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Abstract: Efforts to assess and improve the sustainability performance of the growing organic
farming sector depend on an accurate understanding of farm structure and management practices.
To contribute to the dearth of literature in this area, we conducted a survey of over 850 certified
organic corn growers in four states (Indiana, Michigan, Ohio, and Pennsylvania) in the spring of 2018.
Findings show that most organic corn growers in this region had diversified livestock operations
(mostly dairy) on relatively small farms (10-100 ha), which contrasts with trends of specialization
and growth in farm size. More than half were dairy farmers, and nearly two-thirds farmed with
horses (likely Amish). Soil fertility and health were managed by the use of manure, cover crops,
forages, and a variety of other soil amendments. Organic corn growers relied heavily on moldboard
plow tillage. All producers had positive net returns to labor and management in 2017, though net
returns varied widely across operations. The results have implications for assessing the sustainability
of organic farming systems, and for designing scientific research and extension/outreach programs
to ensure they address the needs of the diverse organic farming population in this region.

Keywords: organic; corn; soil science; soil health; manure; profitability; crop rotation;

cover crops; hay

1. Introduction

Organic foods have become an important component of the US food market, with
sales reaching nearly $61.9 billion in 2020 [1]. Driven by demand from organic livestock
and dairy farms, land planted for organic corn in the US grew over 55% from 2011 to
2016 (from 68,350 to 105,626 hectares), increasing more than other organic commodity
grains [2-5]. In the U.S., almost all corn is feed grain used for livestock or processed for
food and industrial products [6]. Farmers in the Midwestern Corn Belt and Northeast have
been important to this expansion [4,7].

While land under organic management is growing rapidly, there has been growing
debate over the environmental and economic sustainability of organic production sys-
tems [8-10]. Many of the sustainability advantages of organic production systems have
been linked to the use of practices that promote soil health and support agroecosystem
processes to help meet crop nutrient requirements and manage weeds [11]. Organic farmers
are generally assumed to rely on the use of livestock manure, legume forages/cover crops,
and diverse crop rotations (including perennials), to meet the nutrient needs of crops
and improve soil physical properties [12-14]. Conversely, organic farmers tend to use
more intensive forms of tillage due to limited options to manage weeds without synthetic
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chemicals, and that tillage can mitigate many of the soil health benefits of other organic
management practices [9,15].

In addition, organic conferences and/or trade shows often feature a myriad of soil
amendment products designed for organic crop production, and little is known about
their agronomic, environmental, and economic benefits. These amendments can be highly
variable in terms of nutrient content and cost [12] and can be a significant driver of
organic farm profitability [16,17] and environmental footprint [10,18]. Foreman (2014) and
McBride et al. (2015) estimate that commercial fertilizers, soil conditioners, and manure
comprised roughly a third of all operating cash costs for organic corn production, but they
did not disaggregate specific types of soil amendments [7,19].

Although the scientific literature on the sustainability performance of organic produc-
tion systems is rapidly growing, much of it is based on comparisons of a package of organic
production methods with conventional methods under controlled experimental conditions.
How well these representations of organic farming methods reflect reality is not clear.
Organic farms can be organized and operated in many different ways. Some have argued
that organic agriculture is “conventionalizing” by taking on more and more characteristics
of mainstream industrial agriculture [20]. Research on “conventionalization” has explored
whether the organic sector in many countries is “bifurcating” between (a) smaller-scale
diversified operations that use the full range of soil health-building management practices
and eschewing purchased external inputs, and (b) a commercial organic sector comprised
of large-scale specialized farms that meet the minimum requirements of national organic
certification programs regarding the use of some synthetic inputs but that are less likely to
rely on extended crop rotations, cover crops, and other agroecological methods [20,21].

Whereas a number of studies have explored the farm structural attributes and sustain-
ability motivations and orientations of organic farmers [20,22], there is surprisingly little
information available about the range of management practices used by representative
samples of working organic farms, and how this varies based on farm characteristics.
Using 2010 data from a sample of 243 organic corn farms across 14 Midwestern states,
McBride et al. (2015) found that organic growers managed fewer hectares, relied more on
mechanical weed control, and utilized more diverse crop rotations than conventional corn
farmers [7]. Compared to cultural management practices, there is even less published data
on how frequently organic farmers use purchased soil amendments [23].

The present study was conducted to address gaps in our knowledge of organic corn
production practices used by farmers in our study region, particularly around soil health
management and the use of soil amendments. We implemented a mail survey to (i) describe
organic grain farmers’ soil management practices and strategies, (ii) compare the use of
different practices by farm characteristics, and (iii) assess the overall economic performance
of organic corn enterprises.

2. Materials and Methods
2.1. Survey Sample

We conducted a mail survey of all certified organic corn growers on the 2016 version
of the USDA Organic Integrity Database in the states of Ohio, Indiana, Michigan, and
Pennsylvania, USA during the early spring of 2018 [24]. These states collectively repre-
sented one-third of all U.S. organic corn growers in 2016 and raised over 20% of the nation’s
organic corn [4]. According to the most recent USDA Certified Organic Survey, all four
states ranked among the top 10 for corn silage acreage and yields in 2016, and among the
top 12 states for grain corn acreage and yields. Of the 1662 farms included in the original
sample, 167 were disqualified for various reasons, including not growing corn in 2017 (129),
having undeliverable addresses (36), or no longer being engaged as farm operators (2).
This produced an adjusted sample size of 1495 farms (see Supplemental Table S1). We
received useable responses from 859 farms, for an overall response rate of 57.5%. Re-
sponse rates in each state ranged from 47% in Michigan to 66% in Indiana. The margin
of error for estimates of population characteristics across the entire 4-state region was
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plus or minus 2.2% (assuming proportion percentage = 50 and 95% confidence level;
https:/ /goodcalculators.com/margin-of-error-calculator/ accessed on 28 July 2021).

2.2. Survey Procedures

The survey was conducted using a modified Dillman method where multiple contacts
are used to improve response rates [25]. An introductory letter explaining the purpose of
the study was sent in early 2018, followed by a copy of the survey with a prepaid return
envelope a week later. Farmers then received a reminder postcard about 2 weeks after
the arrival of the first copy of the survey. Producers with a valid address and who did
not respond to the first survey received a second copy of the survey 2 weeks after the
first reminder postcard. Three weeks after the producers received a second copy of the
survey, they received another reminder postcard. A third and final copy of the survey was
sent to all non-respondents in early April 2018. To boost awareness and response rates,
the Ohio Ecological Food and Farming Association and the Pennsylvania Association for
Sustainable Agriculture promoted the survey among their clientele. Surveys were double
entered and verified and subjected to a rigorous quality control screen for reasonableness
and internal consistency to eliminate unreliable answers.

2.3. Survey Content

The survey contained detailed questions about the overall farm operation, corn man-
agement practices, and information about farmers’ soil management strategies and decision-
making. Specifically, farmers were asked to report the amount of organic cropland they
farm and own, the number of years farming organically, their most important source of
farm income, and if tractors or horses were used for fieldwork. In addition, we asked
farmers to rank the importance of 14 different strategies or philosophies in their soil man-
agement decision-making process. See Supplemental Materials for copy of full survey
instrument.

In addition to information on the whole farm, the survey asked farmers to report
detailed information about a particular field on which certified organic corn was grown in
2017. They were instructed to “pick a field that is typical of the types of practices you use
to raise organic corn.” Systematic information about the use of various soil amendments
and agronomic management practices was collected for these fields. Additionally, they
were asked to report their corn yields and prices received (if sold). When corn was retained
for on-farm use (not sold), we used the sample mean for market prices received reported
by other farmer respondents to estimate the economic value of production. These then
were used to estimate total revenue per hectare for their selected fields. Farmers were also
asked to provide details about all soil amendments used on their corn field and the cost
of these inputs (if purchased). This was combined with estimates of the market value of
unpurchased inputs to calculate total input expenses per hectare on these corn fields. We
also estimated the economic costs associated with equipment used for fieldwork based on
the number of passes in the field for key farm operations reported by farmers (adjusted
for the types of equipment they used), the cost of corn seeds (based on assumptions of
seeding rates and market values), and the economic value of farmland (using United
States Department of Agriculture (USDA) average rental rates by county). The costs of
soil amendments, seeds, fieldwork, and farmland were combined to generate an estimate
of total expenses per hectare for the corn enterprise. By subtracting the total expenses (as
above) from the total revenues, we estimated the net returns to labor and management.
Detailed information about the methods used to estimate economic values for production
costs and returns is presented in the Supplemental Materials.

2.4. Statistical Analysis

Descriptive statistics and bivariate analyses of subgroup differences were estimated
using SPSS v.26. For subgroup comparisons, our null hypothesis was that there are no
differences between subgroups. The statistics presented in the tables reflect appropriate
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tests of subgroup differences. We relied on a minimum p < 0.05 threshold to determine
statistical significance. When significant, we rejected the null hypothesis and accepted
that the subgroups are different from one another. For categorical variables compared
across multiple groups, we reported the significance value of the chi-square statistic for the
crosstabulation table relevant to the specific lines on the figure or table (e.g., distribution of
farms across farm size classes by farm enterprise type, or by use/non-use of a practice).
Significant chi-squared tests indicated an overall association between membership in a
group and the distribution of respondents across the answer categories for that variable.
For 2-group comparisons, the Fishers” Exact Test (2-sided) significance test was reported.
For continuous measures (e.g., farm size or years of experience farming with organic
certification) and comparisons across 3 or more subgroups (e.g., farm type), we reported
the significance of the F-test for the one-way analysis of variance (ANOVA) to detect
overall differences, and also reported the LSD post-hoc test for group differences that
identified individual subgroup mean values that were significantly different from one
another. These are denoted using subscript letters on the tables. For comparison of means
across 2 subgroups (e.g., livestock vs non-livestock farms), we reported the significance
value of an independent samples t-test.

3. Results
3.1. Characteristics of Organic Corn Farms and Enterprises

Farms growing certified organic corn in our study states were generally diversified op-
erations that raise a number of livestock and crops in addition to corn (see
Supplemental Table S2). Roughly three out of four raised livestock (76%) and well over
half milked dairy cows (59%). Respondents raised a diverse mix of crops, including forage
legumes and other hay (84%) and a significant amount of wheat (17%) and other small
grains (33%). Most farms were completely organic, but roughly 12% of farms were “hybrid”
operations that raised both organic and conventional crops. Overall, nearly two-thirds of
the respondents relied on the sale of livestock (dairy, beef, poultry, hogs, and sheep) as
their primary source of income (Table 1). The majority (54%) were dairy farms that raised
corn primarily as a source of feed for their cows. A minority of respondents (27%) relied
principally on the sale of corn, soybeans, and/or small grains (cash grains) as a source of
farm income. Roughly 6% were farms that sold vegetables as their main farm enterprise,
and 4% relied on the sale of other crops (dry beans, hay, etc.).

Table 1. Hectares of certified organic cropland operated, overall and by dominant farm enterprise.

Dominant Farm Enterprise

Overall Cash Grains Vegetables Other Crops Dairy Other Livestock
(n=859) (n=233) (n=49) (n=238) (n=465) n="73)
Mean *** 47.8 7592 23.7b 99.22 34.8° 315P
Std. Deviation 91.7 1249 47.8 155.4 66.2 45.1
Min 0.8 2.4 1.2 2.3 0.8 0.8
Max 1214 1012 283 769 1214 283
Median 24 32 16 40 24 19

Notes: The number of cases across the farm enterprise types does not add up to 859 because one farm failed to provide sufficient information
to categorize by most important source of income. Significance test reflects ANOVA F-test for statistically significant differences across farm
enterprise types where *** = p < 0.001). Significantly different subgroups are denoted by different letters based on LSD post-hoc tests.

Respondents operated an average of 48 hectares (median 24 ha) of certified organic
cropland (Table 1). Two-thirds of producers operated between 10 and 49 ha and over
three-fourths owned more than half of their farmland (Table 2). On average, farmers
had been certified organic for 8 years (not shown), but over 40% had less than 5 years of
certified organic experience, while nearly a third had 10 or more years (Table 2). Organic
corn growers in our sample mainly raised field corn that was harvested as grain (70%) and
silage (36%; data not shown, see Supplemental Table S2). Most organic corn was raised
for on-farm use as livestock feed. About a third of farmers had sold corn from this field
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at the time they filled out the survey, while 60 percent had fed corn to livestock on their
farm. Only a small minority (6%) raised sweet corn, popcorn, seed corn, or corn for other
purposes. Because some farmers said they harvested some of the field as grain, and some
as silage, the total added up to more than 100%.

Table 2. Percentage of respondents with key characteristics, overall and by dominant farm enterprise.

Dominant Farm Enterprise

Characteristic Overall Cash Grains  Vegetables  Other Crops Dairy Other Livestock
(n = 859) (n =233) (n=49) (n=38) (n = 465) n=73)
Amount of certified organic
cropland operated ***
Less than 10 ha 14.0 12.2 37.5 10.8 10.5 274
10 to 24 ha 39.3 30.3 47.9 24.3 44.8 35.6
25 to 49 ha 26.6 222 10.4 21.6 31.8 219
50 to 99 ha 10.0 14.0 0.0 18.9 8.2 11.0
100 ha or more 10.0 21.3 42 243 4.8 41
Total ! 100.0 100.0 100.0 100.0 100.0 100.0
Proportion of farmland owned
by operator ***
All 44.5 452 60.4 42.1 419 47.9
More than half 334 26.5 125 26.3 40.7 28.8
Less than half 14.8 21.3 14.6 18.4 111 15.1
None 7.3 7.0 12.5 13.2 6.3 8.2
Total ! 100.0 100.0 100.0 100.0 100.0 100.0
Years of experience farming
organically ***
Less than 3 years 20.9 234 27.7 21.6 18.4 23.2
3 to 5 years 20.8 27.1 12.8 21.6 17.5 27.5
6 to 9 years 26.0 14.7 25.5 24.3 31.3 29.0
10 to 19 years 25.6 22.0 31.9 21.6 28.8 14.5
20 or more years 6.7 12.8 2.1 10.8 4.0 5.8
Total ! 100.0 100.0 100.0 100.0 100.0 100.0
Equipment used for fieldwork
operations ***
Tractors 36.5 63.9 25.5 65.8 19.7 49.3
Horses 63.5 36.1 74.5 342 80.3 50.7
Total 100.0 100.0 100.0 100.0 100.0 100.0

Notes: *** = denotes statistically significant difference (p < 0.001) among farm types using chi-squared test. 1 = Totals may not add up to 100

due to rounding.

Respondents who relied on cash grains operated more certified cropland than veg-
etable, dairy, and other livestock farms (Table 1). At the other end of the spectrum, growers
who relied on the sale of vegetables accounted for the highest proportion of respondents
operating very small farms (<10 ha) and were most likely to own all of the land they
operated (Table 2). The mean hectares of certified organic cropland reported by our re-
spondents were representative of the total organic farm population reported in the 2016
USDA Organic Survey (United States Department of Agriculture, 2017) for each of our
study states and the region as a whole (See Supplemental Table S2).

Nearly two-thirds of respondents relied on horses to do fieldwork (Table 2), which
suggests they were members of Old Order Amish and Mennonite communities, denom-
inations of Christians who make decisions around the use of technology and dress that
reflect their values, such as relying on animal traction for fieldwork rather than tractors.
Farmers using horse-drawn equipment (HDE) operated smaller farms (mean 20.5 ha vs.
96.0 ha; p < 0.000) and only 2% operated more than 50 ha, compared to 50% of tractor farms
(data not shown). HDE farms also reported fewer years of organic farming experience
on average (6.2 years vs. 10.5 years; p < 0.001; data not shown). While both HDE and
tractor farmers operated a mix of different farm types, HDE farmers were more likely to
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rely on dairy farming than tractor farmers (69% vs. 29%; p < 0.001). Conversely, a higher
proportion of tractor farmers in our sample relied on cash grain sales (47% vs. 15% for
HDE farms; p < 0.001).

3.2. Tillage Practices

The majority of organic corn growers used moldboard plows and disks/harrows to
prepare for planting, with relatively few practicing conservation tillage (Table 3). The
majority of surveyed producers used a moldboard plow with complete inversion, whereas
just under a quarter used moldboard plows without complete inversion. Chisel and vertical
tillage were the most commonly practiced types of conservation tillage, and only three
farms in the total sample used no-till. Cash grain farmers were somewhat more likely
to use conservation tillage to prepare their organic cornfields than vegetable and dairy
farmers. A variety of implements were used for cultivation. Most farms relied on row
cultivators, with about a third using rotary hoes and a small number using tine weeders
or cultimulchers. HDE farmers were much less likely to use conservation tillage or rotary
hoes (perhaps because appropriate and affordable horse-drawn equipment is not available
and/or accessible).

Table 3. Percentage of respondents reporting use of various tillage and cultivation practices on a reported cornfield in 2017.

Dominant Farm Enterprise Field Equipment
Use of Tillage and Total . .
Cultivation Practices Sample Cash Grains  Vegetables Dairy Horses Tractors
(n =859) (n=233) (n=49) (n = 465) (n=541) (n=311)
Tillage
Moldboard plow with 63.5 59.3 60.4 66.7 n.s. 66.5 58.2 *
complete inversion
Moldboard plow
without complete 21.7 18.2 33.3 22.0 n.s. 26.6 12.9 e
inversion
Any moldboard plowing ! 84.3 76.6 91.7 87.9 o 92.4 70.1 i
Chisel tillage 6.7 12.6 8.3 3.2 o 1.1 16.4 o
Vertical tillage 57 6.9 42 5.4 n.s. 6.1 51 n.s.
Strip tillage 0.6 0.9 2.1 0.2 n.s. 0.4 1.0 n.s.
No-till 0.4 0.0 0.0 0.6 n.s. 04 0.3 n.s.
Any conservation tillage 2 12.8 19.0 12.5 9.5 o 7.9 21.2 i
Disk/Harrow 82.9 80.5 83.3 84.2 n.s. 83.4 82.3 n.s.
Subsoiling 2.1 3.9 21 15 n.s. 1.1 3.9 *
Rototiller 21 0.4 2.0 3.4 n.s. 2.0 2.3 n.s.
Cultivation
Row cultivator 92.4 95.2 83.3 91.6 * 924 92.6 n.s.
Rotary hoe 30.3 51.5 14.6 19.9 o 13.9 58.8 o
Tine weeder/harrow 8.5 9.9 10.2 7.3 n.s. 7.4 10.6 n.s.
Cultimulcher 5.0 77 2.0 43 n.s. 6.5 2.3 **

Note: ! = Combines both categories. 2 = Uses any of the four types of conservation tillage. Chi-square significance test results for subgroup
differences by farm enterprise type or use of horses or tractors for field operations denoted by: 7.s = not significant; * = p < 0.05; ** = p < 0.01;

= p < 0.001.

3.3. Crop Rotations and Cover Crops

Organic corn farmers in our sample used diverse crop rotations involving soybeans,
small grains, hay, pasture, or fallow (Table 4). The most common rotation practiced by
38% of the producers was 3 years of hay followed by 1 year of corn (HHHC). The next
most common rotation included 2 years of hay followed by 2 years of corn (HHCC). An
important attribute of many of the farmers’ rotations was that nearly all rotated to a crop
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other than corn over the previous 3 years on fields where organic corn was grown in
2017 (2014-2016). Another important attribute of the rotations was that most farmers
incorporated some hay crops in their 4-year rotation, with over two-thirds incorporating
2 to 3 years of hay in the rotation before planting corn in 2017. A third important attribute
was that small grains were used in rotation with corn on roughly a quarter of farms,
whereas soybeans were rotated into corn fields on roughly 20% of study farms. Livestock
farmers (in particular, dairy farms) were much more likely to incorporate hay into the
rotations. Compared to farmers who used tractors, HDE farmers raised more hay and
fewer soybeans and small grains.

Table 4. Percentage of organic corn growers using different crop rotations on their 2017 corn fields (accounts for 2014-2017).

Presence of

Livestock Dominant Farm Enterprise Field Equipment
4-Year Rotations Total Yes No Cash Vegetables Dai Horses Tractors
Sample Grains 8 y
n=859) (n=652) (n=206) (n =233) (n=49) (n =465) (n=541) (n=2311)
Most common
rotations
H-H-H-C 38.2 45.3 27.0 b 26.2 204 47.1 ek 434 28.9 ek
H-H-C-C 16.9 21.1 10.2 o 94 6.1 22.6 o 233 58 o
S(iQ’—H—H—C 4.8 6.1 2.4 * 2.6 4.1 6.5 n.5. 5.7 32 n.s.
-5-5g-C 4.7 1.0 10.5 e 14.2 2.0 0.0 o 0.7 11.6 e
S-C-S-C 2.8 0.8 6.0 e 7.3 2.0 0.2 ek 0.7 6.4 oE
C-H-H-C 24 3.0 1.5 n.s 1.3 2.0 3.0 n.s. 3.0 1.6 n.s
H-C-C-C 22 29 0.0 * 0.0 0.0 3.7 * 3.1 0.3 >
C-Sg-H-C 2.2 29 1.2 n.s 0.9 2.0 2.8 n.s 1.1 4.2 **
Key attributes of crop
rotations on field over
previous 3 years
Any additional corn 444 422 51.8 * 52.2 36.4 41.0 * 42.0 48.7 *
Any soybeans 19.9 12.7 43.1 i 46.5 13.6 4.8 e 6.3 43.8 oE
Any small grains 24.1 19.5 38.6 e 38.1 34.1 14.3 e 13.2 43.1 oeE
Any hay 81.9 89.0 58.9 e 61.1 63.6 95.6 o 93.1 62.2 oeE
2 or more years of hay 68.7 76.1 44.7 A 46.0 50.0 84.4 HHx 83.2 43.8 xoex
No additional corn or 485 524 355 332 59.1 56.6 w552 36.8

soybeans

Notes: H = hay; C = corn; S = soybeans; Sg =small grain; ¥ = Does not include horses not raised for sale; ¥ = Only 4-year rotation
combinations reported by more than 2% of respondents are shown here. Chi-square significance tests for group differences denoted as:
n.s. = not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

Overall, roughly four in ten organic corn growers used cover crops before planting
corn (Table 5). Non-livestock farmers were more likely to use cover crops than farms
with livestock. Similarly, cash grain and vegetable farmers used cover crops more than
dairy farmers. Tractor farmers were somewhat more likely than HDE farmers to plant
cover crops. Farmers reported using a variety of different kinds of cover crops. The most
prevalent were grasses (e.g., rye, triticale, and oats), which were planted by over half of the
respondents who used cover crops. Some farmers also planted legumes as cover crops (e.g.,
clovers, vetch, and peas). Livestock farms were more likely to use grasses as cover crops.
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Table 5. Percentage of organic corn growers using cover crops by presence of livestock, dominant enterprise, and use of

horses.

Presence of

Livestock Dominant Farm Enterprise Field Equipment
SZE:;lle Yes No Gcr :?25 Vegetables Dairy Horses Tractors
(n=859) (n=652) (n=206) (n=233) (n=49) (n=465) (n=541) (n=311)
Used any cover crops
prior to planting corn in 41.7 38.5 51.9 o 48.3 51.0 37.7 * 37.8 48.6 *
2017
Type of cover crop used ¥
(% of farms with any cover o o o
crops)
Grasses 52.4 55.6 44.8 42.0 45.8 61.8 61.9 39.3
Legumes 204 14.1 35.2 34.8 20.8 6.4 7.9 37.3
Forbs 1.1 1.2 1.0 0.0 4.2 1.2 20.0 0.0
Mix of Above 26.1 29.0 19.0 23.2 29.2 30.6 28.2 23.3

Notes: Totals may not add up to 859 due to missing data used to categorize farms by presence of livestock, dominant farm enterprise, or
use of horses and tractors. * = Excludes hay in field prior to planting corn. ¥ = We defined forbs as any broadleaf cover crop, excluding
legumes; mixes included more than one category (grass, legume, forb). Chi = square significance test results for subgroup differences

denoted by: * = p < 0.05; *** = p < 0.001.

Combining the results in Tables 4 and 5, a pattern emerged in which organic livestock
farmers were more likely to use hay in their corn rotations, but less likely to use cover crops.
Conversely, organic cash grain and vegetable farmers used more cover crops but were
less likely to rotate a perennial forage into their corn fields. The proportions of livestock
vs. non-livestock farms that used either cover crops or hay (or both) in crop rotations on
corn fields are shown in Figure 1. A significantly larger share of livestock farms (93%)
used cover crops and/or hay in rotation than the organic farms that had no livestock (85%;

Fishers’ Exact Test, p < 0.000).

100%

90% 17%

2 41%

80% - faud

70% 25%

60%

23%

® Cover crop before corn

50% o

40%

30% e 32%

20%

10%
16%

7%

0%
No Livestock
(n=194)

Livestock Present
(n=629)

only
s 22%
: & Both cover crop & hay
02 or more years hay in
rotation only
ek’ O Neither

9%

All Farms (n=824)

Figure 1. Use of cover crops and hay in crop rotation on organic corn farms, by presence of livestock. Note: Chi-squared

test results suggest that the presence or absence of livestock is significantly related to the distribution of farms across the

four categories (p < 0.000).
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3.4. Use of Soil Amendments

The vast majority of organic corn growers in our sample relied on manure and/or
compost to provide essential crop nutrients and build soil quality (Table 6). Overall, nearly
90% of organic growers reported applying some kind of manure prior to planting corn,
usually cattle or chicken manure. About one in ten farmers applied compost. For about
a third of farmers, manure was the only soil amendment used before planting corn in
2017. Organic Materials Review Institute (OMRI) approved commercial fertilizer products
that include nitrogen (N), phosphorus (P), and potassium (K) nutrients were applied by
over 40 percent of respondents. About a quarter of the farmers applied micronutrients,
particularly boron, and roughly one in five applied some kind of microbial stimulant or
inoculant to their cornfield. Just under a third of our survey respondents applied some
type of calcium amendment to their corn fields in 2017. Because calcium is often applied
only once every few years, we also solicited information about calcium amendments on
these fields over the three previous years (2014-2016). Roughly half of organic farmers
applied some form of calcium amendment over the last 4 years, with most using gypsum
or high-calcium lime formulations, and 11% using regular agricultural lime products.

Table 6. Percentage of organic corn growers applying soil amendments to corn field in 2017, by farm characteristics.

Presence of Livestock Dominant Farm Enterprise T%’g Si(}’)fnféiltd
Szgfglle Yes No (S:asll;l Vegetables  Dairy Horse Tractor
(n = 859) (n =652) (n =206) (n=233) (n=49) (n =465) (n=541) (n=311)
Inputs used on corn in 2017
Any livestock manure 89.2 914 82.0 ok 81.1 79.6 95.3 o 93.5 82.0 o
Any compost 11.2 9.5 16.5 * 17.2 18.4 6.7 ot 8.1 16.1 o
Any purchased NPK input 4.1 422 422 n.s. 40.3 51.0 43.0 n.s. 42.0 42.8 n.s.
Sulfur 12.2 13.3 8.7 * 12.0 6.1 13.5 n.s. 12.8 11.6 n.s.
Any micronutrients 247 26.4 18.9 * 21.5 18.4 28.4 n.s. 25.7 23.2 n.s.
Boron 13.1 14.6 8.7 * 9.0 8.2 15.7 * 14.0 11.9 n.s.
Any calcium (Ca) input t 28.7 26.2 29.3 n.s. 28.3 34.7 29.2 n.s. 294 27.7 n.s.
Lime 3.8 4.3 2.4 n.s. 3.9 0.0 4.3 n.s. 3.5 4.5 n.s.
High-Ca lime 12.3 12.6 11.7 n.s. 10.7 24.5 13.8 * 14.8 8.4 **
Gypsum 14.8 14.1 16.0 n.s. 19.7 16.3 13.3 n.s. 13.3 17.0 n.s.
Microbial stimulants & 20.0 192 23 ns. 215 204 196  ns. 179 238 .
inoculants
Foliar-applied inputs 13.7 12.6 17.0 n.s. 16.3 20.4 12.7 n.s. 12.8 15.1 n.s.
Calcium inputs used on
field last 4 years (2014-2017)
Any Ca input 50.6 52.6 442 * 45.9 46.9 421 n.s. 525 47.6 n.s.
Lime 11.4 11.4 9.2 n.s. 9.4 4.1 12.7 n.s. 10.5 13.2 n.s.
High-Ca lime 25.5 26.8 214 n.s. 20.6 28.6 30.1 * 29.4 18.3 o
ypsum 25.3 26.1 223 n.s. 24.5 224 26.5 n.s. 24.4 27.0 n.s.

Notes: t = includes any application of ag lime, High-Ca lime, gypsum, or dolomite. Chi = square significance tests for use/non-use of
practice across subgroups where * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

There were some modest differences in soil amendment practices among different
farm types, but few were statistically significant. Compost use was more common among
farmers without livestock than those with livestock. Nevertheless, most non-livestock farms
still applied manure to their corn fields (typically purchased or received from neighboring
farms), and they were much more likely to use chicken manure than livestock farms (52.4%
vs. 29.0%, p < 0.001).

3.5. Soil Management Strategies

The five soil management considerations most frequently rated as “very important”
for organic farmers as they make soil management decisions included: a focus on building
soil health, building organic matter content, avoiding soil compaction, using tillage to
control weeds, and utilizing manure and compost to provide nutrients for crops. The
considerations that received the lowest importance ratings related to the use of cover
crops to control weeds, the use of microbial stimulants and inoculants, and the addition
of calcium products to balance base cations (i.e., “soil balancing”). Farmers were asked to
indicate how important 14 different considerations were to their soil management decision-
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I believe building healthier soils can ensure healthier crops

I seek to build the organic matter content of my soils over time
It is very important to me to reduce soil compaction

I pick tillage practices based on their impacts on weed

I prefer to use manure and compost as a source of soil nutrients

I use cover crop based on their ability to build soil quality

I choose crop rotations based on whether they improve soil
I choose crop rotations based on theirability to break pestand

I ensure that soil nutrient levels are sufficient to meet crop

quality over time

disease cycles

making. For each consideration, respondents were given four answer choices: “not at all
important,” “somewhat important,” “important,” and “very important.” The percentage of
respondents who rated each of the 14 considerations from “not at all important” to “very
important” is shown in Figure 2 below. All of the considerations were rated as important
or very important by at least two-thirds of the organic growers in our survey.
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Figure 2. Percentage of organic corn growers indicating how important different soil management considerations are to

their operations.

3.6. Economic Performance of Organic Corn Enterprises

In this section, we summarize the estimated economic costs and returns for the corn
enterprise among the 526 respondents who harvested their organic corn as grain in 2017
and provided complete information on revenues and expenses for their organic corn crop.
Complete data for corn enterprise income and revenues were gathered from 749 farms in
our sample.

Estimated Yields and Revenues: The mean corn yield on these farms was 8.41 Mg ha~!
(sd = 2.68; data not shown). This is higher than the 7.4 Mg ha~1 for organic corn grain
estimated for this region in the USDA 2016 Organic Survey [5]. There was significant
variability across our sample. Corn grain yields ranged from 1.57 to 15.57 Mg ha~!. The
subset of respondents who had already sold their corn crop (n = 261) reported an average
market price of USD $374.06 Mg_1 (sd = $56.86; data not shown). We combined information
about yields and market prices to estimate the economic value of the 2017 corn crop for
all farms in the sample. For farmers who had not yet sold any corn as grain, we used the
mean sample price. As shown in Table 6, the mean total economic value of organic corn
harvested as grain in our sample was $3130 ha~! (sd = $1045).
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Estimated Expenses: On average, organic farmers who harvested corn as grain had
economic costs worth a total of $370 ha~! (sd = $255) from soil amendments for their corn
fields (Table 7). Economic costs were highest for manure and compost, which were applied
by over 90% of farms, with an average charge of $201 ha~!. When averaged across all farms,
organic NPK fertilizer products cost an average of $66 ha~!. However, these were used
by just 32% of farms (Table 6); therefore, mean expenses were $207 ha~! for the subset of
farms that applied them (data not shown). Expenditures for calcium amendments averaged
$33 ha~! across all farms (Table 7) but were incurred by only 17% of farms (Table 6), and
these farms spent an average of $125 ha~! on these products (data not shown).

Table 7. Average organic corn production expenses, total revenue, and net returns to labor and management per hectare

(for organic farms harvesting corn for grain in 2017, n = 526).

Economic Variable Mean Std. Dew. Min Max
Soil Amendments USD $ per hectare

Manure & Compost $201.09 $164.99 $0.00 $1235.53
NPK Fertilizers $66.00 $127.08 $0.00 $1235.53
Calcium Products $33.48 $86.03 $0.00 $680.66
Micronutrients $16.83 $51.56 $0.00 $473.95
Microbial Stimulants/Inoculants $9.97 $43.98 $0.00 $822.86
Fish and Foliar Products $14.18 $42.01 $0.00 $294.06
Other Soil Amendments $28.66 $113.28 $0.00 $1124.33
Total Soil Amendment Costs $370.21 $254.71 $17.17 $1606.18
Estimated Land Costs $374.65 $195.35 $24.71 $1282.64
Estimated Fieldwork Costs $245.46 $101.43 $27.13 $590.45
Estimated Seed Costs $237.13 $47.45 $131.79 $264.58
Total Economic Costs $1227.45 $376.58 $534.16 $3088.82
Total Revenue $3130.43 $1044.82 $481.86 $6523.58

Net Returns to Labor and Management $1902.98 $983.32 —$1257.85 $5090.19

In addition to the economic cost of soil amendments and fertilizer applications, we
estimated the value of three other major categories of corn production expenses for each
of our study farms: land costs, fieldwork, and seed purchases. Results suggest that soil
amendments accounted for 30 percent of total estimated economic costs of corn production
on our study farms (Table 6). Imputed costs of land, fieldwork, and seed costs accounted
for 31, 20, and 19 percent of total costs, respectively.

When total costs are balanced against revenues from corn grain, our findings indicate
that organic farmers in this region received average net returns to labor and management of
$1903 per hectare (median = $1928) in 2017 (Table 6). Net returns varied widely by farm but
were distributed normally (Kolmogorov-Smirnov test p = 0.200; Shapiro-Wilk p = 0.830),
ranging from a net loss of —$1257 to a net gain of $5090 per hectare (Figure 3). Excluding
the top and bottom 10 percent of producers, the vast majority of farmers received a net
return between $709 and $3154 per hectare.
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Figure 3. Distribution of farms by net returns to labor and management, for organic farms harvesting
corn as grain in 2017.

4. Discussion

This study is one of the most in-depth and comprehensive efforts to document the
complex and diverse agronomic and soil management practices utilized by the rapidly
growing organic corn farm sector, which have implications for sustainability. Little research
documenting on-farm practices of organic farmers has been published [7], and much of
the agronomic and soils-related organic research has been based on experimental trials
conducted on university research stations [26]. Contrary to the expectations of “conven-
tionalization” scholars, the vast majority of organic corn growers in this region operate
at a scale, level of diversification, and manner of utilizing agroecological practices that
run counter to trends toward consolidation and specialization in organic systems found
elsewhere [7,20,27].

Organic corn farms in this sample operated relatively modest acreages, which likely
reflects the fact that most respondents were integrated crop-livestock operations (mainly
dairies). While this sample was representative of this region in terms of farm size, organic
farms in this region tend to be smaller on average than the national average [7]. Within this
sample, cash grain operators farmed significantly more organic cropland than farmers who
raised corn as part of a livestock operation. The high level of land ownership found among
organic corn farms in our sample may also reflect the high investments and commitment
involved with the 3-year transition required for organic certification [28] and the land
tenure security required to run an integrated crop-livestock operation [29]. Most organic
corn was harvested as field corn to be fed to on-farm livestock as grain or silage. The
presence of livestock on most farms in this study enabled them to utilize more perennials
and diverse crop rotations and maximize the use of farm-produced manure as a critical
nutrient and soil amendment.

The smaller farm sizes found in our study also reflect the fact that horses were used
for field operations by nearly two-thirds of our respondents, most of whom we presume
were members of Old Order Amish communities. Their reliance on horses and desire
to live in close proximity to each other may encourage Old Order Amish farms to be
smaller than non-Amish farms that rely on tractors for fieldwork [30]. As other dairy
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farmers exit, the percentage of Amish-owned farms has increased in states with heavy
Amish populations [30]. Given that the Amish population doubles every 20 years, and
they primarily reside in rural areas, this trend may continue [31]. Contrary to popular
conceptions, most Amish farmers do not sell certified organic products. However, there is
a strong organic movement among a subset of the Amish who view organic farming as a
good way to remain economically viable and stay consistent with their values of family
farming and stewardship of the earth [32].

Our analysis of economic costs and returns suggests that most organic corn grain
growers in our sample had positive returns to labor and management in 2017, a result
consistent with several recent studies of profitability in organic agriculture [7,8]. The
majority had positive net returns (97%), and 82 percent had net returns over $1000 ha~!.
Positive net returns are a function of higher commodity prices, because U.S. prices for
conventional corn in 2017 were $127 Mg~!, over 65% lower than prices received for
organic corn [33]. Some have argued that organic farmers have lower production costs [16].
However, based on our survey results, organic corn enterprise variable costs (seeds, soil
amendments) appear to be similar to those incurred by conventional corn growers in this
region in 2017 [34].

Overall, the heavy use of diverse crop rotations and reliance on cover crops is consis-
tent with previous studies of organic farmers and in striking contrast to the management
practices used by conventional corn growers, who rely principally on alternating corn with
soybeans or growing corn for several years in a row [7].

Cover crops are increasingly recommended as a way to improve soil physical proper-
ties, increase soil organic matter and biological activity, prevent loss of soil and nutrients,
and control weeds [35,36]; perenniality can also provide some of those same benefits [37].
Nearly half of our respondents also reported the use of cover crops in the winter prior
to planting corn, significantly higher than adoption rates reported by conventional grain
growers [38,39]. There was a definite difference in forage and cover crop use by farm
type. Organic corn growers with livestock were much more likely to incorporate perennial
forages into their crop rotation, and as a result, were less likely to use cover crops. By
contrast, growers who did not raise livestock had less diverse crop rotations and fewer
perennials in rotation but were more likely to use annual cover crops. Both approaches
offer potential soil health benefits, but livestock producers can utilize perennial hay crops
as a feed source.

Tillage is a primary means of weed control for organic grain farmers compared to the
current widespread use of no-till planting methods, a trend that has been facilitated by the
use of genetically engineered corn varieties that are resistant to glyphosate herbicide, an
option not available to organic farmers [40,41]. Not surprisingly, no-till and conservation
tillage approaches were used by only a tiny fraction of our respondents, which is consistent
with a 2015 national study of organic field corn growers that found 65% of the growers
used a moldboard plow and only 5% used a no-till planter [7].

Farmers expressed soil management philosophies that reflect greater reliance on
agroecological processes to manage weed, pest, and crop fertility challenges. Nearly a
third of farmers relied on manure as their only amendment on fields being planted to corn.
Our findings are broadly consistent with the results of one recent national study [7], which
found that 75% of U.S. organic corn growers used some kind of manure (compared to 90%
in our sample), and roughly half used commercial certified organic fertilizers (compared to
42% in our sample). Meanwhile, significant numbers of organic producers reported use of
purchased soil amendments that are often recommended by proponents of biological or
regenerative agriculture [42—44], which some may characterize as an “input substitution”
approach that has been linked to conventionalization in the organic sector (e.g., [20,22]).
Among our respondents, between 20-25% reported use of micronutrients or microbial
stimulants/inoculants, and 10-14% applied foliar products, fish fertilizers, sulfur, or boron
on their corn fields.
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Organic grain farmers indicated that building soil health and organic matter were their
most important soil management considerations. This is consistent with previous research
that focused on organic vegetable producers [45]. Interest in soil health is also becoming
more important to conventional farmers [39]. Previous work has demonstrated that many
organic producers have a strong interest in soil health and programs and resources that
can help them assess how different soil amendments, crop rotations, and tillage practices
interact to impact soil health and agronomic outcomes would likely be welcomed [26,45].
At the same time, soil management decisions by organic farmers reflect more than just a
focus on soil health. For example, their decisions about tillage are driven more by a desire
to control weeds than by impacts on soil quality. Similarly, the choice of crop rotations
reflects a mix of goals—including improving soil quality but also breaking pest and disease
cycles.

This study has several limitations and a number involve the complications of economic
calculations from farm survey data as outlined in our supplemental materials. First, we did
not include several categories of economic costs that might be considered in a traditional
profitability analysis (e.g., utility and energy expenses, storage and transport costs, interest
expenses, and insurance costs). These unmeasured costs usually account for 25% of typical
corn variable costs in Ohio [34]. Additionally, our results are for a single 2017 cornfield
reported by farmers in the survey. Differences in market and weather conditions can affect
yields, revenues, and costs over time. For example, organic corn prices dropped by nearly
25% between 2017 and 2020, a reflection of reduced demand from a stagnant organic dairy
sector and oversupply from new entrants into the organic feed corn market [24]. Finally,
there are few datasets and published methods for estimating the costs of fieldwork for
farms that utilize horses instead of tractors. Given that nearly two-thirds of our sample
consisted of these types of farms, conventional assumptions about the economic costs of
machinery ownership and use (and relative labor time required per hectare) may not apply.
Another limitation was focusing the analysis primarily on corn, as many of the farms in our
study were integrated livestock operations so assessing profitability may involve different
calculations [46].

Future research should further explore agronomic, economic, and sustainability is-
sues of organic corn production systems that this study was unable to fully address. For
example, analyses of the use of specific inputs are associated with agronomic or economic
benefits. Most organic grain farmers still rely heavily on moldboard plowing for tillage, and
there is evidence that tillage can undermine the positive benefits of organic management on
soil health [47-49]. There are significant challenges to managing weeds without synthetic
chemicals; possibilities exist for combining cover cropping, mulching, and mechanical
methods, but more research is needed in conjunction with farmers to work through un-
knowns and complications [15]. Future research on the use of conservation tillage in the
context of organic farming could provide important insights for adapting current systems
and improving the environmental footprint of organic corn production [47-49]. Likewise,
producers use a wide range of purchased products on their organic corn fields, many
of which have received little attention from the scientific community [50] and should be
further explored in terms of their agronomic and economic benefits for farmers.

Given the significant number of Amish organic corn farmers in these states, organic
farming outreach programs should consider ways to adapt content to the unique cultural
and religious beliefs of this population, and modes of dissemination should focus on
or include printed products and in-person farmer meetings [51]. While national studies
suggest that organic farmers had higher levels of formal education than conventional
farmers [7], Amish producers traditionally prefer experiential and home-based learning,
have lower levels of formal schooling, and English is typically their second language [52].
Therefore, extension and outreach materials should be written at a basic level. It also would
be helpful to work with local leaders within the community to help distribute written
materials and/or to organize workshops. Additionally, conservation tillage and soil health
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research and outreach efforts should be adapted to farmers who rely on horse-drawn
implements [51].

Our findings can be used to improve the design of formal scientific research on organic
corn production (and for studies of organic cash grain systems more generally) to ensure
they are representative of the actual practices used by organic corn producers. Many
published studies that assess the performance of organic corn systems have not adequately
represented organic systems. To accurately represent the production approaches used by
most organic corn growers in our study states, it would make sense for research trials
to utilize livestock manure, diverse crop rotations (including perennial forages), and
intensive tillage [53], and to test different organic amendments in combination with organic
cultivation practices [12,54]. Given that organic corn growers in this region are usually
livestock producers, future organic grain research that explores the dynamics of integrated
crop-livestock systems would be of value to many producers. In terms of economic research,
the integrated nature of many organic corn farming systems should be taken into account
so that complementarities are recognized [46].

5. Conclusions

Our findings illustrate that organic farmers in this region use a wide range of manage-
ment practices that have implications for their sustainability footprint. Organic farmers
valued multiple aspects of soil health and typically managed fertility and soil health
through the use of on-farm manure, incorporating perennials (most common among live-
stock farmers) and/or cover crops, which can be positives for sustainability. However,
organic farmers continue to rely on heavy use of tillage, which can undermine potential
soil health benefits. Efforts to develop methods of conservation tillage that are compatible
with organic management systems would appear to be a high priority to improve envi-
ronmental sustainability outcomes. For the vast majority of organic farmers in our study;,
net returns were positive, which supports social and economic sustainability; however,
performance was variable and more exploration is needed to better understand the net
benefits of the use of various organic purchased inputs. Finally, from a social and economic
sustainability perspective, organic farms in this region appear to have resisted global trends
toward conventionalization of the organic sector, with a high proportion of small- and
moderate-scale operations that raise a diverse range of crops and livestock. The majority of
organic farmers were members of conservative Amish or Plain communities and relied on
horses for field operations, which suggests that organic production and marketing are of
particular value to those farming communities. The findings can help agricultural service
providers, policymakers, and researchers better target their efforts to the specific needs and
production systems found on working organic farms in this region.
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