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Bale Grazing Effects on Soil and Pasture Plant 
Communities

BACKGROUND

Bale grazing is a winter-feeding practice in which livestock are fed hay bales directly on pasture rather than in a barn or sacrifice lot. 
In some operations, bales are placed around a field and animals are given access to them over time; in others, round bales are unrolled 
into long strips of hay. In either case, the practice keeps animals on the land while they eat, returning manure, urine, wasted hay and 
trampled residue to the pasture surface. This can reduce winter feeding infrastructure and labor while distributing organic matter and 
nutrients across areas where improved fertility or plant growth is desired [1], [3]

Bale grazing can also create management challenges. Animal traffic and congregation near feed can compact or disturb soil, especially 
when sites are wet or animals remain in one area too long. Uneaten hay can reduce feed efficiency, and winter water, shelter, animal 
health and site selection all require attention. For these reasons, the effects of bale grazing depend on how bales are arranged, how long 
animals have access to each area, soil and moisture conditions, livestock species and stocking density, and the condition of the existing 
pasture [2], [3].

In a Nutshell:

•	 Bale grazing is a winter-feeding practice in which livestock eat hay bales directly on pasture, 
allowing farmers to influence where they spend time and deposit their waste.

•	 In 2024, Adam Ledvina’s trial suggested that goats grazing on unrolled prairie hay bales 
could increase plant diversity, nutrients and soil penetrability within bale tracks compared 
with nearby non-bale-grazed areas.

•	 In 2025, farmers repeated the experiment on two more farms—Hannah Breckbill in 
Decorah and Jake Bigelow in Winterset—to test whether bale grazing produced similar soil 
and pasture effects across different livestock, hay sources and field conditions.

Key Findings:

•	 Soil nutrient tests from the areas of grazing on unrolled bales had higher phosphorus, 
potassium, and micronutrients than non-bale-grazed areas.

•	 Bale-grazed areas had increased soil penetrability and higher numbers of plant species at 
Ledvina’s farm.

•	 Bigelow saw a significant increase in pasture biomass in areas where bales had been unrolled.

Farmer-Led Research

Cooperators
Adam Ledvina, Chelsea IA

Hannah Breckbill 
Humble Hand Harvest, Decorah IA

Jake Bigelow, Winterset IA

Funding
Builders Vision Philanthropy; NFWF

Staff Contact
Graham Giesting 

(515) 232-5661 ext.1052 
graham.giesting@practicalfarmers.org

2025

EXPERIMENT

Cows grazing from an unrolled bale at Jake Bigelow’s. Photo taken Winter 2025.
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In PFI’s 2024 trial, Adam Ledvina used unrolled prairie hay bales to winter-feed goats and to test whether the bale tracks changed 
pasture conditions. The prairie hay contained a diverse mix of plants, including mature seedheads, and the unrolled bale strips created 
a narrow zone where seed, mulch, manure, urine and hoof action were concentrated. Measurements taken inside and outside the 
unrolled bale tracks suggested that the treated areas had higher plant species diversity, higher phosphorus, potassium and several 
micronutrients, and deeper soil penetrability than nearby non-bale-grazed areas.

Those results motivated a broader 2025 trial. Last year’s work raised the possibility that bale grazing could be used intentionally as 
a pasture-improvement tool, not only as a winter-feeding strategy. But were the apparent benefits repeatable on other farms, and 
would similar effects occur with cattle and sheep as well as goats, with different hay sources and field conditions, and under different 
bale-grazing layouts? In 2025, two new farms, Hannah Breckbill in Decorah and Jake Bigelow in Winterset, joined the experiment to 
compare bale-grazed and non-bale-grazed areas across a wider set of pasture contexts.

METHODS

Design

Bale-grazing practices varied across farms because hay 
availability, hay suitability, herd feeding needs and farmer 
goals differed among the cooperators. At each farm, nearby 
non-bale-grazed areas served as control treatments for the 
sake of comparison.

At Ledvina’s and Bigelow’s farms, round bales were unrolled 
with a bale-roller arm mounted on a truck or skid loader. As 
each bale unrolled, it left a hay swath about four feet wide—the 
height of the bale—and approximately 100 yards long. Ledvina 
and Bigelow spread bales in these swaths across larger pasture 
areas. Ledvina estimated that, by the end of winter, bale swaths 
covered about 30% of his total winter pasture enclosure.

Breckbill used a different layout. She dispersed hay within one 
half of a discrete pasture area, eventually covering the quarter-
acre winter paddock where her sheep were confined with hay, 
detritus and waste hay. The following summer, soil from that 
winter paddock was compared with soil from a control paddock 
that had not held sheep or hay during the winter.

Figure A1 illustrates these two experimental layouts.

Operations and grazing summary

Ledvina has a herd of 500 head of goats. He rolled out one 
bale every other day throughout the winter, from December 
24, 2024, through February 19, 2025. He unrolled one full bale 
every other day for 57 days through the depths of the winter, 
for a total of 29 bales. Near the end of the 2024 trial, Ledvina 
had invested in a bale-roller arm, which allowed him to unroll 
the bale from the back of his moving truck, giving him more 
control over the layout of the strip. He was therefore able to 
mechanically unroll the bales for the extent of the 2025 trial. 
The trial field was not grazed after the end of the bale grazing, 
so observations on the effects of the treatment were not 
swayed by goat activity after the end of treatment.

Bigelow has a herd of 45 head of Hereford cattle. He unrolled 
round hay bales across his pasture. Each cow eats around 30 
pounds of dry matter per day, so at least one large bale per 
day is needed. Because he has a rig that allows him to drive 
the unrolling bale across the pasture, he was able to control the 
amount of bale that was unrolled to be eaten and the spatial 
distribution of the hay. This allowed him to tailor his feed 
amounts and distribution to the conditions, rolling out more 
hay during cold spells and avoiding wet spots—thereby both 
not wasting hay and directing cattle movement around the 
mud. 

TABLE 1: Timeline of bale grazing trial at the farms 2024-2025.

LEDVINA BIGELOW BRECKBILL

Bale description

1400-pound 
clover/mixed 
grass and also 
prairie bales

Large round 
timothy-rich 

bale

Large round 
mixed grass and 
alfalfa hay bales

First set out 
bales

Dec. 24, 2024 Dec. 15, 2024 Nov. 28, 2024

Last bale out Feb. 19, 2025 May 1, 2025 April 1, 2025

Animals 500 goats 45 cattle 16 sheep

Bale frequency Every other day Every day One per week

Measurements 
taken

Soil sample 
analysis, soil 

penetrometer, 
species counts

Soil sample 
analysis, 

forage biomass 
measurements

Soil sample 
analysis

Sheep grazing on a partially-unrolled bale at Hannah Brackbill’s. Photo taken January 
2025
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Breckbill shepherds 15 ewes and 1 ram. They overwinter in a quarter-acre paddock, where Breckbill feeds them hay by spreading it out 
over the ground. At this scale, unrolling the whole bale would be wasteful, so it has to be dispersed gradually. The 16 head of sheep 
consumed approximately one bale per week from the end of November 2024 through the beginning of April 2025. The quarter-acre 
winter paddock is subdivided out of a larger paddock and rotated over time so that the animal activity is spread around over years. 

Measurements

All three farms took soil samples in summer 2025 and sent them to be analyzed by professional laboratory service providers. The 
samples were tested for soil pH, soil organic matter percentage, phosphorus ppm, and potassium ppm. In July, Breckbill took replicated 
samples from the winter pasture and the control pasture that had no sheep or unrolled hay on it in the winter. Bigelow took aggregated 
replicated samples, combining three samples from nearby areas into each of the replicate samples sent to the lab. Ledvina took 
aggregated samples, combining the soil from his ten survey spots into one sample for each treatment, so statistical analysis of this data 
is not possible, it is probably representative of the differences between the treatments.

Bigelow measured forage biomass on June 25, 2025, using paired samples from bale-grazed and nearby non-bale-grazed areas. For each 
observation, he tossed a 2 ft2 hoop into a visible bale strip and clipped all grazable aboveground vegetation within the hoop into a paper 
bag. He then collected a paired control sample from nearby pasture outside the bale-grazed swath using the same hoop dimensions and 
clipping method. At each measurement site, Bigelow collected three subsamples, air-dried the biomass for three to four weeks, weighed 
the dried material and averaged the three masses to produce the final biomass value for that site.

Ledvina measured native prairie species establishment by a species count on Sept. 8, 2025. He used a thrown hula-hoop to define 
areas where he surveyed the growing plant species. Measurements were taken in ten spots randomly selected within the bounds of the 
grazed bale strips, with paired measurements 10 ft outside the boundaries of the strip.

The effects of soil compaction were measured via a manual ‘push’ penetrometer on Sept. 8, 2025. Ledvina measured the depth at which 
the soil resisted with 300 pounds per square inch. Measurements were taken in ten spots randomly selected within the bounds of the 
grazed bale strips, with paired measurements 10 ft outside the boundaries of the strip.

By taking pairs of observations, with samples and/or measurements in and out of the treatment swath taken close to each other, we 
aimed to reduce the variability between our samples. This way, more (or ideally, all) of the difference between the members of the pairs 
should be attributable to the treatment.

Data analysis

We used Student’s T-Test at a 95% confidence level to determine if there were significant differences between bale-graze and non-
bale-graze treatments. This means that any treatments we declare statistically different would be expected to occur 95 times out of 
100 under the same conditions. We can perform this analysis because the cooperators had completely randomized and replicated 
experimental designs (Figure A1).

RESULTS AND DISCUSSION

Across the 2025 farms, bale grazing tended to concentrate fertility and plant growth within the swath where bales were fed, but the 
strength of the response varied by farm  and measurement.

Soil responses

The clearest soil responses were for phosphorus and potassium at Breckbill’s, where bale-grazed areas had significantly higher phosphorus 
and potassium than nearby non-bale-grazed areas (Table 2). At Bigelow’s, phosphorus and potassium were also numerically higher 
in bale-grazed areas, but those differences were not statistically significant (Table 3). At Ledvina’s, the aggregate soil samples showed 
much higher organic matter, phosphorus and potassium in the bale-grazed area than outside it, but those samples were composited 
and could not be analyzed statistically (Table 4).

TABLE 2: Soil sample test results at Hannah Breckbill’s in July 2025.

TREATMENT pH ORGANIC MATTER
(%)

PHOSPHORUS 
(ppm)

POTASSIUM 
(ppm)

Bale-grazed 6.6 5.7 59.0 300

Non-bale-
grazed

6.8 4.5 29.6 175

Significant? No No Yes Yes

Statistical significance was determined at the 95% confidence level.
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The soil test results suggest that bale grazing can create 
localized nutrient hotspots, especially for phosphorus 
and potassium, where hay, manure, urine and uneaten 
residue accumulate. At Breckbill’s, phosphorus was 
59.0 ppm in the bale-grazed area compared with 29.6 
ppm in the non-bale-grazed area, and potassium was 
300 ppm compared with 175 ppm. Organic matter was 
not significantly different between the two treatments 
at Breckbill’s. At Bigelow’s, organic matter was also 
the same between treatments, while phosphorus and 
potassium were higher in the bale-grazed areas but 
not significantly different. These results indicate that 
nutrient effects may be most detectable where bale 
placement, animal use and baseline soil conditions 
create strong contrasts between treatment and 
control areas.

Soil penetrability showed another significant 
treatment response at Ledvina’s. The average depth 
at which penetrometer resistance reached 300 psi was 
greater in bale-grazed areas than in non-bale-grazed 
areas (Figure 1), meaning the bale-grazed soil was 
easier to penetrate (i.e., less compaction). This may 
reflect a combination of greater plant growth, more 
surface residue, higher organic inputs or different 
moisture conditions in the bale tracks. Because bale-
grazed areas also received concentrated residue and 
livestock activity, the result suggests that, under 
the conditions of this trial, the added organic inputs 
translated to less resistance at the measured depth.

TABLE 3: Soil sample test results at Jake Bigelow’s in June 2025

TREATMENT pH ORGANIC MATTER
(%) PHOSPHORUS (ppm) POTASSIUM 

(ppm)
Bale-grazed 5.8 7.5 12.0 418

Non-bale-
grazed

5.9 7.5 7.3 285

Significant? No No No No

Statistical significance was determined at the 95% confidence level.

TABLE 4: Soil sample test results at Adam Ledvina’s in September 2025

TREATMENT pH ORGANIC MATTER
(%) PHOSPHORUS (ppm) POTASSIUM 

(ppm)
Bale-grazed 7.4 8.1 158 754

Non-bale-
grazed

7.5 5.6 36 210

Adam Ledvina took multiple samples across the treatment area and mixed them together for the analysis. Although this does give us 
representative idea of the conditions in the bale-grazed areas compared to non-bale-grazed areas, we were not able to analyze the results 
statistically.

FIGURE 1. The average depths at which penetrometer resistance reached 300 psi for the 
two treatments at Adam Ledvina’s in September 2025. Asterisk (*) indicates that the bale-
grazed areas were significantly easier to penetrate than the non-bale-grazed areas at the 95% 
confidence level.
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Plant responses

At Bigelow’s, bale-grazed areas produced significantly 
more dry forage than non-bale-grazed areas when 
observed in July 2025, two months after he set out 
the last bale of the year (Figure 2). The photo from 
Bigelow’s below shows the same pattern visually: 
the tracks of the unrolled bales remained visible in 
summer as stripes of taller, denser plant growth 
across the pasture hill.

At Ledvina’s, the average number of plant species 
counted in sample areas in September, seven months 
after the end of winter grazing was significantly 
higher in the bale-grazed treatment (Figure 3). This 
result matches the design of Ledvina’s treatment: 
prairie hay from established prairie was baled after 
seedheads matured, and the seeds then flourished in 
the bale strips where mulch, hoof action, and animal 
waste were concentrated. Ledvina observed many of 
the characteristic prairie species established in the 
pasture, including clovers, asters, partridge pea, and 
bluestem.

Ledvina was trying to distribute and establish a seed 
bank of different species to increase the diversity of 
plant species in his pasture. More diverse pastures are 
more resilient and productive across harsh climate 
events. From a feed perspective, prairie hay has a 
higher diversity of plants, with a greater range of 
digestible availabilities, than monocultural timothy- 
or mixed alfalfa hay. Ledvina calibrated the amount 
of hay that he put out to account for a higher level 
of ‘wastage’ from the rougher mixed prairie hay. The 
mulch left behind helped shelter the seeds that had 
been dispersed by the unrolled bales and then pressed 
into the soil by the goats’ hooves and fertilized by 
their waste. The increased biodiversity of the pasture 
was therefore advanced by the marginal inefficiency 
in the feeding strategy. On the other hand, Biglow 
used more digestible hay than Ledvina, intentionally 
preferring timothy in the hay and eschewing big-stem 
grass material. He was trying to feed his cattle as 
efficiently as possible, while minimizing detritus and 
distributing nutrients across the landscape. 

The variance in their choice of hay was due both to 
the fact that the goats and cattle Ledvina and Bigelow 
were feeding have different feeding patterns and 
preferences, and because they had different aims that 
they were trying to achieve via bale-grazing mediation.

Breckbill was trying to solve a different set of problems. Her goal was to benefit from the nutrients in sheep manure while preventing 
waste hay from accumulating on the pasture, though she was limited in how effectively she could redistribute the hay.

Breckbill also produces vegetables organically, and the sheep are an integral part of their nutrient management. The difficulties of 
feeding the relatively few sheep from the large hay bales that they buy from a neighboring dairy somewhat constrains the size of the 
winter paddock. Unrolling a whole bale at a time would be a huge waste, and without the machinery to move the large bales and unroll 
parts of them spread out across the pasture, they resort to spreading the hay around by hand. When time and labor were short, they 
would sometimes roll a bale out into the pasture to let the sheep tear it apart, but this led to high level of waste and mats of waste where 
the bale was set out. Hay wastage is an issue, but ultimately nutrient cycling and availability and pasture recruitment are of primary 
concern, and the mats seem to slow decomposition and inhibit the growth of the grass below it. Bale grazing at this scale is still a work 
in progress, and Breckbill is trying a new technique this year, reseeding the pasture with a diverse mix of forages (timothy, alfalfa, 
chicory, and plantain) to see how they overwinter with the sheep. 

Photo taken by Jake Bigelow showing tracks of bales across a pasture hill as stripes of taller, denser 
stands of plants. The paper bags are set out ready to collect paired biomass samples, one within the 
swath of the unrolled bale (right) and one outside it (left). Photo taken Summer 2025. 

FIGURE 2. The average dry forage (measured in pounds per acre) differed significantly between 
the two treatments at Jake Bigelow’s farm in July 2025, two months after he set out the last 
bale for grazing. Asterisk (*) indicates the bale-grazed areas produced significantly more forage 
at the 95% confidence level. 
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Taken together, the 2025 results support the idea 
that bale grazing can be used as more than a winter-
feeding strategy. Across the cooperating farms, 
bale-grazed areas often showed higher nutrient 
concentrations, more forage, greater species counts 
or easier soil penetration than paired non-bale-
grazed areas. However, the response was not uniform 
across all farms or all measurements. This variation 
suggests that bale grazing outcomes depend on local 
conditions, including hay source, livestock behavior, 
bale placement, existing soil fertility and pasture 
condition. The strongest evidence from 2025 is that 
bale grazing can create measurable pasture changes, 
but the size and consistency of those changes will 
likely depend on how and where the practice is applied.

CONCLUSIONS AND NEXT STEPS

The 2025 trial showed that bale grazing can create 
measurable changes in pasture soils and plant 
communities, but those changes were not uniform 
across farms or measurements. Bale-grazed areas 
had higher phosphorus and potassium at Breckbill’s, 
produced significantly more dry forage at Bigelow’s, 
and had higher plant species counts and easier soil 
penetration at Ledvina’s. 

Taken together, these results support bale grazing as a promising pasture-improvement practice when the goal is to concentrate organic 
matter, nutrients, seed and animal impact in targeted areas. The strongest evidence from 2025 was that bale grazing can increase 
phosphorus and potassium where residues and manure accumulate, boost forage production in some settings, and support greater 
plant species counts when seed-bearing hay is used. At the same time, the variation among farms shows that outcomes depend on site 
conditions, hay source, livestock species, bale placement and how long animals use each area.

Future trials should continue using paired bale-grazed and non-bale-grazed sampling areas across multiple farms. Additional 
measurements could track how long nutrient and forage effects persist, whether bale grazing changes weed pressure or desirable 
species establishment over time, and how management choices such as bale spacing, timing, animal density and hay type influence 
results. Farmers interested in using bale grazing for pasture improvement should treat it as a targeted tool: place bales where added 
fertility, residue, or seed are desired, and monitor soil conditions to avoid excessive disturbance in wet or vulnerable areas.
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FIGURE 3. The average number of species counted within the sample areas differed significantly 
between the two treatments at Adam Ledvina’s farm in September 2025. The bales Ledvina 
used were from a prairie field with the hay baled after the seedheads were mature. It is therefore 
by design that the bale-grazed areas had significantly more species. Asterisk (*) indicates that 
the bale-grazed areas resulted in significantly more species at the 95% confidence level. 
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APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS

FIGURE A1. Experimental design used by Hannah Breckbill, Jake Bigelow, and Adam Ledvina. The squares represent sampling sites. The ‘Swaths’ design was sampled 
in pairs, one sample in the swath of the unrolled bale and the other in the pair nearby but outside the swath. The ‘Areas’ design used unpaired sets of samples 
randomly distributed across the area.participants. 
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FIGURE A2. Monthly cumulative precipitation and average temperatures in Chelsea, Winterset, and Decorah over the 
course of the experiment, November 2024 – April 2025 [6], [7]. 
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PFI COOPERATORS’ PROGRAM
PFI’s Cooperators’ Program helps farmers find practical answers and make informed decisions through on-farm research projects. 

The Cooperators’ Program began in 1987 with farmers looking to save money through more judicious use of inputs. 
If you are interested in conducting an on-farm trial contact Stefan Gailans @ 515-232-5661 or stefan@practicalfarmers.org.
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