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The high production cost is one of the biggest challenges to the sustainability of
organic pig production. Growing winter hybrid rye to feed and bed organic pigs
might be a strategy to reduce production costs. In this study, we evaluated the
economic viability of integrating rye into an organic swine production system.
Winter hybrid rye was grown organically over two years, yielding an average of
5,430 kg/ha of grain and 3,135 kg/ha of straw. Replacing 50% of corn with rye
grain in feed and using rye straw as bedding materials did not negatively impact
growth performance of organic growing-finishing pigs. This replacement
resulted in $14/pig savings on feed and bedding and increased net return for a
swine enterprise (swine savings) by $6/pig, compared with feeding corn soybean
meal diets and bedding with wheat straw. Sensitivity analysis was conducted to
evaluate how crop net returns may vary with changes in market prices, yield, and
production costs of a rye crop. Results indicate that for farmers to be profitable
by growing rye as a cash crop, the minimal price of rye grain needs to be $0.24/kg
atayield of around 5,000 kg/ha with production costs of $1,642/ha. Growing rye
to feed and bed organic pigs can offset crop net returns, resulting in $319 to
$666/ha of crop net returns and swine savings for the combined crop and swine
enterprise. These results suggest that integrating hybrid rye into organic swine
production is economically viable under the circumstances described in this
study and can benefit both crop and pig farmers.
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1 Introduction

A major challenge in organic swine production is the high cost
of feed ingredients and bedding materials. Organic feed and
bedding are more expensive than their conventional counterparts
due to the higher production costs and lower yields of typical
organic farming systems (Schahczenski and Post, 2019; Gamage
et al., 2023). For instance, prices of organic corn, the major
ingredient in feed for organic pigs, were two to three times higher
than those of conventional corn between 2018 and 2024 (Figure 1;
Greene, 2018). Most organic pig farmers use straw from organic
small grains for bedding (Lammers et al., 2007) and certified
organic small grain straw also costs two to three times more than
conventional straw (USDA National Agricultural Statistics Service,
2024). These elevated costs contribute to the overall increased
expense of producing organic pork compared to conventional
pork (Belasco and Schahczenski, 2021). Higher production costs
can lead to higher prices for pork products compared with
conventionally produced pork, a crucial consideration for
consumers purchasing organic pork (Gross et al., 2021; Pugliese
et al,, 2023). Reducing these costs is essential for making organic
pork and pork products economically viable for both farmers and
consumers. Economic viability is critical to the sustainability of
organic swine production.

Organic pig farmers may choose to grow their own organic
crops to feed and bed their pigs if production costs are lower than
the cost of purchasing organic feed ingredients and bedding
materials. The high prices of organic feed and bedding combined
with a desire to improve soil health compels organic pig producers
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to seek alternative ingredients and bedding materials that they can
grow on their farms. Organic pig farmers have shown increased
interest in winter hybrid rye due to its high yield, hardy
overwintering, and environmental benefits (Basche et al., 2016;
Christy, 2018; Bower, 2020). As a cover crop during non-growing
seasons, winter hybrid rye can effectively decrease soil erosion and
nitrogen leaching due to its fibrous root system (Hackauf et al,
2022; Herbstritt et al.,, 2022). Rye is a dual-purpose crop for organic
pig farmers because the grain can be used as a feed ingredient in
swine diets (Boggess et al., 2018; McGhee et al., 2021; Sullivan,
2023) and the straw can be used as bedding materials.

Farmers need to determine the economic viability of growing a
new crop so they can properly assess the value of growing that crop
on their farms. Economic viability of crop production depends on
the balance between production costs and revenue generated by the
crop. Organic farmers choosing to grow their own crops to feed and
bed their pigs must also consider costs and revenues for swine
production. For organic pig farmers, the major production costs
come from expenses on feed and bedding materials. Revenue for
farmers growing rye to feed and bed organic pigs depends on
market prices of organic crops and pigs, crop yield, and growth
performance of pigs (Li et al, 2021; Pork Checkoff, 2021).
Determining the economic viability of growing rye to feed and
bed pigs involves managing all these factors effectively to exceed
break-even points.

The decision to incorporate an alternative feed ingredient into
organic pig production is often driven by the economic viability of
producing that crop and the impact of the crop as a feed ingredient
on performance of pigs. Although hybrid rye has slightly lower
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FIGURE 1
Prices of organic and conventional corn between 2018 and 2024.
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energy content than corn for pigs (Sullivan, 2005; McGhee, 2019),
its high yield of both grain and straw may make it a viable option for
feed and bedding materials in organic swine production. Currently,
there is no economic analysis of growing rye for organic pigs. This
study aims to fill that gap, with the objective of evaluating the
economic viability of integrating winter hybrid rye into organic
swine production. We hypothesized that integrating hybrid rye into
organic swine production would be economically viable.

2 Materials and methods

We tested the hypothesis by examining rye crop yield, growth
performance of pigs, and net returns generated by growing rye and
raising organic pigs when rye was used for feed and bedding. The
evaluation of economic viability also included a sensitivity analysis
of net returns to crop price, yield, and production costs of growing
rye as a cash crop, as well as the estimated variations in net returns
as production costs and market prices change. Eventually, the
economic viability of growing rye as a cash crop and as feed and
bedding for organic pigs were evaluated. This study was conducted
at the University of Minnesota’s West Central Research and
Outreach Center (WCROC) in Morris, Minnesota from 2022
through 2024.

2.1 Organic hybrid rye production
Winter hybrid rye (Tayo variety, KWS Cereals, USA) was

grown and harvested over two years (Figure 2) on approximately
seven hectares of certified organic land. The crop was produced

10.3389/fanim.2025.1566483

according to National Organic Program standards (USDA, 2020).
No herbicides, pesticides, or synthetic fertilizers were used. Liquid
swine manure was injected in the soil (71 m>/ha) before planting.
The targeted nutrients per hectare added with manure were 182 kg
of available nitrogen, 63 kg of phosphorus, and 222 kg of potassium
based on tests of the liquid manure and the application rate. The
field was cultivated the day before planting. Each year, hybrid rye
was planted in September at a rate of 2 million live seeds per hectare
at a depth of 2.54 cm. Rye crop was harvested in early July of the
following year after reaching maturity when the moisture content in
the grain reached 14%. Rye grain and straw were used as an
ingredient and bedding, respectively, in the pig feeding
experiment described below.

2.2 Organic swine production

2.2.1 Animals, housing, and management

All pigs (Landrace x Z-line hybrid sows mated to Tempo sires,
Topigs Norsvin, Burnsville, MN. USA, n = 500) used in this study
were born at the WCROC and managed according to standards
established by the National Organic Program (NOP (National
Organic Program), 2013; USDA, 2020) for certified organic swine
production. Piglets were weaned at 6 weeks of age as required for
organic production. At 8 weeks of age, pigs were transferred to
growing-finishing hoop barns where they remained until market
weight. Each hoop barn was divided into two pens and each pen
measured 6 m x 24 m. Fifty pigs were housed in each pen and
allowed ad libitum access to feed in a feeder with 12 feeding spaces
and water in an automated water fountain with 4 drinking spaces.
All diets fed to pigs were formulated to meet or exceed nutritional
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requirements for pigs according to recommendations of the
National Research Council (NRC (National Research Council),
2012). Pigs were provided with straw as bedding materials.

2.2.2 Experimental design of the feeding
experiment

A randomized complete block design was used. Each hoop barn
was considered a block. Within each block, two dietary treatments
were tested with pigs in two pens (50 pigs/pen). The control diet
consisted of corn, soybean meal (SBM), and a base mix that
supplied minerals and vitamins. In the treatment diet, 50% of the
corn from the control diet was replaced with rye produced in this
study. The feeding experiment was conducted during the growing-
finishing period (8 weeks of age to market weight). Five phases of
diet were fed to pigs during the study period. The formula and
composition of each diet are reported in a companion paper (Lima
et al,, 2025). Straw bales (4 to 7 bales at about 350 kg/bale) were
spread on the floor in each pen before pigs entered the barn.
Additional straw bales were provided as the pigs grew so all pigs
in each pen had constant access to dry bedding throughout the
growing-finishing period.

Pigs (Landrace x Z-line hybrid sows mated to Tempo line sires,
Topigs Norsvin, Burnsville, MN. USA) were allotted randomly to
the Rye or Control pen within a hoop barn at 8 weeks of age with
weight and sex being balanced across pens. Pigs were allowed a two-
week adaptation period in the hoop barn before dietary treatments
were imposed. During the adaptation period, pigs in both control
and rye pens were fed the same control diet. The dietary treatment
started when pigs were 10 weeks of age. Pigs remained in their
designated pens until they reached market weight (127 kg) at about
23 weeks of age. Control pens were bedded with organic wheat
straw purchased and Rye pens were bedded with rye straw produced
in this study. A total of five blocks using 500 pigs were tested over a
2-year period (Figure 2).

2.3 Data collection

Yields of organic hybrid rye grain and straw were recorded
when the crop was harvested each year. The moisture content of
grain and straw was determined as well.

Pigs were weighed individually at 8 weeks of age prior to
entering the hoop barn, then again after the two-week adaptation
period before dietary treatments commenced. Once dietary
treatments began, pigs were weighed individually every four
weeks until their average weight was about 127 kg. Average daily
gain was calculated for individual pigs within each pen based on
body weight changes over each weigh period. The amounts of feed
added and feed left in the feeder of each pen were weighed and
recorded at the time of weighing pigs. Feed disappearance in each
pen over each weigh period was calculated to estimate average daily
feed intake of pigs. Feed efficiency as measured by gain to feed ratio
(Gain: Feed) was calculated from body weight gain and feed intake
on a pen basis over the same periods as feed intake. Total feed intake
during the experiment (10 to 23 weeks of age) and total bedding
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usage in the hoop barn (8 to 23 weeks of age) were recorded for each
pen. Once average weight of pigs reached 127 kg, pigs were sent to a
commercial processing plant for harvest where hot carcass weight
was recorded for each pig. Total feed intake, bedding usage, and
carcass weight were used for the economic analysis.

2.4 Economic analysis

The economic analysis is presented in terms of two scenarios.
The first scenario assumes rye is grown and the grain and straw are
marketed as a cash crop at the average of market prices in 2022 and
2023 to coincide with the current study period. The second scenario
assumes the grain and straw are used for organic swine production
to substitute for purchased organic corn and wheat straw at prices
in the same period. Finally, a sensitivity analysis is presented for
combinations of grain yields and prices, and then a sensitivity
analysis is shown for prices and production costs that existed in
each calendar year between 2018 and 2024.

2.4.1 Costs of feed and bedding in organic swine
production

To determine feed costs for organic pigs, the amounts of each
feed ingredient (corn, rye, SBM, and base mix) consumed by pigs in
the current experiment were first determined based on intake and
composition of the diets. Then, the average price of each ingredient
across 2022 and 2023 was calculated. The price of organic corn
($0.393/kg) and SBM ($1.459/kg) are based on market data
reported by the USDA Agricultural Marketing Service (2024).
The rye grain price of $0.235/kg is based on the market price of
conventionally-grown rye in Minnesota (USDA National
Agricultural Statistics Service, 2024) because the acreage of
organically-grown rye is too limited at this time for their prices to
be reported publicly. The price of base mix ($1.344/kg) is the actual
price paid to the manufacturer during the experiment. Based on
prices and intake of corn, rye grain, SBM, and base mix, total feed
costs of producing a market pig were calculated for pigs in each
treatment group. Likewise, the cost of bedding is based on the
amount of straw used by the pigs in each treatment group and the
price paid for organic wheat straw, $165/metric ton ($0.165/kg).
The total cost of feed and bedding per pig during the growing-
finishing period was calculated for each treatment.

Organic pigs at market weight were assumed to be valued at
$3.96/kg carcass weight based on organic pork market price for
2023 and 2024 in the Midwestern region of the United States. The
revenue generated per pig was estimated by the average carcass
weight of pigs and the price of organic pork. The difference between
revenue generated and costs of feed and bedding used by each pig
was calculated as swine net return.

In this paper, the term “net return” refers to the difference
between the gross value and the costs. The term “cash crop value”
refers to the gross value derives from the sale of the rye grain and
straw as a cash crop. The term “crop net return” refers to the
difference between the cash crop value and the production costs of
growing rye crop. The term “swine savings” refers to the difference
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in swine net return between the control and rye pigs, in other words,
the difference between the swine net return for using the rye grain
and straw and the swine net return for using purchased organic
corn and wheat straw. The term “crop net return and swine savings”
is used in the budget for the combined crop and swine enterprise
where the rye grain and straw are produced by the crop enterprise
and used by the swine enterprise. In that budget, the value of the rye
grain and straw is based on the avoided cost of the purchased
organic corn and straw rather than their values as a cash crop.

2.4.2 Base crop enterprise analysis

The base enterprise budget analysis of the costs and returns for
growing organic rye as a cash crop was conducted using average
costs and prices from 2022 and 2023. Data of rye grain and straw
yields, the price of organic straw, and the manure application rate
from the current study were used for the analysis. The costs of seed,
machinery and labor for cultivating, planting and harvesting, land
rental, and miscellaneous expenses (e.g. interest, tax, and other
expenses related to production) were taken from reports of organic
rye enterprises in the FINBIN database (CFFM, 2024). Manure
application cost was calculated using the average custom rate
reported for Towa (Plastina et al., 2024). Straw baling and storage
cost was based on the 2024 Machinery Cost Estimates reported by
Lazarus (2024).

2.4.3 Sensitivity analysis

To help organic farmers make decision about growing hybrid
rye as a cash crop or as feed and bedding materials for organic pigs,
sensitivity analyses were conducted and focused on two areas:
sensitivity of crop net returns for growing rye as a cash crop and
sensitivity of swine savings when growing rye for organic pigs.

We first examined the sensitivity of crop net returns to yield and
price of rye grain, with the straw yield varying in proportion to the
grain and holding the total production cost constant at the average of
2022 and 2023 (from the base enterprise budget analysis). The yield
range considered for rye grain was from 3,766 to 6,905 kg/ha based on
yield in the current study. Rye prices were varied from $0.16 to $0.28/
kg based on market prices of conventional rye in Minnesota between
2018 and 2024 collected by the USDA National Agricultural Statistics
Service (NASS) and reported in their Quick Stats database (USDA
National Agricultural Statistics Service, 2024).

Next, we evaluated changes in production costs of growing rye
from year to year between 2018 and 2024, holding yields of rye grain
and straw constant at the average of 2022 and 2023. The costs of
seeds, land rental, and miscellaneous expenses are based on the
costs and adjusted to the other years based on the index of prices
reported in NASS database from 2018 through 2024 (USDA
National Agricultural Statistics Service, 2024). The machinery
costs are similarly adjusted based on changes in the costs of a
representative set of small grain equipment over the same period in
earlier versions of the Lazarus (2024) report.

Based on changes in total production costs and market prices of
rye grain from year to year, we calculated the crop net returns for
growing rye between 2018 and 2024. Then, we analyzed the swine
savings for using rye as feed and bedding for organic pigs. Finally,
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we calculated crop net returns combined with swine savings. In this
case, we assume that the purchase cost of rye grain and straw to the
pig enterprise will offset the cash crop value to the crop enterprise.
Rye consumed (94 kg/pig) and bedding used (98 kg/pig) by pigs
across 2022 and 2023 in the current experiment were used in
this analysis.

2.5 Statistical analyses of pig performance
data

Data of pig growth performance were analyzed using the
Glimmix procedure with Gaussian distribution of SAS software
(v. 9.4 SAS Inst. Inc., Cary, NC, USA), with treatment as the fixed
effect, block as the random effect, and pen as the experimental unit.
Differences between treatment groups were considered significant
when P < 0.05, and trends when 0.05 < P < 0.10.

3 Results
3.1 Growth performance of organic pigs

On average across all five blocks, pigs received experimental
diets for 87 days. Feeding hybrid rye to pigs did not affect growth
performance of pigs, including final body weight, carcass weight,
Gain: Feed, or total feed intake (all P > 0.50; Table 1). Pigs
consumed 263 kg/pig and 269 kg/pig of feed in control and rye
groups, respectively, over 87 days. Pigs used 118 kg straw/pig in the
control group and 98 kg straw/pig in the rye group on average for
bedding during the feeding experiment plus two weeks of the
adaptation period. The difference in bedding usage between rye
and control groups was not significant (P = 0.13).

3.2 Costs of feed and bedding

The total feed cost was $186/pig for the control group and $176/
pig for the rye group, resulting in $10/pig potential savings on feed
for rye pigs (Table 2). The cost of straw was $20/pig for the control
group and $16/pig for the rye group, with $4/pig potential savings
on bedding. Over the two years, pigs in the rye group saved $14/pig
on feed and bedding compared to pigs in the control group.

The estimated revenue for rye pigs ($379/pig) was $8/pig less
than for control pigs ($387/pig), due to slightly lighter carcass
weight of rye pigs. However, the swine net return for rye pigs ($187/
pig) was higher than for control pigs ($181/pig), resulting in $6/pig
swine saving because of the lower costs of feed and bedding for rye
pigs than for control pigs.

3.3 Base crop enterprise analysis

Rye grain yield was 6,528 kg/ha and 4,331 kg/ha (13.5%
moisture) in 2022 and 2023, respectively, for a two-year average

frontiersin.org


https://doi.org/10.3389/fanim.2025.1566483
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Li et al.

10.3389/fanim.2025.1566483

TABLE 1 Growth performance, carcass weight, and bedding usage of organic pigs during growing-finishing period.

Dietary treatment*

Control Rye

Number of pens 5 5

Pigs/pen 50 50

Initial weight, kg 275 28.1 1.50 0.80
Final weight, kg 127.5 128.0 4.28 0.94
Carcass weight, kg 97.6 95.6 2.92 0.83
Gain: Feed 0.37 0.37 0.006 0.59
Total feed intake?, kg/pig 262.7 269.3 0.50 0.50
Bedding usage’, kg/pig 118.0 97.7 9.18 0.13

!Control diets consisted of organic corn, organic soybean meal, and organic base mix. Rye diets replaced 50% of corn in Control diets with organic hybrid rye.

2Over 87 days of the feeding trial.

*Over 101 days in the hoop barn, including 14 days for adaptation and 87 days for the feeding trial.

of 5,430 kg/ha. The yield of rye straw was 4,037 kg/ha and 2,233 kg/
ha in 2022 and 2023, respectively, for an average of 3,135 kg/ha
(Table 3). Based on the rye grain consumed and straw usage by pigs
in the current study, the average rye produced per hectare over the
two years can feed 58 pigs but is only enough straw to bed 32 pigs.
The cash value was $1,278/ha for rye grain and $517/ha for straw,
resulting in a cash crop value of $1,795/ha. The total production
cost of growing rye was $1,642/ha on average over the two years.
Consequently, the crop net return was estimated to be $153/ha.

TABLE 2 Feed and bedding costs, revenues and net returns for organic pigs.

Intake or usage (kg/pig)

3.4 Sensitivity analysis

Crop net returns depend on both the yield and price of rye grain
(Table 4). At the lowest yield level, crop net returns were all negative
and varied from -$690/ha to -$245/ha as the price increases from
the lowest to the highest level. Alternatively, when price was at the
lowest level, crop net returns were all negative, except for the
highest yield scenario. With the impacts of yield and price
combined, crop net returns can change from -$690/ha to $919/ha.

Cost (S/pig)

Control* Rye? Control! Rye? Savings®
Corn* 184 94 72 37 35
Rye’ 0 94 0 22 22
Soybean meal* 72 74 105 108 -3
Base mix® 7 7 9 9 0
Total Feed 263 269 186 176 10
Bedding” 118 98 20 16 4
Total feed and 192 14
bedding costs 206
Revenue®, $/pig 387 379 -8
Net returns’, $/pig 181 187 6

!Control pigs were fed organic corn soybean meal-based diets and bedded with organic wheat straw.

“Rye pigs were fed diets with rye replacing 50% of corn in Control diets and bedded with organic rye straw.

*Potential savings by feeding and bedding pigs with rye crop, estimated by differences in costs, revenue, and net returns between control and rye pigs.

*Average market prices of 2022 and 2023 when the study was conducted: Organic corn = $0.393/kg and organic soybean meal = $1.459/kg (USDA Agricultural Marketing Service, 2024).
*Price of rye grain was set at $0.235/kg according to market price in Minnesota in 2022 and 2023 (National Agricultural Statistics Service, 2024).

“Price of organic base mix was $1.344/kg as purchased for this experiment.

7Price of straw was $0.165/kg based on the price of purchased organic straw for this study.
“Based on $3.96/kg carcass weight for commercial organic pork.

“Difference between revenue and costs of feed and bedding.
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TABLE 3 Base enterprise budget analysis of crop net returns and costs of growing rye as a cash crop (Average of 2022 and 2023).

Item Units Units/ha $/unit $/ha

Cash crop values

Grain kg 5430 $0.235 $1,278
Straw kg 3135 $0.165 517
Cash crop value $1,795
Costs

Seed ha $145
Manure application (custom) m? 71 $4.46 317
Straw baling and storage ha 124
Other machinery' & labor ha 537
Land rent ha 322
Miscellaneous” ha 197
Production cost (Total) $1,642
Crop net return’ $153

'Machinery for cultivating, planting, and harvesting.
“Includes interest, tax, and other expenses related to crop production.
*The difference between the cash crop value and production cost.

The total production costs of growing rye increased from
$1,315/ha in 2018 to $1,723/ha in 2024 (Table 5). Cost changes in
machinery were the major contributor to the total production cost
changes over the years, from $731/ha to $1,038/ha. The average cost
($1,642/ha) of rye production during the period of this study
between 2022 and 2023 was higher than the average over the
seven years ($1,493/ha).

Variations in market price and production costs of rye resulted
in changes in crop net returns. Between 2018 and 2024, the
combined changes in market price and production cost resulted
in the cash crop value of rye grain and straw varied from the lowest
$1,293/ha to the highest $1,831/ha (Table 6). The average cash crop
value over the study period between 2022 and 2023 ($1,795/ha) was
higher than the seven-year average ($1,575/ha). During the same
period, crop net returns varied from -$138/ha to $279/ha. The

TABLE 4 Sensitivity of crop net returns® ($/ha) to yield and price of rye grain.

Yield of rye grain?

average crop net return between 2022 and 2023 ($153/ha) was
higher than the seven-year average ($83/ha).

Crop prices and production costs also influenced swine savings
for using rye to feed and bed organic pigs. When using rye grain to
replace 50% of corn in feed and using rye straw to bed organic pigs,
the swine enterprise was estimated to achieve swine savings in the
range of $5/pig to $11/pig over the seven years (4th column of
Table 6), compared with a swine enterprise purchasing organic corn
and wheat straw. The average swine saving between 2022 and 2023
was $6/pig, slightly lower than the seven-year average ($8/pig). On a
per hectare basis, growing rye to feed and bed organic pigs as in the
current study will result in swine savings from $309/ha to $563/ha
over the seven years (5th column of Table 6), assuming each hectare
of rye crop will feed and bed 58 pigs. The costs of purchasing 2,492
kg/ha of straw for 26 pigs are included in this analysis because the

Price of rye grain® ($/bu or $/kg)

S/bu $4.00 $5.00 $6.00
Bushel/ac $/kg $0.16 $0.20 $0.24
60 3,766 -$690 -$542 -$393 -$245
70 4,394 -$531 -$358 -$185 -$12
80 5,022 -$373 -$175 $23 $220
90 5,649 -$214 $8 $231 $453
100 6,277 -$56 $192 $439 $686
110 6,905 $103 $375 $647 $919

!Crop net return refers to the difference between cash crop value and production costs of growing rye as shown in Table 3.

The range was based on the yield of rye grain in the current study.
*The range was based on market prices of rye grain in Minnesota between 2018 and 2024.

Frontiers in Animal Science

frontiersin.org


https://doi.org/10.3389/fanim.2025.1566483
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Li et al.

10.3389/fanim.2025.1566483

TABLE 5 Production costs of growing rye varied from year to year between 2018 and 2024.

Production Costs ($/ha)

Machinery* Land Rent Miscellaneous?
2018 $124 $731 $307 $154 $1,315
2019 $121 $780 $299 $153 $1,353
2020 $121 $777 $302 $152 $1,351
2021 $125 $816 $314 $167 $1,422
2022 $141 $960 $318 $196 $1,615
2023 $148 $996 $326 $198 $1,668
2024 $151 $1,038 $333 $202 $1,723
Avg 2022-2023 $145 $978 $322 $197 $1,642
Avg 20182024 $133 $871 $314 $174 $1,493

'Includes machinery and labor for cultivating, planting, harvesting, custom manure application, straw baling and storage.

’Includes interest, tax, and other expenses related to production.
*The average costs of 2022 and 2023 represent the period of the current study.

rye straw produced per hectare is only enough to bed 32 pigs. The
average swine saving per hectare between 2022 and 2023 ($331/ha)
was lower than the seven-year average ($463/ha). Crop net returns
combined with swine savings ranged from $319/ha to $666/ha (the
last column of Table 6), assuming the swine enterprise “purchases”
the rye grain and straw from the rye crop enterprise, so the
“purchase cost” to the swine offsets the “cash crop value” to the
crop enterprise. The average of the crop net return combined with
swine savings between 2022 and 2023 ($484/ha) was lower than the
seven-year average ($546/ha).

4 Discussion

To our knowledge, this study is the first to evaluate the
economic viability of growing hybrid rye to feed and bed organic
pigs. An initial concern for farmers to use new crops for feed
ingredients will be potential risks for reduced livestock growth
performance, which could ultimately result in reduced profitability
(Li et al, 2021; Sullivan, 2023). Results of the current study
demonstrated that rye can successfully replace 50% of corn in pig
feed without negative impacts on growth performance, including

TABLE 6 Crop net return and swine savings as rye price and production costs varied by yearl.

Cash Crop Value?

Crop Net Return®

Swine Savings*

Crop Net Return & Swine Savings

o ($/ha) ($/ha) ($/pig) ($/ha)® ($/ha)®
2018 $1,410 $95 $10 $563 $658
2019 $1,447 $94 $9 $541 $635
2020 $1,293 -$58 $11 $634 $575
2021 $1,701 $279 $7 $387 $666
2022 $1,831 $215 $5 $309 $524
2023 $1,759 $91 $6 $352 $443
2024 $1,585 -$138 $8 $457 $319
Avg
2022-2023° $1,795 $153 $6 $331 $484
Avg 2018-2024 $1,575 $83 $8 $463 $546

'Rye grain yield (5,430 kg/ha), straw yield (3,135 kg/ha), rye consumption (93 kg/pig or 5,430 kg/ha) and bedding usage (98 kg/pig or 5,627 kg/ha) by pigs used in this analysis were based on the

results of the current study.

*Cash crop value refers to the gross value derives from the sale of the rye grain and straw as a cash crop.

*Crop net return refers to the difference between the cash crop value and the production costs of growing rye.

“Swine savings refers to the difference between the swine net return with the rye grain and straw compared to the swine net return with purchased organic corn and wheat straw.

®Assuming 58 pigs per ha and that the swine enterprise “purchases” the rye grain and straw from the rye crop enterprise, so the “purchase cost” to the swine offsets the “cash crop value” to the
crop enterprise. The remaining 2,492 kg/ha of bedding for 26 pigs are assumed to be purchased from elsewhere.

“Represents the period of the current study.
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feed intake and weight gain. The average live weight at marketing
was almost identical between control and rye pigs. However, the
average carcass weight of rye pigs was 2 kg lighter than control pigs
due to lower dressing percentage for rye pigs. The lower dressing
percentage for rye pigs may be attributed to the higher fiber content
in rye diet compared to control diet as discussed by Lima et al.
(2025). Similar results have been reported previously. For instance,
Sullivan (2023) reported that using hybrid rye to replace corn in
feed for growing-finishing pigs resulted in reduction of dressing
percentage, although (McGhee and Stein, 2023) did not detect any
difference in dressing percentage between pigs fed corn and rye
diets. In the current study, the difference in carcass weight resulted
in $8/pig less revenue for rye pigs compared with control pigs.
However, the swine net return was still higher for rye pigs due to the
lower costs of feed and bedding than for control pigs. The estimated
savings on feed were due to the lower price of rye grain than organic
corn. The savings on bedding were due to less usage of rye straw by
rye pigs compared to wheat straw used by control pigs. While it is
unclear why pigs in the rye group used less bedding than pigs in the
control group, one might speculate that absorbency of wheat and
rye straw are different. Straw absorbency is not well studied, and
further investigation may be needed to evaluate the differences
between rye and wheat straw as bedding materials for organic pigs.
Nevertheless, results of the current study indicate that replacing
50% of organic corn with rye in feed and using rye straw as bedding
materials during the growing-finishing period can save $10/pig on
feed and $4/pig on bedding, resulting in $6/pig swine savings
compared with purchasing organic corn and wheat straw for
organic pigs during the same period.

In the current study, organic hybrid rye grain yield in 2022
reached the upper limit of the anticipated range (Albert Lea Seed,
2022; Hackauf et al,, 2022). However, in 2023 yield was much lower
than in 2022 and close to the lowest end of the expected yield, likely
due to lower rainfall in the area and associated high weed pressure
on the organic field. A dry spring and summer resulted in a very
short hybrid rye crop which contributed to the reduced straw yield
in 2023 as well. The straw yield weighed 62% and 52% of the grain
yield in 2022 and 2023, respectively. Because the yield of grain and
straw in the two years represented the highest and lowest yields, the
average yield over the two years in the current study may represent
the means of rye grain and straw yield in commercial production.

Both yield and price of rye grain can influence dramatically crop
net returns. Besides calculating crop net returns using the average
yield and price set for the current study, we further evaluated
sensitivity of crop net returns to yield and price of rye grain while
holding production costs constant at $1,642/ha. Results indicate
that a minimal yield of 5,022 kg/ha (or 80 bushels/acre) with a
minimal price of $0.24/kg for rye grain is needed for the crop
enterprise to be profitable. For every two cents per kg increase in
price, the crop net return can roughly increase by $200/ha. When
the rye grain price dropped to $0.16/kg, the highest yield of 6,905
kg/ha is needed to be profitable. In organic production, rye yield can
vary from 4,331 kg/ha to 6,528 kg/ha as observed in the current
study. When rye grain yield is below 4,394 kg/ha, crop net return
will become negative at any price examined in this analysis,
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suggesting that the crop enterprise will lose money. In our
analysis, organic rye should be priced at a minimum of $0.28/kg
and grain yield must be greater than 5,022 kg/ha to be profitable,
assuming $1,642/ha for the total production costs.

Total production costs for growing rye increased by 31% from
2018 to 2024, resulting in an average of 4.4% increase each year. On
average, machinery costs accounted for 58% of the total production
costs. The increase in machinery costs was 42% over the seven years
(6% increase each year) and it was the major contributor to the increase
in total production costs. The machinery costs included manure
application expenses. The custom manure operator rates during the
seven years were used in this analysis. The manure nutrients are not
valued in the budget other than for the application costs because many
pig farmers do not charge crop farmers for the manure as a way to
insure manure removal. In contrast to machinery costs, the costs for
land rental only increased by 8% over the seven years.

Farmers usually cannot control market prices and production
costs of their crops. When integrating rye into organic swine
production, farmers need to know how crop net returns would
fluctuate with variations in the price and production cost of organic
rye. Market prices of rye grain and straw influence the cash crop
value, and consequently crop net returns. Between 2018 and 2024,
the lowest cash crop value of rye grain and straw was $1,293/ha in
2020 during the COVID pandemic, and the highest cash crop value
was $1,831/ha in 2022 after the pandemic. Clearly, the pandemic
impacted the global economy, and consequently influenced market
prices of crops, including rye. However, the lowest cash crop value
of rye in 2020 did not result in the lowest crop net return for
growing rye as a cash crop. The lowest crop net return was observed
in 2024, due to the increased production costs. With the impacts of
market prices and production costs combined, the highest crop net
return was observed in 2021. The average crop net return over the
seven years was estimated to be $83/ha, which is much lower than
the expected crop net return for organic corn ($1,048/ha). However,
when integrating rye production into organic swine production by
using rye grain to feed and straw to bed pigs, the swine enterprise
can achieve $5 to $11/pig (averaged $8/pig) swine savings compared
to purchasing organic corn and wheat straw. Because organic rye
grain and straw produced on each hectare of land can feed 58
organic pigs and bed 32 organic pigs, respectively, growing rye for
organic pigs will result in average of $463/ha swine savings for the
swine enterprise, compared to a swine enterprise raising control
pigs in the current study. In this analysis, the costs of purchasing an
additional 2,492 kg of straw to bed the 26 pigs in the treatment
group were included because the straw produced per hectare in the
current study can only bed 32 pigs, not 58 pigs as the grain can feed.
These results indicate that swine savings for using rye as feed and
bedding are in the range of $309 to $634/ha, which are more stable
and higher compared to the crop net returns for growing rye as a
cash crop. When a farmer operates a combined crop and swine
enterprise, the loss in crop net returns for growing rye as a cash crop
can be offset by the swine savings from raising organic pigs using
rye grain and straw. Consequently, the estimated crop net returns
combined with swine savings were in the range from $319 to $666/
ha, with an average of $546/ha over the seven years.
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5 Conclusion

The current study demonstrates that integrating rye into organic
swine production is economically viable under the circumstances
described in this study. Including rye grain to replace 50% of corn in
feed and using rye straw to replace wheat straw for growing-finishing
pigs did not negatively affect growth performance of pigs and saved
$14/pig on feed and bedding. Crop yield, price and production costs
all impacted economic viability. For farmers to be profitable by
growing rye as a cash crop, the minimal yield and price for rye
grain need to be around 5000 kg/ha and $0.24/kg, respectively, with
production costs of $1,642/ha. The continuous increase in production
costs, coupled with changes in market prices of the crop, can result in
crop net returns for growing rye varying from positive to negative.
Growing rye to feed and bed organic pigs can offset the crop net
returns, resulting in crop net returns combined with swine savings in
the range of $319 to $666/ha for a combined crop and swine
enterprise. These results suggest that integrating rye into organic
swine production can benefit both crop and pig farmers.
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