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Abstract
This study compares the long-run net returns to land of a conventional corn/soybean rotation to that of an organic forage-based
crop rotation that includes corn, soybeans, oats, and alfalfa. The average annual net returns to land for the organic crop rotation
were found to be approximately $100 per acre higher than that of the conventional corn/soybean rotation. Average net return to
land estimates are sensitive to crop price, crop yield, and cost assumptions. Holding crop yields and production costs constant,
organic crop prices would need to be reduced 27 percent for the average net return to land to equal that of the average net return to
land for the conventional corn/soybean crop rotation. A downside risk model was used to examine the tradeoff between expected
net returns to land and risk. Converting even a small proportion of acreage to an organic forage-based crop rotation improved net
returns to land and reduced downside risk compared to only utilizing the conventional corn/soybean crop rotation.
Keywords: Organic crops; net return to land; downside risk

Introduction
Previous research has shown the net returns for organic crop
rotations to be higher than the net returns for conventional crop
rotations [1-5]. Despite this, certified organic land accounts for less
than 2 percent of U.S. farmland [6]. There are several challenges to
converting crop land to organic production. Organic crop rotations
tend to be of longer duration and are subject to change as soil
conditions, marketing opportunities, and other factors change.
These rotations also include small grains and legumes, and utilize
cover crops to a greater extent [7]. In addition to being more complex,
the profitability and riskiness of organic crop rotations depends on
the transition period. During the transition period, a farm utilizes
organic crop practices, but typically only receives conventional
crop prices. Obviously, the transition period will impact potential
net returns and the variability of net returns of the organic crop
rotation. Most comparisons of relative profitability prospects for
organic crop production compared to conventional crop production
do not include the transition period in the comparisons. For example,
McBride et al. [8] examined the profitability of conventional and
organic corn, soybean, and wheat production using national survey
data. Based on their analysis of USDA-ERS surveys, they found
that significant economic net returns were possible from organic
production of corn, soybeans, and wheat. The primary reason for
Copyright © All rights are reserved by Michael Langemeier.

the higher net returns were price premiums for organic crops. Crop
yields were lower, and economic costs per unit were higher for the
organic crops. Crop price, crop yield, cost, and net return data are
also available by organic and conventional crop from the University
of Minnesota FINBIN database [9]. Using FINBIN data from 2015 to
2019, organic crops tend to have lower crop yields, receive a higher
price, and have higher costs per acre. Information pertaining to the
crop rotations utilized and net returns earned during the transition
period were not available for the comparisons made by McBride et
al. [8] or in the FINBIN database [9].
Cox et al. [2] and Langemeier et al. [4] included an analysis of the
transition period in their examinations of the relative profitability
of organic and conventional crop rotations. Cox et al. [2] compared
returns for organic crop rotations with various combinations
of corn, soybeans, wheat, and red clover to conventional crop
rotations with the same sequence of crops using experimental data
from 2015 to 2018. The first two years of the study were designated
as transition years. The net returns for the organic crop rotations
during the four-year period were substantially higher. Langemeier
et al. [4] compared the long-run net returns to land of conventional
corn/soybean and corn/soybean/wheat rotations to that of an
organic corn/soybean/wheat rotation. The organic crop rotation
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was found to have average annual net returns to land that were
from $68 to $74 per acre higher than those for the conventional
crop rotations. As noted above, organic crop rotations tend to be
more complex than conventional crop rotations, often including
small grains and/or legumes in the rotation. The small grains and
legumes help control weeds, and the legumes provide nitrogen.
An organic crop rotation with legumes makes sense in areas with
a high demand for quality organic forages, such as locations with
beef or dairy operations nearby.

The objective of this study is to compare the long-run net
returns to land of a conventional corn/soybean rotation with a
forage-based organic crop rotation. The organic crop rotation
included corn, soybeans, oats, and alfalfa in a five-year rotation.
Oats were planted with alfalfa in the first year, and were followed
by two more years of alfalfa production. Corn and soybeans were
planted in the fourth and fifth years. Oats and alfalfa were produced
during the three-year transition period.

Materials and Methods
Enterprise Budgets

Rather than using a single year budget, to fully capture the
importance of the transition period, ten-year enterprise budgets
for each crop enterprise were developed so that we could compute
net returns to land for each crop and crop rotation. Land was
assumed to represent average productivity cropland for Indiana.
Enterprise budgets developed included conventional corn,
conventional soybeans, transition oats/alfalfa, transition alfalfa,
organic corn, organic soybeans, organic oats, and organic alfalfa.
Each enterprise was developed using projected crop prices, crop
yields, government payments, and costs. Conventional corn and
soybean enterprises were used to estimate net returns to land per
acre for a corn/soybean crop rotation. Transition oats/alfalfa and
transition alfalfa were used along with organic corn, soybeans, oats,
and alfalfa to estimate net returns to land per acre for an organic
crop rotation. The organic crop rotation was a five-year rotation:
organic oats/alfalfa, organic alfalfa, organic alfalfa, organic corn,
and organic soybeans. To ease weed pressure, the first organic crop
was organic alfalfa. This organic crop was proceeded by transition
oats/alfalfa and transition alfalfa. The transition of acres to organic
production was assumed to take place over time rather than just
the first three years of the ten-year period. Specifically, four fields
were targeted for organic crop production. One-fourth of the fields
were transitioned per year, resulting in a complete transition to
organic crop production in year 6.

Crop price projections made by the Food and Agricultural
Policy Research Institute [10] were used for conventional crops.
The historical difference between conventional and organic crop
prices, generated using FINBIN data [9] from 2015 to 2019, was
used to estimate organic crop prices. Crop price projections for
conventional crops were used for the transition crops. FINBIN data
[9] from 2015 to 2019 were used to determine the relationship
between conventional and organic crop yields in the first enterprise
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budget year. The yield drags for corn and soybeans were much
larger than those for oats and alfalfa. The yield drags for corn and
soybeans were 32.0 and 28.7 percent, respectively. The yield drag
for oats was 8.2 percent and the yield drag for alfalfa was 10.1
percent. Because the transition crops utilized organic practices, the
yields for the transition crops were assumed to be the same as those
for the organic crops. Trend adjustments were used to increase
crop yields for enterprise budget years 2 through 10. Gross revenue
for each enterprise was computed using crop revenue (crop price
multiplied by crop yield), government payments, and crop insurance
indemnity payments. Most government payments are computed
using base acres rather than crop acres, so farms that transition to
organic production will continue to receive government payments.
Crop insurance is available for both conventional and organic corn
and soybeans.
Information in Langemeier et al. [11], FINBIN data [9], Klein et
al., [12], and Chase et al. [13] were used to estimate costs for each
crop enterprise. Both variable and fixed costs were included in the
estimates. Variable costs included seed, fertilizer, manure, herbicide,
insecticide, crop insurance, general farm insurance, repairs, fuel,
drying cost, and operating interest. Fixed costs were comprised of
depreciation and interest on machinery and equipment, and labor
costs. The organic crop budgets recognized the substitution of
manure, extra tillage operations, and additional labor for fertilizer,
herbicide, and insecticide. In turn, variable costs were generally
lower and fixed costs were generally higher for organic crops.
To reflect what needs to take place for organic certification, the
transition budgets use the cost estimates for the organic crops.
More detail pertaining to the layout of the crop enterprise budgets
can be found on the Center for Commercial Agriculture website
[14]. Gross revenue, variable cost, contribution margin, fixed costs,
earnings, and net return to land were summarized for each crop
rotation. The contribution margin was computed by subtracting
variable costs from gross revenue, which includes crop revenue,
government payments, and crop insurance indemnity payments
[11]. Earnings were computed by subtracting variable and fixed
costs from gross revenue [11]. Earnings is a measure of economic
profit (i.e., it accounts for all cash and opportunity costs). Net return
to land was computed by adding land costs for owned and rented
land to earnings.
Breakeven Price Analysis

To examine breakeven prices for the organic crop rotation and
to utilize the downside risk model described below, annual gross
revenue, variable cost, contribution margin, fixed cost, earnings,
and net return to land during the ten-year period were discounted
using net present value analysis. Net present value represents
the difference between the present value of cash inflows and the
present value of cash outflows over a period of time. A discount rate
of six percent was utilized in the net present value computations.
Three scenarios were utilized in the breakeven analysis. The
first scenario determined what the organic crop prices for each
crop would need to be for the discounted net return to land for
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the organic crop rotation to equal that of the conventional corn/
soybean crop rotation. This scenario is quite pessimistic with regard
to alfalfa prices. To reflect this fact, we examined two additional
scenarios. The second scenario determined the breakeven organic
crop prices assuming that organic alfalfa prices were equal to those
assumed in the base case for organic alfalfa. The third scenario was
the same as the second scenario except organic alfalfa prices were
assumed to be the same as those for transition alfalfa in the base
case. These scenarios illustrate how low organic crop prices could
be before the organic crop rotation was less profitable than the
conventional corn/soybean crop rotation. Also, as Singerman et al.
[15] noted, the price determination of organic crops is independent
from that of conventional crops, making it important to examine
the sensitivity of organic crop rotation profitability to changes in
organic crop prices.

Downside Risk Model

There are several methods that can be used to measure risk.
Stochastic dominance can be used to make pair-wise comparisons
between specific crop enterprises or crop rotations. For example,
Delbridge et al. [3] used stochastic dominance to examine the
cumulative density functions of organic and conventional cropping
systems in Minnesota. Portfolio models can be used to examine the
tradeoff between risk and return of various crop enterprises and
crop rotation combinations. These models focus on combinations
of crop enterprises and rotations, rather than making pair-wise
choices. Given the transitional nature of organic crop production
as well as the risk associated with the transition period, a portfolio
model that examines the risk and return tradeoff of various
adoption levels of organic crop production is used in this study.
Variability and downside risk are commonly used to measure risk
in portfolio models [16]. Variability focuses on dispersion from the
mean, whereas downside risk focuses on low outcomes. To account
for potential low net returns during the transition years, downside
risk was the focus in this study. Specifically, expected net returns
to land and risk for the organic and conventional crop rotations
as well as combinations of these crop rotations were examined
using the Target MOTAD model, which is commonly used model
to examine downside risk. The Target MOTAD model maximizes
expected net return subject to a constraint or limit on the total
negative deviations measured from a fixed target or target income
[17,18]. The Target MOTAD model focuses on the downside risk
that occurs when the net return falls below a target level or net
return. As with other portfolio models, tradeoffs between risk, as
measured by total negative deviations below a target net return to
land, and expected net returns to land are examined. To compute
total negative deviations below the target, net returns to land for
each crop rotation in each year are compared to the target net
return to land. A negative deviation occurs when net returns to land
for a given year are lower than the target. These annual deviations
are then summed for each crop rotation to obtain the total negative
deviations below the target net return to land.
The solution of the Target MOTAD model that identifies the
maximum expected net return to land also has the highest level
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of total negative deviations below the target net return. In other
words, this is the profit-maximizing solution. As the total negative
deviations below the target net return to land is allowed to increase
(i.e., become more constrained), risk and expected net return to
land decline. A target net return to land of $171 per acre, which
is the average annual net present value of cash rent, is used for
the analysis in this study. Rather than examining a risk and return
frontier (illustrates the entire range of risk and return), the
downside risk model is used to compare risk and return for the
conventional crop rotation, the organic crop rotation, the minimum
risk solution, and three levels of partial adoption of the organic
crop rotation. Specifically, adoption levels of 10 percent, 20 percent,
and 30 percent are used. These partial adoption levels mimic how
some farms transition to an organic crop rotation. A portion of
total acreage is converted to allow the farm to experiment with and
learn the organic crop rotation system. The minimum risk solution
represents the combination of crop rotations that maximize net
returns for the minimum level of risk that can be obtained with the
downside risk model.

Results

Net Returns per Acre and Breakeven Prices and Yields
Average annual gross revenue, variable cost, contribution
margin, fixed cost, earnings, and net returns to land per acre
for the conventional and organic crop rotations are presented
in Table 1. The gross revenue for the organic crop rotation was
significantly higher than the gross revenue for the conventional
corn/soybean crop rotation. Variable cost per acre was relatively
lower for the organic crop rotation, but fixed costs were relatively
higher. Essentially, the organic crop rotation substitutes manure
and machinery costs for fertilizer, herbicide, and insecticide costs.
Labor costs were higher for the organic crop rotation. The average
annual net return to land for the organic crop rotation was $256
per acre, or approximately $100 per acre higher than that of the
conventional corn/soybean crop rotation. The third and fourth
columns in table 1 illustrate what the gross revenue, variable cost,
contribution margin, fixed cost, earnings, and net return to land for
the organic crop rotation would be if organic crop prices were 10
percent or 20 percent lower than the crop prices used in the base
scenario. If organic crop prices were 10 percent lower, net return
to land for the organic crop rotation would be 13.7 percent less.
A 20 percent decline in organic crop prices would result in a net
return to land for the organic crop rotation that was 27.3 percent
lower than the base scenario. It is important to note that even with
organic crop prices that are 20 percent lower, the annual net return
to land for the organic crop rotation is still $31 per acre higher
than the net return to land for the conventional corn/soybean crop
rotation.
As noted in Table 1, average net returns to land are sensitive
to changes in relative crop prices. To further explore the sensitivity
of net return to land to changes in organic crop prices, breakeven
organic crop prices were computed by equilibrating the net present
value of net returns to land for the conventional and organic crop
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rotations under three organic crop price scenarios. The results are
presented in Table 2. The first scenario in table 2 illustrates what
the organic crop prices would need to be for the net returns to
land for the organic crop rotation to equal that of the conventional
corn/soybean crop rotation. As noted above, this scenario is quite
pessimistic with regard to alfalfa prices. Holding crop yields and
costs constant, organic crop prices would need to be reduced
27.2 percent for the average net return to land to equal that of the
average net return for the conventional corn/soybean crop rotation.
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If the organic crop prices are changed while holding organic alfalfa
prices at the conventional alfalfa price (second scenario in table
2), organic crop prices would need to drop 36.1 percent for the net
returns to land for the two crop rotations to be the same. The third
scenario uses the organic alfalfa prices while changing the other
organic crop prices. Under this scenario, crop prices would need to
drop 48.8 percent for the net returns for the two crop rotations to
be the same.

Table 1: Average Discounted Net Return per Acre for Conventional and Organic Crop Rotations
Base Scenarios
Enterprise

10%

20%

C/S/A

Lower

Lower

476.2

530.09

495.09

460.09

225.67

367.51

332.51

297.51

C/S

Gross Revenue
Variable Cost

250.53

Fixed Cost

241.53

Contribution Margin
Earnings

Net Return to Land

Lower Organic Crop Prices
Org

162.58
282.16

-15.86

85.35

155.04

256.25

Definitions: C = Corn, S = Soybeans, and A = Alfalfa.
Table 2: Breakeven Organic Crop Prices 1,2,3.
Crop

162.58

162.58

282.16

282.16

50.35

15.35

221.25

Base Case

186.25

C/S NR

Scenario #1
Corn

$9.00

$6.55

Soybeans

$18.60

$13.54

Alfalfa

$160.00

$116.48

$9.00

$5.75

Oats

$5.70

Scenario #2

Corn

Soybeans
Oats

Alfalfa

$18.60

$11.89

$160.00

$130.00

$9.00

$4.57

$5.70

Scenario #3

Corn

Soybeans

$18.60

Alfalfa

$160.00

Oats

$4.15

$5.70

1 Corn, soybean, and oat prices are reported on per bushel basis and alfalfa is reported on a per ton basis.

$3.64

$9.45
$2.90

$160.00

2 The C/S NR column represents the price and yield needed to equilibrate net returns for conventional and organic crop rotations.
3 The three scenarios examine the sensitivity of results to alfalfa price assumptions.

Tradeoff between Risk and Return
Table 3 illustrates expected net returns to land and risk for
each crop rotation, the minimum risk solution, and for organic crop
rotation adoption rates of 10, 20, and 30 percent. As noted above,
with the Target MOTAD model, risk is measured using total negative
deviations below a target return of $171 per acre. The organic crop

rotation had a higher expected net return, and exhibited less risk
than the conventional corn/soybean crop rotation. In fact, utilizing
the organic crop rotation represents the profit maximizing solution.
Utilizing a combination with 46.4 percent of the acreage planted to
the organic crop rotation and 53.6 percent of the acreage planted to
the conventional corn/soybean crop rotation minimized downside
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risk. The expected net return for this combination was $209,
compared to an expected net return of $155 for the conventional
corn/soybean crop rotation and $256 for the organic crop rotation.

Note that downside risk is zero for the minimum risk solution. This
means that net return to land for each of the years was higher than
$171 per acre (i.e., there was no downside risk).

Table 3: Expected Net Return to Land and Total Negative Deviations below Target Income ($ per Acre).
Scenario
C/S=1

Org=1

Expected

Negative

Net Return

Deviations

155.04

196.47

256.25

Min Risk

209.29

L Org=0.200

175.28

L Org=0.100
L Org=0.300

C/S

Organic

1

0

0

0.464

0.536

38.13

0.8

0.2

27.48

165.16

101.76

185.4

0

0

0.9

0.7

Definitions: C = corn, S = soybean, A = alfalfa, CS = corn/soybean crop rotation, and ORG = organic crop rotation.
Most farms that are transitioning to an organic crop rotation
will only transition a portion of their acres at a given time so that
they can learn the system and reduce risk. In addition, there may
not be a large viable market for alfalfa hay in the region, which due
to high transportation costs for hay, may limit hay production. To
account for these facts, we illustrate scenarios in table 3 that allow
for 10 percent (L Org = 0.100), 20 percent (L Org = 0.200), and 30
percent (L Org = 0.300) of a farm’s acres to transition to organic
crop production. Comparisons will be made between these three
organic crop rotation adoption rates and the conventional corn/
soybean crop rotation. An adoption rate of 10 percent, resulted in
a $10 increase in expected net returns to land and a decrease in
downside risk from 196 to 102, a 52 percent reduction. Adoption
rates of 20 percent and 30 percent resulted in continued increases
in expected net returns to land and large declines in downside risk.
In fact, downside risk was equal to zero for the 30 percent adoption
rate. The results for the three adoption rates in table 3 illustrate
the benefits of adding an organic forage-based crop rotation to a
conventional corn/soybean crop rotation.

Discussion

This study compared long-run net returns to land of
conventional corn/soybean to that of a forage-based organic crop
rotation. The average annual net returns to land for the organic
crop rotation were found to be approximately $100 per acre
higher than that of the conventional corn/soybean crop rotation.
Breakeven organic crop prices were computed by comparing the
net present value of net returns to land for the conventional and
organic crop rotations. Crop prices would need to fall substantially
for the average net return to land for the organic crop rotation
to equal that of the conventional corn/soybean crop rotation. A
downside risk model was used to examine expected net returns
and downside risk for the two crop rotations and for three
adoption rates for the organic crop rotation. Even transitioning a
small portion of acreage to organic crop production was shown to
dramatically reduce risk and increase expected net return to land.
The enterprise budgets described in this study could be used by

C/S/A
1

0.1

0.3

farms considering transitioning a portion of their acres to certified
organic crop production. Producers considering this transition
should carefully examine the sensitivity of net returns to alternative
price, yield, and cost assumptions. In particular, the organic price
premium over conventional crop prices changes over time, and
thus has an important impact on relative net returns between
conventional and organic cropping systems. It is also important to
recognize that the crops grown, manure used, and tillage practices
vary substantially among organic crop farms. It is also important
to note that the adoption of a forage-based organic crop rotation
hinges on the availability of regional hay markets. Farms without
these markets may want to consider organic cropping systems that
are not so dependent on hay production.
In general, farms have considerably more experience with
producing conventional crops than they do producing organic crops.
This may create challenges when transitioning a portion of their
acres to organic production. FINBIN data [9] show a much wider
difference in enterprise net returns among organic crop farms
than their conventional counterparts [19]. This wider difference is
likely due to the difficulty of managing an organic crop system, and
the learning curve associated with growing organic crops. Thus,
in addition to sensitivity analysis, potential organic crop growers
should factor in a learning curve.
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