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Letter from the ASFMRA President

Dear ASFMRA Members and Friends of Agriculture: 

The American Society of Farm Managers and Rural Appraisers is proud to present its 
2021 Journal of ASFMRA.

The 2021 Journal contains the most up-to-date collection of rural appraisal, agricultural 
consulting, and farm management topics available in the world. In the following pages 
you will find cutting-edge manuscripts documenting research, field studies, practices, 
and methodologies proposed by the leading academic, appraisal, consulting, and 
management leaders of agriculture. This edition of the Journal continues to provide our 
membership and the agri-business community with topics on newly evolved issues and 
concepts for your review and consideration.

Despite a year heavily impacted by the COVID-19 pandemic, 10 papers were reviewed 
and accepted for publication in the Journal by the ASFMRA’s Editorial Committee. 
The Editorial Committee worked with the authors to ensure that each article was 
informative, clear, and precise in the presentation of data and conclusions, as well as 
consistent with Society goals.

The Editorial Committee and ASFMRA continue their challenge to all readers to join 
our highly acclaimed group of published authors. Share some of your experiences and 
wisdom! Most of us have encountered at least one unusual problem or situation that 
required original and innovative thinking to develop workable solutions. If it was new 
for you, chances are it will be interesting and usable by others.

Thank you all for your continued interest in the ASFMRA, agriculture, and the entire 
agricultural community.

Dennis Reyman, AFM, ARA 
2020-21 ASFMRA President

DENNIS 
REYMAN,  
AFM, ARA
2020-21 ASFMRA President
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Factors Influencing Increased Usage of Cash 
Rent Leases in Illinois

By Jacob Styan, Maria A. Boerngen, 
and Michael J. Barrowclough
Jacob Styan is a Product Specialist at Illinois Foundation 
Seed, Inc. Maria A. Boerngen is an Assistant Professor 
of Agribusiness at Illinois State University. Michael J. 
Barrowclough is an Assistant Professor of Agribusiness 
at Illinois State University.

Abstract 

In recent years, cash rent leases have 
become increasingly popular among farm 
landowners in Illinois. Since 1995, acres 
operated under cash rent leases have 
increased 44%, 105%, and 117% in northern, 
southern, and central Illinois, respectively, for 
farms enrolled in the Illinois Farm Business 
Farm Management (FBFM) Association. 
Using data collected from the United States 
Department of Agriculture (USDA) National 
Agricultural Statistics Service (NASS), Illinois 
FBFM Association, University of Illinois 
farmdoc, and Environmental Working Group 
(EWG), we examined the impact of multiple 
factors on farmland leasing choices. Results 
indicate that commodity prices, soybean 
revenue, government crop insurance 

expenditures, and commodity payments 
have influenced the increasing use of cash 
rent leases.

INTRODUCTION
Over the past two decades, Illinois has experienced a 
dramatic increase in the use of cash rent leases. From 
1995 to 2015, the proportion of acres operated under 
cash rent leases increased from 41% to 59% (a 44% rise) 
in northern Illinois, 18% to 39% (a 117% rise) in central 
Illinois, and 20% to 41% (a 105% rise) in southern Illinois, 
among farms enrolled in the Illinois Farm Business 
Farm Management (FBFM) Association. Share rent 
acres fell from 42% to 21% in northern Illinois, 68% to 
46% in central Illinois, and 58% to 37% in southern 
Illinois, with the proportion of owner-operated acres 
remaining relatively consistent through the same time 
period (Lattz, 2016; Lattz and Zwilling, 2020; Schnitkey, 
2002; Zwilling, Krapf, and Raab, 2013). These three 
regions are illustrated in Figure 1, with their respective 
changes shown in Figures 2–4. Following the trend 
toward greater cash rent lease usage, per-acre cash 
rent rates have also increased. From 1987 to 2014, per-
acre cash rent rates increased by an average of 3.6% 
each year. Since 2006, per-acre cash rent prices have 
increased by 7.4% annually (Schnitkey, 2017).

According to the 2017 Census of Agriculture, just over 
58% of farmland in Illinois is leased, while nearly 42% is 
owner-operated. Nationally, 39% of all farmland acres in 
the United States are rented, with 61% owner-operated 
(USDA NASS, 2017). This study aims to identify the 
factors that may influence the shift toward increased 
use of cash rent leases in Illinois.

BACKGROUND
Under a typical cash rent agreement, the farm 
operator pays the landowner a set annual fee per acre, 
furnishes all operating inputs for the crop, and receives 
the crop produced on the rented land. Share rent 
leases entail the landowner and operator splitting the 
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input costs, where the landowner receives a portion 
of the crop as “rent” for the farmland (Lattz, 2017a, 
2017c). A 50-50 split is the most common crop share 
agreement in Illinois (Lattz, 2017b). A typical farmland 
lease in Illinois begins on March 1 and expires on the 
last day of February. The generally accepted deadline 
to terminate or make changes to a lease is four 
months prior to the expiration date, and most leases 
are written to automatically renew for another year 
without change if no notification is provided by either 
the owner or operator (Troendle, 2019). In addition, the 
lease type determines the distribution of government 
commodity subsidy payments between landowner 
and operator, based on who is “actively engaged in 
farming.” Being actively engaged in farming requires 
an individual to provide “significant contributions to 
the farming operation,” with “active personal labor 
and/or active management” required to meet the 
definition (USDA FSA, 2015, 1). Under a cash rent lease, 
the farm operator receives all government commodity 
subsidy payments associated with the farm (Lattz, 
2017c). With a crop share lease, the landowner and the 
operator split the commodity payments according to 
how the shares are defined (e.g., 50-50, one-third to 
two-thirds) (Leibold, 2018). Cash rent leases provide 
autonomy to the farm operator, while shielding the 
landowner from production risk. Share rent leases 
provide opportunity for the landowner to participate 
in on-farm decision-making, while protecting farm 
operators from bearing all production risk.

Previous research has addressed factors that affect 
farmland values and per-acre cash rent rates, 
including corn and soybean prices, corn and soybean 
yields, government payments, and crop insurance 
(Barnard et al., 2001; Du, Hennessy, and Edwards, 
2007; Goodwin, Mishra, and Ortalo-Magné, 2004; 
Helmers, Shaik, and Johnson, 2005; Ibendahl and 
Griffin, 2013; Kirwan, 2009; Lambert and Griffin, 
2004; Lence and Mishra, 2003; Roberts, Kirwan, and 
Hopkins, 2003; Ryan et al., 2001; Zhang, Zhang, and 
Hart, 2018). However, the literature is scarce on factors 
influencing the use of cash rent leases (Allen and 
Lueck, 1992; Hauger and Burton, 2015; Sotomayor, 
Ellinger, and Barry, 2000). In addition to identifying 
factors that influence farmland values and per-acre 
cash rent, Sotomayor, Ellinger, and Barry (2000) 
specifically examined the contract choice between 
cash rent and crop share leases. They found that 
soil productivity, tract size, non-farm income, length 
of business relationship between landowner and 
operator, debt-to-asset ratio, net worth, number of 
landowners on the farm, and changes in revenue 
were significant in choosing between cash rent and 
crop share.

DATA
To identify potential factors influencing the shift toward 
cash rent leases that has occurred throughout Illinois 
over the past two decades, we divided the state into 
three regions (northern, central, and southern) based 
on standard reporting regions used by the University 
of Illinois farmdoc (Figure 1). There are 22 counties in 
the northern region, 44 counties in the central region, 
and 36 counties in the southern region. We collected 
secondary data of potential factors affecting cash rent 
usage in Illinois from the United States Department 
of Agriculture (USDA) National Agricultural Statistics 
Service (NASS), Illinois FBFM Association, University of 
Illinois farmdoc, and Environmental Working Group 
(EWG). Land tenure data, which includes percent 
usage of cash rent leases, share rent leases, and owner-
operated acres, was collected from the University 
of Illinois farmdoc for the years 1995–2015. This data 
is representative of farms enrolled in FBFM, which 
provides “a cooperative educational-service program 
designed to assist farmers with management decision-
making” (Illinois FBFM Association, n.d.) and currently 
includes more than 5,500 Illinois farms (Lattz and 
Zwilling, 2020). All farms in this dataset are 260 acres 
or more and receive the majority of their income from 
grain farming. While this does not include all Illinois 
farms, it does provide a good framework for land tenure 
in the state (Lattz and Zwilling, 2020).

Potential factors influencing the shift toward cash 
rent leases examined in this study include commodity 
prices and crop yields for both corn and soybeans 
(USDA NASS, n.d.), government commodity subsidy 
payments (EWG, n.d.), and government expenses 
on crop insurance (EWG, n.d.). With the exception of 
commodity prices, all factors were collected at the 
county level in Illinois from 1995 to 2015. Yearly per-
acre corn and soybean yields for each region were 
calculated by averaging the annual yields across all 
counties within each region. Similarly, commodity 
subsidy payments and government expenditures 
on crop insurance were calculated by averaging the 
annual payment and expenditures across all counties 
within each region. Commodity prices were collected 
from the University of Illinois farmdoc and reflect the 
average price that was received statewide in each 
calendar year. There was one annual observation for 
each variable within each region between the years 
1995–2015.
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ANALYSIS
Based on the panel nature of the dataset (i.e., multiple 
number of observations over time for a given number 
of variables), a fixed-effect regression model was 
employed to examine potential factors influencing 
cash rent usage on Illinois farms (Wooldridge, 2002). 
Contradictory to cross-sectional data, panel datasets 
include two types of variation that must be accounted 
for: “within” and “between” variation. In this dataset, 
between-region variation refers to the annual variation 
of cash rent usage across the three regions. Within-
region variation refers to the variation of cash rent 
usage occurring within each region over time. Because 
unobservable factors not captured in the data could 
influence the between-region variation in the dataset, 
there may be omitted variable bias present if a simple 
linear regression were run. Accounting for potential 
omitted variable bias, regional dummy variables 
were created for each of the three regions. Selecting 
a “base” region to compare the remaining regions 
against allows for the differences that occur between 
regions to be observed without issue. This removes 
any between-region variation and omitted variable 
bias from time-invariant variables (Greene, 2003; 
Kennedy, 2003). Explanatory variables were lagged 
one year due to timing differences, specifically the 
time between when cash rent leases are signed and 
when receipts are received. To avoid multicollinearity 
issues, the southern region was used as the base 
region, to which the northern and central region 
will be compared. Analysis was conducted with IBM 
SPSS Statistics 24, using the generalized linear model 
(GLM) function with the univariate option to run the 
fixed-effects regression model. As described in the 
following sections, we ran two versions of the model. 
In the first, we included corn and soybean yields and 
prices as separate explanatory variables. Yields and 
prices were replaced with crop revenues in the second 
model. Each version of the model included commodity 
subsidy payments and government expenditures on 
crop insurance as explanatory variables.

MODELS
In each model, the dependent variable ri,t represents the 
percent of acres operated under cash rent in region i in 
year t where:

i = 1, 2, 3 (1 = northern, 2 = central, and 3 = southern)

t = 1, 2, … , 21 (1 = 1995…21 = 2015)

Model 1: Crop yields and prices:

CornYield and SoybeanYield represent the average 
corn and soybean yields, measured in bushels per 
acre for region i in year t-1, respectively. CornPrice 
and SoybeanPrice are the average per-bushel price 
for each crop in year t-1. CommodityPayments and 
CropInsurance represent the average amount of 
government commodity subsidy payments and 
government crop insurance expenditures per county 
in region i in year t-1. Northern and Central are dummy 
variables representing the northern and central region 
of the state. The error term for region i in year t is 
denoted as u. As previously discussed, all explanatory 
variables are lagged by one year to more accurately 
reflect the influence those variables have on contract 
choice.

Model 2: Crop revenues:

Model 2 includes the same lagged variables as Model 1, 
with one change: CornRevenue and SoybeanRevenue 
replace the separate crop price and yield variables 
to reflect the influence that per-acre revenue has on 
decision-making. These variables were created by 
multiplying the annual price and county average yield 
for each crop. From there, an average annual county 
revenue was determined for each crop within each 
region.

RESULTS
Tables 1–4 provide descriptive statistics of the dataset. 
Each table includes the minimum, maximum, 
mean, and standard deviation of the dependent and 
explanatory variables. Table 1 provides a description 
for all of Illinois, while the remaining tables show the 
northern (Table 2), central (Table 3), and southern  
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(Table 4) regions. It is noted that the central region 
had the highest averages for each of the explanatory 
variables, aside from commodity prices that reflected 
statewide averages, while the northern region 
averaged the highest percentage of cash rent usage. 
Tables 5 and 6 present the results for each model. 
A more in-depth discussion of the model results is 
included in the following sections.

Model 1 Results
Model 1 produced an R2 of 0.934, indicating that 93% 
of the variation in cash rent usage is explained by 
the variation in the explanatory factors used in the 
model. It was found that corn price, soybean price, 
government commodity subsidy payments, and 
government crop insurance expenditures were all 
significant predictors of the usage of cash rent leases.

Government expenditures on crop insurance were 
found to be highly significant (p < 0.001), with 
every $10,000 increase in expenditures leading to a 
0.039% rise in cash rent lease usage. For example, an 
additional $250,000 in government expenditures is 
expected to increase cash rent usage by 1%. Putting 
this result in context, the average annual per-county 
government expenditure on crop insurance between 
1995 and 2015 was approximately $2.2 million with 
a range of $330,000 to nearly $6 million (Table 1), 
suggesting that a $250,000 increase in this variable 
from one year to another is not an unreasonable 
expectation.

The price of corn was found to be significant at the 
5% level (p < 0.05). However, there was an inverse 
relationship between corn price and cash rent usage. 
This suggests that for every dollar increase in corn 
price, a drop of just over 3% in cash rent usage can be 
expected. The positive relationship between soybean 
price (p < 0.05) and cash rent usage indicated that for 
every dollar increase in soybean price, a 1.3% rise in 
cash rent usage will occur in Illinois. The per-bushel 
corn price varied from $1.90 to $6.72, with the soybean 
price ranging from $4.53 to $14.25 (Table 1), indicating 
that a $1 increase in these commodity prices is 
realistic.

The positive relationship between government 
commodity subsidy payments and cash rent usage  
(p < 0.10) indicates that a $10,000 increase in payments 
will lead to a 0.002% increase in cash rent lease usage. 
For every $5 million of commodity payments paid out, 
a 1% rise in cash rent usage is expected to occur. The 
average level of per-county government payments 
during the years of this study was approximately $7.16 
million, with a range of $1.8 million to nearly $24 million 

(Table 1), suggesting that fluctuations of $5 million  
are quite plausible. The northern region was found 
to have around 15% more cash rented land (β = 15.23) 
when compared to the southern region, with cash rent 
usage in the central region approximately 7% lower  
(β = –7.34) than in the southern region. Table 5 shows  
the complete results of Model 1.

Model 2 Results
Model 2 produced an R2 value of 0.917, indicating that 
92% of the variation in cash rent usage is explained 
by the variation of the explanatory factors used in 
the model. The impact of commodity payments and 
crop insurance remains unchanged from Model 1. In 
addition, results from Model 2 indicate a significant 
positive relationship between per-acre soybean 
revenue and the usage of cash rent leases. A $1 
increase in per-acre soybean revenue is expected to 
bring a 0.015% increase in cash rent usage, with a $67 
revenue increase associated with a 1% rise in cash 
rented acres. Historical crop budgets produced by 
farmdoc (University of Illinois, n.d.) indicate that this 
type of revenue fluctuation is realistic from one crop 
year to another. Similar results to Model 1 were found 
for the northern and central regions. Table 6 shows the 
complete results of Model 2.

IMPLICATIONS AND 
CONCLUSIONS
In recent decades, a major shift in land rental practices 
has been taking place throughout Illinois. Since 1995, 
cash rent lease usage has risen dramatically, with a 
44% increase in northern Illinois, a 105% increase in 
southern Illinois, and a 117% increase in central Illinois 
among farms enrolled in FBFM (Lattz, 2016; Lattz 
and Zwilling, 2020; Schnitkey, 2002; Zwilling, Krapf, 
and Raab, 2013). The results of this study indicate that 
government expenditures on crop insurance, corn 
price, soybean price, soybean revenue, and commodity 
payments all influence cash rent lease usage in Illinois. 
With prices, yields, and commodity payment levels 
continually changing, the effects of these fluctuations 
are reflected in cash rent usage. Increases in soybean 
price, soybean revenue, commodity payments, and 
crop insurance expenditures are associated with a 
greater proportion of farmland acres being operated 
under cash rent contracts. A rise in the value of these 
variables enables the farm operator to pay a higher 
per-acre cash rent, allowing the landowner to earn a 
greater return on his or her farmland. The cash rent 
contract then protects the landowner from production 
and financial risk associated with active engagement 
in farming, making this a “win-win” for the landowner. 
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However, it seems counterintuitive that increased corn 
prices are associated with a lower usage of cash rent 
acres. This may be explained in part by the correlation 
between high corn prices and high nitrogen fertilizer 
prices, which keeps farm operators’ profit margins 
thin and increases their financial risk, perhaps making 
share rent leases a more attractive option than cash 
rent when the price of corn rises. 

Changes in commodity payment structure or types 
could have a major effect on cash rent usage. Similarly, 
changes in the structure or type of government 
expenditures on crop insurance could possibly lead 
to large increases in cash rent usage. While only 
5,500 Illinois farms were examined in this study, these 
findings are a starting point for understanding why 
the usage of cash rent leases is increasing in Illinois. 
With the majority of farmland in the state falling under 
some type of rental agreement, understanding what 
is driving the change toward a greater use of cash 
rent leases can help farm operators as well as farm 
landowners and the professional farm managers 
representing them in the process of negotiating rental 
contracts. Future studies could examine the impact of 
absentee landownership and changing preferences of 
those landowners on contract choice. Fluctuations in 
crop prices, yields, revenues, and government outlays 
for commodity payments and crop insurance may have 
major ramifications on the leasing market in the years 
to come.
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Figure 1. Map showing the northern, central, and southern regions of Illinois used in this study. The standard  
farmdoc reporting regions were overlaid onto a county map of Illinois (Wikimedia Commons, n.d.). The northern 
region contains 22 counties, the central region contains 44 counties, and the southern region contains the  
remaining 36 counties.
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Figure 2. Land tenure in northern Illinois

Figure 3. Land tenure in central Illinois
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Figure 4. Land tenure in southern Illinois

Table 1. Descriptive Statistics of Illinois for All Counties, 1995–2015

Variables Minimum Maximum Mean Std. Deviation

Cash Rent Usage (%) 17 59 36.24 12.27

Corn Yield (bu/acre) 42.83 209.43 147.37 29.8

Soybean Yield (bu/acre) 29.36 58.57 44.7 7.31

Corn Price ($/bu)a 1.9 6.72 3.39 1.46

Soybean Price ($/bu)a 4.53 14.25 8.33 3.18

Corn Revenue ($/acre) 183.11 1103.07 503.54 251.04

Soybean Revenue ($/acre) 141.85 764.12 381.01 178.51

Commodity Payments ($10,000) 182.94  2396.56 715.5 592.05

Crop Insurance ($10,000) 33.31 596.22 218.1 170.15
aCrop prices are average per-bushel prices statewide, 1995–2015.
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Table 2. Descriptive Statistics of the Counties in the Northern Region, 1995–2015

Variables Minimum Maximum Mean Std. Deviation

Cash Rent Usage (%) 37 59 49.76 7.39

Corn Yield (bu/acre) 114.59 188.47 156.2 22.34

Soybean Yield (bu/acre) 32.09 57.4 47.43 6.38

Corn Price ($/bu)a 1.9 6.72 3.39 1.48

Soybean Price ($/bu)a 4.53 14.25 8.33 3.23

Corn Revenue ($/acre) 264.65 1101.84 539.51 267.03

Soybean Revenue ($/acre) 197.03 764.12 406.3 193.75

Commodity Payments ($10,000) 361.06 2005.41 830.78 563.44

Crop Insurance ($10,000) 36.04 528.32 223.09 170.56
aCrop prices are average per-bushel prices statewide, 1995–2015.

Table 3. Descriptive Statistics of the Counties in the Central Region, 1995–2015

Variables Minimum Maximum Mean Std. Deviation

Cash Rent Usage (%) 17 39 28.62 7.81

Corn Yield (bu/acre) 112.1 209.43 159.27 24.07

Soybean Yield (bu/acre) 40.64 58.57 48.53 4.76

Corn Price ($/bu)a 1.9 6.72 3.39 1.48

Soybean Price ($/bu)a 4.53 14.25 8.33 3.23

Corn Revenue ($/acre) 286.36 1103.07 541.92 251.35

Soybean Revenue ($/acre) 209.66 751.87 412.02 183.12

Commodity Payments ($10,000) 387.19 2396.56 934.2 709.26

Crop Insurance ($10,000) 42.02 596.22 254.46 191.9
aCrop prices are average per-bushel prices statewide, 1995–2015.

Table 4. Descriptive Statistics of the Counties in the Southern Region, 1995–2015

Variables Minimum Maximum Mean Std. Deviation

Cash Rent Usage (%) 20 41 30.33 7.86

Corn Yield (bu/acre) 42.83 179.48 126.63 31.51

Soybean Yield (bu/acre) 29.36 48.92 38.14 5.82

Corn Price ($/bu)a 1.9 6.72 3.39 1.48

Soybean Price ($/bu)a 4.53 14.25 8.33 3.23

Corn Revenue ($/acre) 183.11 994.68 429.18 228.41

Soybean Revenue ($/acre) 141.85 612.97 324.7 150.67

Commodity Payments ($10,000) 182.94 995.69 381.53 291.25

Crop Insurance ($10,000) 33.31 414.9 176.74 143.62
aCrop prices are average per-bushel prices statewide, 1995–2015.
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Table 5. Effect of Crop Yields, Crop Prices, Commodity Payments, Crop Insurance, and Region on the Usage of  
Cash Rent Leases (Model 1)

Parameter β Std. Error t

Intercept 17.916*** 4.391 4.08

Corn Yield (bu/acre) 0.016 0.027 0.615

Soybean Yield (bu/acre) 0.075 0.126 0.598

Corn Price ($/bu) –3.076** 1.256 –2.45

Soybean Price ($/bu) 1.345** 0.608 2.211

Commodity Payments (per $10,000) 0.002* 0.001 1.824

Crop Insurance (per $10,000) 0.039*** 0.006 6.553

Northern Regiona 15.229*** 1.497 10.173

Central Regiona –7.337*** 1.605 –4.571

R2 0.934

Degrees of Freedom 51
aThe southern region was selected as the base region.

*, **, and *** denote significance at the 0.1, 0.05, and 0.01 levels, respectively.

Table 6. Effect of Commodity Payments, Crop Insurance, Crop Revenues, and Region on the Usage of  
Cash Rent Leases (Model 2)

Parameter β Std. Error t

Intercept 22.165*** 1.741 12.731

Commodity Payments (per $10,000) 0.002** 0.001 2.081

Crop Insurance (per $10,000) 0.039*** 0.006 6.498

Corn Revenue ($/acre) –0.009 0.006 –1.523

Soybean Revenue ($/acre) 0.015* 0.008 1.895

Northern Regiona 15.934*** 1.373 11.607

Central Regiona –6.598*** 1.452 –4.546

R2 0.917

Degrees of Freedom 53
aThe southern region was selected as the base region.

*, **, and *** denote significance at the 0.1, 0.05, and 0.01 levels, respectively.
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Abstract 

Arkansas rice, soybeans, cotton, and corn, 
which are mostly irrigated and predominantly 
produced in eastern Arkansas, are crucially 
important to the state’s economy. However, 
increased production cost, lower commodity 
prices, and unsustainable groundwater 
withdrawals impose threats to sustainable 
farming. This study provides a comparative 
status of eastern Arkansas major crops 
acreage and groundwater over the past 
Census of Agriculture periods. Results indicate 
that rice acreage remained almost stable, 
but soybeans and corn gained more irrigated 
acres in 2017 than in preceding census years. 
Groundwater level decline seemed to be more 
severe during 2007 than in 2012 and 2017.

INTRODUCTION
Arkansas ranks first, fourth, and tenth in the United 
States in rice, cotton, and soybean production, 
respectively. Although corn production is not ranked as 
highly, corn has recently become a major commercial 
crop in Arkansas, overtaking cotton in sales value in 
2012. Rice and soybeans are the state’s high-valued 
commodities and top export products, accounting for 
thousands of jobs and contributing billions of dollars 
to the state’s economy. Eastern Arkansas accounts 
for approximately 98% of rice, 96% of soybeans, 98% 
of cotton, and 96% of corn production in the state. 
Irrigation water is a crucial factor for the crops grown 
in the region, because frequent periods of drought 
during the growing season can cause large yield 
losses. Rice is the most intensively irrigated crop in 
the region, but corn, cotton, and soybean producers 
have become more reliant on irrigation over time 
as a means to reduce the yield uncertainty caused 
by frequent drought conditions during the summer 
months. As a result, more than 80% of harvested corn, 
cotton, and soybean farms are irrigated—and the 
trend is increasing.

Agriculture in eastern Arkansas accounts for 96% of 
the total water coming from the Mississippi River 
Valley alluvial aquifer (MRVAA) (Kresse et al., 2014). 
Excessive pumping has resulted in overexploitation 
of this groundwater resource, as evidenced by cones 
of depression1 in key crop-producing areas of eastern 
Arkansas. Declining groundwater availability has two 
major implications. First, it imposes additional costs on 
groundwater withdrawal for irrigation—which tends 
to increase other input costs, eventually resulting in 
diminishing marginal farm profit. Second, excessive 
pumping of groundwater will likely jeopardize the 
sustainability of both farming and groundwater 
resources in the long run. For instance, in 2014, 7,255 
Mgal/day2 were pumped from the alluvial aquifer 
despite an estimated sustainable yield of 3,374.33 
Mgal/day—leaving an unmet demand of 3,880.67 
Mgal/day (Kresse et al., 2014). Many efforts have been 
implemented to conserve groundwater resources. 
However, the declining trend has not been improved 
significantly, as reported by the Arkansas Natural 
Resources Commission (ANRC) in 2018. For example, 
of the total 290 wells monitored in 2016 and 2017, 169 
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wells experienced a decline in the static water level 
(Battreal, 2018).

The main objective of this study is to evaluate harvested 
acreage statistics of four major irrigated crops grown 
in eastern Arkansas (corn, cotton, rice, and soybeans) 
over the past Census of Agriculture periods 1982–2017. 
Additionally, we illustrate changes in groundwater 
levels during the past three census periods and discuss 
some policy implications concerning crop production 
and groundwater sustainability in the region. We 
feel this information will be helpful for visualizing the 
strengths, weaknesses, and challenges of eastern 
Arkansas cropland management and groundwater 
sustainability. The remainder of this study is organized 
as follows. The Data and Methods section provides the 
data description and methodology used in the study. 
In the Results and Discussion section, we explain the 
comparative facts of harvested, irrigated, and non-
irrigated acreage of corn, cotton, rice, and soybeans 
over the past eight census periods (from 1982 to 2017), 
as well as the groundwater status of the MRVAA in 
eastern Arkansas over the past three census periods 
(from 2007 to 2017). Finally, the study concludes with 
both a summary and potential policy implications of  
the findings.

DATA AND METHODS
The main focus of our study is the comparison of crop 
acreages for corn, cotton, rice, and soybeans, as well as 
comparisons of groundwater depth changes in eastern 
Arkansas over past census periods. For this purpose, 
we gathered eastern Arkansas county-specific crop 
acreage and groundwater information from two 
sources. We obtained corn, cotton, rice, and soybean 
acreage data from the United State Department of 
Agriculture (USDA) National Agricultural Statistics 
Service (NASS) Census of Agriculture (USDA NASS, 
1982–2017) and groundwater information from the 
ANRC. The eastern Arkansas region consists of 26 
counties, which are subdivided into NASS crop 
reporting districts:3 District 3 (northeast Arkansas), 
District 6 (east central Arkansas), and District 9 
(southeast Arkansas) for statistical reporting purposes. 
We aggregated the crop acreage data at the regional 
and district level, as shown in Table 1. Crop acreage 
information over the past census periods includes 
harvested, irrigated, and non-irrigated acres (in 1,000 
acres) of corn, cotton, rice, and soybeans.

Groundwater status across the MRVAA in eastern 
Arkansas is based on the number of wells monitored 
by the United States Geological Survey (USGS) in each 
county as reported by the ANRC. We aggregated 

county-level changes in groundwater at both the 
regional level (representing all 26 counties) and the 
district level. Changes in groundwater are measured 
in feet and are reported in 1-year, 5-year, and 10-year 
monitoring periods (Table 2).

RESULTS AND DISCUSSION
Harvested, non-irrigated, and irrigated acreage of 
rice, soybeans, corn, and cotton during each census 
period is presented in tabular form (Table 1) and 
diagrammatically (Figures 1–6). Similarly, Table 2 
displays groundwater level changes in 1-year, 5-year, 
and 10-year monitoring periods. Furthermore, 
diagrammatic illustrations of groundwater changes are 
shown in Figures 7 and 8.

Harvested, Irrigated, and Non-Irrigated 
Acreage of Four Major Crops
The total number of harvested crop acres in eastern 
Arkansas remained steady, hovering around six million 
acres over the past eight census years (Figure 1). 
However, irrigated acres in the region grew remarkably 
from 1.96 million in 1982 to 4.73 million in 2017 (Table 1). 
In census year 1982, harvested irrigated and non-
irrigated acreage in eastern Arkansas accounted 
for 32% and 68%, respectively, with the majority of 
harvested irrigated crop acres dominated by rice. 
However, with the passage of time, producers have 
increasingly converted to irrigation to mitigate the 
negative yield effects of frequent drought periods 
occurring during the summer months (Vories and 
Evett, 2010). As a result of this advantage, reliance 
on irrigation grew over time and the number of 
harvested irrigated acres outpaced the number of 
non-irrigated acres during census year 1997, with the 
share of irrigated and non-irrigated acres being 58% 
and 42%, respectively. Proliferation of irrigated acres 
continued until the latest census year 2017, during 
which the number of harvested irrigated and non-
irrigated acres in eastern Arkansas accounted for 4.73 
million (83%) and 0.97 million (17%), respectively, of the 
total 5.7 million harvested acres (Table 1). This irrigated 
crop acreage expansion in the region has been driven 
mainly by marginal profit, water resource availability, 
and weather.

Harvested acres devoted to irrigation have changed 
over time for every major irrigated field crop except 
rice (Figure 2). Rice acres have remained fairly constant 
over the eight census years, hovering above or below 
approximately 1.3 million acres since 1982. However, 
irrigated soybean acres increased significantly over 
time since 1982, and irrigated corn acres increased 
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significantly starting in 2007 (Figure 2). Irrigated cotton 
acres increased steadily from census years 1982–2002 
but began to decline from census year 2007 onward 
(Figure 2).

Of the four major crops evaluated in the study, 
soybeans have seen the largest increase in irrigated 
acres since 1982. In the early 1980s, soybeans were 
primarily a non-irrigated crop—but since census year 
1982, irrigated soybeans have increased significantly 
relative to non-irrigated soybeans, with the former 
surpassing the latter in census year 2002 (Figure 3). 
In addition, irrigated soybean acres have increased 
significantly in all three eastern Arkansas NASS 
reporting districts (Figure 4), indicating an upward 
trend in irrigated soybean acres throughout eastern 
Arkansas. A major factor for the upward trend in 
irrigated soybean acres is increased world demand for 
this crop since the early 1980s, particularly in China. 
Increased world demand for soybeans has increased 
the value of this crop relative to other irrigated field 
crops grown in the state.

As mentioned previously, the two crops that have 
experienced the largest increases in irrigated acres 
since the early 1980s are soybeans and corn. Figures 5  
and 6 show where the most change occurred in 
eastern Arkansas for these respective crops. The 
change in soybean irrigated acres from census years 
1982–2017 is presented by county in Figure 5. Figure 5  
indicates that all counties in eastern Arkansas have 
experienced a positive increase in irrigated soybean 
acres since 1982. However, the counties experiencing 
the largest increases in irrigated soybean acres 
are those that border the Mississippi River (Chicot, 
Crittenden, Desha, Mississippi, Phillips, and St. Francis). 
The top 10 counties gaining irrigated soybean acres 
over the study period are shown in Figure 5A and 
are highlighted in yellow. These counties account 
for almost one million additional irrigated soybean 
acres since 1982. All of these counties produced 
predominantly non-irrigated soybeans in the early 
1980s, but their close proximity to the Mississippi 
River means they have ample groundwater because 
of lateral flows from the river recharging the MRVAA. 
These counties have thus taken advantage of plentiful 
groundwater and have converted most of their non-
irrigated soybean acres to irrigated acres over time. In 
other counties farther removed from the Mississippi 
River and where groundwater is more limiting, the 
rise in irrigated soybean acres has been the result of 
marketing decisions by producers when relative crop 
prices favored soybeans over other crops such as 
irrigated cotton and rice.

The change in corn irrigated acres from census 
years 1982–2017 is presented by county in Figure 6. 
Although irrigated acreage changes have not been as 
dramatic for corn as for soybeans, Figure 6 reveals that 
irrigated corn acres have increased for every county in 
eastern Arkansas since the early 1980s. The increase 
in irrigated corn acres in eastern Arkansas occurred in 
the mid-2000s as corn prices increased due to the U.S. 
Ethanol Mandate and significant drought occurring 
throughout the Corn Belt and southwest regions of the 
United States in 2012. Arkansas also has a significant 
poultry industry, and much of the corn grown in 
eastern Arkansas supplies this industry. Counties 
experiencing the largest increases in irrigated corn 
acres since 1982 tend to be rice-producing counties 
(Arkansas, Craighead, and Lonoke), cotton-producing 
counties (Lee and Phillips), or counties growing both 
rice and cotton (Desha and Jackson). These counties 
collectively account for 225,000 additional irrigated 
corn acres since census year 1982. The rise in irrigated 
corn acres within these counties has been largely 
due to substitution of rice or irrigated cotton area for 
irrigated corn area resulting from relative crop prices 
favoring corn over rice and cotton, particularly in the 
early to mid-2000s.

Groundwater Status
Groundwater use is extremely important for the 
state because groundwater irrigation is critical to 
agriculture—the keystone in the state economy 
(McGraw, Popp, and Miller, 2012). Irrigation accounts 
for the highest percentage of groundwater use in 
Arkansas (Holland, 2007), especially for rice production 
that requires large volumes of water during its growing 
season. Eastern Arkansas gets plenty of precipitation, 
ranging from 45 to 55 inches annually in a normal year 
(NOAA, 2017). However, most of this precipitation falls 
during post-harvest and pre-harvest periods such as 
winter and early spring. As a result, row crop producers 
in the region rely heavily on irrigation water for crop 
production during the summer months. Additionally, 
eastern Arkansas is an important waterfowl flyway, 
and flooded rice fields in the winter provide important 
habitat for ducks and geese. Around 28.8% of rice 
fields are flooded with groundwater from irrigation 
wells for migratory bird habitat following the rice 
harvest (Hardke, 2020). This event accounts for a 
certain amount of groundwater withdrawal during 
the period from the last week of November to the last 
week of January.

Average groundwater level changes across the MRVAA 
during the three census years within the eastern 
Arkansas region are presented in Table 2 and Figure 7. 
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This information shows groundwater depth changes 
in 1-year, 5-year, and 10-year monitoring periods.4 
Here, 1-year, 5-year, and 10-year monitoring periods 
for census year 2017 are 2016–2017, 2012–2017, and 
2007–2017, respectively. On average, groundwater 
declined by 0.92, 1.35, and 2.41 feet in eastern Arkansas 
during the periods 2016–17, 2012–2017, and 2007–
2017, respectively. These numbers clearly indicate 
that the groundwater pumping rate in the region 
exceeded the aquifer recharge rate (the rate of water 
that moves from the land surface to the aquifer—
in other words, aquifer recharge is the process of 
replenishment of aquifer with the surface water) 
during those monitoring periods. The rate at which 
groundwater is being pumped cannot be sustained 
in the long run if that trend continues for several 
years. Groundwater decline rates seem to be slightly 
improved in 2017 compared to 2007, potentially due to 
continuous efforts and initiatives taken by producers 
toward irrigation efficiency enhancement and water 
conservation but also due to some movement in acres 
away from water-intensive rice to less water-intensive 
crops such as soybeans and corn. From Table 2 and 
Figure 7, we see that the greatest level of groundwater 
decline occurred in 2007. On average, groundwater 
declined by 0.44, 2.4, and 7.46 feet in eastern Arkansas 
in 1-year, 5-year, and 10-year monitoring periods ending 
in 2007, respectively.

Figure 8 shows district-level groundwater changes in a 
5-year monitoring period (district cluster). Districts 6 
and 9 had declines in groundwater level of 2.26 feet 
and 1.80 feet, respectively, during the 2012–2017 period. 
However, District 3 gained 0.21 feet during the same 
period. Note that District 6 and District 3 gained more 
irrigated corn and soybean acres from 1982 to 2017. 
Over the period of 2002–2007, more than 2 feet of 
groundwater decline occurred in all three districts. 
However, the rate of decline improved slightly during 
the 2007–2012 period, as shown in Figure 8. But a 
groundwater report produced by the ANRC indicated 
that water-level declines are persistent in areas where 
water use is highest, as evidenced by the presence 
of significant cones of depression in the MRVAA, 
especially in the Grand Prairie and in the Cache Study 
Area west of Crowley’s Ridge (Battreal, 2018). In all 
three census years, groundwater withdrawal rates are 
higher than recharge rates, indicating that effective 
policy and proper action are needed to address this 
issue. Clark, Hart, and Gurdak (2011) reported that 
an approximately 216-mile area within the MRVAA 
showed declines of more than 100 feet of groundwater 
between 1927 and 2007. In Arkansas, there is no 
groundwater pumping limitation as imposed in some 
other states such as Texas and California.

The groundwater decline rate is significantly larger 
than the regional values reported in many counties, 
such as Jefferson, Monroe, Poinsett, St. Francis, and 
Woodruff. This overexploitation of groundwater might 
be attributed to inefficient irrigation management. 
For example, Watkins et al. (2019a, 2019b) found that 
irrigation water was overapplied on average by 37% 
when comparing water use efficiencies for 142 rice 
fields enrolled in the University of Arkansas Rice 
Research Verification Program (RRVP). That same 
study found that multiple-inlet rice irrigation (MIRI) 
and precision land grading (straight levees; zero-grade) 
significantly improved irrigation water efficiency on 
rice fields. A study conducted by Gautam, Paudel, and 
Guidry (2020) in Louisiana using farm-level survey data 
determined similar soybean irrigation efficiency to that 
found in Arkansas rice irrigation.

SUMMARY AND CONCLUDING 
REMARKS
This study highlighted the comparative overview of 
harvested and irrigated corn, cotton, rice, and soybean 
acreage in eastern Arkansas over the past eight 
census years (1982–2017). Additionally, it illustrated the 
information concerning groundwater level change 
across the alluvial aquifer within the region over the 
past three census years 2007, 2012, and 2017. The 
census data revealed a significant increase in irrigated 
acres since the early 1980s, and most of this increase 
was due to a switch from non-irritated to irrigated 
soybeans across the entire region. Most of the increase 
in irrigated soybean acres occurred in counties along 
the Mississippi River, where water is plentiful. Some 
of the increase in irrigated soybean acres was due to 
marketing decisions and favorable prices for soybeans, 
leading to substitution of soybean acres for rice and 
irrigated cotton. Irrigated corn acres also grew during 
the eight census periods, primarily starting in census 
year 2007. During this period, irrigated corn acres 
replaced rice and irrigated cotton acres as a direct 
result of marketing decisions made by producers.

Changes in groundwater levels during a 1-year, 5-year, 
and 10-year monitoring period across the eastern 
Arkansas region indicate that the groundwater 
pumping rate is beyond its sustainable range. 
Groundwater decline appeared to be less pronounced 
in 2017 and 2012 than in 2007 for the 5-year and 10-year 
periods. This relaxation in groundwater withdrawal 
might be partially attributed to continuous efforts 
made by producers toward irrigation efficiency 
enhancement and water conservation but also may be 
due to movement in acres away from water-intensive 
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rice to less water-intensive crops such as soybeans 
and corn. Eastern Arkansas has tremendous potential 
for crop production, which contributes significantly to 
the state’s economy. This region is unique mainly due 
to its ability to grow multiple crops to meet changing 
market conditions. However, overdependence on 
groundwater for irrigation has imposed a threat to the 
sustainability of invaluable groundwater resources. The 
major concern in the present context is to maintain 
groundwater sustainability in the region. More 
specifically, groundwater sustainability can be achieved 
by encouraging producers to implement efficient 
irrigation technology. In general, a combined effort 
from producers, the research community, and policy 
makers would be effective for achieving this goal.

Eastern Arkansas was the focus of this study. However, 
many of the findings—particularly with regard to 
groundwater availability, aquifer depletion, and water 
management—can be applied to the other regions 
bordering eastern Arkansas, such as northeastern 
Louisiana, northeastern Mississippi, and the Missouri 
Bootheel (Reba et al., 2017). A good follow-up to 
this study would be to determine if similar trends in 
irrigation area have also occurred over the same period 
in these regions.

FOOTNOTES
1.   A cone of depression forms in an aquifer when groundwater is 

withdrawn excessively from a well. When the groundwater is 
pumped, the water level in the well is lowered. As the decline 
in groundwater level continues, water pressure around the 
well decreases, which results in the formation of a cone-
shaped depression known as cone of depression. The shape 
of cone depends on many factors such as pumping rate, 
aquifer material, thickness of the aquifer, and so on.

2.   The abbreviation “Mgal” stands for million gallons of water, 
which is equivalent to 3,785,412 liters. Alternatively, assuming 
8.34 pounds per gallon, a million gallons is equivalent to 
8,340,000 pounds.

3.   Counties in District 3 (Clay, Craighead, Greene, Independence, 
Jackson, Lawrence, Mississippi, Poinsett, Randolph, and 
White), District 6 (Arkansas, Crittenden, Cross, Lee, Lonoke, 
Monroe, Phillips, Prairie, St. Francis, and Woodruff), and 
District 9 (Ashley, Chicot, Desha, Drew, Jefferson, and 
Lincoln).

4.   For census year 2017, time periods 2016–2017, 2012–2017, and 
2007–2017 represent 1-year, 5-year, and 10-year monitoring 
periods, respectively. For census years 2012 and 2007, similar 
patterns represent groundwater monitoring periods.

REFERENCES
Arkansas Natural Resources Commission (ANRC). Arkansas 
Groundwater Protection and Management Reports for 2007, 
2012, and 2017. https://www.agriculture.arkansas.gov/natural- 
resources/news/annual-reports.

Battreal, J.L. 2018. “Arkansas Groundwater Protection and  
Management Report for 2017.” Arkansas Natural Resources  
Commission.

Clark, B.R., R.M. Hart, and J.J. Gurdak. 2011. “Groundwater 
Availability of the Mississippi Embayment.” Reston, VA: U.S. 
Geological Survey.

Gautam, T.K., K.P. Paudel, and K.M. Guidry. 2020. “An Evaluation 
of Irrigation Water Use Efficiency in Crop Production Using a 
Data Envelopment Analysis Approach: A Case of Louisiana, USA.” 
Water 12 (11): 3193.

Hardke, J.T. 2020. “Trends in Arkansas Rice Production, 2019.” 
In: B.R. Wells Arkansas Rice Research Studies 2019, edited by 
K.A.K Moldenhauer, B. Scott, and J. Hardke, 11–17. Fayetteville, AK: 
Arkansas Agricultural Experiment Station, University of Arkansas 
System Division of Agriculture.

Holland, T.W. 2007. “Water Use in Arkansas, 2005.” U.S. Geological 
Survey Scientific Investigations Report 2007–5241.

Kresse, T.M., P.D. Hays, K.R. Merriman, J.A. Gillip, D.T. Fugitt, J.L. 
Spellman, A.M. Nottmeier, D.A. Westerman, J.M. Blackstock, 
and J.L. Battreal. 2014. “Aquifers of Arkansas—Protection, 
Management, and Hydrologic and Geochemical Characteristics 
of Groundwater Resources in Arkansas.” U.S. Geological Survey 
Scientific Investigations Report 2014–5149.

McGraw, K., J. Popp, and W. Miller. 2012. “Economic Contribution 
of the Agricultural Sector to the Arkansas Economy in 2010.” 
Fayetteville, AK: Arkansas Agricultural Experiment Station, 
University of Arkansas System Division of Agriculture.

National Oceanic and Atmospheric Administration (NOAA). 2017. 
“A Review of 2017 Weather and Climate Data for the State of 
Arkansas.” National Weather Service. https://www.weather.gov/
lzk/cli2017atxt.htm.

Reba, M.L., J.H. Massey, M.A. Adviento-Borbe, D. Leslie, M.A. 
Yaeger, M. Anders, and J. Farris. 2017. “Aquifer Depletion in the 
Lower Mississippi River Basin: Challenges and Solutions.” Journal 
of Contemporary Water Research & Education 162 (1): 128–139.

USDA NASS. Census of Agriculture, 1982–2017. https://www.nass 
.usda.gov/AgCensus/index.php.

Vories, E.D., and S.R. Evett. 2010. “Irrigation Research Needs in the 
USA Mid-South and Southeast, Humid and Sub-Humid Regions.” 
Paper presented at the 5th National Decennial Irrigation 
Conference, Phoenix, December 5–8, 2010.

Watkins, K.B., C.G. Henry, J.T. Hardke, R.U. Mane, R. Mazzanti, 
and R. Baker. 2019a. “Effects of Field Characteristics on Irrigation 
Water Efficiency in Arkansas Rice Production.” In B.R. Wells 
Arkansas Rice Research Studies 2018, edited by R.J. Norman 
and K.A.K. Moldenhauer, 431–438. Fayetteville, AK: Arkansas 
Agricultural Experiment Station, University of Arkansas System 
Division of Agriculture.

Watkins, K.B., C.G. Henry, J.T. Hardke, R.U. Mane, R. Mazzanti, 
and R. Baker 2019b. “Efficiency Measurement of Irrigation Water 
and Other Inputs in Arkansas Rice Production Using Data from 
the Rice Research Verification Program.” In B.R. Wells Arkansas 
Rice Research Studies 2018, edited by R.J. Norman and K.A.K. 
Moldenhauer, 424–430. Fayetteville, AK: Arkansas Agricultural 
Experiment Station, University of Arkansas System Division of 
Agriculture.

https://www.weather.gov/lzk/cli2017atxt.htm
https://www.weather.gov/lzk/cli2017atxt.htm
https://www.nass.usda.gov/AgCensus/index.php
https://www.nass.usda.gov/AgCensus/index.php


ASFMRA 2021 JOURNAL

22

Figure 1. Total, non-irrigated, and irrigated harvested cropland by Census of Agriculture year, eastern Arkansas

Figure 2. Irrigated harvested cropland by Census of Agriculture year and major irrigated field crop, eastern Arkansas
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Figure 4. Irrigated harvested soybean acres by NASS Districts 3, 6, and 9 and by Census of Agriculture year,  
eastern Arkansas

Figure 3. Non-irrigated and irrigated harvested soybean acres by Census of Agriculture year, eastern Arkansas
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Figure 5. Change in soybean irrigated harvested acres (from census years 1982–2017) by county, eastern Arkansas. 
D3, D6, and D9 indicate the county is located in NASS Districts 3, 6, or 9.

Figure 5A. Arkansas map showing top 10 counties (in yellow) that gained irrigated soybean acres over the census 
period since 1982
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Figure 6. Change in corn irrigated harvested acres (from census years 1982–2017) by county, eastern Arkansas. D3, 
D6, and D9 indicate the county is located in NASS Districts 3, 6, or 9.

Figure 7. Groundwater depth change across MRVAA in eastern Arkansas
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Figure 8. Groundwater depth change across MRVAA in 5-year monitoring period in eastern Arkansas  
(district cluster)
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Table 1. Harvested Total, Non-Irrigated, and Irrigated Cropland by Census Year and Harvested Irrigated Cropland by 
Census Year, Crop, and NASS Districts 3, 6, and 9, Eastern Arkansas

Category 1982 1987 1992 1997 2002 2007 2012 2017

Eastern Arkansas

Total 6203.6 5307.8 6015.4 6286.9 5973.9 6010.6 5980.9 5700.6

Non-Irrigated 4242.8 2981.3 3397.3 2657.3 1922.4 1646.8 1292.3 971.3

Irrigated 1960.8 2326.6 2618.1 3629.7 4051.5 4363.8 4688.5 4729.2

Irrigated Percent 31.6 43.8 43.5 57.7 67.8 72.6 78.4 83.0

NASS District 3

Rice 480.5 424.3 551.8 580.6 621.7 589.3 586.9 517.6

Irrigated Soybeans 164.7 292 225.6 489.0 530.6 566.6 703.6 814.7

Non-Irrigated Soybeans 1209.8 742.1 834.7 692.5 437.6 327.2 290.9 221.0

Irrigated Corn 3.8 13.0 29.5 59.3 46.2 147 154.4 129.2

Non-Irrigated Corn 6.4 5.7 12.6 27.5 24.9 29.4 30.8 23.3

Irrigated Cotton 4.2 17.7 118.9 222.7 303.2 293.3 261.3 198.6

Non-Irrigated Cotton 137.9 177.8 247.7 227.5 136.3 117.1 56.1 18.8

NASS District 6

Rice 544.3 434 580.5 601.9 656.1 557.3 540.8 456.1

Irrigated Soybeans 417.5 595.5 499.5 847.7 829.5 933.6 1110.1 1272.9

Non-Irrigated Soybeans 1458.8 966.3 972.3 859.3 512.5 463.2 396.5 330.1

Irrigated Corn 2.3 12.0 24.8 48.2 66.7 184.1 215.4 217.6

Non-Irrigated Corn 2.9 2.8 6.4 16.0 23.2 36.3 32.3 30.8

Irrigated Cotton 13.4 37.1 111.1 139.2 173.2 188.2 152.1 104.4

Non-Irrigated Cotton 74.5 85.8 172.2 94.5 50.6 34.9 18.2 16.7

NASS District 9

Rice 203.2 160.5 193.8 200.8 204.6 167.6 138 114.6

Irrigated Soybeans 64.2 145.2 76.7 226.8 279.2 309.9 442.1 627.9

Non-Irrigated Soybeans 553.2 288.2 317.7 296.7 150.5 106.9 81.9 71.9

Irrigated Corn 0.0 5.1 2.5 7.2 23.8 111.9 188.6 128.4

Non-Irrigated Corn 0.8 3.8 3.7 3.7 7.0 16.6 23.3 14.4

Irrigated Cotton 56.4 124.4 158.5 241.4 230.1 201.1 91.2 91.4

Non-Irrigated Cotton 105.8 78.8 125.8 63.3 23.1 14.1 3.1 3.4

Eastern Arkansas

Rice 1227.9 1018.8 1326.2 1383.3 1482.3 1314.2 1265.8 1088.3

Irrigated Soybeans 646.4 1032.7 801.7 1563.6 1639.2 1810.1 2255.7 2715.6

Non-Irrigated Soybeans 3221.8 1996.5 2124.7 1848.5 1100.6 897.3 769.3 623.0

Irrigated Corn 6.1 30.0 56.8 114.7 136.7 443.0 558.4 475.2

Non-Irrigated Corn 10.0 12.3 22.7 47.2 55.1 82.4 86.4 68.5

Irrigated Cotton 73.9 179.2 388.5 603.2 706.5 682.6 504.6 394.4

Non-Irrigated Cotton 318.2 342.5 545.7 385.3 210 166.1 77.3 38.9

Note: Number of acres are in 1,000.
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Table 2. Groundwater Depth Change Across MRVAA Within Eastern Arkansas in 1-Year, 5-Year, and 
 10-Year Monitoring Periods

Groundwater Depth Change in Feet

Region/District Census Year 1-Yr 5-Yr 10-Yr

Eastern Arkansas

2007 –0.44 –2.40 –7.46

2012 0.09 –1.07 –3.14

2017 –0.92 –1.35 –2.41

District 3 (D3)

2007 0.61 –2.09 –4.33

2012 0.36 –1.15 0.36

2017 –0.78 0.21 –1.41

District 6 (D6)

2007 –0.70 –2.16 –6.49

2012 0.16 –0.32 –3.06

2017 –0.98 –2.26 –2.15

District 9 (D9)

2007 –1.34 –2.58 –7.40

2012 –0.51 –0.86 –3.66

2017 –0.40 –1.80 –3.73
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Abstract

This study quantified farm business 
transition within the Minnesota State Farm 
Business Management (FBM) education 
program. FBM instructors (n = 50) responded 
to a census survey regarding the number 
of FBM enrolled farms (n = 2,324) in active 
transition or expected to transition within the 
next five years. Actively transitioning farms 
totaled 17.7% of farms (413), whereas farms 
expected to transition within the next five 
years totaled 26% of farms (604). Although 
generalizability of this survey was limited, 
this study nonetheless suggests the need for 
farm business management and appraisal 
professionals to prepare for transitions to be 
an increasing aspect of their workload.

INTRODUCTION
For farm business management and appraisal 
professionals, farm transition and succession planning 
is not a nascent topic. It has been researched by 
academics and educators (e.g., Kirkpatrick, 2013; Ferrell, 
Boehlje, and Jones, 2013; Hachfeld et al., 2009, 2013), 
private companies (e.g., Shuntich, 2016, on behalf of 
Nationwide Mutual Insurance), and the government 
(e.g., USDA NASS, 2014). For the first time, the United 
States Department of Agriculture (USDA) National 
Agricultural Statistics Service (NASS) 2017 Census of 
Agriculture asked producers nationwide about estate 
and succession planning as part of its every-five-year 
count of U.S. farms and ranches (USDA NASS, 2017; 
Bampasidou and McKinzie, 2020). The 2017 Census of 
Agriculture question on estate and succession planning 
focused on farm transition in the context of decision-
making involvement of up to four individuals per 
operation. In the census, 56% of respondents (1,911,680 
producers out of a total of 3,399,834 producers) 
indicated involvement in estate or succession planning 
nationwide (USDA NASS, 2017). Other national data—
such as the increasing average age of farmers (USDA 
NASS, 2007, 2012, 2017) and the high number of acres 
of generational farmland transfer predicted over the 
coming years (American Farmland Trust, 2020)—
provide some existing insight into possible increasing 
rates of farm transition nationwide.

In the United States, 33.2% of principal operators 
were age 65 and older (701,276 operators out of a 
total of 2,109,303), and these farmers owned 26.2% 
of land nationwide (239,753,356 acres out of a total 
of 914,527,657) (American Farmland Trust, 2020). 
Specifically in Minnesota, 18.5% of principal operators 
were age 65 and older (20,255 operators out of a 
total of 111,311), and these farmers owned 20.8% of 
Minnesota’s farmland (5,424,189 acres out of a total of 
26,035,838) (American Farmland Trust, 2020).1

Using an average Minnesota farmland price of $4,800 
per acre (Lazarus, 2020), an estimated $26 billion 
worth of farmland in Minnesota may transition in 
the upcoming decades due to operators over age 65 
selling, gifting, or leaving their land to heirs at death. As 
compared to Minnesota, the USDA estimates average 
U.S. farmland prices to be slightly lower, at $3,160 per 
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acre nationwide (USDA NASS, 2020). Using this average 
price, the amount of farmland nationwide estimated 
to be transferred in the coming decades by operators 
over age 65 is $757 billion. These large numbers do 
not include the crops, machinery, livestock, and other 
farm assets Minnesota farmers age 65 and older own. 
Farm transition is a big deal, from both a financial 
management and human resource management 
perspective.

The $26 billion estimate for Minnesota is based on the 
concept that if a transition does not occur through 
sale or gift, transition will eventually happen due to an 
owner passing on, whether or not planning occurred. 
In other words, a transition of farm assets can happen 
with or without pre-planning; intestacy laws exist for a 
reason. Conversely, even if an owner begins passively 
pre-planning and indicates involvement in transition 
decision-making (the new question asked on the 2017 
Census of Agriculture), they may not actively start 
the legal processes involved in business transition. 
To determine which farms are actively planning, this 
study went a step further than existing data sources 
by quantifying active farm business transition and 
succession planning within a target population of 
Minnesota farmers.

In particular, there was an interest in studying farm 
transition in a specific subset of Minnesota farmers. 
In Minnesota, Farm Business Management (FBM) 
students include adult farm owners, farm operators, 
and individuals interested in farming as an occupation; 
farmers enroll in tuition-based credits with FBM 
instructors at two-year institutions within the 
Minnesota State Colleges and Universities (MN State) 
system (AgCentric, 2020). While “student” is used to 
describe farmers in the FBM program, the term can be 
a misnomer to those unfamiliar with Minnesota’s FBM 
program. All MN FBM participants are adults farming 
professionally either full-time or part-time, meaning 
they differ from the traditional college student in 
terms of age and career status. Individuals enrolled in 
FBM receive educational input on farm management 
topics from FBM instructors in one-on-one settings 
(AgCentric, 2020). Farm management topics available 
through MN FBM are often financial focused but also 
include broader topics such as business and personal 
goal setting, rural mental health, and—most relevant 
to this study—farm transition (AgCentric, 2020). 
Within MN State, eight community colleges offer FBM, 
and two Agricultural Centers of Excellence—one in 
northern Minnesota and one in southern Minnesota—
provide statewide leadership on agricultural education 
issues, including FBM.

RESEARCH OBJECTIVES
The following research objectives guided this study:

1.  Quantitatively measure how many farms in 
Minnesota’s FBM program are actively going 
through a farm transition.

2.  Quantitatively measure how many farms in 
Minnesota’s FBM program are likely to go through 
farm transition planning in the next five years.

3.  Qualitatively identify what suggestions farm 
business management professionals have for 
educational programming on farm transition.

DATA AND METHODS
This descriptive, non-experimental study used survey 
research methodology. The survey results described 
farm transition status of farms involved in MN State’s 
FBM program. Survey design enabled quantitative, 
descriptive analysis of the data (Fraenkel, Wallen, 
and Hyun, 2012), as well as allowed for short written 
qualitative feedback in an open-ended suggestion 
section. Using paper and pen at an in-person meeting 
on September 9, 2019, the research team distributed 
the anonymous farm transition questionnaire to 
respondents consisting of FBM instructors. Data was 
collected following established University of Minnesota 
Extension survey protocols for low-risk ongoing 
anonymous program evaluation.

Population
The accessible target population was FBM instructors 
at the eight MN State community and technical 
colleges that offer FBM programs. The research team 
did not employ random sampling. Rather, the research 
team deemed an attempted census survey of FBM 
instructors preferable due to access to instructors 
at a required statewide FBM instructor professional 
development conference. The attempted census 
resulted in 50 instructor responses out of a total 
of 62 instructors. In other words, 81% of total FBM 
faculty responded, a large majority. The 50 instructor 
respondents represented 2,324 farms enrolled in the 
MN State FBM program in 2019.
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Instrumentation
The instrumentation for this study consisted of a 
short questionnaire administered hardcopy via paper 
and pen at a required FBM faculty development 
conference. This type of surveying of FBM instructors 
about their farms is typical, and instructors are 
expected to come to statewide meetings prepared to 
provide information about their FBM programs.2 The 
questionnaire, developed by the research team for the 
purpose of this study, asked a series of open-ended 
questions including:

A. How many total farms do you work with?

B.  What number of farms you work with are actively 
going through a farm transition?

C.  What number of farms you work with are likely 
going to require farm transition planning in the 
next five years?

D.  Is there something additional you would like 
from the Centers of Agriculture and University of 
Minnesota Extension regarding farm transition 
and estate planning educational resources?

The research team addressed reliability and validity  
of the instrument in several ways. It was assumed  
FBM instructors were able to reliably remember the 
number of farms they worked with and those farms’ 
respective transition status. FBM instructors have close 
and often long-term relationships with the farmers  
they serve. However, no test-retest of the instrument 
was conducted to check the assumption of accurate 
recall reliability. From a validity standpoint, it was 
assumed instructors understood the questions of 
the instrument as intended due to FBM instructors’ 
expertise in farm management topics and familiarity 
with terms used in the questions.3 Data collection 
for research objectives 1 and 2—based on instrument 
questions A, B, and C—resulted in discrete, interval-
level variables, enabling objective quantitative analysis 
(Fraenkel, Wallen, and Hyun, 2012). Research objective 
3—based on instrument question D—is qualitative 
in nature, but the format of this short one-page 
questionnaire and no follow-up questions led to brief 
responses from only half of respondents. As described 
in Merriam and Tisdell (2016), it was unlikely that 
saturation of qualitative responses was reached  
using this survey instrument. This limited validity of 
objective 3.

Analysis
The hardcopy farm transition questionnaires were 
collected the same day they were distributed, 
September 9, 2019. All anonymous questionnaire 
responses were then entered into Microsoft Excel 16.0 
by a trained Extension support staff member. Data 
was further analyzed in Excel to report descriptive 
statistics for research questions 1 and 2, including 
frequency, percentage, range, and standard deviation. 
Quantitative methods followed approaches as 
described in Field (2015) and Fraenkel, Wallen, and 
Hyun (2012).

Prior to performing descriptive analysis of the data, 
a chi-square test of independence was conducted 
to determine if respondents answered the two 
questions related to number of farms observed to be 
transitioning differently than randomly expected. This 
analysis contributed to the measurement of validity 
within the study. The null hypothesis assumed that 
the difference in the categorical selection of whether 
farms were transitioning and random selection was 
not significantly different from zero. The alternative 
hypothesis indicated selection by respondents was 
independent (i.e., different from zero). The alpha level 
was set at 0.05 a priori. The 2 × 2 observed table was 
constructed with actively transitioning as column one 
and transitioning within the next five years as column 
two. Row one was yes (the sum of responses for each 
question), and row two was no (the difference between 
the sum of yeses and the total number of FBM farms) 
(Table 1). The 2 × 2 expected table was constructed by 
applying random selection of yes/no (0.5 or 50%) 
to the total possible number of farms represented 
by respondents (n = 2,324) to column one’s actively 
transitioning and to the remaining farms (n = 1,162) 
in column two’s transitioning in the next five years 
(Table 2). A third 2 × 2 table was constructed by taking 
(observed-expected)2/expected; the sum of this table 
is the chi-square statistic, X2 (1, n = 2,324) = 1,873.68, p 
= < 0.001 (Table 3). The null hypothesis was rejected, 
indicating respondents’ selection of whether farms were 
transitioning was significantly different from random 
selection. Based on this result, further qualitative 
analysis of research objectives 1 and 2 proceeded.

Research objective 3 was qualitative in nature, but as 
described in the Instrumentation section, the short 
format of the questionnaire and lack of ability for probing 
follow-up questions to expand answers meant that a 
full thematic qualitative analysis with coding was not 
conducted. Instead, responses were read multiple 
times by the research team, looking for repetition of 
ideas. Repetitive short-format ideas regarding suggested 
transition educational content were then summarized.
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RESULTS
Fifty FBM instructors replied, representing 2,324 
Minnesota farms enrolled in adult FBM educational 
programming (Table 4). The average number of farms 
each instructor worked with was 46.48 farms (SD = 
14.55, range 6–65). In general, instructors beginning 
their career in FBM tend to work with fewer farms 
and those with more experience have a larger base of 
farms, which helps explain the wide reported range of 
farms per instructor.

Research objective 1—measure how many farms in 
Minnesota’s FBM program are actively going through 
a farm transition—was analyzed with descriptive 
statistics. An estimated 17.77% of farms (413) were 
undergoing active transition. On a per-instructor basis, 
the average instructor was working with 8.26 farms 
(SD = 6.33, range 0–23) in active transition.

Research objective 2—measure how many farms in 
Minnesota’s FBM program are likely to go through 
farm transition planning in the next five years—was 
also analyzed with descriptive statistics. An estimated 
25.99% of farms (604) are likely to undergo transition 
in the next five years. On a per-instructor basis, the 
average instructor was working with 12.08 farms (SD 
= 7.96, range 1–40) likely to undergo transition in the 
next five years. Overall, FBM instructors identified 
that 43.76% of their FBM program’s farms (1,017) were 
actively transitioning at present or likely to transition 
within the next five years.

Research objective 3—identify what suggestions 
FBM professionals have for educational programming 
on farm transition—was approached from a non-
quantitative perspective. As addressed in the previous 
section, the qualitative responses (n = 26) were not 
formally analyzed for emergent themes, because it 
was unlikely that saturation of responses had been 
reached (Merriam and Tisdell, 2016). Despite the lack 
of full qualitative thematic analysis, there was some 
repetition of ideas identified among responses. These 
included the need for legal information tailored to 
agricultural transitions, the different needs of farms 
starting a plan versus finishing a plan, the different 
needs for farm transition planning within family 
versus exit planning, and the need to continue farm 
transition conversations started in workshop-based 
programs into one-on-one settings.

While these comments are addressed from the 
educational needs of the FBM participant/farmer, there 
were also comments related to the needs of the FBM 
instructor. Several respondents included suggestions 

for farm transition professional development aimed 
at those new to the career field. Other respondents 
suggested “worksheets,” “cheat sheets,” or “updates” 
for instructors to utilize with farm families in transition. 
Skills-based content desired by respondents included 
farm transition educational programming focused on 
both soft skills (e.g., communication) and technical 
skills (e.g., legal and financial options).

CONCLUSIONS AND 
RECOMMENDATIONS
In the next five years, farm transition is expected to 
be a part of the farm management process for about 
half of all farms (44%) enrolled in Minnesota FBM, with 
about one-fifth (18%) already actively in transition. 
The percentages from this study were lower than the 
percentages the Minnesota sort of the 2017 Census of 
Agriculture indicated for farm estate and succession 
planning decision-making. Fifty-nine percent of 
Minnesota producers (65,971 out of a total of 111,760 
producers) indicated they were involved in estate and 
succession planning decision-making on the 2017 
Census of Agriculture. As many as four producers from 
each farm could respond to the question. At the overall 
farm level, the percentage jumps higher to 66% of 
Minnesota farms (45,498 farms out of a total of 68,822 
farms) with at least one producer involved in estate and 
succession planning decision-making (USDA NASS, 
2017). However, as mentioned in the introduction, 
just because a producer indicates involvement in 
transition decision-making (e.g., on the 2017 Census 
of Agriculture) does not always mean they are actively 
transitioning from a legal or business perspective. 
Thinking about farm transition does not necessarily 
mean legal aspects of succession and estate planning 
have taken place. Nonetheless, in terms of state and 
national data on farm estate and succession planning 
numbers, the Census of Agriculture provides useful 
insight, clearly shows a large number of farmers 
thinking about transition decisions, and indicates that 
the results of this survey were not too high.

While farm transition planning is not a new concept 
for farm management professionals, the large number 
of farms and producers expected to go through the 
time-intensive and often complex process of farm 
transition in the coming years is noteworthy. Although 
MN FBM farms do not mirror the general population 
of farmers and it is not appropriate to generalize these 
results across all farmers, Census of Agriculture data 
on estate and succession planning can nevertheless 
be generalized. Whether looking at the census data 
or the quantitative results of this study, large numbers 
of farm transitions are undoubtedly coming. Farm 
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families and farmland owners across the United States 
are facing change in the coming years and need to be 
able to properly communicate, analyze, develop, and 
execute individualized estate and succession plans in 
order to transition farms to the next generation.

Most people within the farm management and 
appraisal professions have heard horror stories of farm 
succession and estate planning (or lack of planning) 
leading to undesired results. As identified in other 
studies (Hughes and Mehlhorn, 2019; Schlesser, 
Stuttgen, and Mills-Lloyd, 2019) and the qualitative 
results of this study, many barriers exist within the 
farm transition process. However, if those barriers 
are overcome, properly managed farm transition 
helps facilitate farm entry for beginning farmers 
and retirement/estate planning for older farmers 
(Kirkpatrick, 2013). While group-based educational 
programming such as Extension workshops (Hachfeld 
et al., 2009, 2013) provide an important and valuable 
part of the transition puzzle, farm transition decision-
making and follow-through ultimately happen on 
an individual farm basis. Knowing that farms will 
have increased needs for farm transition assistance, 
particularly at the one-on-one level, farm management 
and appraisal professionals and educators can prepare 
themselves for the upcoming transition challenges of 
their students and/or clients.

FOOTNOTES
1.   Data in the paragraph referring to land ownership by farmers 

age 65 and older was from the 2012 Census rather than the 
2017 Census. In 2017, USDA NASS stopped publicly releasing 
a special sort of farm characteristics by age of producer, so 
number of acres owned by those over age 65 was not readily 
available in 2017 but was available for 2012. Furthermore, the 
older 2012 terminology of “principal operator” is used in this 
paragraph in accordance with the 2012 dataset instead of the 
newer 2017 USDA terminology of “primary producer.”

2.   This statement was corroborated in personal communication 
on January 19, 2021, with AgCentric Assistant Director Judy 
Barka. Data from FBM instructor surveys informs statewide 
policy of farm management topics.

3.   From a validity and results perspective, it was assumed that 
FBM instructors interpreted questions B and C as mutually 
exclusive based on the wording of the instrument and verbal 
instructions. Based on responses, this appears to be the 
case for most instructors; however, at least two respondents 
had answers to questions B and C that sum to higher than 
question A. This indicates that at least two instructors did not 
consider B and C mutually exclusive.
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Table 1. Observed Results of Farm Transitions Among Minnesota Farm Business Management Enrollees (N = 2324)

Variable Actively Transitioning Next 5 Years

Going through transition 413 604

Not going through transition 1,911 1,307

Total 2,324 1,911

Note: Data from survey of 50 instructor respondents representing 2,324 farms enrolled in MN State’s FBM program in 2019.

Table 2. Expected Yes/No Random Results of Farm Transitions Among Minnesota Farm Business  
Management Enrollees (N = 2,324)

Variable Actively Transitioning Next 5 Years

Going through transition 1,162 581

Not going through transition 1,162 581

Total 2,324 1,162

Table 3. [(Observed-Expected)^2/Expected] of Farm Transitions Among Minnesota Farm Business  
Management Enrollees (N = 2,324)

Variable Actively Transitioning Next 5 Years

Going through transition 482.79 0.91

Not going through transition 482.79 907.19

Note: X2 (1, n = 2,324) = 1,873.68, p = < 0.001.

Table 4. Farms in Transition as Identified by Minnesota Farm Business Management Instructors (N = 50)

Variable Number
Percent of Total Farms 

(N = 2,324)
Mean per 

Instructor

Standard  
Deviation per  

Instructor Range

Farms in active transition 413 17.77 8.26 6.33 0–23

Farms transitioning next 5 
years

604 25.99 12.08 7.96 1–40

Farms transitioning combined 1,017 43.76 20.34 12.24 1–56

Total farms represented by  
respondents

2,324 100.00 46.48 14.55 6–65
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Abstract

The 2018 Farm Bill reauthorized the 
Agriculture Risk Coverage (ARC) and Price 
Loss Coverage (PLC) programs while 
providing producers with the opportunity to 
make an annual election between ARC and 
PLC beginning with the 2021 crop year. In this 
article, we analyze the enrollment decision 
on several representative farms across the 
United States and provide farm managers 
with a better understanding of the tradeoffs 

between the two programs. Given the current 
price outlook, the results indicate that some 
producers will want to take advantage of this 
new flexibility offered in the 2018 Farm Bill.

BACKGROUND
The Agriculture Risk Coverage (ARC) and Price Loss 
Coverage (PLC) programs were created in the 2014 
Farm Bill, with ARC protecting against shallow revenue 
losses and PLC protecting against multi-year declines in 
national marketing year average prices. Under the 2014 
Farm Bill, all producers on the farm had to make a one-
time, irrevocable “election” between ARC and PLC on a 
crop-by-crop and farm-by-farm basis that applied to all 
five years of the farm bill (i.e., crop years 2014–2018). After 
making the one-time election, producers had to sign an 
“enrollment” contract each year to be eligible for ARC 
and PLC.

The 2018 Farm Bill retained the ARC and PLC programs 
with a few notable changes. First, owners were given 
an opportunity to update PLC payment yields. The 
newly updated yields took effect with the 2020 crop 
year and will be utilized throughout the life of the 
current farm bill. Owners of a farm had until September 
30, 2020, to update yields. Second, the 2018 Farm Bill 
established “effective reference prices,” which were 
designed to allow reference prices to increase above 
the levels established in statute if market prices warrant 
(Fischer and Willis, 2020). For the 2020 crop year, a 
few pulse crops (lentils and large and small chickpeas) 
and other oilseeds (mustard seed, rapeseed, crambe, 
and sesame seed) were the only covered commodities 
with effective reference prices that exceeded the levels 
established in statute (USDA FSA, 2021). Finally, the 2018 
Farm Bill shortened the initial election period, requiring 
producers to make a joint decision between ARC and 
PLC for the 2019 and 2020 crop years (see Appendix 
Table 1 for a program enrollment summary). Beginning 
with the 2021 crop year and continuing throughout 
the life of the current farm bill, producers can make an 
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annual election between ARC or PLC on a crop-by-crop 
and farm-by-farm basis for all covered commodities.

The challenge with any ARC and PLC election is that 
it is typically made long before prices and yields for a 
given crop year are known. Under the 2014 Farm Bill, 
the deadline for making the five-year ARC/PLC election 
was April 7, 2015, well into the marketing year for the 
2014 crop but long before the 2018 crop was planted 
(USDA, 2015). Under the 2018 Farm Bill, the deadline for 
making the two-year election for 2019 and 2020 was 
on March 16, 2020 (USDA FSA, 2020). At that point, all 
crops were harvested for the 2019 crop year (except 
for some counties that experienced relentless weather 
problems)—but in most cases, official county-wide 
yields had not yet been published. And despite the 
fact that the marketing year was well underway for 
most crops, COVID-19 still had an impact. For example, 
in March 2020, the United States Department of 
Agriculture (USDA) projected a 2019/2020 marketing 
year average price for corn of $3.80/bu (WAOB, 2020a). 
By August 2020, that estimate had been reduced to 
$3.60/bu (below the $3.70/bu reference price)  
(WAOB, 2020b).

Although the county yields used in ARC are known 
after harvest (after a publishing lag), the prices used 
in both ARC and PLC are marketing year averages—
which by definition are not finalized until 12 months 
after harvest. With a March 15, 2021, deadline for the 
2021 crop year election and enrollment, the USDA 
is again requiring producers to make the election 
before they have a sense of potential yields and long 
before marketing year average prices are known. The 
question then becomes, Can we shed some light on 
likely producer policy choices?

METHODS
The Agricultural & Food Policy Center (AFPC) at Texas 
A&M University maintains 94 representative crop 
farms, dairies, and livestock operations chosen from 
major production areas across the United States. 
Information necessary to simulate the economic 
activity on these representative farms is developed 
from panels of producers using a consensus-building 
interview process, and data collected from the panel 
farms is analyzed using the whole farm simulation 
model developed by the AFPC (Outlaw et al., 2020). 
For purposes of analyzing the ARC and PLC decision, 
we chose a subset of the representative crop farms 
designed to reflect each of the American Society 
of Farm Managers and Rural Appraisers (ASFMRA) 
seven districts (Figure 1). In each district, we selected 

the representative farm that was projected to be in 
the worst overall financial position in 2021 in terms of 
liquidity and solvency. In other words, we attempted 
to select farms where the importance of making a 
well-informed ARC and PLC decision was particularly 
acute. In two districts, we selected an additional farm 
to ensure the analysis covered all of the major program 
crops. In total, the analysis includes 22 crops across 
nine different representative farms.

For each farm that was selected, we analyzed 
expected ARC and PLC payments using the AFPC’s 
2018 Farm Bill Decision Aid, which was recently 
updated to address the election for the 2021 crop 
year (AFPC, 2018). For purposes of this analysis, the 
decision tool used projected marketing year average 
prices for 2021 from the Food & Agricultural Policy 
Research Institute’s (FAPRI’s) August 2020 baseline 
update (Figure 2) and incorporated risk to simulate 
500 stochastic outcomes for commodity prices (FAPRI, 
2020). Similarly, projected actual county yields were 
estimated using a linear trend fitted to county yields 
with risk incorporated to simulate 500 stochastic yield 
outcomes for each crop. These inputs were used to 
simulate projected ARC and PLC payments.

Importantly, ARC is offered at both the county (ARC-
CO) and individual (ARC-IC) levels. While the 2018 Farm 
Bill maintains the ARC-IC option, producers enrolled 
fewer than 4% of base acres in ARC-IC in 2019. In 
most of those cases, ARC-IC participation was driven 
almost entirely by producers who had experienced 
widespread prevented-planting losses due to flooding, 
which were known at the time of making the election. 
Given that the payment factor on ARC-IC is 65% 
(compared to 85% for ARC-CO) and given that the 
USDA requires producers to make an election long 
before yields are known, we expect ARC-IC to be an 
even less attractive option in 2021. As a result, this 
analysis focuses primarily on helping farm managers 
decide between ARC-CO and PLC.

FINDINGS
Table 1 provides the summary statistics for the 22 
crop combinations across the nine farms chosen 
for this study. Again, the 2018 Farm Bill maintained 
the flexibility from the 2014 Farm Bill that allowed 
producers to make a decision between ARC-CO and 
PLC on a crop-by-crop and farm-by-farm basis. In 
three-fourths of the non-soybean cases, the expected 
(average) PLC payment exceeds the maximum 
possible ARC payment. Perhaps this shouldn’t be a 
surprise, because prices have continued to stagnate 
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and ARC guarantees have continued to erode. Even 
in the case of soybeans, the likelihood of receiving a 
PLC payment is higher than that of ARC. Furthermore, 
apart from the Texas farm, the likelihood of PLC 
exceeding ARC is very high (i.e., for several farm/crop 
combinations, there were no iterations where ARC 
payments exceeded PLC).

The following four farms were selected to further 
illustrate the distribution of ARC-CO and PLC 
payments for the major program commodities:

 • Seed cotton in San Patricio County, Texas

 • Corn in Dawson County, Nebraska

 • Soybeans in Webster County, Iowa

 • Wheat in Adams County, Washington

Figures 3–6 show the cumulative distribution functions 
(CDFs) for the ARC and PLC payments for each of 
the four farms. CDFs are helpful for illustrating the 
probability (expressed in percentages along the 
y-axis) of estimated ARC and PLC payments being 
less than or equal to given values (expressed in $/Acre 
along the x-axis). As noted in Figure 3, seed cotton in 
San Patricio County in Texas is the only example (of 
the four highlighted farms) where PLC is not first-
order stochastically dominant. While the payment 
distributions for ARC and PLC somewhat track one 
another—which perhaps is to be expected given 
that the PLC reference prices serve as a floor in the 
ARC guarantee—all four figures clearly show that 
maximum ARC-CO payments are far less than the 
maximum PLC payments. Again, this comes as no 
surprise since ARC payments are limited to 10% of the 
benchmark revenue. For example, for seed cotton on 
the San Patricio County farm, although there is a 40% 
chance of hitting the maximum ARC payment, there’s 
a 30% chance of PLC being double the maximum  
ARC payment.

Although the decision tool simulates across 500 
different price and yield outcomes, ultimately county 
yields will not be determined until well after harvest—
and marketing year average prices, as previously 
noted, will not be determined until the end of the 
marketing year. As a result, this study also presents a 
series of illustrative scenarios to show the breakeven 
between ARC and PLC under several price and yield 
outcomes (Tables 2–5). As a reminder, the results in 
Table 1 would suggest that some of the outcomes in 
Tables 2–5 have very little chance of occurring (e.g., 
ARC exceeding PLC is a very low probability in most 
cases), but the tables help illustrate the circumstances 

that must arise for ARC to be preferred. Further, it is 
important to note that these representative farms are 
in specific counties; yield variability may be greater in 
neighboring counties.

As noted in Table 2, ARC payments would exceed PLC 
payments if seed cotton prices were at $0.3276 per 
pound or above and county realized yields were at or 
lower than 1,762 pounds per acre. For irrigated corn 
in Dawson County, Nebraska, the difference between 
ARC and PLC would reach its peak with prices just 
above the reference price ($3.7375) and realized yields 
well below average (Table 3). Although the likelihood 
of ARC exceeding PLC was still very low for soybeans 
in Webster County, Iowa, that’s largely because 
there’s a greater than 50% likelihood that neither will 
pay anything (Table 4). ARC could certainly pay (and 
exceed PLC) if actual yields are below the otherwise 
typically stable yields. Finally, for wheat in Adams 
County, Washington, the only way ARC exceeds PLC 
is if prices rebound significantly above August 2020 
baseline projections and realized yields fall roughly 10% 
(or more) below expected yields (Table 5).

CONCLUSION AND SUMMARY
Given the August 2020 baseline price outlook and the 
structural limitations of ARC-CO, there are very few 
circumstances in which ARC-CO would be preferred 
to PLC. If prices were to hold at those projected levels, 
even a complete crop failure generally would not be 
enough to tip the scales in ARC’s favor for most of the 
major program crops examined. For those producers 
who elected ARC for the 2019 and 2020 crop years, the 
option to switch to PLC for the 2021 crop year may be 
particularly appealing.

As always, the biggest challenge with ARC and PLC is 
that producers have to make decisions with imperfect 
information—prices and yields are generally unknown 
at the time of making the decision. As such, each 
producer must make the decision based on their own 
outlook and risk tolerance.
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Figure 1. Locations and brief descriptions of selected AFPC representative farms from each of the seven  
ASFMRA districts

Figure 2. Historical and projected market year average prices, 2012–2021. (Source: USDA FSA ARC/PLC program year 
specific data and FAPRI “Baseline Update for U.S. Agricultural Markets: August 2020.”)
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Figure 3. Cumulative distribution functions for ARC-CO and PLC payments for seed cotton in San Patricio County, 
Texas, 2021

Figure 4. Cumulative distribution function for ARC-CO and PLC payments for irrigated corn in Dawson County, 
Nebraska, 2021
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Figure 5. Cumulative distribution functions for ARC-CO and PLC payments for soybeans in Webster County,  
Iowa, 2021

Figure 6. Cumulative distribution functions for ARC-CO and PLC payments for wheat in Adams County,  
Washington, 2021
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Table 1. Projected ARC-CO and PLC Payments and Associated Probabilities and Summary Statistics for  
Covered Commodities on Selected AFPC Representative Farms, 2021

State County Crop

ARC-CO  
Average  
$/Acre

ARC-CO  
Max  

$/Acre
P (ARC-CO) 

%

PLC  
Average  
$/Acre

PLC  
Max  

$/Acre

P  
(PLC) 
%

P (PLC > 
ARC-CO) 

%

Indiana Shelby Corn $20.81 $58.70 47.0% $58.88 $182.33 70.0% 100.0%

Indiana Shelby Soybeans $13.64 $46.23 41.0% $21.56 $89.76 46.8% 96.0%

Iowa Webster Corn $27.18 $66.82 52.6% $70.00 $216.75 70.0% 100.0%

Iowa Webster Soybeans $13.48 $43.46 41.8% $21.56 $89.76 46.8% 98.6%

Nebraska Dawson Corn $25.87 $72.82 46.6% $71.24 $220.58 70.0% 100.0%

Nebraska Dawson Soybeans $13.77 $55.08 35.0% $23.81 $99.11 46.8% 100.0%

North Carolina Bladen Corn $15.14 $35.52 54.0% $46.53 $144.08 70.0% 100.0%

North Carolina Bladen Peanuts $55.78 $92.05 68.0% $215.36 $336.60 87.4% 100.0%

North Carolina Bladen Soybeans $4.24 $19.55 31.2% $16.62 $69.19 46.8% 100.0%

Ohio Henry Wheat $15.06 $36.35 51.0% $45.80 $106.32 77.4% 100.0%

Ohio Henry Corn $15.46 $55.36 36.8% $64.65 $200.18 70.0% 100.0%

Ohio Henry Soybeans $12.21 $43.62 39.4% $21.56 $89.76 46.8% 100.0%

Texas San Patricio Seed  
Cotton

$45.98 $64.79 81.2% $76.09 $159.92 79.4% 78.4%

Texas San Patricio Corn $13.94 $26.53 62.4% $25.53 $79.05 70.0% 87.4%

Texas San Patricio Grain  
Sorghum

$15.37 $24.87 69.8% $43.83 $99.66 79.0% 99.8%

Washington Adams Wheat $13.90 $24.44 67.2% $41.14 $95.51 77.4% 99.4%

Washington Adams Barley $9.97 $23.23 54.8% $29.50 $105.11 74.2% 100.0%

Arkansas Lawrence MG Rice $17.67 $88.87 27.8% $98.28 $430.31 74.6% 100.0%

Arkansas Lawrence LG Rice $22.45 $85.18 36.6% $144.47 $430.31 93.8% 100.0%

Arkansas Lawrence Corn $12.57 $54.21 31.8% $41.59 $128.78 70.0% 100.0%

Arkansas Lawrence Soybeans $10.19 $23.84 53.8% $16.62 $69.19 46.8% 100.0%

California Colusa TJ Rice $14.64 $134.37 16.4% $29.16 $467.72 25.4% 100.0%

Table 2. PLC Payment Minus ARC-CO Payment for San Patricio County, Texas, Seed Cotton at  
Various Price and Yield Combinations, 2021

$0.2500 $0.2541 $0.2675 $0.2816 $0.2964 $0.3120 $0.3276 $0.3440 $0.3612 $0.3792 $0.3982

1,363 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –33.55 –57.05 –65.01 –65.01
1,435 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –33.55 –57.05 –65.01 –65.01
1,511 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –33.55 –57.05 –65.01 –47.77

1,590 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –33.55 –57.05 –46.48 –20.85
1,674 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –33.55 –37.24 –19.51 0.00
1,762 94.90 89.27 70.98 51.74 31.49 10.16 –11.16 –12.45 –10.20 0.00 0.00
1,850 94.90 89.27 70.98 51.74 31.49 10.16 9.94 13.31 7.96 0.00 0.00
1,943 94.90 89.27 70.98 51.74 31.49 31.26 35.70 31.46 7.96 0.00 0.00

2,040 94.90 89.27 70.98 51.74 51.30 57.02 53.85 31.46 7.96 0.00 0.00
2,142 94.90 89.27 70.98 70.27 76.99 75.17 53.85 31.46 7.96 0.00 0.00

2,249 94.90 89.27 88.23 95.90 96.50 75.17 53.85 31.46 7.96 0.00 0.00

Note: Mean projected market year average price $0.3120/lb and mean projected actual county yield 1,762 lbs/acre.
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Table 3. PLC Payment Minus ARC-CO Payment for Dawson County, Nebraska, Irrigated Corn  
at Various Price and Yield Combinations, 2021

$2.62 $2.76 $2.91 $3.06 $3.22 $3.39 $3.56 $3.74 $3.92 $4.12 $4.33

176 86.92 66.62 45.25 22.75 –0.92 –25.85 –50.77 –56.33 –28.43 0.00 0.00
185 86.92 66.62 45.25 22.75 –0.92 –25.85 –34.28 –26.97 0.00 0.00 0.00
195 86.92 66.62 45.25 22.75 –0.92 –7.95 –4.83 0.00 0.00 0.00 0.00

205 86.92 66.62 45.25 22.75 16.98 21.57 20.66 0.00 0.00 0.00 0.00
216 86.92 66.62 45.25 40.65 46.49 45.59 20.66 0.00 0.00 0.00 0.00
227 86.92 66.62 63.15 70.17 70.51 45.59 20.66 0.00 0.00 0.00 0.00
238 86.92 83.12 91.19 94.19 70.51 45.59 20.66 0.00 0.00 0.00 0.00
250 102.02 111.09 116.68 94.19 70.51 45.59 20.66 0.00 0.00 0.00 0.00
263 129.92 138.05 116.68 94.19 70.51 45.59 20.66 0.00 0.00 0.00 0.00
276 158.36 138.05 116.68 94.19 70.51 45.59 20.66 0.00 0.00 0.00 0.00
290 158.36 138.05 116.68 94.19 70.51 45.59 20.66 0.00 0.00 0.00 0.00

Note: Mean projected market year average price $3.39/bu and mean projected actual county yield 227 bu/acre.

Table 4. PLC Payment Minus ARC-CO Payment for Webster County, Iowa, Soybeans at  
Various Price and Yield Combinations, 2021

$6.72 $7.08 $7.45 $7.84 $8.26 $8.69 $9.12 $9.58 $10.06 $10.56 $11.09

42 24.67 10.23 –4.97 –20.97 –37.81 –43.71 –43.71 –35.59 –18.58 –0.71 0.00
44 24.67 10.23 –4.97 –20.97 –37.81 –43.71 –34.74 –17.68 0.00 0.00 0.00
46 24.67 10.23 –4.97 –20.97 –37.81 –33.89 –16.79 0.00 0.00 0.00 0.00
49 24.67 10.23 –4.97 –20.97 –27.99 –15.89 0.00 0.00 0.00 0.00 0.00
51 24.67 10.23 –4.97 –11.15 –9.99 0.00 0.00 0.00 0.00 0.00 0.00
54 24.67 10.23 4.85 6.85 5.90 0.00 0.00 0.00 0.00 0.00 0.00
57 24.67 19.20 21.95 22.74 5.90 0.00 0.00 0.00 0.00 0.00 0.00
60 32.78 36.25 38.74 22.74 5.90 0.00 0.00 0.00 0.00 0.00 0.00
63 49.80 53.94 38.74 22.74 5.90 0.00 0.00 0.00 0.00 0.00 0.00
66 67.66 53.94 38.74 22.74 5.90 0.00 0.00 0.00 0.00 0.00 0.00
69 68.37 53.94 38.74 22.74 5.90 0.00 0.00 0.00 0.00 0.00 0.00

Note: Mean projected market year average price $8.69/bu and mean projected actual county yield 54 bu/acre.

Table 5. PLC Payment Minus ARC-CO Payment for Adams County, Washington,  
Wheat at Various Price and Yield Combinations, 2021

$3.65 $3.84 $4.05 $4.26 $4.48 $4.72 $4.96 $5.20 $5.46 $5.74 $6.02

37 58.98 50.32 41.20 31.61 21.51 10.87 0.24 –10.92 –22.64 –24.26 –18.49
39 58.98 50.32 41.20 31.61 21.51 10.87 0.24 –10.92 –22.64 –18.02 –8.48
41 58.98 50.32 41.20 31.61 21.51 10.87 0.24 –10.92 –15.92 –7.98 0.00
43 58.98 50.32 41.20 31.61 21.51 10.87 0.24 –3.72 –5.86 0.00 0.00
46 58.98 50.32 41.20 31.61 21.51 10.87 7.93 6.37 1.62 0.00 0.00
48 58.98 50.32 41.20 31.61 21.51 19.04 18.04 13.34 1.62 0.00 0.00
50 58.98 50.32 41.20 31.61 29.19 28.67 24.51 13.34 1.62 0.00 0.00
53 58.98 50.32 41.20 38.81 38.80 35.14 24.51 13.34 1.62 0.00 0.00
56 58.98 50.32 47.93 48.39 45.77 35.14 24.51 13.34 1.62 0.00 0.00
58 58.98 56.57 57.48 55.87 45.77 35.14 24.51 13.34 1.62 0.00 0.00
61 64.75 66.10 65.47 55.87 45.77 35.14 24.51 13.34 1.62 0.00 0.00

Note: Mean projected market year average price $4.72/bu and mean projected actual county yield 48 bu/acre.
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Appendix Table 1. Enrolled Base Acres by Program by Covered Commodity, 2019

Covered  
Commodity

Price Loss Coverage  
(PLC)

Agriculture Risk  
Coverage, County  

(ARC-CO)

Agriculture Risk  
Coverage, Individual 

(ARC-IC)

Total Enrolled 
Base Acres

Enrolled 
Base Acres

% of Total 
Enrolled

Enrolled 
Base Acres

% of Total 
Enrolled

Enrolled 
Base 
Acres

% of Total 
Enrolled

Barley 5,091,290 94.1% 298,409 5.5% 21,227 0.4% 5,410,926

Canola 1,458,195 99.1% 12,620 0.9% 326 0.0% 1,471,141

Corn 72,050,732 75.5% 17,751,388 18.6% 5,625,060 5.9% 95,427,180

Crambe 2,192 83.4% 436 16.6% 0 0.0% 2,628

Dry Peas 420,942 95.2% 19,033 4.3% 2,368 0.5% 442,343

Flaxseed 220,446 95.7% 9,048 3.9% 785 0.3% 230,279

Grain Sorghum 8,111,813 93.4% 515,926 5.9% 58,963 0.7% 8,686,702

Large Chickpeas 76,262 92.9% 5,706 7.0% 84 0.1% 82,052

Lentils 273,875 95.8% 11,850 4.1% 127 0.0% 285,852

Mustard 22,046 88.5% 2,872 11.5% 0 0.0% 24,918

Oats 1,270,959 61.4% 759,062 36.7% 38,885 1.9% 2,068,906

Peanuts 2,449,867 99.9% 2,459 0.1% 41 0.0% 2,452,367

Rapeseed 2,321 96.2% 92 3.8% 0 0.0% 2,413

Rice, Long Grain 3,936,236 99.9% 4,207 0.1% 307 0.0% 3,940,750

Rice, Medium Grain 170,357 99.4% 996 0.6% 3 0.0% 171,356

Rice, Temperate 
Japonica

415,713 78.4% 113,974 21.5% 806 0.2% 530,493

Safflower 74,242 88.6% 9,461 11.3% 137 0.2% 83,840

Seed Cotton 12,833,019 99.1% 116,583 0.9% 4,174 0.0% 12,953,776

Sesame 5,598 93.3% 401 6.7% 0 0.0% 5,999

Small Chickpeas 20,512 92.6% 1,409 6.4% 241 1.1% 22,162

Soybeans 7,596,366 14.1% 43,020,667 79.7% 3,364,056 6.2% 53,981,089

Sunflowers 1,495,345 91.1% 122,570 7.5% 23,180 1.4% 1,641,095

Wheat 59,143,784 93.0% 3,764,080 5.9% 661,849 1.0% 63,569,713

Grand Total 177,142,112 69.9% 66,543,249 26.3% 9,802,619 3.9% 253,487,980

Source: USDA FSA ARC/PLC program year 2019 data.
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Abstract

From 2013 to 2020, lower commodity prices 
resulted in a prolonged period of low returns 
for row crop producers in the Midwest. 
Reductions in land costs are often suggested 

as a strategy during periods of low returns 
but can be difficult to implement. This article 
uses farm- and field-level data from Illinois 
to examine other areas to reduce costs and 
improve returns. The data suggests that 
the majority of Midwest farm operations 
could implement cost reducing strategies 
including but not limited to reducing nutrient 
application rates, reducing tillage passes 
or modifying practices, examining harvest 
equipment choices, or refinancing to lower 
interest costs.

INTRODUCTION
Until the rally in markets for major commodities in 
the last few months of the year, 2020 was the seventh 
consecutive year of relatively low commodity prices 
and crop returns—a stark change from the farm 
income boom period experienced from the mid-2000s 
through 2013. Those high returns were driven largely 
by increased domestic demand for corn used for 
ethanol production and increases in export demand 
for soybeans to China (Schnitkey, Paulson, et al., 2020). 
In the more recent period of lower farm returns, the 
leveling of corn-for-ethanol demand and reduced trade 
flows associated with the retaliatory tariffs levied on U.S. 
agricultural products during the United States–China 
trade war resulted in declining corn and soybean prices 
while production costs remained relatively stable.

Since 2018, federal aid from ad hoc programs, 
specifically the Market Facilitation Program (MFP)  
and Coronavirus Food Assistance Program (CFAP),  
and the commodity programs in the Farm Bill 
(Agriculture Risk Coverage—ARC—and Price Loss 
Coverage—PLC) have pumped billions of dollars into 

Cost Cutting Strategies for Midwestern  
Row Crop Producers
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the agriculture economy, boosting returns for row 
crop producers throughout much of the Midwest. 
These large federal payments have reduced pressures 
to explore avenues for cutting production costs to 
improve crop returns and, anecdotally, made it difficult 
to negotiate farmland leases at lower rental rates with 
landowners.

Figure 1 illustrates these trends in returns using data 
from the Illinois Farm Business Farm Management 
(FBFM) Association for farms with high-productivity 
land in central Illinois. Operator and land returns is a 
measure used to calculate the return before land costs 
and operator compensation. It equals revenue minus 
costs associated with inputs, power and machinery, 
labor, and overhead. For corn and soybean rotations 
with 50% of the land planted to each crop annually, the 
operator and land returns increased from an average 
of around $175 per acre in the first half of the 2000s to 
$425 per acre from 2007 through 2013. From 2014 to 
2019, operator and land returns averaged $295 per acre 
with the federal aid provided through the iterations of 
MFP and CFAP but just $265 per acre when federal aid 
from the ad hoc programs is removed. Over the same 
time period, cash rents have averaged around $275 
per acre, implying negative net returns, on average, for 
cash rented farmland in the absence of the ad  
hoc payments.

Figure 1A includes return projections for 2020 and 2021 
as of August 2020. With support from CFAP, returns 
were projected to cover average cash rent costs in 2020, 
but negative average returns on cash rented farmland 
were projected for 2021. These budget projections were 
based on expected prices of $3.40 for corn and $8.50 
for soybeans (Schnitkey, Swanson, Paulson, et al., 2020; 
Schnitkey, Swanson, and Paulson, 2020).

As of January 2021, market prices for midwestern 
crops have been on a rapidly increasing upward 
trajectory since August 2020, significantly improving 
the farm income outlook for 2020 and 2021. Congress 
also included funding for an additional $20 per acre 
payment to many row crops, another installment 
of the ad hoc CFAP program, in the COVID-19 relief 
package within the Consolidated Appropriations Act 
passed in December 2020. Figure 1B includes updated 
projections for returns in 2020 and 2021. With a corn 
price of $4.20 and a soybean price of $11.15—the United 
States Department of Agriculture’s (USDA’s) forecasts 
released in the January World Agricultural Supply and 
Demand Estimates (WASDE) report—operator and land 
return projections exceed $470 per acre for 2020. Using 
the same corn and soybean prices without continued 
ad hoc support results in operator and land return 

projections exceeding $330 per acre for 2021 at trend 
yield levels.

Although price increases create a welcomed 
improvement in economic prospects, uncertainty 
surrounding numerous supply and demand factors 
continues. Furthermore, with a newly elected U.S. 
president and a new balance of power in Congress, 
there is a heightened level of uncertainty surrounding 
the potential for continued ad hoc programs, as well 
as the future of legislatively mandated commodity 
programs and crop insurance since discussions for the 
next Farm Bill are likely to begin this year. Producers—
and agribusinesses that supply farm inputs and 
financing—would be prudent to plan for scenarios 
without additional federal aid, and at lower prices than 
are currently being experienced.

A return to lower prices would suggest a need for cost 
cutting strategies. Moreover, regardless of commodity 
price levels, reducing costs—a factor more in control 
of farm operators than price levels—can result in 
improved returns and income levels. Although 
farmland rent is often the first cost category cited as a 
target for reduction, actually implementing successful 
strategies for doing so can be difficult. In this article, 
we cover a range of areas where farmers can cut costs, 
citing and relying on a number of farmdoc articles on 
these topics published within the past year, as well 
as supporting data for farms in the state of Illinois 
provided through FBFM and Precision Conservation 
Management (PCM), a farmer service program directed 
by the Illinois Corn Growers Association. Specifically, 
we examine steps to reduce costs associated with 
crop fertility, tillage and harvest machinery choice 
and practices, refinancing debt, and land rental costs. 
Previous research on the determinants of returns 
has suggested that direct inputs and machinery are 
the most significant cost categories separating farm 
operations that earn persistently higher returns than 
their peers during periods of low returns (Paulson, 
Schnitkey, and Lattz, 2019).

FBFM AND PCM
Illinois FBFM is an education-service program 
operated under a cooperative structure for its farmer 
members. FBFM provides accounting and tax 
preparation services and counsel on management 
problems for farmer members. The data collected 
by FBFM field staff is used to generate financial 
statements and analysis reports, as well as benchmark 
measures for farmer cooperators. FBFM continues to 
be a partner with the Department of Agricultural and 
Consumer Economics at the University of Illinois at 
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Urbana-Champaign and its farmdoc extension project 
team, making data available for use in extension and 
research activities. FBFM cooperators cover all regions 
of Illinois and represent approximately 25% of Illinois 
farmland acreage. FBFM data is used to develop 
University of Illinois yearly crop budgets, which are 
based on audit-quality financial records from more 
than 1,000 farms each year. Although FBFM records, by 
design, do not constitute a statistically representative 
sample, recent comparisons of summary statistics and 
demographic measures for FBFM and those from the 
USDA’s Agricultural Resource Management Survey 
(ARMS) indicate excellent representation of Illinois crop 
farms in the FBFM data (Kuethe et al., 2014).

The PCM project is a farmer service program led by the 
Illinois Corn Growers Association, in partnership with 
over 30 other organizations. The mission of PCM is to 
increase conservation practice adoption using farm 
management principles. PCM has over 300 farmers 
voluntarily enrolled within its 16-county service area 
and represents more than 200,000 acres of farmland 
in Illinois. Data on the management practices used by 
PCM farmers is used for research purposes to educate 
farmers on the implications of various management 
and conservation practices. Importantly, PCM collects 
data on field-level management practices (nutrient 
application rates, methods, and timing; tillage and cover 
crop practices) that can then be linked to agronomic and 
financial outcomes associated with those practices.

FERTILITY COSTS
Fertility costs represent a significant share of 
direct input costs for corn production. University of 
Illinois extension recommendations are based on 
the Maximum Return to Nitrogen (MRTN) system 
for nitrogen fertilizer rates provided in Iowa State 
University’s Corn Nitrogen Rate Calculator (2020), 
developed in partnership across seven midwestern 
land-grant universities. Prior to the MRTN method, 
nitrogen rate recommendations were provided from 
a yield-based system. The switch to MRTN-based 
recommendations has resulted in the lowering of 
recommended nitrogen rates in most cases across 
Illinois and other areas of the Midwest.

Sellars, Schnitkey, and Gentry (2020a), using data from 
the PCM program, show that most farmers apply 
nitrogen at rates exceeding those recommended by 
the MRTN. Figure 2, based on their results, shows that 
two-thirds of the fields in the PCM program for the 
2015–2019 crop years had nitrogen applied at rates 
exceeding the MRTN. One-third of the fields used 
nitrogen application rates that exceeded the MRTN by 
more than 40 pounds per acre.

For farmers applying at rates exceeding the MRTN, the 
average rate was 39 pounds per acre above the MRTN 
recommendation (Schnitkey, Gentry, and Sellars, 2020). 
Reducing nitrogen fertilizer applications by 39 pounds 
per acre could lead to meaningful costs savings. The 
magnitude of cost reduction depends on the type 
of nitrogen fertilizer applied. Such a reduction in an 
application rate for anhydrous ammonia, typically the 
lowest-cost source of nitrogen, could lead to direct 
input savings of around $9 per acre when priced at 
$400 per ton. At a price of $240 per ton, reducing 
applications of 28% nitrogen solution by 39 pounds per 
acre could lead to savings of as much as $17 per acre.

While the regression analysis from Sellars, Schnitkey, 
and Gentry (2020a) shows that farmers exceeding the 
MRTN achieve higher crop yields in some years, the net 
impact on returns is negative because the additional 
cost of nitrogen exceeding the MRTN is larger than 
the value of the higher yield. In fact, the estimated net 
effect for the first two categories of overapplication 
(less than 20 pounds and 21–40 pounds above 
the MRTN) was a reduction in operator and land 
return of $20 per acre relative to an application rate 
at the MRTN. For the remaining two categories of 
overapplication (41–60 pounds and greater than 
60 pounds above the MRTN), the net effect was an 
estimated reduction in returns of $30 per acre. If 
overapplication is corrected by applying nitrogen at 
the MRTN rate, this negative net effect on operator and 
land returns could be eliminated.

Reducing application rates for the other major 
macronutrients—phosphorus and potassium—has 
also been shown to hold potential for reducing 
production costs. In 2017, the University of Illinois 
made a downward revision to guidelines for grain 
removal rates for both phosphorus and potassium 
(Nafziger, 2017). Replacement rates provide a yield-
based recommendation for nutrient application. For 
example, the newly revised phosphorus replacement 
rate for corn is 0.37 pounds per bushel. Therefore, 
if corn yielded 220 bushels per acre, the guideline 
replacement rate would suggest application of 81.4 
pounds per acre of phosphorus (Schnitkey, Gentry, and 
Sellars, 2020).

For corn, the phosphorus and potassium removal rates 
were both revised down by 14% from previous levels, 
suggesting that per-acre costs associated with both 
nutrients could be reduced by the same percentage. 
At a corn yield of 220 bushels per acre, a diammonium 
phosphate (DAP) price of $400 per ton, and a potash 
price of $350 per ton, direct nutrient costs could be 
reduced by a total of $9 per corn acre. For soybeans, the 
replacement rates for phosphorus and potassium were 
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reduced by 12% and 10%, respectively. For a soybean 
yield of 60 bushels per acre, DAP and potash application 
costs could be lowered by about $5 per acre at the same 
nutrient prices used for the corn example.

TILLAGE PASSES AND 
MACHINERY COSTS
There is significant diversity in the use of tillage 
practices by farmers in Illinois. Practices vary by 
implement type, frequency, timing, and other 
attributes. Figure 3 summarizes tillage practice 
choice among PCM farms across four categories 
associated with frequency, or the number of tillage 
passes completed, during the production cycle. These 
categories include:

1. No-Till: No tillage passes

2.  Strip-Till: One tillage pass, usually in the fall, to 
build strips where the next year’s crop is typically 
planted

3.  One Pass: One tillage pass, which may occur in 
the fall or spring and vary in terms of implement 
used

4.  Two Passes: Two tillage passes, which often 
involves a deep tillage pass in the fall and lighter 
tillage pass for seedbed preparation in the spring

5.  Three+ Passes: Three tillage passes, which might 
involve a deep tillage pass in the fall and multiple 
lighter tillage passes for seedbed preparation in 
the spring

Both the no-till and strip-till practices might be labeled 
as “reduced-tillage” or “conservation tillage” compared 
with the more traditional categories of one or more 
tillage passes.

Practices involving at least two tillage passes were 
used on over 38% of PCM fields from 2015 to 2019 for 
both corn and soybean acreage (Sellars, Schnitkey, 
and Gentry, 2020b). Only 27% of corn acreage utilized a 
reduced tillage practice, whereas 46% of soybean acres 
used no-till or strip-till. For both corn and soybean 
production, analysis of yields for the PCM farms 
showed no significant difference in yields across the 
different tillage practice types (Schnitkey and Gentry, 
2019). Therefore, eliminating tillage passes, particularly 
in multi-pass systems that utilize deeper tillage 
implements, could reduce costs and increase returns.

Furthermore, the evidence for strip-till and lighter 
tillage practices in corn look particularly promising in 
Illinois. Sellars, Schnitkey, and Gentry (2020b) show that 

fields using strip-till and light tillage practices achieve 
either higher or similar yields and returns as other 
tillage practices, and at lower cost compared with 
multi-pass systems using medium or deeper tillage 
equipment.

University of Illinois machinery cost estimates place the 
economic cost of tillage passes in the range of $10 to 
$25 per acre depending on the specific type of tillage 
and implement used (Swanson, Schnitkey, Paulson, 
Coppess, et al., 2020). Specific estimates range from 
just under $10 per acre for a light tillage pass with 
a field cultivator to just over $25 per acre for a deep 
tillage pass with a disk ripper implement. Deeper 
tillage passes utilize heavier equipment, requiring 
larger tractors, and result in higher variable costs such 
as fuel—as well as higher fixed costs associated with 
economic depreciation on the equipment.

In addition, Iowa State University’s median survey 
responses for tillage operation custom rates are 
similar to or slightly higher than the Illinois machinery 
ownership costs (Plastina, Johanns, and Massman, 
2020). Custom rates at the higher end of the surveyed 
responses were in the range of $25 to $30 per acre 
across the tillage operations. Thus, farmers who are 
currently custom hiring tillage operations would also 
be able to realize cost savings and improved returns 
from reducing tillage passes or changing practices, 
particularly those currently using multi-pass systems.

HARVEST MACHINERY COSTS
Harvesting equipment such as combines are typically 
the largest-cost machinery item for most midwestern 
grain operations. Farmers who are evaluating their 
equipment costs may consider owning a combine 
versus outsourcing the task via custom hire.

The economic costs of ownership from University 
of Illinois estimates suggest that owning a combine 
results in similar per-acre costs to median survey-
based estimates of custom rates for these operations 
from Iowa State University (Swanson, Schnitkey, 
Paulson, Zulauf, et al., 2020; Plastina, Johanns, and 
Massman, 2020). These economic costs are based on 
a 470-horsepower combine with a 12-row corn head 
and 35-foot bean head used on 2,500 acres of corn and 
soybeans per year.

The high ownership costs associated with a combine 
mean that the ownership decision and implementation 
need to be carefully matched to the size of the 
operation. Reducing total acreage assumptions 
from those outlined above can considerably raise 
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the economic costs of combine ownership per acre. 
This is because ownership costs are dominated by 
economic depreciation, which will not decline linearly 
with acreage—as do the variable costs associated with 
fuel and labor. Reducing acreage from 2,500 to 2,000 
acres pushes per-acre ownership costs up by roughly 
$5 per acre. Similarly, combine and head size play a 
significant role in ownership costs. The combination of 
a 320-horsepower combine with an 8-row corn head 
and 30-foot grain head can lower ownership costs by 
$2 to $3 per acre relative to the previously outlined 
combination. A 540-horsepower combine with a 
16-row corn head and 35-foot grain head will result in 
costs $2 to $3 per acre greater across a typical range of 
acreage amounts compared to the baseline case.

While the economic cost estimates suggest that 
modest savings on the order of $2 to $5 per acre may 
be achieved through proper harvest equipment sizing, 
or potentially outsourcing harvest operations via 
custom hire, farmers face some practical challenges in 
implementation. Sizing machinery to the operation is a 
long-term decision and investment. Acreage can vary 
from year to year, particularly if the farmer is highly 
dependent on rented land with relatively short lease 
lengths. Thus, optimizing harvest equipment size to 
that of the operation itself can be difficult each year.

Beyond the long-term nature of the machinery size 
decision, timing of harvest operations can also be 
a critical factor in determining farm-level returns. 
Although having harvest equipment that is oversized 
to the operation might budget out to a few dollars 
more per acre, the additional cost may be justified in 
years when harvest conditions provide a tight window 
of time to complete operations. Similarly, although 
moving to custom hire services for harvest might 
pencil out to provide expected savings, the farmer is 
constrained by the custom operator’s availability and, 
potentially, priorities for other clients or even their own 
crop in completing harvest operations.

INTEREST COSTS AND 
REFINANCING
Interest owed on debt obligations can make up a 
notable portion of total farm operating expenses. 
Interest accounted for more than 10% of total farm 
operating costs on nearly 20% of participating FBFM 
grain farms in 2019 (Swanson, Schnitkey, Zulauf, et al., 
2020). More than 45% of those grain farms have interest 
costs exceeding 5% of total farm operating costs. 
Although the level of debt and related interest costs 
vary greatly by farm, 99% of FBFM grain farms carried 
liabilities at 2019 year-end and 92% paid interest in 2019.

Considering the capital-intensive nature of farming 
and large investment needed, the interest rate at 
which the debt is financed can have a large impact on 
a farm budget. Farmers with term debt secured with a 
fixed interest rate on purchases made in previous years 
are likely paying higher interest rates than what could 
be secured on a new loan today. The Federal Reserve 
Bank of Chicago reports quarterly agriculture interest 
rates for the seventh Federal Reserve District states 
of Illinois, Indiana, Iowa, Michigan, and Wisconsin. For 
the third quarter of 2020, the posted rate was 4.65% for 
operating loans and 4.24% for farm real estate loans. 
For both, these are the lowest reported rates dating 
back to the fourth quarter of 1969 when the data series 
began (FRBC, 2021).

For those with existing term debt at higher interest 
rates, refinancing debt may be an option. A refinance 
replaces existing debt with debt that has more 
favorable terms—in this case a lower interest rate. 
As an example, consider $5,000 per acre in debt 
originated in 2018 with a 30-year term at an interest 
rate of 5.5%. At the end of 2020, the remaining principal 
is refinanced at 4.25% with a new 30-year term. The 
125-basis-point improvement in the loan terms would 
result in reduced interest costs of $61 per acre in 2021. 
Assuming refinancing charges of 1.5% of the remaining 
principal balance, the net interest savings over the new 
30-year term would exceed $870 per acre. Discounting 
at a rate of 8%, the net interest savings for this specific 
example still exceeds $400 per acre.

Generalizing the specific scenario above, potential 
interest expense savings in the range of $7 to $12 
per acre will occur per $1,000 in longer-term debt 
finance. This range is based on interest rate reduction 
in the range of 75–125 basis points for long-term debt 
originated between 2017 and 2018 and refinanced in 
late 2020.

LAND RENTAL COSTS
Cash rental rates on farmland in Illinois experienced 
marginal downward adjustments from 2013 through 
2020 (Schnitkey, Swanson, Zulauf, et al., 2020). The 
average cash rent on high-productivity farmland in 
the central region of the state peaked at more than 
$290 per acre in 2014. From that point forward, the 
average cash rent has moved moderately lower to 
around $275 per acre (see Figure 1) in 2020. The 2020 
Illinois Farmland Values and Lease Trends report from 
the Illinois Society of Professional Farm Managers and 
Rural Appraisers (ISPFMRA) suggests that cash rent 
levels in 2021 will likely remain stable or decline slightly. 
However, the improvement in outlook for farm income 
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during the last quarter of 2020 may have generated 
some upward pressures on 2021 cash rent levels.

Beyond successfully negotiating fixed cash rent 
levels lower, farmers may want to discuss moving to 
some form of flexible cash rent lease to address the 
uncertainties surrounding crop revenue and return 
levels in 2021 and beyond. Flex leases have continued 
to gain traction throughout Illinois over time, capturing 
a larger percentage of new leases in 2020 in all regions 
compared with previous years since 2010 (ISPFMRA, 
2020).

Flex leases are often described as solutions for farmers 
and landowners to share in some of the price and 
production risk without forcing landowners to commit 
to making production and marketing decisions. While 
flex leases vary considerably from lease to lease, standard 
designs often follow either the “base plus a bonus” or 
“percentage of gross” design. Under “base plus a bonus,” 
the farmer pays a fixed rent component, set lower than 
a standard fixed cash rent would be for the farm, and 
pays a bonus contingent on yield, price, and/or revenue 
outcomes for the year. Under the “percentage of gross” 
design, the rent is set as a percentage of gross revenue, 
with revenue being measured by an agreed upon price 
and measure of yield.

Historically, bonuses and gross revenue measures have 
focused on the direct revenues from crop production: 
price times yield received. However, since 2018, ad 
hoc federal aid programs have made payments in 
the range of $50 to $100 per acre. For 2020, these ad 
hoc payments are projected at a record 10% of gross 
income (AFBF, 2020). Anecdotal evidence suggests 
that flex lease bonus components, or the revenues 
upon which a bonus is paid, may become tied to the 
level of federal aid a farmer receives. Given uncertainty 
about whether such programs will exist or make 
payments each year, paired with the large impact 
on income when payments are made, it may be 
reasonable to consider incorporating these types of 
payments into flex lease agreements in the future.

CONCLUSIONS
Beginning in 2013, lower commodity prices driven by 
negative domestic and international demand shocks 
resulted in a prolonged period of low crop returns 
for row crop producers in the Midwest. Large ad hoc 
federal aid payments—designed to offset trade-
related damages in 2018 and 2019—and the negative 
demand shocks from Coronavirus control measures 
in 2020 have helped increase average returns above 
break-even levels in 2018 and 2019. However, these 

payments have reduced pressures to implement cost 
reduction strategies that may be crucial without the 
additional aid. Moreover, the potential for continued ad 
hoc support in the future remains very unclear.

Bull markets for corn and soybeans since August of 
2020 have dramatically improved return projections 
and the income outlook for midwestern row crop 
producers in 2020 and 2021. However, the direction in 
which markets will head as we progress into the 2021 
growing season remains difficult to predict. Therefore, 
it remains good financial practice to implement 
strategies that can reduce costs and improve returns 
given future income uncertainty.

Land costs, particularly cash rent levels, are often 
viewed as the primary target for cost reductions. 
However, farmland rent levels are notoriously sticky—
and successfully negotiating lower cash rents is often 
cited by farmers as being difficult without real risk of 
losing the farm to a competing bid. In this article, we 
identify some other cost areas where recent farm- and 
field-level data from Illinois FBFM and PCM suggests 
cost reductions might be more feasible and result in 
meaningful improvements in returns. Table 1 displays 
a summary of the cost cutting strategies identified 
in this article and the potential magnitudes of cost 
reduction. Specifically, the costs associated with crop 
fertility, tillage, harvest machinery, and interest might 
represent areas of consideration for a significant 
number of farm operations.

 •  The analysis suggests that the majority of farms 
are applying nitrogen in excess of the current 
recommended rates for return maximization. 
On average, farmers could reduce nitrogen 
application by nearly 40 pounds per acre and 
improve returns in the range of $20 to $30 per 
acre for corn. Examining application rates for 
the other macronutrients—phosphorus and 
potassium—might also generate additional 
returns of $9 per acre for corn and $5 per acre for 
soybeans.

 •  Reducing the number of tillage passes within 
multi-pass systems, moving to lighter tillage 
operations, and considering strip-till for corn 
could result in improved returns in the order of 
$10 to $25 per acre. Net savings could be even 
more for farmers currently paying high custom 
rates for tillage operations. In the same vein, 
examining and adjusting the harvest equipment 
utilized by an operation could yield improved 
returns of $2 to $5 per acre.
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 •  While debt positions vary widely across farm 
operations, there exist potential interest cost 
savings from debt refinancing given the 
historically low level of interest rates. For longer-
term debt originated in the past two to three 
years, 75–125 basis point reductions might be 
achieved through refinancing. For every $1,000 
per acre in principal, this could result in interest 
costs savings of $7 to $12 per acre.

While discussions to reduce or restructure rent 
levels with landowners can be difficult, successfully 
identifying other areas for savings reduces the extent 
to which rent levels might need to be reduced. At a 
minimum, it is information that can be shared with 
a landlord to show that the farmer is considering 
multiple avenues for cost reduction rather than just 
seeking adjustments in land costs. Additionally, the 
prevalence of flex cash leases continues to increase, 
and it may be worth considering the incorporation 
of unknown federal support payments in the 
determination of rent levels in the lease design.

These potential savings on fertility, tillage, harvest 
equipment, and interest costs may not be relevant for 
all farm operations and may not be additive in nature. 
For example, although reducing the application rates 
for inputs is an actionable strategy for most operations, 
not all farms are currently applying at rates beyond 
return-maximizing recommendations. Furthermore, 
adjustments that potentially impact the business’s 
machinery, whether it be tillage or harvest equipment, 
are more complicated and longer-term in nature. 
However, data from Illinois farm operations suggests 
there are real opportunities for cost reducing strategies 
to improve returns for a large share of farm businesses 
in the Midwest.
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Figure 1. Average operator and land returns and cash rents in central Illinois, 2000–2021P. A, Return projections for 
2020 and 2021 as of August 2020. B, Updated projections for returns in 2020 and 2021. (Sources: FBFM, 2020; USDA, 
2021; author calculations.) Note: Projections for 2020 and 2021 in Part A were based on information in August 2020. 
Updated projections in Part B are based on information in January 2021.

A

B
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Figure 2. Percent of PCM fields by nitrogen application rate, 2015–2019. (Source: PCM, 2020.)

Figure 3. Percentage of PCM fields using tillage practice types for corn and soybeans in Illinois, 2015–2019.  
(Source: PCM, 2020.)
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Table 1. Cost Cutting Strategies and Magnitudes of Cost Reduction

Strategy Potential Cost Reduction ($/Acre/Year)

Corn Soybeans
Reducing nitrogen fertilizer application from the average rate in the 
PCM dataset to the MRTN recommended rate (39 lbs/acre reduction)

$9 to $17 —

Reducing DAP and potash application (14% DAP and potash reduction 
for corn, 12% DAP reduction and 10% potash reduction for soybeans)

$9 $5

Reducing from a two-or-more-pass tillage system to no-till $22 to $37a $22 to $42a

Reducing from a two-or-more-pass tillage system to strip-till $3 to $18a $3 to $23a

Reducing from a one-pass tillage system to no-till $10 to $17a $11 to $15a

Selecting proper harvest equipment size or potentially outsourcing 
harvest operations via custom hire

$2 to $5

Refinancing long-term debt (per $1,000 debt/acre) $7 to $12a

Sources: PCM, 2020; Swanson, Schnitkey, Paulson, Coppess, et al., 2020; Swanson, Schnitkey, Paulson, Zulauf, et al., 2020; Swanson,  
Schnitkey, Zulauf, et al., 2020; Schnitkey, Gentry, and Sellars, 2020.
aBased on the average field work cost for each tillage benchmark in the PCM dataset.
bBased on long-term debt refinanced after two to three years with a 75–125 basis point reduction in interest rates.
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Abstract

Farm machinery is typically the second 
largest asset category on a farm (after 
land). Farmers often appear to manage 
their machinery purchases in order to 
minimize cash flow variability, which usually 
leads to lower overall taxes. To test this 
hypothesis, farm income in the current 
year is compared to the previous two years 
to determine if farms had a “good” year. 
Results of a correlation analysis show that 
there is a strong correlation between having 
a relatively “good” year and machinery 
purchases.

INTRODUCTION
The current farm financial climate that started in 
the mid-2010s has many but not all of the same 
characteristics of the 1980s farm crisis. Then, as now, 
net farm income leading up to the farm crisis was near 
record levels but quickly dropped. During the 1980s 
farm crisis, net farm income was below zero for many 

farms. Net farm income has not approached such low 
levels until the past few years.

Despite the difficulty of the 1980s farm crisis, many 
farms managed to survive. These farms made 
machinery adjustments that greatly helped their cash 
flow. Kansas Farm Management Association (KFMA) 
data show that farmers reduced their machinery 
investment from $150 per acre to less than $50 per 
acre over the course of the 1980s farm crisis. Once 
the 1980s farm crisis was over, machinery investment 
returned to pre-crisis levels.

The farm management strategy of drawing down 
the machinery investment level during difficult times 
by delaying equipment purchases can affect both 
profitability and cash flow, with cash flow expected 
to improve more than profitability. Farmers can 
survive a limited period of low profitability if cash is 
available to meet expenses and contribute to family 
living. However, running out of cash can bankrupt a 
farm business. This is especially true in times of farm 
financial stress when agricultural lenders may be 
reluctant to provide operating loans to farmers.

This paper examines whether farmers follow the 
strategy of purchasing more (or less) equipment in 
more (or less) profitable years to minimize their cash 
flow variability. Reduced cash flow variability translates 
into farmers having more cash during relatively low 
profitability years when cash available to meet family 
living and debt payment may be limited. In the years 
leading up to the current farm crisis, farmers increased 
their machinery investment by nearly 50% from the 
period prior to 2007. The result was that farmers’ 
“machinery bank” was built up, which should improve 
their cash flow during the current farm crisis.

BACKGROUND
The data for this study comes from the KFMA. The net 
farm income by the KFMA is based on management 
depreciation as opposed to tax depreciation. KFMA 
“management depreciation” or economic depreciation 
uses a formula that attempts to match the actual 
asset value to the value reported on the balance sheet. 
Therefore, depreciation reported by KFMA is perceived 
to be at a slower rate than the rate farmers typically 
use. For tractors and combines, KFMA uses a 10-year 
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declining balance method at a 10% rate and with a 35% 
salvage value.

Modified Accelerated Cost Recovery System (MACRS) 
depreciation and Section 179 expensing tend to 
reduce the value of machinery assets much quicker 
than their actual decline in market value. Wu and 
Perry (2004) and Hulten and Wykoff (1981) show that 
several functional forms can be used to represent 
the actual decline of asset value. They show that a 
Box-Cox function, the sum of the year’s digits, and 
a double square root approach to depreciation can 
provide a better match to actual asset values than 
the use of MACRS. Thus, methods that provide slower 
depreciation than the tax methods give a better 
estimate of true net farm income.

The KFMA program has been collecting computerized 
financial and production data since 1973. It currently 
includes approximately 2,500 farms across Kansas. Each 
farm works with a KFMA economist to collect and verify 
data. The economist provides not only tax advice but 
also management advice for a farm. Typically, a KFMA 
economist will work with 100 farms. The data collected 
from this program is more accurate than that collected 
by a typical tax preparer because KFMA economists 
meet with their clients multiple times during the year. 
Data from these farms is certified before it goes into 
the research database, and approximately 1,000 of 
these 2,500 farms were deemed usable for advanced 
economic analysis. The KFMA publishes accrual net 
farm income, which is similar to a typical farmer 
computed accrual net farm income—with the main 
difference being the use of management depreciation 
instead of tax depreciation.

EQUIPMENT REPLACEMENT 
STRATEGIES
There are at least five replacement strategies farmers 
can follow with their farm equipment. From a 
profitability perspective, the best strategy is to minimize 
the long-run cost of the equipment by replacing 
equipment when the annual cost of the equipment in 
a given year begins to exceed the equipment cost from 
replacement (Perrin, 1972). By minimizing the cost of 
equipment, farmers are maximizing long-run profits. 
However, from a cash flow perspective, this strategy 
may not be optimal because some equipment might 
be replaced in years of low profitability, resulting in 
cash flow problems for farmers.

The four other strategies as outlined by Edwards 
(2019) are to replace frequently, replace something 
every year, replace when cash is available, or keep the 

equipment forever. Replacing frequently is a strategy 
of minimizing breakdowns, repairs, and maintenance 
by trading machinery every few years or less. Repairs, 
if needed, would likely be covered by warranty and 
thus not cost the farmer anything. However, the 
farmer is replacing equipment before it reaches its 
cost minimization point, so it is probably not the most 
profitable option or the best for cash flow. Farmers 
who practice this strategy likely value reliability and 
want to minimize the opportunity cost of downtime.

The next option is to replace something every year so 
that the amount spent each year is approximately the 
same. This strategy avoids farmers having to make large 
cash outlays in any given year. The disadvantage of this 
strategy is that machinery might be replaced before it 
has reached its cost minimization point and thus long-
run profitability might be less than optimal. However, 
from a cash flow perspective, farmers might be able 
to finance purchases from earnings rather than using 
debt financing because the amount of cash outlay is 
consistent from year to year. Still, overall cash flow for 
a farmer could be a problem since there may be some 
years of low profitability when enough cash may not be 
generated to pay for any equipment purchases.

The option practiced by many producers in Kansas 
is to replace when cash is available. This approach 
has the advantage of flattening cash flow by buying 
and expensing farm machinery when more cash is 
available and then not buying in years when cash is 
tight. Although this approach might even out cash 
flow from year to year, long-run profitability is less than 
optimal because some equipment might be replaced 
before or after the optimal timing (i.e., when the cost 
per year is lowest).

The final option for machinery replacement is to keep 
a piece of machinery forever. In other words, farmers 
would keep the machinery until it no longer functions 
and cannot be repaired. This approach might maximize 
cash flow, but long-term profitability is likely to be less 
than optimal if machinery is kept beyond its optimal 
replacement. However, as shown in Perrin (1972), the 
long-run cost curve for a piece of machinery shows 
a long period of nearly flat costs. Thus, keeping the 
machinery longer than normal likely has minimal effect 
on profitability. The real danger with keeping machinery 
for a long time is the reliability factor. Older machinery 
will require more repairs and be less reliable. Producers 
who follow this strategy likely have other options 
should equipment break at a critical time. Such options 
might include extra machinery, quick availability to 
rental machines or custom operators, or the necessary 
mechanical skills to handle on-farm repairs.
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DATA AND MODEL
Even though the approach of replacing farm 
equipment when cash is available likely results in the 
most even distribution of cash, it is very hard to predict 
when extra cash will be available. The optimal method 
of purchasing equipment to minimize variance in cash 
flow would be to make purchases in proportion to the 
amount of net farm income relative to the long-run net 
farm income (including future years). Given uncertainty 
about the future, farmers have difficulty deciding 
how to treat a particular year. For example, 2007 was 
a good year for farm profitability but farmers did not 
have knowledge that the next five years were going 
to continue to be very profitable. Thus, farmers who 
thought in 2007 that 2008 might revert to lower profits 
might have overpurchased machinery in 2007. In the 
same way, when grain prices began declining after 
2012, farmers may have delayed some purchases—
assuming the following years were going to be more 
profitable when those following years were in fact  
less profitable.

In this paper, data from the KFMA is used to test 
whether farmers purchase more (or less) equipment 
in more (or less) profitable years. As discussed, what a 
farmer considers a “good” year may vary depending 
upon the profitability of previous years. To control for 
this, we average net farm income over the previous two 
years and compare to net farm income in the current 
year to estimate whether a farmer perceives the current 
year is going to be a “good” year. By the time fall harvest 
comes along, most farmers have a reasonable estimate 
of what their net farm income is likely to be because 
they can predict yields and prices with a high degree of 
accuracy.

The ratio of the current year’s net farm income is then 
computed compared to the average of the past two 
years’ net farm income:

A value above 1 would indicate that the current year is 
perceived as a “good” year relative to the recent past, 
whereas a ratio below 1 means the farmer likely views 
the year as “bad.” If the strategy to purchase more 
equipment when net farm income is higher is true, 
farmers will purchase more equipment in these “good” 
years.

Equipment is examined in the same way as net farm 
income. The average purchases of equipment in the 
previous two years is averaged together to provide 
a baseline and then equipment purchased in the 
current year is compared to this baseline. A ratio above 
1 indicates that farmers bought more equipment than 
normal, whereas a ratio less than 1 indicates farmers 
bought less than normal.

To test whether the equipment buying strategy of 
controlling cash flow by making more purchases 
when net farm income is higher is true, a higher ratio 
of current net farm income to the recent past net 
farm income should correlate to higher purchases of 
machinery in the current year relative to the recent 
past. In this paper, a 10-year balanced panel dataset of 
450 KFMA farms was used in the analysis. The ratios 
of current net farm income compared to the previous 
two years of net farm income were calculated for 
the 10-year time frame. The requirement to examine 
the current year relative to the previous two years 
meant that there were eight net farm income ratios 
calculated for each farm.

The same procedure was used to calculate the 
machinery purchase ratios for the 10-year time 
frame. The final step was to calculate the correlation 
between the ratio of net farm income and the ratio of 
equipment purchases. A validation of the equipment 
purchase strategy of purchasing more in “good” years 
would result in relatively higher correlation between 
these ratios.

RESULTS AND DISCUSSION
A key point to consider is what defines a “high” 
correlation to validate the machine purchase strategy 
of purchase when cash is available. If a correlation of 
0.5 or higher is strong, then 16% of farms followed this 
strategy. If a strong correlation is 0.25 or higher, then 
32% of farms followed this strategy. A correlation above 
0 results in 56% of farms following this strategy.

One difficulty with the approach in this paper is 
trying to determine how farmers consider the current 
year relative to the past. We used a two-year history, 
but it may be possible that farmers are looking at a 
longer time horizon when considering if the current 
year is “good” or “bad.” Our analysis has shown that 
farmers do follow the equipment purchase strategy of 
purchasing more in more profitable years and less in 
less profitable years.



ASFMRA 2021 JOURNAL

58

REFERENCES
Edwards, W. 2019. “Replacement Strategies for Farm Machinery.” 
Ag Decision Maker, Iowa State University Extension and 
Outreach, File A3-30. https://www.extension.iastate.edu/agdm/ 
crops/html/a3-30.html.

Hulten, C.R., and F.C. Wykoff. 1981. “The Measurement of 
Economic Depreciation.” In Depreciation Inflation & the 
Taxation of Income from Capital, edited by C.R. Hulten, 81–125. 
Washington, DC: Urban Institute Press. Retrieved from  
http://econweb.umd.edu/~hulten/webpagefiles/original%20
hulten-wykoff%20economic%20depreciation%20study.pdf.

Perrin, R.K. 1972. “Asset Replacement Principles.” American  
Journal of Agricultural Economics, 54 (1): 60–67.

Wu, J., and G.M. Perry. 2004. “Estimating Farm Equipment  
Depreciation: Which Functional Form Is Best?” American  
Journal of Agricultural Economics 86 (2): 483–491.

https://www.extension.iastate.edu/agdm/crops/html/a3-30.html
https://www.extension.iastate.edu/agdm/crops/html/a3-30.html
http://econweb.umd.edu/~hulten/webpagefiles/original%20hulten-wykoff%20economic%20depreciation%20study.pdf
http://econweb.umd.edu/~hulten/webpagefiles/original%20hulten-wykoff%20economic%20depreciation%20study.pdf


ASFMRA 2021 JOURNAL

59

Transferring Farm Assets to a  
Younger Generation

By Michael Langemeier
Michael Langemeier is a Professor 
in the Department of Agricultural 
Economics at Purdue University.

Abstract

This paper explores options pertaining to 
the transfer of farm assets from an older 
generation to a younger generation. After 
discussing key tax issues, such as the basis 
of assets and the disposition of assets used 
in farming, the paper uses a case farm 
example to discuss various methods that 
can be used to transfer assets. For the case 
farm illustrated in this paper, leasing the 
land was found to be an attractive option 
for farmland; leasing with an option to buy 
and gradual sale of items were found to 
be attractive options for machinery and 
equipment.

INTRODUCTION
One of the most difficult decisions for a farmer who is 
transferring their operation to a younger generation 
relates to the transfer of farm assets in a way that 
provides retirement income to the generation that is 
retiring or reducing their time spent in the business, 
while still making sure the transfer is financially 
feasible for the younger generation. Using the 
latest U.S. farm balance sheet numbers (USDA ERS, 
2020), machinery and motor vehicles account for 
approximately 9.2% of all farm assets, and real estate 
accounts for approximately 82.8% of all farm assets. 
Due to the thinness of markets for these assets and 
the tax consequences associated with selling farm 
machinery, buildings, and land, devising a strategy 
that is beneficial to both generations can be quite 
complex.

This paper explores options pertaining to the transfer 
of farm assets from an older generation to a younger 
generation. In addition to discussing the advantages 
and disadvantages of various methods that can 
be used to transfer assets, we provide a case farm 
example of how the methods impact the cash flow of 
the older and younger generations.

KEY TAX ISSUES
This section discusses key tax provisions associated 
with the basis of farm assets and the disposition of 
assets used in farming. More information pertaining 
to these topics can be found in IRS (2019, 2020) and 
LGUTEF (2019a, 2019b).

Basis of Farm Assets
Given that the focus of this article is transferring 
machinery and farmland, we will focus on the basis 
for these assets in the following sections. A distinction 
is made between depreciable personal property (e.g., 
machinery and equipment), depreciable real property 
(e.g., buildings), and non-depreciable real property 
(e.g., farmland).
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When examining the basis of property, it is important 
to distinguish between cost basis and adjusted 
basis. The basis of property is usually its cost, which 
is defined as the amount an individual pays in cash, 
debt obligations, other property, or services. Cost 
also includes the amount paid for sales tax, freight, 
installation, and testing. Adjusted basis incorporates 
increases and decreases to cost basis. Increases to 
basis include extending utility lines through real 
property, legal fees associated with the property’s title 
or assessment, and improvements. The most common 
decreases to basis involve depreciation but also 
include casualty and theft losses, as well as cancelled 
debt excluded from income.

For property to be depreciated, it must be property 
that is owned, it must be used in a trade or business, 
it must have a determinable useful life, and it must 
have a useful life that extends beyond the year the 
asset is placed in service. Depreciation begins when 
a depreciable asset (e.g., a tractor) is placed in service 
for use in the trade or business and stops either when 
the cost of basis has been fully recovered or when the 
asset is retired from service.

The Modified Accelerated Cost Recovery System 
(MACRS) is used to recover the basis of depreciable 
property placed in service after 1986. Depreciable 
assets in production agriculture are placed in asset 
classes, which are used to determine the recovery 
period. For example, new farm machinery placed in 
service after December 31, 2017, is classified as five-
year MACRS property and is thus depreciated over 
this time period. MACRS depreciation is typically 
more accelerated than economic depreciation. 
MACRS depreciation measures the allocation of cost 
of an asset over its useful life, whereas economic 
depreciation measures the actual change in value 
over time. As discussed below, the features of MACRS 
depreciation have important implications for the 
disposition of depreciable property.

In addition to MACRS, capital recovery methods such 
as Section 179 deduction and bonus depreciation 
(often referred to as the special depreciation allowance) 
are also available to farms. Bonus depreciation, as 
the name implies, enables a farm to make an extra 
depreciation deduction for qualified property in the 
first year the depreciable asset is used. For qualified 
property placed in service in 2019, bonus depreciation 
was 100%. The Section 179 deduction allows a farm to 
recover all or part of the cost of qualified depreciable 
property, up to a limit, by deducting it in the year the 
asset is placed in service. The Section 179 limit for 2019 
was $1.02 million. The deduction was reduced dollar 

for dollar for investments over $2.55 million. Section 
179 has been commonly used by farms historically 
(Williamson and Bawa, 2018). Obviously, using either 
Section 179 or bonus depreciation creates situations in 
which an asset’s adjusted basis is much smaller than its 
value based on economic depreciation and its market 
value, creating tax issues when the assets are sold.

The cost basis of real property includes certain fees 
and other expenses related to the purchase of the 
property. Before selling real property, the cost basis 
may be increased or decreased for items such as 
improvements or easements. Basis considerations 
are important when farmland is exchanged. A taxable 
exchange occurs when an individual receives cash or 
obtains property that is not similar or related in use to 
the property exchanged. If real property is received in 
exchange for another property in a taxable exchange, 
the basis of the property received is usually its fair 
market value at the time of the exchange.

Examples of nontaxable exchanges include involuntary 
conversions due to casualty, theft, or condemnation 
and like-kind exchanges, which involve the exchange 
of real property. Like-kind exchanges will be discussed 
in more detail in the next section.

Real property may also be inherited or received as a 
gift. When receiving property as a gift, an individual 
will need the donor’s basis and fair market value of the 
property to compute the property’s basis. If a federal 
estate tax return does not have to be filed, the basis of 
inherited property is its appraised value at the date of 
death.

Disposition of Property Used in 
Farming
When property is sold or exchanged, an individual 
receives a gain or a loss. If the amount realized from a 
sale or exchange of property is more than its adjusted 
basis, there is a gain. Conversely, if the adjusted basis of 
the property is more than the amount realized, there is 
a loss.

The gains and losses resulting from dispositions of 
property used in a farm business are typically treated 
as ordinary income or capital gain. When an individual 
disposes of depreciable property at a gain, they may 
need to recognize all or part of the gain as ordinary 
income under the depreciation recapture rules. 
Any gain remaining after applying the depreciation 
recapture rules is a Section 1231 gain, which is taxed 
using capital gains tax rates. The capital gains tax rate 
is typically lower than the income tax rate. In 2019, the 
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capital gains tax rate ranged from 0% to 20% (LGUTEF, 
2019b). The 0% rate applies when taxable income does 
not exceed $78,750 (married filing jointly). Taxable 
incomes between $78,750 and $488,750 correspond 
to a capital tax rate of 15%, and those with a taxable 
income above $488,750 have a capital gains tax rate 
of 20%. Married individuals filing joint returns faced 
tax rates from 0% to 37%. For all income brackets, the 
income tax rate is higher than the capital gains tax 
rate. Thus, farmers would rather have income taxed as 
a capital gain than as ordinary income.

When discussing depreciation recapture, it is 
important to note that the Internal Revenue Service 
(IRS) distinguishes depreciable property using 
code sections. These code sections determine how 
depreciation recapture is computed. Examples of 
Section 1245 property for production agriculture 
include farm machinery and equipment, grain 
bins, single-purpose livestock buildings, irrigation 
equipment, tile drainage, and fences. For Section 
1245 property, gain is taxed as ordinary income to 
the extent of allowed or allowable depreciation. An 
example of Section 1250 property would be a general-
purpose building. Gain for Section 1250 property is 
treated as ordinary income to the extent that allowed 
or allowable depreciation exceeds the otherwise 
allowable straight-line depreciation. Given these 
definitions of Section 1245 and 1250 property, it should 
be evident that depreciation recapture is often a much 
worse problem for Section 1245 property.

Like-kind exchanges represent a nontaxable exchange. 
The gain or loss on these exchanges is not recognized 
until the new property received in the exchange is 
sold or otherwise disposed of. As the name implies, 
the exchange of property has to be like-kind. There 
are special rules or restrictions involving like-kind 
exchanges between related parties. Because of this, 
these transactions are not the focus in the case farm 
example described below.

Self-Employment and Employment 
Taxes
The self-employment tax is currently 15.3%, 12.4% 
for Social Security and 2.9% for Medicare (LGUTEF, 
2019b). Landlord participation in farming impacts 
self-employment income. As a general rule, income 
and deductions from rentals (e.g., farmland) and 
from personal property leased with real estate 
(e.g., grain bins) aren’t included in determining self-
employment earnings. However, if the landlord 
materially participates, income from rent is included 
in self-employment income. Additional information 

pertaining to material participation can be found in 
the 2019 Farmer’s Tax Guide (IRS, 2019). The important 
point here is to note the self-employment tax 
consequences of renting farmland.

CASE FARM EXAMPLE
The following five transfer methods can be used 
to transfer farm assets from an older generation to 
a younger generation: outright sale, gradual sale 
over a period of years, installment sale, leasing, and 
gift (Edwards and Hofstrand, 2013). In addition to 
discussing the merits of each transfer method, each 
method is examined in the context of a case farm 
example. The case farm is located in west central 
Indiana. The farm has 3,000 crop acres, of which 480 
acres are owned. John Smith (the older generation) 
plans on farming a few more years after Adam Smith 
(the younger generation) returns to the farm.

Table 1 contains an abbreviated list of the farm assets 
that are being considered for transfer or sale by John 
Smith. Asset categories include grain in inventory, 
livestock held for sale, machinery and equipment, 
and farmland. The machinery and farmland are listed 
in multiple lines to reflect differences in vintage 
and purchase dates and to increase the flexibility 
with regard to selling these assets over time. The 
“Character” column in Table 1 indicates whether the 
sale of the assets in each category will involve ordinary 
income, depreciation recapture, or capital gains tax 
treatment.

John Smith’s assets include stored grain, livestock held 
for sale, machinery, and farmland. The stored grain 
and livestock held for sale are listed as assets because 
the timing of their sale impacts taxes in the next 
several years. If John continues to farm with Adam 
(younger generation), he will incur expenses that can 
offset the income from the sale of stored grain and 
the livestock. Having said that, Adam has indicated 
that he is not interested in continuing the livestock 
enterprise. This means that John may need to sell the 
livestock this year. The corn planter, tractor, and sprayer 
are listed separately because these pieces were 
purchased recently using Section 179 deductions. The 
machinery items included in “other machinery” have 
been fully depreciated. Sale of any of the machinery 
items listed in Table 1 will result in at least some 
depreciation recapture. John owns three tracts of land, 
each containing 160 acres. Tract A was purchased in 
1990, Tract B was purchased in 2000, and Tract C was 
purchased in 2005. John is still making payments on 
Tract C.
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Outright Sale
Outright sale occurs when assets are sold immediately 
or in year one. This method would create immediate 
cash flow for John but would not be feasible for Adam. 
Even excluding the stored grain, John has $5,382,600 
in assets. Because Adam is not interested in the 
livestock enterprise, John would likely sell the livestock 
in year one. As noted below, the estimated taxes 
resulting from the sale of all the assets in year one 
would be substantial for John.

Table 2 reports the tax consequences of selling the 
livestock for sale, machinery and equipment, and 
farmland in the first year. Tax rates in 2019 were used 
for the computations in Table 2. Selling all of these 
assets in the first year has enormous tax consequences 
due to the large dollar value of assets sold and the tax 
rates John faces in this scenario. John would be in the 
highest income tax bracket and be facing the highest 
capital tax rate if he sold all the assets listed in Table 1 
in the first year.

Gradual Sale Over Several Years
Instead of selling all of the machinery and farmland 
to Adam in one year, John could sell the assets over 
several years. Such an arrangement spreads out 
the tax consequences for John and the cash flow 
requirements for Adam. Even with this arrangement, 
it would likely not be prudent for Adam to purchase 
the farmland. A gradual sale of the machinery will 
spread out both depreciation recapture and capital 
gains. Selling machinery with the highest adjusted 
basis (i.e., planter, tractor, and sprayer) last allows 
John to continue to depreciate these items. Another 
advantage of a gradual sale over an outright sale is that 
the items transferred or sold to Adam can be adjusted 
each year to fit cash flow needs, particularly those of 
Adam. If Adam has a low-income year, the number of 
items purchased could be adjusted downward. On the 
other hand, if Adam has a relatively good income year, 
he could purchase more items that year.

If John and Adam farm together, a gradual sale of the 
machinery may impact how farm income is divided 
each year. Adam will own more of the machinery 
over time, and thus his share of income would need 
to increase over time. More information on dividing 
income can be found in Langemeier (2017a).

The tax consequences of selling the livestock held for 
sale, machinery and equipment, and farmland over 
several years are reported in Table 3. Tax rates in 2019 
were used for the computations in Table 3. Present 

value was used to discount the estimated annual 
taxes back to the current year. A discount rate of 6% 
was used in these computations. Land values were 
assumed to increase by 6% per year, offsetting the 
present value discounting. Economic depreciation on 
machinery and equipment was assumed to be 10% 
per year. Although the tax obligation is still rather large 
($744,807), it is approximately 30% lower than the 
estimated taxes resulting from selling all the assets in 
the first year. Despite the reduction in taxes for John 
and cash flow requirements for Adam, this option is 
still not very attractive to either party.

Installment Sale
An installment sale is a sale of property in which you 
receive at least one payment after the year of sale. If 
an individual realizes a gain on an installment sale, 
they may be able to report part of the gain when 
the payment is received rather than in the first year. 
Installment sales cannot be used to report a loss.

Installment sales are commonly used when a farm 
operator retires, particularly if they were a sole 
proprietor. The installment sale of a farm for one overall 
price under a single contract isn’t the sale of a single 
asset. It generally includes the sale of real property 
and depreciable personal property reportable on the 
installment method. The tax treatment of the gain on 
the sale of each class of assets is determined by its 
classification as a capital asset, as property used in the 
business, or as property held for sale and by the length 
of time the asset was held.

Real and personal property can be included in an 
installment sale. However, if you report the sale of 
depreciable property under the installment method, 
any depreciation recapture is taxable as ordinary 
income in the year of the sale. This applies even if no 
payments are received in that year. If a farm disposes 
of more than one asset in a single transaction, the gain 
on each asset must be separately computed.

Each payment on an installment sale consists of three 
parts: interest income, return on adjusted basis in the 
property, and gain on the sale. As with most asset 
sales, capital gains (purchase price minus adjusted 
basis) are taxable. Thus, in each year a payment is 
received, income includes interest and gain on the 
sale. To compute installment sale income, information 
on adjusted basis and gross profit percentage is 
needed. This involves computing gross profit, which 
represents the total gain received. The gross profit 
percentage represents the percentage of each 
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payment (after subtracting interest) that is reported as 
installment sale income.

The installment method would give Adam immediate 
control of the assets included in the sale and would 
ease his cash flow requirements. Because depreciation 
recapture needs to be recognized in the first year, 
the tax consequences to John would be worse under 
this method compared to a gradual sale. Although an 
installment sale could be used to transfer one or more 
farmland tracts, this option still may not be affordable 
to Adam. Rather than owning the farmland, Adam may 
be more interested in ensuring that he can farm the 
land owned by John. This control of the land can be 
accomplished through leasing and/or gifts, which are 
described below.

The installment sale payment for the case farm in 
the first year was computed for Tract C using a sale 
price of $1,299,200, a capital gain of $803,200, and a 
gross profit percentage of 61.82%. Assuming a 20-
year installment sale and a 5% interest rate, Adam’s 
payment in the first year would be $104,251, of which 
$64,960 represents interest expense and $39,291 
represents the principal payment in the first year. 
The reportable income for John would be $24,291. 
Adam’s principal and interest payment of $104,251 
can be compared to a cash rental payment for these 
same acres of $38,560. Although Adam would need 
to determine how the installment payment fits into 
his cash flow and determine whether the difference 
in cash flow would be better spent on paying other 
bills or expansion plans, his installment payment is 
substantially larger than the potential cash rental 
payment for Tract C.

Leasing
Leasing can be used for both the farmland and 
machinery. John could lease the farmland to Adam 
using various leasing arrangements such as crop share, 
fixed cash rent, or flexible rent. These arrangements 
would provide cash flow for John and make the 
transfer of the control of land more affordable for 
Adam. Lease payments are tax deductible to Adam, 
and leasing land would likely reduce John’s self-
employment taxes. Even if Adam could afford to 
purchase one or more tracts of John’s farmland 
through an outright purchase or installment sale, it 
may be prudent for Adam to use funds that would be 
used to purchase the farmland to rent or purchase 
farmland that is not family owned or controlled. This of 
course assumes that he will continue to have access to 
the family owned or controlled farmland.

Leasing can also be an attractive option when 
transferring machinery and equipment from an older 
generation to a younger generation. Lease agreements 
can include an option to buy or a gradual sale. Lease 
agreements often lower the cash flow requirements 
of the younger generation. Lease payments for 
machinery and equipment are taxed as they are 
received by the older generation and are a deductible 
expense to the younger generation. To meet IRS 
guidelines, lease payments must reasonably reflect the 
value of the machinery and equipment.

Langemeier (2017b) describes a conceptual framework 
that can be used to transfer farm machinery through 
a lease agreement and provides an illustration of how 
this approach could be used in practice. Here, we will 
briefly discuss key elements of a lease agreement 
for John and Adam Smith. As a starting point, 
John and Adam would list the annual value of their 
contributions, which are computed by multiplying 
each party’s investment in machinery and equipment 
by a fixed percentage that accounts for depreciation 
and interest on each machine. As Adam purchases 
machinery from John and outside parties, his annual 
contribution would increase and thus the lease 
terms would change. The lease agreement between 
John and Adam may also include an option to buy 
machinery and equipment. A lease with an option to 
buy must allow for the purchase at the end of the lease 
to be optional, and the purchase price at the end of 
the lease needs to reflect the fair market value of the 
machinery and equipment at the time of purchase. 
Failure to meet these IRS conditions may result in the 
lease being taxed as an installment sale instead of a 
long-term lease.

Using 2019 market rates for west central Indiana, 
Adam would need to pay $241 per acre to cash rent 
the ground from John. Using the machinery and 
equipment information in Table 1, Adam’s lease 
payment for machinery and equipment in the first 
year would be $204,000 (machinery investment 
multiplied by 15%). Granted this is not a small amount. 
However, it is much smaller than the amount reported 
for the first year in Table 1 or Table 2. As Adam 
purchases machinery and equipment from John and 
others, this lease payment would decline. It is common 
to create a contingency plan for a scenario in which 
Adam has a low-income year and has trouble making 
the lease payments in a particular year, particularly the 
lease payment on machinery and equipment.
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Gift and Inheritance
Farmland and machinery can also be transferred to 
the younger generation through a gift or inheritance. 
With a gift or inheritance, Adam would not have to 
pay for the assets. Obviously, this may cause cash 
flow problems for John and his heirs (e.g., spouse). 
There are also issues related to off-farm heirs. Gifting 
and inheritance of machinery can be particularly 
problematic. First, how do the off-farm heirs fit into 
the gifting of the machinery? Second, off-farm heirs 
are typically not interested in inheriting machinery, 
particularly if is tied to a working operation. To discuss 
gifting and inheritance of the farmland, assume that 
there are two off-farm heirs. With three tracts of 
farmland, John’s farmland could be evenly divided in 
his estate. Adam would receive one of the tracts of 
farmland in John’s estate. Adam will also want some 
assurance that he will be able to rent the other two 
tracts of land. This assurance could be done through 
an operating agreement or similar legal document. 
Until the estate is settled, Adam would continue to rent 
ground from John.

Combination of Methods
It should be obvious from the discussion of the case 
farm that is possible to use different methods when 
transferring different asset classes. With respect 
to the grain in storage, if John is going to continue 
to farm, there is no reason to liquidate the grain in 
the immediate future. Crop expenses in the current 
year and perhaps upcoming years will offset the 
potential income resulting from the sale of grain in 
storage. Since Adam is not interested in the livestock 
enterprise, John will likely need to sell the livestock in 
the current year. With respect to the farmland, Adam’s 
main interest is control of the land. Given this, even if 
he had the money to purchase one or more tracts of 
farmland, Adam may be more interested in leasing 
the land than in purchasing the land. If he leases 
the land, Adam needs to know how the farmland 
will be handled in John’s estate. With respect to the 
machinery and equipment, a gradual sale or leasing 
with an option to buy are attractive options. Both 
of these strategies will spread out Adam’s cash flow 
requirements and spread out the tax consequences 
associated with John’s liquidation of the machinery 
and equipment.

CONCLUDING COMMENTS
This paper explores options pertaining to the transfer 
of farm assets from an older generation to a younger 
generation. There are numerous methods that can 
be used to transfer farm assets, including outright 
sale, installment sale, gradual sale over a period of 
years, lease agreement, and gift or inheritance. In 
addition to discussing the relative merits of these 
methods, this paper uses a case farm example to 
illustrate how these methods impact the cash flow 
of the older and younger generations. Because the 
tax treatment across asset classes varies, it is often 
important to use different methods when transferring 
depreciable assets and farmland. For the case farm 
illustrated in this study, leasing the farmland from the 
older generation is an attractive option. In terms of the 
machinery and equipment, a gradual sale or leasing 
with an option to buy are attractive options.

It is important to note that the case farm example 
discussed in this article is highly stylized. Each farm is 
unique, and thus the options chosen to transfer assets 
from an older generation to a younger generation will 
be farm specific. Also, it is imperative to discuss how 
management will be transferred and how income 
will be divided before transferring assets. Many farms 
implement a “trial period” during which the younger 
generation receives a salary before transferring 
management, dividing income, or transferring assets. 
It is important to note that the division of income will 
have an impact on how machinery and equipment is 
transferred to the younger generation.
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Table 1. John Smith’s Farm Assets

Asset Fair Market Value Basis Gain or Loss (–) Character

Stored Grain $505,000 0 $505,000 Ordinary
Livestock Held for Sale $125,000 $25,000 $100,000 Ordinary
Corn Planter $105,000 $20,000 $85,000 Section 1245
Tractor $178,500 $40,000 $138,500 Section 1245
Sprayer $281,500 $60,000 $221,500 Section 1245
Other Machinery $795,000 0 $795,000 Section 1245
Farmland A $1,299,200 $214,400 $1,084,800 Section 1231
Farmland B $1,299,200 $366,400 $932,800 Section 1231
Farmland C $1,299,200 $496,000 $803,200 Section 1231
Total $5,887,600 $1,221,800 $4,665,800

Table 2. John Smith’s Tax Liability: Selling Assets in First Year

Asset Fair Market Value Basis Gain or Loss (–) Taxes

Livestock Held for Sale $125,000 $25,000 $100,000 $37,000
Corn Planter $105,000 $20,000 $85,000 $31,450
Tractor $178,500 $40,000 $138,500 $51,245
Sprayer $281,500 $60,000 $221,500 $81,955
Other Machinery $795,000 0 $795,000 $294,150
Farmland A $1,299,200 $214,400 $1,084,800 $216,960
Farmland B $1,299,200 $366,400 $932,800 $186,560
Farmland C $1,299,200 $496,000 $803,200 $160,640
Total $5,382,600 $1,221,800 $4,160,800 $1,059,960

Table 3. John Smith’s Tax Liability: Selling Assets Over Several Years

Asset Gain or Loss (–1) Year 1 Year 2 Year 3 Year 4

Livestock Held for Sale $100,000 $100,000 0 0 0
Corn Planter $105,000 0 $80,236 0 0
Tractor $153,500 0 0 $115,812 0
Sprayer $231,500 0 0 0 $155,071
Other Machinery $795,000 $795,000 0 0 0
Farmland A $1,084,800 0 0 0 $1,084,800
Farmland B $932,800 0 0 $932,800 0
Farmland C $803,200 0 $803,200 0 0
Annual Estimated Taxes $269,290 $129,849 $157,116 $188,553
Total Estimated Taxes $744,807
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Abstract

This study examines differences in risk 
adjusted returns among Kansas farms 
using data from 1996 to 2018. Risk adjusted 
returns were measured using variability 
and downside risk as measures of risk. The 
two measures of risk were significantly 
correlated. Risk adjusted return measures 
were also significantly correlated with farm 
size as measured using the value of farm 
production. Risk adjusted return measures 
computed in this article can be used to 
benchmark long-run financial performance.

INTRODUCTION
Performance measures such as return on assets, 
return on equity, and operating profit margin ratio 
are commonly used to benchmark farm financial 
performance. When evaluating financial performance 
over time it is prudent to adjust farm performance 
metrics for the risk associated with a farm’s activities. 
Although widely used in corporate finance, risk 
adjusted performance measures have not been as 
commonly used when benchmarking farm financial 
performance.

Previous literature has documented the wide variability 
in long-run benchmarks among farms (e.g., Yeager 
and Langemeier, 2009; Langemeier, 2011; Langemeier, 
2013). For example, Yeager and Langemeier (2009) 
indicated that the top 30% of farms in terms of overall 
efficiency had an average operating profit margin 
ratio of 21.2%, whereas the bottom 28% of farms had an 
average operating profit margin ratio of –2.4% during 
the 20-year period ending in 2007.

Previous studies have also explored factors related 
to risk, measured using variability and downside 
risk. Purdy, Langemeier, and Featherstone (1997) 
found a significant negative relationship between 
the variability in return on equity, debt to asset ratio, 
percentage of income derived from participation in 
government programs, and diversification between 
crop and livestock enterprises. Using the percentage 
of years with a negative return on equity as a 
measure of downside risk, Langemeier and Jones 
(2000) found a significant and negative relationship 
between downside risk and gross farm income, as 
well as a significant and positive relationship between 
downside risk and the debt to asset ratio, total expense 
ratio, operator age, and percentage of income derived 
from livestock production.

Studies that combine average financial performance 
with risk are lacking. Purdy, Langemeier, and 
Featherstone (1997) examined factors impacting 
the mean and variability in financial performance 
measured using return on equity. However, their study 
used two separate equations to examine the factors 
impacting risk and return, rather than combining risk 
and return into a single measure (i.e., risk adjusted 
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return measure). Combining risk and return into a 
single measure is important for benchmarking.

The objective of this study is to examine differences in 
risk adjusted returns among Kansas farms using data 
from 1996 to 2018. Risk adjusted returns are computed 
using variability and downside risk as measures of 
risk. Risk adjusted returns for the sample of farms are 
related to farm size.

METHODS
The Sharpe ratio has been used extensively to 
measure risk adjusted returns in the corporate finance 
literature (Sharpe, 1966, 1994; Chen, He, and Zhang, 
2011). The Sharpe ratio is closely related to the literature 
pertaining to the mean-variance efficient set, which 
minimizes variance subject to a given level of expected 
return (Barry and Baker, 1984). The Sharpe ratio 
measures the excess return (or risk premium) per unit 
of deviation in performance. As such, this measure 
takes into account the firm’s or asset’s return and 
risk as measured by the variability in excess returns. 
Specifically, the Sharpe ratio can be computed as 
follows:

  Sharpe Ratio = E(X – R) / (Var(X – R))0.5

where X represents firm performance, R is a 
benchmark index (e.g., risk-free rate of return), and  
E(X – R) is the expected excess return over the 
benchmark. The Sharpe ratio thus measures 
performance given the level of risk entailed. A higher 
Sharpe ratio is naturally preferred to a smaller ratio.

Downside risk is also extensively used to measure risk. 
Roy (1952), Markowitz (1959), and Selley (1984) argued 
that a firm or investor may prefer safety of the principal 
first and then set some minimum acceptable return 
that will preserve the principal. Thus, semi-variance 
replaces variance as the measure of risk. The Sortino 
ratio penalizes only those returns falling below a 
specified target (Sortino and Price, 1994; Chen, He, and 
Zhang, 2011). Specifically, the Sortino ratio is computed 
as follows:

  Sortino Ratio = (R – T) / DR

where R represents actual performance of the firm, T is 
the target return, and DR is the target semi-deviation 
or downside risk. Downside risk can be measured as 
the annualized standard deviation of returns below the 
target or the square root of the probability-weighted 

squared below target returns. The latter measure 
was used in this paper. A higher Sortino ratio is 
naturally preferred to a smaller ratio. More information 
pertaining to the computation of the Sortino ratio can 
be found in Sortino and Price (1994) and Chen, He, and 
Zhang (2011).

Correlation coefficients are used to measure the 
strength of the relationship between two variables. 
Values range from –1 (strong negative relationship) to 
+1 (strong positive relationship). A negative relationship 
means that two variables tend to move in opposite 
directions, whereas a positive relationship means that 
two variables tend to move in the same direction. 
Correlation coefficients are computed to examine the 
relationships between the operating profit margin 
ratio, standard deviation of the operating profit margin 
ratio, Sharpe ratio, Sortino ratio, and value of farm 
production.

T-tests are used to determine whether there were 
significant differences between the average and 
standard deviation of the operating profit margin 
ratio, Sharpe ratio, and Sortino ratio among farm size 
quartiles measured using value of farm production as 
a measure of farm size. Significant differences would 
be indicative of economies of scale and/or competitive 
advantage among the farm size quartiles.

DATA
The data used in this study came from the Kansas 
Farm Management Association (KFMA) databank. 
Specifically, KFMA farms with continuous data from 
1996 to 2018 were used in the analysis. A total of 140 
farms had continuous data over this time period.

The average and standard deviation of the operating 
profit margin ratio, Sharpe ratio, and Sortino ratio are 
summarized in Table 1. The operating profit margin 
ratio was computed by adding interest expense and 
subtracting unpaid operator and family labor from net 
farm income, then dividing the result by value of farm 
production. The average operating profit margin was 
0.024 or 2.4%. Approximately 26.4% of the farms had 
an operating profit margin ratio that was less than 
zero. The long-run average operating profit margin 
typically ranges from 10% to 15%. As noted by Yeager 
and Langemeier (2009), the top quartile in terms of 
financial performance had an operating profit margin 
above 20%. Approximately 35.7% (6.4%) of the sample 
farms had an operating profit margin ratio above 10% 
(20%) during the 1996 to 2018 period.
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The average value of farm production for the sample of 
farms was $395,481. The first quartile had an average 
value of farm production below $205,000. The second 
and third quartiles had a value of farm production 
between $205,000 and $296,000, and $296,000 and 
$497,000, respectively. The fourth quartile, the farms 
with the largest value of farm production, had an 
average value of farm production that was greater 
than $497,000. The average value of farm production 
for farms in the fourth quartile was $817,572.

A benchmark index of zero was used to compute the 
Sharpe ratio. An operating profit margin of zero would 
fully cover unpaid operator and family labor. With 
this assumption, the Sharpe ratio was computed by 
dividing the average operating profit margin ratio for 
each farm by the standard deviation of the operating 
profit margin ratio for each farm. The average Sharpe 
ratio was 0.355 with a standard deviation of 0.702. 
Approximately 26.4% of the farms had a negative 
operating profit margin ratio and Sharpe ratio.

A target return of zero was used to compute the 
Sortino ratio. This target return assumes that farms are 
interested in covering unpaid operator and family labor 
in the long run. Using this target return, the Sortino 
ratio was computed by dividing the operating profit 
margin ratio by the square root of the probability-
weighted squared below target returns. The average 
Sortino ratio was 3.69.

The relatively large standard deviations for the Sharpe 
and Sortino ratios reflect the large dispersion of these 
ratios among the sample of farms. Just as key long-run 
benchmark measures vary significantly among farms 
(Yeager and Langemeier, 2009), risk adjusted return 
measures vary significantly among farms.

RESULTS
Table 2 reports the correlation coefficients between 
the average and standard deviation of the operating 
profit margin ratio, Sharpe ratio, Sortino ratio, and 
value of farm production. All of the coefficients in 
the table are statistically significant except for the 
relationship between the standard deviation of the 
operating profit margin ratio and the Sortino ratio. 
Given the fact that the Sortino ratio is based on 
downside risk rather than variability, the low correlation 
between the standard deviation of the operating profit 
margin ratio and the Sortino ratio is not surprising.

There was a strong negative relationship between 
the average operating profit margin ratio and its 
standard deviation. This result is consistent with 

previous research pertaining to economies of scale 
(e.g., Langemeier, 2013), which found the variability 
of financial performance to be higher for small farms 
than it is for large farms. The correlation between 
the average and standard deviation of the operating 
profit margin ratio and Sharpe ratio is higher than 
the correlation for the Sortino ratio. The correlation 
coefficient between the Sharpe ratio and Sortino 
ratio was highly significant with a coefficient value of 
0.586. Finally, farm size, as measured with value of farm 
production, is strongly correlated with the operating 
profit margin and the two risk adjusted return 
measures.

Though not shown in Table 2, benchmark values or 
average values for the top quartile in terms of the 
operating profit margin ratio, Sharpe ratio, and Sortino 
ratio were computed. The 30 farms in the top quartile 
in terms of both the operating profit margin ratio and 
Sharpe ratio had an average profit margin of 0.1893 
and an average Sharpe ratio of 1.31. The 28 farms that 
had an operating profit margin ratio and Sortino ratio 
in the top quartile for each measure had an average 
profit margin of 0.1888 and an average Sortino ratio of 
16.7. Finally, the 33 farms that were in the top quartile 
in terms of both risk adjusted return measures had 
a Sharpe ratio of 1.26 and a Sortino ratio of 14.6. It is 
important to note that approximately 94.3% of the 
farms (33 out of 35 farms) that were in the top quartiles 
for the two risk adjusted return measures were in the 
top quartile for both measures.

Table 3 conveys the relationship between the 
operating profit margin ratio, Sharpe ratio, Sortino 
ratio, and farm size. Column entries in Table 3 with an 
unlike letter after the numbers signify that the values 
are significantly different at the 5% level. Similar to 
results presented in other studies (e.g., Yeager and 
Langemeier, 2009), there was a wide difference in 
the profit margins between farm size quartiles. The 
average profit margin for farms in the smallest farm 
size quartile was –0.180. In contrast, the profit margin 
for farms in the largest farm size quartile was 0.140. 
Similarly, there were large differences in the Sharpe 
and Sortino ratios among the farm size quartiles. The 
Sharpe ratio for the smallest farm size quartile was 
negative, whereas the Sharpe ratio for the largest 
farm size quartile was 0.895. There was even more 
dispersion in the Sortino ratio among farm size 
quartiles. Because of this, even though the averages 
are quite different, the Sortino ratios for the second, 
third, and fourth quartiles in terms of farm size are not 
statistically different from one another.
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CONCLUSIONS AND 
IMPLICATIONS
This article extends the work conducted by previous 
authors pertaining to financial performance 
benchmarks by accounting for return and risk in the 
computation of performance metrics. Specifically, this 
article examines differences in risk adjusted returns 
for Kansas farms using data from 1996 to 2018. Risk 
adjusted returns were computed using both a risk 
measure that accounts for variability of returns (i.e., 
the Sharpe ratio) and a risk measure that accounts 
for downside risk (i.e., the Sortino ratio). The two risk 
adjusted return measures were highly correlated with 
one another and with the average profit margin ratio. 
Farms that were in the top quartile in terms of both 
the Sharpe ratio and Sortino ratio had average ratios of 
1.26 and 14.6, respectively. These values can be used to 
benchmark long-run financial performance.

Both the Sharpe ratio and Sortino ratio were 
significantly and positively related to farm size as 
measured using value of farm production. This can be 
shown by contrasting the measures for the smallest 
farm size quartile to those of the largest farm size 
quartile. The average Sharpe ratio (Sortino ratio) for the 
first and fourth farm size quartiles were –0.300 (–0.1) 
and 0.895 (9.3), respectively.

This study focuses on risk adjusted return measures 
pertaining to the operating profit margin ratio. The 
analysis in this paper could be easily modified to 
examine risk adjusted return measures for other key 
performance metrics such as the asset turnover ratio, 
return on assets, and return on equity.

What are the implications of this study for 
benchmarking? In addition to financial performance, 
individual farms are often concerned about the 
riskiness of financial performance over time (i.e., they 
are risk averse). It is imperative that individual farms 
first compute financial performance benchmarks 
using averages (e.g., average operating profit margin). 
Once a baseline of these benchmarks is created, it 
would be possible to create risk adjusted benchmarks 
similar to those illustrated in this study.
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Table 1. Rates of Return and Farm Characteristics

Variable Average Standard Deviation

Operating Profit Margin Ratio 0.0240 0.2115
Sharpe Ratio 0.3551 0.7022
Sortino Ratio 3.6884 14.1834
Value of Farm Production $395,481 $329,644

Table 2. Correlation Coefficients Between Risk Adjusted Return Measures

Variable
Average Operating 

Profit Margin 

Standard Deviation 
of Operating Profit 

Margin 
Sharpe 
Ratio

Sortino  
Ratio

Value of  
Farm  

Production

Average Operating Profit  
Margin Ratio

1.000

Standard Deviation of  
Operating Profit Margin

–0.847 1.000

Sharpe Ratio 0.755 –0.490 1.000

Sortino Ratio 0.259 –0.180 0.586 1.000

Value of Farm Production 0.419 –0.287 0.556 0.396 1.000 

Note: All of the coefficients are significant at the 1% level except for the relationship between the standard deviation of operating profit 
margin and the Sortino ratio.

Table 3. Average Operating Profit Margin, Sharpe Ratio, and Sortino Ratio by Farm Size Category

Farm Size Category
Average Operating 

Profit Margin
Standard Deviation of  

Operating Profit Margin Sharpe Ratio Sortino Ratio

First Quartile (Value of Farm Production  
< $205,000)

–0.1796 a 0.3736 a –0.3002 a –0.130 a

Second Quartile ($205,000 < Value of 
Farm Production < $296,000)

0.0379 b 0.2182 b 0.2158 b 1.830 a,b

Third Quartile ($296,000 < Value  
of Farm Production < $497,000)

0.0973 c 0.1959 b,c 0.6102 c 3.776 a,b

Fourth Quartile (Value of Farm  
Production > $497,000)

0.1403 d 0.1807 c 0.8945 d 9.278 b 

Note: Column entries with an unlike letter after the number signify that the values are significantly different at the 5% level.
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Abstract

In the 25 years since the wildlife 
management valuation option was 
established in Texas, agriculture 
organizations have expressed concern about 
land conversion and its effect on production. 
This paper examines trends in land valuation 
categorization and its potential impact 
on agricultural production. Included is an 
examination of the development of open 

space valuation in Texas, data on land in 
agriculture and wildlife management and the 
associated trends over time, and potential 
implications for livestock production in  
the state.

INTRODUCTION
In general, property is taxed on market value. But 
in the decades following World War II, urban sprawl 
increased the demand for land—increasing the market 
value of agricultural land and leading to farmers and 
ranchers being unable to afford the property taxes. 
Concerns about the impact on agricultural production 
and producers led various states to create special use 
valuation rules that modified the calculation of taxable 
value (e.g., taxing land on its agricultural productivity 
rather than its market value). Today, many states have 
some form of agricultural use valuation.

A Texas constitutional amendment was passed in 
1966, creating agricultural use valuation for farm and 
ranch land. The constitution was amended again in 
1978, allowing for “open space valuation” requiring 
that (1) the land is devoted to agricultural use of the 
intensity accepted in the area, (2) the land has been 
in production for five of the past seven years, and 
(3) a one-time application is filed. County property 
tax assessors have broad authority and discretion 
in approving applications, cancelling open space 
designation, and assessing value.

As land use changed to recognize recreational use and 
wildlife values, the constitution was amended again 
in 1995 to recognize “wildlife management valuation.” 
To qualify, the land must already be designated open 
space and have agricultural use valuation—but instead 
of agricultural production, the land can be managed 
for wildlife and maintain the same valuation.

In the 25 years since the wildlife management  
valuation option was established, agriculture 
organizations expressed concern about land 
conversion and its effect on production. This paper 
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examines trends in land valuation category and its 
potential impact on agricultural production. The 
paper is organized as follows: an examination of the 
development of open space valuation in Texas, data on 
land in agriculture and wildlife management and the 
associated trends over time, and potential implications 
for livestock production in the state.

EVOLUTION OF OPEN SPACE 
VALUATION
Since 1966, the Texas Constitution has allowed 
for special use tax valuation for agricultural land 
meeting certain requirements. Over the decades, the 
requirements for qualifying for this type of special 
use tax valuation have relaxed, allowing more Texas 
landowners the opportunity to take advantage of this 
modified property tax valuation.

Agricultural Use Valuation  
(1-d Valuation)
The first provision for special use tax valuation for 
agricultural land was passed as a constitutional 
amendment in 1966 (Texas Constitution). This allowed 
taxes to be calculated not on the market value of the 
property, as is the norm, but instead on the average 
net income the land would have yielded under 
prudent management practices during the past five 
years. In order to qualify for this type of valuation, 
an agricultural landowner was required to prove the 
following (Texas Constitution; Texas Tax Code):

 •  The land was devoted exclusively to agricultural 
use or continually developed for agricultural use 
for the past three years.

 •  The property was owned by a natural person.

 •  The owner earned more than half of their income 
from agriculture.

 • An annual application was filed.

Open Space Valuation (1-d-1 Valuation)
In 1978, the Texas Constitution was amended to 
include provision for open space valuation for 
agricultural land. This new valuation method relaxed 
several of the more stringent requirements of the 
traditional 1-d agricultural use valuation.

In particular, the following requirements applied in 
order for land to qualify for open space valuation:

 •  The land must be currently devoted principally to 
agricultural use or to production.

 •  The agricultural use must be of the degree of 
intensity generally accepted in the area.

 •  For five of the past seven years, the land must be 
devoted principally to agricultural use, timber, or 
forest products or be land that is used principally 
as an ecological laboratory by a public or private 
college or university.

 •  A one-time application must be filed with the 
county appraisal district.

“Agricultural use” is defined as including cultivating 
the soil; producing crops for human consumption, 
animal seed, planting seed, or fibers; floriculture; 
viticulture; horticulture; raising or keeping livestock; 
raising or keeping exotic animals; planting cover crops; 
participating in government programs requiring land 
to be left idle; and planting crops or leaving land idle in 
conjunction with crop or livestock rotation. The term 
also includes the use of land to produce or harvest logs 
and posts for use in constructing or repairing fences, 
pens, barns, or other agricultural improvements on 
adjacent qualified open-space land having the same 
owner and devoted to a different agricultural use. Also 
recognized is the use of land for wildlife management. 
Additionally included is the use of land to raise or keep 
bees for pollination or for the production of human 
food or other tangible products having a commercial 
value, provided that the land used is not less than 5 or 
more than 20 acres.

Note that of these requirements, the most 
controversial is the requirement that the agricultural 
use must be “of the degree of intensity generally 
accepted in the area.” In a state as large and 
geographically diverse as Texas, the degree of intensity 
generally accepted can vary widely across the state. In 
light of this, it is generally left to the individual county 
appraisal district to determine guidelines for the 
degree of intensity common in its area. This can result 
in disparities in requirements between even bordering 
counties. For example, in several bordering counties 
near the Dallas–Fort Worth metroplex, there are wide 
variations in how generally accepted use is defined 
(Table 1). In Collin County, a minimum of two animal 
units (AUs) are required to run on pastureland for a 
majority of the year. But in neighboring Cooke County, 
a minimum of 10 AUs or 30 acres is required. Denton 
County is even more prescriptive, requiring a set of 
standard practices beyond just a number of acres or 
animals.
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Agricultural Use vs. Open Space 
Valuation
A brief comparison of the 1-d agricultural use valuation 
and the 1-d-1 open space valuation illustrates that 
the 1-d-1 valuation was less stringent and allowed 
more landowners to qualify. For example, in order to 
qualify for agricultural use valuation, landowners were 
required to receive at least half of their income from 
agriculture. There is no such income requirement 
included for open space valuation. This opened 
the door for rural landowners with off-farm jobs to 
potentially qualify when they may not have been 
able to do so previously. Additionally, for agricultural 
use valuation the land must be owned by a natural 
person, necessarily excluding any property held 
by a business entity such as a trust, limited liability 
company, or corporation. Lastly, the definition of 
“agricultural use” appears broader under the open 
space valuation provisions than the agricultural use 
valuation provisions. In light of this, the vast majority 
of agricultural land in Texas qualifies under the open 
space valuation provisions, rather than under the 
agricultural use valuation provisions.

Wildlife Management Valuation
In 1995, the Texas Constitution was amended to add 
the category of “wildlife management” to the list of 
qualifying activities under the open space valuation 
provisions of Article 8, Section 1-d-1. Under this 
additional provision, landowners who are not actively 
engaged in agricultural use may still benefit from the 
open space valuation methodology if they meet the 
requirements of open space valuation for wildlife  
management.

To qualify for valuation as wildlife management, a 
landowner must prove:

 •  The land must have qualified for open space 
valuation for the year prior to the application.

 •  The land is used primarily for wildlife  
management.

 •  The land is actively being managed to sustain a 
breeding, migrating, or wintering population of 
indigenous wildlife through implementation of a 
wildlife management plan.

 •  The indigenous wildlife population must be 
produced for human use (this can include human 
food, medicine, or recreation such as hunting, 
bird watching, photography, and the owner’s own 
enjoyment of the wildlife).

 •  The landowner must utilize at least three of the 
following seven wildlife management practices: 
habitat control; erosion control; predator 
control; providing supplemental supplies of 
water; providing supplemental supplies of food; 
providing shelters; or making census counts to 
determine populations.

 •  A one-time application must be filed with the 
county appraisal district.

Importantly, these requirements will not allow 
landowners to do nothing on their property and 
successfully claim wildlife management valuation. 
County appraisal districts will carefully review 
the wildlife management plan and the activities 
undertaken on the property and will ensure that at 
least three of the seven management practices have 
been undertaken.

Calculating Appraised Value
In order to determine the appraisal value, the Chief 
County Appraiser determines categories into which 
land in their particular appraisal district is classified. 
In classifying land according to categories, the Chief 
County Appraiser must distinguish between irrigated 
cropland, dry cropland, improved pasture, native 
pasture, orchard, and wasteland. Additional categories 
may be created upon the Chief County Appraiser’s 
discretion. Additionally, within each of the established 
categories, the Chief County Appraiser must further 
divide each into subcategories according to soil 
type, soil capability, irrigation, general topography, 
geographical factors, and other factors that influence 
the productive value of the land in each category. The 
example provided in Table 1 is instructive in that each 
county describes the number of acres or livestock 
necessary for compliance. They may also describe land 
practices that are necessary to maintain agricultural 
use valuation.

For each of these categories, the Chief County 
Appraiser then calculates the “net to land” value, which 
is “the average annual net income derived from the 
use of open-space land that would have been earned 
from the land during the five-year period preceding 
the year before the appraisal by an owner using 
ordinary prudence in the management of the land and 
the farm crops or livestock produced or supported on 
the land and, in addition, any income received from 
hunting or recreational leases” (Texas Tax Code). To 
calculate this value, the Chief County Appraiser must 
determine the income that would be due to the owner 
of the particular category of land under a cash lease, 
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share lease, or whatever lease arrangement is typical 
for that category of land in the area, and then deduct 
all expenses directly attributable to the agricultural 
use of the land by the owner. The results from this 
valuation will be used in income capitalization. The 
resulting net to land will be divided by the income 
capitalization rate to determine the appraised value 
(Texas Tax Code). “The capitalization rate to be used 
in determining the appraised value of qualified open-
space land as provided by this subchapter is 10 percent 
or the interest rate specified by the Farm Credit 
Bank of Texas or its successor on December 31 of the 
preceding year plus 2-1/2 percentage points, whichever 
percentage is greater” (Texas Tax Code).

For land qualifying under wildlife management, the 
land will be considered in the category of land in 
which it was qualified the year prior to conversion 
to wildlife management. The only distinction being 
that in calculating the net value to land for wildlife 
management qualified land, the Chief County 
Appraiser may not consider the value of hunting or 
recreational leases in the income for the property 
(Texas Tax Code).

DATA AND TRENDS
In the 25 years since the Texas constitutional 
amendment, land in wildlife management valuation 
has grown steadily. Public data obtained from the Texas 
comptroller shows that as of 2016, the most recent data 
available, 5.2 million acres of land previously enrolled in 
agricultural valuation have been converted to wildlife 
management valuation (Figure 1).

Enrollment in wildlife management valuation has 
grown at a steady pace, approximately 266,000 acres 
per year since 1999. If enrollment trends continued 
through 2020, approximately 6.6 million acres 
would currently be enrolled in some form of wildlife 
management valuation in the state of Texas. Further, 
the value of the land enrolled in wildlife management 
valuation as of 2020 falls somewhere between $12 
billion and $13 billion.

As of 2016, land in wildlife management valuation 
included land previously classified as 15,000 acres 
of irrigated cropland, 131,000 acres of dry cropland, 
85,000 acres of barren land, 2,000 acres of orchard, 
261,000 acres of improved pasture, 4.3 million acres of 
native pasture, and 472,000 acres of other land, which 
includes timberland. Of the land enrolled in wildlife 
management valuation in 2016, 82%—or 4.6 million 
acres—was previously classified as either native or 
improved pasture (Figure 2).

The bulk of the land enrolled in wildlife management 
valuation is located southwest of central Texas, with 
smaller concentrations scattered around the state 
(Figure 3). There is substantial geographic and climatic 
variation in the parts of the state with concentrated 
acreage enrolled in wildlife management valuation. 
For example, Val Verde County had the most acreage 
enrolled in wildlife use valuation in 2016. Val Verde 
County is in a relatively arid region near Big Bend 
National Park. Kleberg County had the second most 
land enrolled in wildlife management valuation as 
of 2016. Kleberg County is coastal, including part of 
Padre Island. Kleberg County also has the greatest 
percentage of agricultural land enrolled in wildlife 
management valuation (83% of agricultural land). 
Anderson County, in east central Texas, has a large 
concentration of wildlife management land relative to 
surrounding counties (37,000 acres).

The land areas converted to wildlife use valuation are 
consistent with anecdotal evidence of land use pattern 
shifts. The first land use shift is toward deer and other 
hunting uses. The growth in deer breeding for trophy 
hunting and high fenced operations has occurred 
in many areas of the state, but particularly in the Hill 
Country to south Texas region. The economic impact 
of the deer breeding and exotic wildlife sectors in Texas 
were documented by Anderson, Frosch, and Outlaw 
(2007a, 2007b). The second trend is the growth in the 
number of smaller properties where the owner seeks 
to maintain open space valuation through managing 
for wildlife or other activities such as beekeeping.

IMPLICATIONS FOR 
AGRICULTURAL PRODUCTION
Most of the land that has been converted to wildlife 
use valuation has come from pastureland, implying 
that it is coming from livestock production. Wildlife 
use does not mean that no livestock can be grazed. 
However, livestock industry groups have been 
concerned about the potential impact on livestock 
numbers in the state. The Texas and Southwestern 
Cattle Raisers Association maintains no official policy 
related to wildlife valuation. The Texas Farm Bureau 
supports tightening requirements to include regular 
verification of legitimate active management plans 
to maintain wildlife management valuation (Texas 
Farm Bureau). There is no data on the number of 
livestock on land that has been converted to wildlife 
valuation, but the potential reduced number of cattle 
grazed can be estimated by dividing the number of 
acres by an estimated stocking rate. Stocking rates 



ASFMRA 2021 JOURNAL

75

vary widely across the state, ranging from 2–3 acres 
per cow to 80 acres per cow in far west Texas. To 
estimate the potential impact of land conversion, a 
stocking rate of 1 cow per 30 acres is used. The 4.561 
million acres qualifying for wildlife management 
valuation that converted from pasture divided by 30 
acres per cow yields a potential 152,033 fewer beef 
cows due to conversion to wildlife use valuation if no 
cattle were kept on those properties. That represents 
3.3% of the Texas beef cow herd in 2020. The growing 
trend toward more land in wildlife management 
over the past 25 years indicates a potentially growing 
impact on livestock production, but the number 
remains relatively small compared to total beef cows 
in the state. The relatively small potential impact on 
cattle numbers is supported by Mervish et al. (2008), 
who indicated no statistically significant impact of 
fragmentation on beef cow inventory.

SUMMARY AND CONCLUSIONS
Beyond implications for agricultural production, 
what are the implications of valuation changes 
for landowners, and under what circumstances is 
it common to change from agricultural valuation 
to wildlife use valuation? When does it benefit 
landowners? The change is common in a few 
circumstances. First, as landowners age and are 
unable to sufficiently manage large herds of cattle 
or other qualifying livestock, they may seek an 
alternative valuation that allows them to benefit 
from less intensive management while still owning 
their own property at a reasonable tax rate. Absentee 
landowners are also very likely to take advantage of 
the wildlife use valuation. Absentee landowners that 
benefit from wildlife use valuation are likely in one of 
two categories: first-generation landowners seeking 
land outside large metroplexes and landowners 
inheriting land they do not intend to live on. The first 
category often uses their holdings for weekend or 
holiday recreation, and intensive management of 
livestock on a daily basis is not feasible; therefore, 

the wildlife use valuation is an attractive option. The 
second-generation absentee landowners may seek the 
benefits of wildlife use valuation for the same reasons 
as the first group if they find that managing the 
property for livestock from off-farm is not feasible.

Texas taxes agricultural land at its value in production. 
A change to the Texas Constitution in 1995 allowed 
agricultural land to be converted to wildlife 
management use while maintaining the reduced 
property tax value. Conversion requires a management 
plan with annual activities. Over the past 25 years, 
more than 5 million acres have been converted from 
open space, or agricultural use valuation, to wildlife 
use. The overwhelming majority of acres converted 
have come from improved or native pasture. Based 
on conservative average stocking rates, as many 
as 152,000 beef cows could have been displaced, 
representing about 3.3% of the state’s beef cows. 
Further research would be warranted on actual 
production shifts by landowners converting land 
to wildlife use in order to fine-tune estimates of the 
impact on agriculture.
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Figure 1. Acres enrolled in wildlife management valuation in Texas by type of land, 1999–2016 (data for 2014 and 2015 
was unavailable)

Figure 2. Acres enrolled in wildlife management valuation in Texas by category, 2016
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Figure 3. Acres enrolled in wildlife management valuation by county, 2016

Table 1. Different Livestock Requirements by County Tax Assessment District in Five Adjoining North Texas Counties

County Livestock Requirements

Collin Minimum of 2 AUs run on pastureland for the majority of the year.
Cooke Minimum of 10 AUs or 30 acres.
Denton Standard practices: fertilize annually, weed and brush control, fences maintained, stock water, 

systematic marketing of animals and property management of land for long run forage.
Grayson Native Pasture: 1 AU per 7–10 acres. Cow-calf: at least 5 cows.
Tarrant Native Pasture: 10 acres minimum. 

Improved Pasture: 8 acres minimum.
Note: Some county appraisal districts around Houston will terminate agricultural valuation if land is overstocked.
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Abstract

This study describes the impact of downy 
mildew (Pseudoperonospora cubensis) 
in high-value cucurbit crops grown in the 
United States. In 2017, a detailed survey 
was administered to cucurbits farmers. 
Results showed that all cucurbit crops were 
affected by cucurbit downy mildew (CDM) 
to varying degrees. For instance, pickling 
and slicing cucumber had the greatest 
damage followed by squash, watermelon, 
cantaloupe, and pumpkin. The total dollar 
loss per crop cycle due to CDM ranged from 
$50 to $1,425 per acre. The actual economic 
losses reported by growers caused by 
CDM are significant relative to growers’ 
profitability and can be used in designing 
and implementing effective integrated 
pest management strategies for CDM 
mitigation.

INTRODUCTION
Cucurbit downy mildew (CDM) is a foliar pathogen 
of cucurbit crops caused by Pseudoperonospora 
cubensis. CDM affects economically important 
crops such as cucumber, watermelon, cantaloupe, 
zucchini, and squash that are grown worldwide. The 
destructiveness of CDM can be measured by several 
methods, which include rating the leaves for infection 
and calculating loss in harvestable yield. CDM causes 
economic yield loss up to 100% if left untreated and 
threatens the long-term viability of cucurbit crop 
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production (Cohen et al., 2015; Hausbeck and Cortright, 
2009; Lebeda and Urban, 2007; Holmes, Wehner, 
and Thornton, 2006). Even if fungicides are applied 
after symptom appearance, yield can be reduced 
between 20% and 50% (Holmes et al., 2015; Zheng et 
al., 2013; Colucci, Wehner, and Holmes, 2006). CDM 
foliar symptoms initially include small, angular water-
soaked lesions on the abaxial leaf surface that become 
chlorotic and necrotic over time. Pathogen sporulation 
occurs on the abaxial leaf surface, resulting in a 
distinctive purplish-brown moldy appearance. As the 
lesions coalesce, entire leaves become blighted and 
necrotic, causing the eventual death of the entire leaf 
(Call et al., 2013). Favorable conditions for the pathogen 
include high humidity and warm temperatures (Boso 
et al., 2014). In northern climates that experience winter 
months (e.g., freezing temperatures), the pathogen will 
not survive or overwinter. The pathogen may survive 
year-round on cucurbits grown in protected or heated 
greenhouse structures during the winter or when 
production areas are in the southern regions of the 
United States (Lebeda and Cohen, 2011).

New CDM pathotypes and mating types have been 
detected in Israel, the United States, Asia, and Europe 
in recent years (Cohen et al., 2015; Wallace, D’Arcangelo, 
and Quesada-Ocampo, 2020). CDM was successfully 
controlled in cucumber in the United States and 
elsewhere through host crop resistance until 2004. The 
cause of this change in the United States is currently 
unknown; however, it may be due to a difference in 
the pathogen population (Savory et al., 2011; Wallace, 
D’Arcangelo, and Quesada-Ocampo, 2020). The 2004 
re-emergence of CDM was first observed in North 
Carolina’s cucumber fields, where the pathogen 
spread quickly; within a week of symptom appearance, 
fields were abandoned without harvesting. The 
pathogen spread northward via weather patterns 
to cucumber fields in New Jersey, Maryland, and 
Delaware and then infected pumpkin fields in New 
York. Severe to complete crop losses occurred in 
Georgia, South Carolina, North Carolina, Virginia, 
Delaware, Maryland, and New Jersey (Holmes et al., 
2015). Innark et al. (2014) found that of the cucumber 
germplasm tested, one variety was highly resistant, 
twenty-three were moderately resistant, two were 
intermediately resistant, seven were moderately 
susceptible, and six were highly susceptible. The 
highly resistant and moderately resistant varieties 
may be combined with fungicides for optimal crop 
production (Call et al., 2013). The purpose of this study 
was to evaluate data from a 2017 survey to assess 
farming activities with a reference to CDM impacts 
and encourage high-value cucurbit crop production 
despite disease interference.

METHODOLOGY
A structured questionnaire was used as a tool to 
collect data on the production of cucurbits. A face-
to-face survey of 98 farmers was conducted with 
support from the field experts, extension agents, 
and producers in Iowa, Michigan, New York, and 
Ohio during 2017. Cucurbit crop production in the 
United States is classified into major classes of crops: 
cucumber-fresh, cucumber-processing, cantaloupe, 
pumpkin, squash, and watermelon. Total U.S. field 
production of all classes of cucurbit crop is about 109 
million metric tons on 229,000 hectares, with a value of 
$1.43 billion. Michigan has been producing significant 
quantities of cucumber (4.12 million cwt), squash 
(1.9 million cwt), and watermelon (1.02 million cwt), 
while New York leads the production of squash (0.81 
million cwt) and pumpkin (0.46 million cwt). Ohio also 
produced a lot of cucumbers (0.29 million cwt) and 
watermelons (0.67 million cwt) among the different 
states in 2018 (USDA NASS, 2019). In recent years, the 
total production of these crops is less than the previous 
years for comparable states. The purpose of this study 
was to gather information on field production of high-
value cucurbit crops. Baseline information related 
to crop production and farmer demographics was 
assessed; however, the survey specifically referenced 
CDM disease as of particular interest. Surveyors 
conducted interviews with the person in charge of the 
farming activity once consent was given. The survey 
was intended to assess the possibility of encouraging 
efficient high-value crop production with effective 
control of CDM management.

Data Limitation
In certain cases, it is possible that the data collected 
may not be accurate because some of the participants 
did not keep records. However, in such cases probing 
questions were asked to get the most possible 
accurate answers from the cucurbit growers. Asking 
for details such as land size in acreage and then in 
square meters also contributed to the difficulty in 
acquiring accurate data. Details such as income and 
income sources were provided with reluctance from 
some farmers, who did not offer the exact information. 
Some questions were repetitive (same information 
twice, for two different periods) and hence caused 
problems in obtaining quality data.
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RESULTS AND DISCUSSION

Respondent Demographics
The 98 respondents were from four states: Iowa, 
Michigan, New York, and Ohio (Table 1). Among 
these four states, 92 respondents (93.9%) were from 
Michigan, 3 respondents (3.1 %) were from New York, 2 
respondents (2.0 %) were from Ohio, and 1 respondent 
(1.0%) was from Iowa. Michigan produces almost 18% 
of the total pickling cucumber in the United States 
(Lucier and Lin, 2000). In 2005, Michigan covered 33% 
of the national area planted to cucumbers, which 
accounted for 14% of the total area planted. However, 
Michigan has not increased its production efficiency 
(productivity); the share of the national area is greater 
than the share of national production (Martinez, 
Thornsbury, and Nagai, 2006).

Land Ownership and Use
In 2019, there were approximately 20,655 horticultural 
specialty crop farms across the country, which 
includes 3,245 farms in the selected states: Iowa (321), 
Michigan (1,092), New York (978), and Ohio (854) (USDA 
NASS, 2020). Land parcel sizes were determined by 
respondent information and were categorized into 
groups by acreage as illustrated in Table 2. The majority 
of farms surveyed, 32 responses (32.7%), were over 
1,001 acres. The second most prevalent acreage size 
was less than 50 acres, accounting for 22.5% (22) of the 
respondents. The third most common acreage size was 
tied between 50–100 acres and 501–1,000 acres, each 
with 11.2% (11) of the respondents. The 251- to 500-
acre category accounted for 10.2% of the total with 10 
respondents. The 101- to 250-acre category accounted 
for 7.1% (7) of the respondents.

Cucurbit Downy Mildew Impacts
Crop characteristics, including the specific cucurbit 
crop, a conventional or organic production system, and 
the prevalence of CDM disease during production, are 
shown in Table 3. Among the different cucurbits, the 
primary crops include those that are most commonly 
grown and are also among the best sellers. Of the 
crops surveyed, 37 respondents most frequently 
grew pickling cucumber and 32 respondents (86.1%) 
reported it as their primary crop. This was followed by 
pumpkin with 34 respondents and 21 (67.8%) reporting 
it as their primary crop. The squash crop was grown by 
37 respondents but only 18 (48.7%) reported it as their 
primary crop. Similarly, slicing cucumber was grown 
by 19 respondents, with 9 of them (47.4%) reporting it 
as their primary crop. The least frequently mentioned 

crop was watermelon with 10 respondents but only 2 
of them (20.0%) reported it as their primary crop. Of 
the 86 total responses, 4 crops were organically grown: 
3 squash (8.1%), 2 pumpkin (5.9%), 1 cantaloupe (9.1%), 
and 1 pickling cucumber (2.7%). All of the crops were 
reported by the respondents as being affected by CDM 
in some capacity. Pickling cucumber was the most 
impacted by CDM, with 35 responses accounting for 
94.6% of the total. Other crops with responses included 
cantaloupe (7 responses, 63.6%), slicing cucumber 
(11 responses, 57.9%), pumpkin (19 responses, 55.9%), 
squash (17 responses, 46.0%), and watermelon (4 
responses, 40.0%).

Table 3 also lists two methods for controlling CDM. 
The first method is the use of an integrated pest 
management program along with a regular fungicide 
application program. The second method is the 
inclusion of CDM-resistant or tolerant cucumber 
varieties. Some cucurbits, such as watermelon, squash, 
cantaloupe, and pumpkin, don’t have resistant cultivars 
against CDM; as such, their options are far more limited. 
Pickling cucumber had 37 responses (100%) for using 
a fungicide program alone and 18 responses (48.7%) 
for the use of resistant varieties; slicing cucumber had 
15 responses (79.0%) indicating the use of a fungicide 
program and 11 responses (57.9%) for using resistant 
varieties. However, we observed that the majority of 
producers relied on fungicides to protect their crops. 
Specifically, squash had 24 responses (64.9%) for using 
a fungicide program, followed by pumpkin with 24 
responses (70.6%), cantaloupe with 9 responses (81.8%), 
and watermelon with 7 responses (70.0%) for using 
a fungicide program to overcome CDM. Among the 
U.S. states, Michigan alone spends about $8 million 
annually on fungicides to manage CDM in cucurbit 
crops. This value does not take into account related 
expenses associated with disease management, such 
as labor and equipment costs (Hausbeck, Cortright, 
and Glaspie, 2006).

The most important chemical fungicides used in 
the production of each cucurbit crop surveyed 
and the cost of the chemical control per acre are 
shown in Table 4. Overall, the two most commonly 
used fungicides reported for all crops were Bravo 
(chlorothalonil) and Kocide 3000 (copper hydroxide). 
Other commonly reported fungicides included Zing 
(zoxamide + chlorothalonil), Ranman (cyazofamid), 
Zampro (ametoctradin + dimethomorph), and Orondis 
(oxathiapiprolin). The highest cost of fungicide control 
was for slicing cucumber at $142.50 per acre. Fungicide 
costs associated with CDM control for other cucurbits 
were as follows: cantaloupe at $135.00 per acre, pickling 
cucumber at $53.90 per acre, pumpkin at $50.00 per 
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acre, and squash at $46.70 per acre. The crop that cost 
the least amount in fungicide control was watermelon 
at $23.00 per acre.

Crop Loss from Cucurbit Downy 
Mildew
The extent of cucurbit crop loss caused by CDM 
varied by crop (Table 5). Pickling cucumber and slicing 
cucumber had the greatest damage with 41% to 60% 
crop loss for each as reported by 1 respondent. The 
responses for all crops indicate the most frequent 
loss was 1% to 20%. Pickling cucumber received 32 
responses for 1% to 20% loss for 86.5% of the total 
and 21% to 40% loss with 2 responses and 5.4% of the 
total. Slicing cucumber reported 8 responses of 1% to 
20% loss for 42.1% of the total and 4 responses of 21% 
to 40% loss for 21.1% of the crop total. Watermelon 
reported 4 responses for 1% to 20% loss for 40.0% of 
the total and 1 response for 21% to 40% loss for 10.0% 
of the crop total. Squash reported 24 responses for 1% 
to 20% loss with 64.9% of the total and 4 responses for 
21% to 40% loss and 10.8% of the crop total. Cantaloupe 
had 8 responses for 1% to 20% loss with 72.7% of the 
total and 1 response for 21% to 40% loss and 9.1% of 
the crop total. Lastly, pumpkin had 25 responses for 
1% to 20% loss with 73.5% of the total and 2 responses 
for 21% to 40% loss for 5.9% of the crop total. The total 
crop percentages do not equal 100% because some 
producers saw no loss from CDM.

Total Dollar Loss per Acre
The total value loss due to the impact of CDM is 
considerable and varied by crop (Table 6). The survey 
results indicate that the largest loss in value occurred 
among slicing cucumber producers with $1,425 per 
acre. This was followed by pumpkin with $255 per acre 
loss, squash with $250 per acre loss, cantaloupe with 
$200 per acre loss, and pickling cucumber with $136 
per acre loss. Watermelon had the least amount of 
value loss from CDM at $50 per acre.

CDM Occurrence Over Time
The surveyed farmers’ observations regarding CDM 
occurrence in 2017 were compared to observations 
five years prior and are illustrated in Figure 1. The 
most common responses were that CDM occurrence 
remained the same and that the occurrence was 
more compared to five years prior. Each of these two 
categories had 23 responses accounting for 23.5% 
and a total of 47.0%. Fourteen respondents (14.3%) 
indicated that they did not know how the current 
occurrence compared to that of five years prior. The 
fewest respondents (7), 7.1% of the total, answered that 
CDM occurrence was less than it was five years prior.

Fungicide Resistance
The frequency and percentage of respondents that 
have or have not observed fungicide resistance in 
their previous production cycle are shown in Table 7. 
The survey indicated that 32 respondents observed 
fungicide resistance in their previous production cycle 
while 66 did not.

Fungicide Usage Over Time
Fungicide usage to control CDM compared to past  
years in terms of percentages is illustrated in Figure 2.  
The largest response was 1 year ago, with 23.9% of 
producers using less or the same amount of fungicide 
compared to the previous year. This was followed by 
2 years ago with 22.9%, 3 years ago with 20.8%, and 
5 years ago with 13.7% of the total. Finally, 18.8% of 
producers reported that they used less or the same 
amount of fungicide compared to 12 years ago. This 
indicates that the fungicide usage to control CDM has 
not increased over time. We presume this is partially 
due to the inclusion of resistant varieties (e.g., with 
cucumbers) as well as improved and more effective 
fungicides, early pathogen detection, and disease 
forecasting—and not due to a decrease in the presence 
of the disease.

Conventional Fungicides
The most commonly used conventional fungicides 
included the following: Previcur Flex (propamocarb), 
Omega (fluazinam), Zampro (ametoctradin + 
dimethomorph), Zing (zoxamide + chlorothalonil), 
Curzate (cymoxanil), Orondis (oxathiapiprolin), 
Presidio (fluopicolide), Mancozeb (mancozeb), Quadris 
(azoxystrobin), Ranman (cyazofamid), potassium 
phosphite–based products (Fosphite, K-Phite, ProPhyt, 
Fungi-Phite, Rampart), Revus (mandipropamid), 
Ridomil Gold (mefenoxam), Tanos (famoxadone + 
cymoxanil), Aliette (fosetyl-Al), Bravo (chlorothalonil), 
Reason (fenamidone), Gavel (zoxamide + mancozeb), 
and others (Table 8). The use of a surfactant, OSO, as 
an additive to the fungicide was also indicated. The 
most commonly used conventional fungicide for 
pickling cucumber was Ranman with 28 responses 
accounting for 14.9% of the total. The most commonly 
applied fungicide for slicing cucumber was Previcur 
Flex and Presidio with 9 responses (11.3%) each. The 
most commonly sprayed fungicides for watermelon 
were Presidio and Tanos with 3 responses each 
accounting for 15% of the crop total. For squash, the 
most commonly used fungicide was Ridomil Gold with 
12 responses for 11.4% of the total. The most commonly 
used fungicides for cantaloupe were Zampro, Presidio, 
and Tanos with 4 responses each for 11.1% of the crop 
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total. Bravo was the most commonly used fungicide 
for pumpkin with 8 responses for 13.3% of the total.

Biorational Products
The most commonly used biorational product for 
pickling cucumber was OxiDate (hydrogen dioxide) 
with 3 responses (16.7% of crop total) (Table 9). The 
most commonly applied product for slicing cucumber 
was Sonata ASO (Bacillus pumilus strain QST 2808) 
with 3 responses (18.8% of crop total). Neem Oil 
(hydrophobic extract of neem oil) was the most 
commonly used product for watermelon, based on 2 
responses (25.0%). The most common fungicides for 
squash were Neem Oil, Regalia (extract of Reynoutria 
sachalinensis), and Serenade AX (Bacillus subtilis strain 
QST 713) with 3 responses for 12.5% each of the crop 
total. The most common fungicides for pumpkin were 
Neem Oil and OxiDate with 3 responses for 15.8% each. 
Overall, the most common organic fungicides reported 
by survey participants were OxiDate, Sonata ASO, and 
Neem Oil.

CONCLUSION
The presence of a more virulent strain of the CDM 
pathogen on cucumber in the United States has 
resulted in major economic losses. Results of the 
survey showed that the application of fungicides to 
limit CDM has contributed to an increased cost of $23 
to $143 per acre depending on the crop. This finding 
is consistent with Savory et al. (2011). The total dollar 
loss due to yield reduction per crop cycle because 
of CDM ranged from $50 to $1,425 per acre. Pickling 
cucumber and slicing cucumber had the greatest 
damage of up to 41% to 60% crop loss, whereas squash, 
watermelon, cantaloupe, and pumpkin reported 
maximum damage up to 21% to 40% loss. The total 
crop percentages do not equal 100% because some 
producers saw no loss from CDM. The majority of 
producers surveyed had not observed crop failure due 
to fungicide resistance in their last cropping cycle. 
This could be a result of being alerted by extension 
educators and university specialists as to which 
fungicides were no longer working against CDM in 
their research plots (Goldenhar and Hausbeck, 2019; 
Cohen et al., 2015). The results also indicate that the 
use of fungicide to control CDM has not increased over 
time. With regard to cucumbers, this may be partially 
explained by the inclusion of resistant varieties; for the 
other cucurbits, it is most likely due to more effective 
fungicide chemistries and improved integrated pest 
management programs, early pathogen detection 
systems, and disease forecasting—and not due to a 
decrease in the presence of the disease.

The most commonly used conventional fungicides 
included the following: Previcur Flex, Omega, Zampro, 
Zing, Curzate, Orondis, Presidio, Mancozeb, Quadris, 
Ranman, Fosphite, K-Phite, ProPhyt, Fungi-Phite, 
Rampart, Revus, Ridomil Gold, Tanos, Aliette, Bravo, 
Reason, and Gavel to protect crops from CDM. 
Growers also used the following biorational fungicides: 
Actinovate AG, Neem Oil, Kaligreen, Milstop, OxiDate, 
Regalia, Trilogy, Serenade AX, and Sonata ASO. Against 
this background, we recommend that a well-defined 
integrated pest management strategy includes 
CDM observant systems, resistant cultivars (when 
available), and best management practices coupled 
with a sustainable fungicide program to safeguard the 
economic viability of cucurbit production. An effective 
disease management approach for CDM by collective 
partnerships between the public/academic sectors 
and industry, with support from funding agencies, to 
balance the need for both applied and fundamental 
research would appear to be a sustainable approach 
to generate long-term solutions for the U.S. cucurbit 
industry.
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Figure 2. Producers who used less or the same amount of fungicide compared to the past

Figure 1. Downy mildew disease in 2017 compared to five years prior
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Table 3. Cucurbit Crop, Frequency of Production, Importance of Downy Mildew, and Use of Strategies to Limit Disease

Cucurbit Crop
Primary 

Crop
Organically 

Grown

Downy Mildew 
Considered a 

Problem

Strategies to Limit  
Downy Mildewa

Total  
Respondents

Fungicide 
Program

Resistant  
Cultivars

Pickling  
Cucumber

Frequency 32 1 35 37 18 37

Valued % 86.5% 2.7% 94.6% 100.0% 48.7% 100.0%

Squash Frequency 18 3 17 24 Not Available 37

Valued % 48.7% 8.1% 46.0% 64.9% — 100.0%

Pumpkin Frequency 21 2 19 24 Not Available 34

Valued % 67.8% 5.9% 55.9% 70.6% — 100.0%

Slicing  
Cucumber

Frequency 9 0 11 15 11 19

Valued % 47.4% 0.0% 57.9% 79.0% 57.9% 100.0%

Cantaloupe Frequency 4 1 7 9 Not Available 11

Valued % 36.4% 9.1% 63.6% 81.8% — 100.0%

Watermelon Frequency 2 0 4 7 Not Available 10

Valued % 20.0% 0.0% 40.0% 70.0% — 100.0%

aMultiple responses.

Table 1. Breakdown of Study Respondents

State Frequency Percent (%)

Iowa 1 1.0%
Michigan 92 93.9%
New York 3 3.1%
Ohio 2 2.0%
Total 98 100.0%

Table 2. Responses by Land Parcel Size

Farm Size, in 
Acres Frequency Percent (%)

<50 22 22.5%
50–100 11 11.2%
101–250 7 7.1%
251–500 10 10.2%
501–1,000 11 11.2%
>1,001 32 32.7%
Not Reported 5 5.1%
Total 98 100.0%
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Table 4. Chemical Fungicides and Cost of Control by Cucurbit Crop per Acre in 2017

Crop Name Key Chemical Fungicides
Cost of Control/
Acre

Pickling Cucumber Bravo, Kocide 3000, Presidio, Zing, Ranman, Zampro, Orondis $53.90
Squash Bravo, Kocide 3000, Astirstor, Copper, Previcur Flex, Ranman, Ridomil, 

Torino, Quintec
$46.70

Pumpkin Bravo, Kocide 3000, Ranman, Zampro, Orondis, Zing, Previcur Flex, 
Presidio, Astirstor, Copper, Torino, Quintec

$50.00

Slicing Cucumber Bravo, Kocide 3000, Ranman, Zing, Zampro, Presidio, Orondis, $142.50
Cantaloupe Bravo, Kocide 3000, Orondis, Presidio, Zing, Ranman, Zampro $135.00
Watermelon Bravo, Kocide 3000, Orondis, Zing, Previcur Flex $23.00

Table 5. Crop Loss to Cucurbit Downy Mildew in 2017 Production Cycle

Crop Name 1% to 20%
21% to  
40%

41% to  
60%

61% to 
80%

81% to  
100%

Not  
Responded

Total  
Respondents

Pickling  
Cucumber

Frequency 32 2 1 0 0 2 37

Valued % 86.5% 5.4% 2.7% 0.0% 0.0% 5.4% 100.0%

Squash Frequency 24 4 0 0 0 9 37

Valued % 64.9% 10.8% 0.0% 0.0% 0.0% 24.3% 100.0%

Pumpkin Frequency 25 2 0 0 0 7 34

Valued % 73.5% 5.9% 0.0% 0.0% 0.0% 20.6% 100.0%

Slicing  
Cucumber

Frequency 8 4 1 0 0 6 19

Valued % 42.1% 21.1% 5.3% 0.0% 0.0% 31.6% 100.0%

Cantaloupe Frequency 8 1 0 0 0 2 11

Valued % 72.7% 9.1% 0.0% 0.0% 0.0% 18.2% 100.0%

Watermelon Frequency 4 1 0 0 0 5 10

Valued % 40.0% 10.0% 0.0% 0.0% 0.0% 50.0% 100.0%

Table 6. Total Monetary Loss per Acre from Cucurbit 
Downy Mildew in 2017 Production Cycle

Crop Name
Total Monetary Loss  

per Acre

Pickling Cucumber $136.40
Squash $250.00
Pumpkin $255.00
Slicing Cucumber $1,425.00
Cantaloupe $200.00
Watermelon $50.00

Table 7. Fungicide Resistance in the Previous Production 
Cycle

Response Frequency Percent (%)

No 66 67.4%
Yes 32 32.7%
Total 98 100.0%



ASFMRA 2021 JOURNAL

87

Table 8. Most Commonly Used Conventional Fungicides in 2017 Production Cycle

Fungicide

Pickling  
Cucumber Squash Pumpkin

Slicing  
Cucumber Cantaloupe Watermelon

Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%)

Ranman 28 14.9% 6 5.7% 7 11.7% 7 8.8% 3 8.3% 2 10.0%

Orondis 27 14.4% 6 5.7% 2 3.3% 6 7.5% 2 5.6% 0 0.0%

Zing 26 13.8% 5 4.8% 5 8.3% 4 5.0% 2 5.6% 1 5.0%

Zampro 22 11.7% 5 4.8% 4 6.7% 7 8.8% 4 11.1% 1 5.0%

Previcur Flex 16 8.5% 8 7.6% 5 8.3% 9 11.3% 3 8.3% 2 10.0%

Bravo 14 7.5% 10 9.5% 8 13.3% 4 5.0% 2 5.6% 1 5.0%

Mancozeb 12 6.4% 7 6.7% 4 6.7% 6 7.5% 1 2.8% 0 0.0%

Presidio 8 4.3% 8 7.6% 3 5.0% 9 11.3% 4 11.1% 3 15.0%

Tanos 7 3.7% 8 7.6% 4 6.7% 8 10.0% 4 11.1% 3 15.0%

Gavel 7 3.7% 1 0.9% 1 1.7% 3 3.8% 2 5.6% 0 0.0%

Quadris 6 3.2% 9 8.6% 2 3.3% 4 5.0% 2 5.6% 1 5.0%

Ridomil Gold 5 2.7% 12 11.4% 4 6.7% 4 5.0% 1 2.8% 1 5.0%

Omega 2 1.1% 1 0.9% 0 0.0% 0 0.0% 1 2.8% 1 5.0%

OSO 1 0.5% 1 0.9% 1 1.7% 2 2.5% 1 2.8% 1 5.0%

Fosphite, 
K-Phite,  
ProPhyt,  
Fungi-Phite

1 0.5% 4 3.8% 2 3.3% 1 1.3% 0 0.0% 0 0.0%

Rampart 1 0.5% 1 0.9% 0 0.0% 1 1.3% 1 2.8% 0 0.0%

Revus 1 0.5% 7 6.7% 1 1.7% 2 2.5% 0 0.0% 0 0.0%

Aliette 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

Curzate 0 0.0% 1 0.9% 2 3.3% 0 0.0% 0 0.0% 0 0.0%

Reason 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

Others 4      2.1% 5   4.7% 5 8.3% 3 3.8% 3 8.3% 3 15.0%

Total      188    100.0%    105   100.0%     60  100.0%      80  100.0%    36  100.0%  20   100.0%
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Table 9. Most Commonly Used Organic Fungicides in 2017 Production Cycle

Fungicide

Pickling  
Cucumber Squash Pumpkin

Slicing  
Cucumber Cantaloupe Watermelon

Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%)

Neem Oil 2 11.1% 3 12.5% 3 15.8% 2 12.5% 1 8.3% 2 25.0%

OxiDate 3 16.7% 0 0.0% 3 15.8% 2 12.5% 1 8.3% 0 0.0%

Sonata ASO 2 11.1% 1 4.2% 1 5.3% 3 18.8% 1 8.3% 1 12.5%

Trilogy 1 5.6% 1 4.2% 1 5.3% 0 0.0% 0 0.0% 0 0.0%

Serenade AX 1 5.6% 3 12.5% 2 10.5% 2 12.5% 2 16.7% 1 12.5%

Actinovate AG 1 5.6% 1 4.2% 1 5.3% 1 6.3% 0 0.0% 0 0.0%

Milstop 1 5.6% 1 4.2% 1 5.3% 1 6.3% 1 8.3% 1 12.5%

Kaligreen 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

Regalia 0 0.0% 3 12.5% 2 10.5% 1 6.3% 1 8.3% 1 12.5%

Others 7 38.9% 11 45.8% 5 26.3% 4 25.0% 5 41.7% 2 25.0%

Total 18 100.0% 24 100.0% 19 100.0% 16 100.0% 12 100.0% 8 100.0%
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1.  Present papers relevant to farm managers,  
rural appraisers, farm advisors, consultants,  
academics, students, and all others interested  
in farm management, rural appraisal, and  
agriculture in its widest sense.

2.  Report new challenges and pressures that  
are developing, for the use of agricultural and  
rural resources.

3.  Encourage practical and problem solving  
contributions highlighting common farm  
management, rural appraisal, and agricultural  
consulting issues and principles.

AUTHOR GUIDELINES FOR  
SUBMITTING MANUSCRIPTS
Contributors MUST use the following guidelines in  
preparing manuscripts for submission:

1.  Cover Letter. In a cover letter accompanying the 
manuscript, (a) indicate why the manuscript would 
interest JASFMRA readers; (b) certify that the material in 
the submitted manuscript (or modification thereof) 
has not been published, is not being published, and 
is not being considered for publication elsewhere; 
and (c) stipulate that the material in the manuscript, 
to the best of the author’s knowledge, does not 
infringe upon other published material protected by 
copyright.

2.  Title Page. On a separate page, provide the title of 
the manuscript and author(s)’ name(s) centered and 
in boldface type. At the bottom of the same page, 
provide university title(s), institutional affiliation(s),  
acknowledgments of colleague reviews and 
assistance, and institutional support as an 
unnumbered footnote. If there are multiple authors, 
please designate which author is the contact, and 
include contact’s address, phone number, and e-mail 
address. Do not place the name(s) of the author(s) 
on the first page of the text.

3. Abstract. Include an abstract of 100 words or less.

4.  Manuscript Title. Manuscript titles should not  
exceed 10 words, should encompass the topic  
of the paper, and should be designed to attract  
potential readers.

5.  Style, Grammar, and Punctuation. The JASFMRA 
uses The Chicago Manual of Style, by the University 
of Chicago Press, and Webster’s Third New 
International Dictionary for style, format, and 
spelling.

6. Manuscript Format Guidelines.

 a.  Manuscripts should not exceed approximately 
5,000 words and must be submitted electronically.

 b. Use left justification only.

 c.  Double-space all material throughout 
the manuscript, including abstract, 
acknowledgments, footnotes, and references.

 d.  Use 12-point Times New Roman font style 
throughout.
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 e.  Allow 1" margins on all sides. Do not use right- 
justified margins (i.e., use jagged right margins).

 f.  Do not use the end-of-line hyphenation feature.

 g.  All pages and lines must be numbered. Line 
numbers are to run consecutively throughout the 
entire manuscript from page one to the end of 
the manuscript; do not re-start numbers on each 
page.

 h. You must use Word for your manuscript.

 i.      Excel should be used for spreadsheets, tables,  
and graphs.

7.  Footnotes. Number footnotes consecutively 
throughout the manuscript. Combine all footnotes 
on a separate page immediately following the 
manuscript text. Do not place footnotes at bottoms 
of manuscript pages. Footnotes should be used 
solely for citations or directives to other literature. 
Reference citations should be incorporated into the 
main text or into the text of the footnotes.

8.  References/Text Citations. In a reference section 
immediately following the footnotes page, list all works 
cited in the text, alphabetized by author last name. 
Refer to The Chicago Manual of Style for format. For 
within-text citations (either parenthetical or as part 
of narrative), spell out up to three author last names; 
use first author’s name followed by “et al.” for works 
with four or more authors. When citing a direct 
quotation, include page number(s) from the author’s 
work. List complete URLs for online sources.

9.  Figures and Tables. Place each figure and table 
on a separate page at the end of the manuscript. 
Computer- generated graphics for figures and charts 
are required; Microsoft Excel versions of every table, 
chart, and figure must accompany submission. Do 
not place figure title/caption within graphics image. 
Use patterns rather than color where possible.

10.  Photos. Photos and graphics must be sent as  
separate files. Resolution should be 300 dpi.  
Preferred format is JPEG; TIFF and PDF image  
files also accepted.

11.  Math/Equations. Use only essential mathematical  
notation. Consecutively number equations 
throughout the text. When displaying equations, 
place equation number within parentheses at flush-
right margin; center the equation. Use italic typeface 
for all variables, both within equations and within 
narrative.

12.  Publication Costs. Authors submitting manuscripts 
are expected to assume obligation for payment 
of page charges at the time their manuscripts are 
published. Current page charges are $95/printed 
page for non-members and $80/page for ASFMRA 
members but may be waived if authors do not have 
institutional support.

13.  Manuscript Deadline: August 15th of each year is 
the deadline to submit a manuscript for publication 
in the following year’s Journal.

14. The Editorial Review Process.

 a.  The Chair of the ASFMRA Editorial Committee, 
serving as Editor, assesses the initial suitability of 
articles submitted.

 b.  Authors of submissions considered to be  
potentially suitable for the JASFMRA will be 
notified and their paper sent to three members 
of the ASFMRA Editorial Committee, who will 
review the article for the Editor.

 c.  Unsuitable articles are returned to the authors 
with a short note of explanation from the Editor. 
Failure to adhere to the Manuscript Format 
Guidelines will be cause for the manuscript  
to be returned to the authors.

 d.  The review process is double-blind: The identity 
of the author(s) remains anonymous to the 
reviewer and vice versa.

 e.  Following review, authors may be asked to  
resubmit their article in revised form.

 f.    Upon completion of the review and editorial 
processes, authors will be notified of the Editor’s 
decision regarding publication along with  
explanatory feedback, including referees’  
reports. The lag between receipt of submission 
and first response varies, but a turnaround of 
four months should be expected. We will make 
every effort to ensure that this target is achieved, 
but it cannot be guaranteed.

 g.  Final decisions will be made at the Editorial  
Committee’s annual meeting, generally in the  
fall of each year. The decision of the Editor is final.

15.  Submissions. Electronic submission of manuscripts 
is required and must include the lead author’s 
e-mail address. The manuscript must be formatted 
per above guidelines as a Word attachment to the 
ASFMRA, Attn: Alex Clark.
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