses of US$1.2 million in 1939 (USDA 
1940c). When expressed in 2012 dollars, 
these costs were US$19.9 million (Bureau 
of Labor Statistics 2018). Two additional sta-
tistics help describe the technology available 
to Iowa farmers in the 1930s. Motor-trucks 
were reported on 15% and 12% of farms, 
respectively, in 1930 and 1940. The per-
centage of farms reporting dwellings lit by 
electricity increased from 21% in 1930 to 
41% in 1940 (USDA 1940d).

Adoption of no-till practices occurred 
after the 1930s, though discussions about 
moldboard plowing and plowing alterna-
tives occurred at this time (Lal et al. 2007; 
Nelson 1997). A survey from 1978 and 
1979 indicated that less than 2% of all farm 
hectares in Iowa were in no-till production 
(Unger and McCalla 1980). By 2012, this 
area had increased to 29% in Iowa (USDA 
2012c). As the agricultural committees did 
not have ready access to no-till planting or 
modern herbicides in the 1930s, we can 
only speculate as to how this technology 
and associated weed control would have 
affected their recommendations. Certainly, 
no-till practices can assist in reducing ero-
sion potential, particularly on erosion-prone 
soils that could have changed the percent-
ages of permanent vegetation summarized 
by soil series (figure 2).

The agricultural committees in the 1930s 
suggested crop rotations with multiple crops 
(an average of four within each). However, 
these committees thought most farmers were 
not following their recommendations (table 
5). Though farmers in the 2010s were not 
surveyed in the same way to describe rec-
ommended crop rotations, researchers have 
quantified rotation practices statewide. As 
Tomer et al. (2017) concluded, based on 
2010 to 2015 data, 47% of Iowa field hectares 

rotated between corn and soybean, 25% used 
a corn/soybean with continuous corn sys-
tem, and 15% were in pasture. The remaining 
13% of field hectares comprised various 
combinations of corn, soybean, perennial, 
and wheat rotations (Tomer et al. 2017). 
Continuous corn was not commonly rec-
ommended in the 1930s (table 2), and largely 
because of nitrogen (N) management, it was 
not frequently suggested during that era. The 
number of Iowa field hectares exhibiting 
continuous corn during 2010 to 2015 was 
4% (Tomer et al. 2017).

The agricultural committees used the 
resources available to them to suggest how 
farming practices could incorporate crop 
rotations and land use practices to improve 
soils. Similarly, today, with expanded tech-
nological capabilities, researchers are able to 
identify multiple soil conservation options 
that farmers can consider (Jewett and 
Schroeder 2015; Schulte et al. 2017; Tomer et 
al. 2017). Many of the recommended prac-
tices are similar from the 1930s, but some 
are new. Agricultural committees considered 
conservation practices such as grassed water-
ways, contour farming, and strip cropping. 
Grassed waterways and buffer strips using 
prairie plants are of current interest in Iowa 
(Schulte et al. 2017). Additional conservation 
practices that are considered today include 
controlled drainage, sediment control basins, 
wetlands, and bioreactors (Tomer et al. 
2013). These expanded options relative to 
conservation practices available in the 1930s 
increase the potential for maintaining agri-
cultural productivity and protecting soil and 
water resources.

Overlapping social, economic, and 
environmental issues continue to shape 
agricultural systems (Reganold et al. 2011). 
Addressing these issues comprehensively 
requires continual refinement in how we 
approach our agricultural systems through 

using responsive, adaptive management 
approaches (Manale 2008; Moore 2009). 
Collectively, we continue to address land use 
questions, such as what can be grown and 
the appropriate production methods, and 
our responses to these questions continue to 
change as we learn more about the social, 
economic, and environmental effects of our 
previous approaches. Adaptive management 
is a technique that actively recognizes pro-
duction decisions must be made under less 
than ideal conditions as we cannot have 
every piece of data available that we would 
like to know (Manale 2008). Farmers in 
the 1930s and the 2010s practiced adaptive 
management as evidenced by their rec-
ognition that soil and water conservation 
practices fit within broader economic and 
social conditions.

Summary and Conclusions
Farmers in the 1930s and 2010s recognized 
soil erosion was a natural resource con-
cern. The farmers who met as members of 
agricultural committees in the 1930s rec-
ommended a range of production practices, 
including using crop rotations. Their results 
were transcribed and analyzed according to 
five landscape positions: bottomlands, ter-
races, and upland areas (slopes, outcrops, and 
flats). The average number of crops recom-
mended for a rotation was four, with the 
range being from one to eight. No differ-
ence in crop rotation length occurred by 
landscape position. The two most commonly 
recommended crop rotations, accounting 
for 45% and 24% of all recommendations, 
respectively, started with corn–corn–oat 
(C–C–O–) or corn–oat–clover (C–O–Cl) 
phases. Farmers in both time periods per-
ceived soils were degrading, remaining the 
same, and improving. The relative frequency 
in each category changed as farmers consid-
ered different geographic scales, including 
their farm, farmers in the county, and across 
the state. Agricultural practices have changed 
over this 80 year period, but the perceptions 
of how soils are changing remain similar. In 
both time periods, farmers and researchers 
presented options that could achieve the 
timeless goal of maintaining agricultural pro-
ductivity while preserving soil resources and 
advancing economic opportunities. The data 
presented in this study provides an example 
of historical agricultural land use decision 
making that remains relevant today.
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